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A B S T R A C T

Background

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus and resulting COVID-19 pandemic present important diagnostic
challenges. Several diagnostic strategies are available to identify current infection, rule out infection, identify people in need of care
escalation, or to test for past infection and immune response. Serology tests to detect the presence of antibodies to SARS-CoV-2 aim to
identify previous SARS-CoV-2 infection, and may help to confirm the presence of current infection.

Objoctivos

To assess the diagnostic accuracy of antibody tests to determine if a person presenting in the community or in primary or secondary care
has SARS-CoV-2 infection, or has previously had SARS-CoV-2 infection, and the accuracy of antibody tests for use in seroprevalence surveys.

Soarch mothods

We undertook electronic searches in the Cochrane COVID-19 Study Register and the COVID-19 Living Evidence Database from the University
of Bern, which is updated daily with published articles from PubMed and Embase and with preprints from medRxiv and bioRxiv. In addition,
we checked repositories of COVID-19 publications. We did not apply any language restrictions. We conducted searches for this review
iteration up to 27 April 2020.

Soloction critoria

We included test accuracy studies of any design that evaluated antibody tests (including enzyme-linked immunosorbent assays,
chemiluminescence immunoassays, and lateral flow assays) in people suspected of current or previous SARS-CoV-2 infection, or where
tests were used to screen for infection. We also included studies of people either known to have, or not to have SARS-CoV-2 infection.
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We included all reference standards to define the presence or absence of SARS-CoV-2 (including reverse transcription polymerase chain
reaction tests (RT-PCR) and clinical diagnostic criteria).

Data colloction and analysis

We assessed possible bias and applicability of the studies using the QUADAS-2 tool. We extracted 2x2 contingency table data and present
sensitivity and specificity for each antibody (or combination of antibodies) using paired forest plots. We pooled data using random-effects
logistic regression where appropriate, stratifying by time since post-symptom onset. We tabulated available data by test manufacturer. We
have presented uncertainty in estimates of sensitivity and specificity using 95% confidence intervals (CIs).

Main rosults

We included 57 publications reporting on a total of 54 study cohorts with 15,976 samples, of which 8526 were from cases of SARS-CoV-2
infection. Studies were conducted in Asia (n = 38), Europe (n = 15), and the USA and China (n = 1). We identified data from 25 commercial
tests and numerous in-house assays, a small fraction of the 279 antibody assays listed by the Foundation for Innovative Diagnostics. More
than half (n = 28) of the studies included were only available as preprints.

We had concerns about risk of bias and applicability. Common issues were use of multi-group designs (n = 29), inclusion of only COVID-19
cases (n = 19), lack of blinding of the index test (n = 49) and reference standard (n = 29), differential verification (n = 22), and the lack of clarity
about participant numbers, characteristics and study exclusions (n = 47). Most studies (n = 44) only included people hospitalised due to
suspected or confirmed COVID-19 infection. There were no studies exclusively in asymptomatic participants. Two-thirds of the studies (n =
33) defined COVID-19 cases based on RT-PCR results alone, ignoring the potential for false-negative RT-PCR results. We observed evidence
of selective publication of study findings through omission of the identity of tests (n = 5).

We observed substantial heterogeneity in sensitivities of IgA, IgM and IgG antibodies, or combinations thereof, for results aggregated across
different time periods post-symptom onset (range 0% to 100% for all target antibodies). We thus based the main results of the review on
the 38 studies that stratified results by time since symptom onset. The numbers of individuals contributing data within each study each
week are small and are usually not based on tracking the same groups of patients over time.

Pooled results for IgG, IgM, IgA, total antibodies and IgG/IgM all showed low sensitivity during the first week since onset of symptoms (all
less than 30.1%), rising in the second week and reaching their highest values in the third week. The combination of IgG/IgM had a sensitivity
of 30.1% (95% CI 21.4 to 40.7) for 1 to 7 days, 72.2% (95% CI 63.5 to 79.5) for 8 to 14 days, 91.4% (95% CI 87.0 to 94.4) for 15 to 21 days.
Estimates of accuracy beyond three weeks are based on smaller sample sizes and fewer studies. For 21 to 35 days, pooled sensitivities for
IgG/IgM were 96.0% (95% CI 90.6 to 98.3). There are insufficient studies to estimate sensitivity of tests beyond 35 days post-symptom onset.
Summary specificities (provided in 35 studies) exceeded 98% for all target antibodies with confidence intervals no more than 2 percentage
points wide. False-positive results were more common where COVID-19 had been suspected and ruled out, but numbers were small and
the difference was within the range expected by chance.

Assuming a prevalence of 50%, a value considered possible in healthcare workers who have suffered respiratory symptoms, we would
anticipate that 43 (28 to 65) would be missed and 7 (3 to 14) would be falsely positive in 1000 people undergoing IgG/IgM testing at days
15 to 21 post-symptom onset. At a prevalence of 20%, a likely value in surveys in high-risk settings, 17 (11 to 26) would be missed per 1000
people tested and 10 (5 to 22) would be falsely positive. At a lower prevalence of 5%, a likely value in national surveys, 4 (3 to 7) would be
missed per 1000 tested, and 12 (6 to 27) would be falsely positive.

Analyses showed small differences in sensitivity between assay type, but methodological concerns and sparse data prevent comparisons
between test brands.

Authors' conclusions

The sensitivity of antibody tests is too low in the first week since symptom onset to have a primary role for the diagnosis of COVID-19,
but they may still have a role complementing other testing in individuals presenting later, when RT-PCR tests are negative, or are not
done. Antibody tests are likely to have a useful role for detecting previous SARS-CoV-2 infection if used 15 or more days a.er the onset
of symptoms. However, the duration of antibody rises is currently unknown, and we found very little data beyond 35 days post-symptom
onset. We are therefore uncertain about the utility of these tests for seroprevalence surveys for public health management purposes.
Concerns about high risk of bias and applicability make it likely that the accuracy of tests when used in clinical care will be lower than
reported in the included studies. Sensitivity has mainly been evaluated in hospitalised patients, so it is unclear whether the tests are able
to detect lower antibody levels likely seen with milder and asymptomatic COVID-19 disease.

The design, execution and reporting of studies of the accuracy of COVID-19 tests requires considerable improvement. Studies must report
data on sensitivity disaggregated by time since onset of symptoms. COVID-19-positive cases who are RT-PCR-negative should be included
as well as those confirmed RT-PCR, in accordance with the World Health Organization (WHO) and China National Health Commission of the
People's Republic of China (CDC) case definitions. We were only able to obtain data from a small proportion of available tests, and action is
needed to ensure that all results of test evaluations are available in the public domain to prevent selective reporting. This is a fast-moving
field and we plan ongoing updates of this living systematic review.
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P L A I N � L A N G U A G E � S U M M A R V

What is tho diagnostic accuracy of antibody tosts for tho dotoction of infoction with tho COVID-19 virus?

Background

COVID-19 is an infectious disease caused by the SARS-CoV-2 virus that spreads easily between people in a similar way to the common cold
or ‘flu. Most people with COVID-19 have a mild to moderate respiratory illness, and some may have no symptoms (asymptomatic infection).
Others experience severe symptoms and need specialist treatment and intensive care.

The immune system of people who have COVID-19 responds to infection by developing proteins that can attack the virus (antibodies) in
their blood. Tests to detect antibodies in peoples' blood might show whether they currently have COVID-19 or have had it previously.

Why aro accurato tosts important?

Accurate testing allows identification of people who might need treatment, or who need to isolate themselves to prevent the spread of
infection. Failure to detect people with COVID-19 when it is present (a false negative result) may delay treatment and risk further spread
of infection to others. Incorrect identification of COVID-19 when it is not present (a false positive result) may lead to unnecessary further
testing, treatment, and isolation of the person and close contacts. Correct identification of people who have previously had COVID-19 is
important in measuring disease spread, assessing the success of public health interventions (like isolation), and potentially in identifying
individuals with immunity (should antibodies in the future be shown to indicate immunity).

To identify false negative and false positive results, antibody test results are compared in people known to have COVID-19 and known not to
have COVID-19. Study participants are classified as to whether they are known or not known to have COVID-19 based on criteria known as
the ‘reference standard’. Many studies use samples taken from the nose and throat to identify people with COVID-19. The samples undergo
a test called reverse transcriptase polymerase chain reaction (RT-PCR). This testing process can sometimes miss infection (false negative
result), but additional tests can identify COVID-19 infection in people with a negative RT-PCR result. These include measuring clinical
symptoms, like coughing or high temperature, or ‘imaging’ tests like chest X-rays. People known not to have COVID-19 are sometimes
identified from stored blood samples taken before COVID-19 existed, or from patients with respiratory symptoms found to be caused by
other diseases.

What did tho roviow study?

The studies looked at three types of antibody, IgA, IgG and IgM. Most tests measure both IgG and IgM, but some measure a single antibody
or combinations of the three antibodies.

Levels of antibodies rise and fall at different times a.er infection. IgG is the last to rise but lasts longest. Levels of antibodies are usually
highest a few weeks a.er infection.

Some antibody tests need specialist laboratory equipment. Others use disposable devices, similar to pregnancy tests. These tests can be
used in laboratories or wherever the patient is (point-of-care), in hospital or at home.

We wanted to find out whether antibody tests:

- are accurate enough to diagnose infection in people with or without symptoms of COVID-19, and

- can be used to find out if someone has already had COVID-19.

What did wo do?

We looked for studies that measured the accuracy of antibody tests compared with reference standard criteria to detect current or past
COVID-19 infection. Studies could assess any antibody test compared with any reference standard. People could be tested in hospital or
the community. Studies could test people known to have – or not to have – or be suspected of having COVID-19.

Study charactoristics

We found 54 relevant studies. Studies took place in Asia (38), Europe (15), and in both USA and China (1).

Forty-six studies included people who were in hospital with suspected or confirmed COVID-19 infection only. Twenty-nine studies
compared test results in people with COVID-19 with test results in healthy people or people with other diseases.

Not all studies provided details about participants’ age and gender. O.en, we could not tell whether studies were evaluating current or
past infection, as few reported whether participants were recovering. We did not find any studies that tested only asymptomatic people.

Main rosults
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Our findings come mainly from 38 studies that provided results based on the time since people first noticed symptoms.

Antibody tests one week a.er first symptoms only detected 30% of people who had COVID-19. Accuracy increased in week 2 with 70%
detected, and was highest in week 3 (more than 90% detected). Little evidence was available a.er week 3. Tests gave false positive results
in 2% of those without COVID-19.

Results from IgG/IgM tests three weeks a.er symptoms started suggested that if 1000 people had antibody tests, and 50 (5%) of them really
had COVID-19 (as we might expect in a national screening survey):

- 58 people would test positive for COVID-19. Of these, 12 people (21%) would not have COVID-19 (false positive result).

- 942 people would test negative for COVID-19. Of these, 4 people (0.4%) would actually have COVID-19 (false negative result).

If we tested 1000 healthcare workers (in a high-risk setting) who had had symptoms, and 500 (50%) of them really had COVID-19:

- 464 people would test positive for COVID-19. Of these, 7 people (2%) would not have COVID-19 (false positive result).

- 537 people would test negative for COVID-19. Of these, 43 (8%) would actually have COVID-19 (false negative result).

We did not find convincing differences in accuracy for different types of antibody test.

How roliablo woro tho rosults of tho studios of this roviow?

Our confidence in the evidence is limited for several reasons. In general, studies were small, did not use the most reliable methods and
did not report their results fully. O.en, they did not include patients with COVID-19 who may have had a false negative result on PCR, and
took their data for people without COVID-19 from records of tests done before COVID-19 arose. This may have affected test accuracy, but
it is impossible to identify by how much.

Who do tho rosults of this roviow apply to?

Most participants were in hospital with COVID-19, so were likely to have more severe disease than people with mild symptoms who were
not hospitalised. This means that we don't know how accurate antibody tests are for people with milder disease or no symptoms.

More than half of the studies assessed tests they had developed themselves, most of which are not available to buy. Many studies were
published quickly online as ‘preprints’. Preprints do not undergo the normal rigorous checks of published studies, so we are not certain
how reliable they are.

As most studies took place in Asia, we don't know whether test results would be similar elsewhere in the world.

What aro tho implications of this roviow?

The review shows that antibody tests could have a useful role in detecting if someone has had COVID-19, but the timing of when the tests
are used is important. Antibody tests may help to confirm COVID-19 infection in people who have had symptoms for more than two weeks
and do not have a RT-PCR test, or have negative RT-PCR test results. The tests are better at detecting COVID-19 in people two or more weeks
a.er their symptoms started, but we do not know how well they work more than five weeks a.er symptoms started. We do not know how
well the tests work for people who have milder disease or no symptoms, because the studies in the review were mainly done in people who
were in hospital. In time, we will learn whether having previously had COVID-19 provides individuals with immunity to future infection.

Further research is needed into the use of antibody tests in people recovering from COVID-19 infection, and in people who have experienced
mild symptoms or who never experienced symptoms.

How up-to-dato is this roviow?

This review includes evidence published up to 27 April 2020. Because a lot of new research is being published in this field, we will update
this review frequently.
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Summary of findings 1. � What is tho diagnostic accuracy of antibody tosts, for tho diagnosis of curront or prior SARS-

CoV-2 infoction?

Quostion What is tho diagnostic accuracy of antibody tosts, for tho diagnosis of curront or prior SARS-CoV-2 infoction?

Popula-

tion

Adults or children suspected of

• current SARS-CoV-2 infection

• prior SARS-CoV-2 infection

or populations undergoing screening for SARS-CoV-2 infection, including

• asymptomatic contacts of confirmed COVID-19 cases

• community screening

Indox tost Any test for detecting antibodies to SARS-CoV-2, including:

• laboratory-based methods
* ELISA

* CLIA

* other laboratory-based methods

• rapid tests; lateral flow assays, including
* tests that can be used at point-of-care, such as CGIA

* rapid diagnostic tests, such as FIA

Targot

condition

Detection of

• current SARS-CoV-2 infection

• prior SARS-CoV-2 infection

Rofor-

onco

standard

RT-PCR alone, clinical diagnosis of COVID-19 based on established guidelines or combinations of clinical features and
for non-COVID-19 cases, the use of pre-pandemic sources of samples for testing

Action The current evidence-base for antibody tests is inadequate to be clear about their utility (mainly because of small num-
bers of small studies for each test, few data available outside of acute hospital settings, and many issues in likely bias
and applicability of the studies). The sensitivity of antibody tests is too low early in disease for use as a primary test of
diagnosis, but they may have value for late diagnosis, for identifying previous infection, and for sero-prevalence stud-
ies.

Limitations in tho ovidonco

Risk of

bias

Participant soloction: high risk of bias in 48 studies (89%)

Application of indox tosts: high risk of bias in 14 studies (26%)

Roforonco standard: high risk of bias in 17 studies (31%)

Flow and timing: high risk of bias in 29 studies (54%)

Concorns

about ap-

plicabili-

ty of tho

ovidonco

Participants: high concerns in 44 studies (81%)

Indox tost: high concerns in 17 studies (31%)

Roforonco standard: high concerns in 33 studies (61%)

Findings

Antibody tosts for idontification of curront and past infoction with SARS-CoV-2 (Roviow)
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• We included 54 studies evaluating 15,976 samples. 8256 samples were from COVID-19 cases.

• Data were not available for most antibody tests that have regulatory approval.

• Most studies reported on detection of IgG, IgM, or IgG/IgM antibodies.

• Test sensitivity was strongly related to time since onset of symptoms, with low sensitivity between 1 and 14 days, and sensitivity for
IgG/IgM tests exceeding 90% between 15 and 35 days. Little evidence was available beyond 35 days.

• Specificity was high (> 98%) for all types of antibody. There was some variation in sensitivity between test methods, with laborato-
ry-based methods appearing to outperform (point-of-care) tests using disposable devices.

• Small sample sizes, low numbers of studies and concerns and bias and applicability hinder trustworthy comparisons being made
between test brands.

Quanti-

ty of ovi-

donco

Numbor of studios Total participants or samplos Total casos

� 54 15,976 8526

� Sonsitivity (95% CI)

Studies (TP/COVID cases)

Spocificity (95%CI)

Studies (FP/non-COVID

cases)

� Days 8-14 Days 15-21 Days 22-35 All timo points

IgG 66.5% (57.9 to 74.2) 88.2% (83.5 to 91.8) 80.3% (72.4 to 86.4) 99.1% (98.3% to 99.6%)

� 22 (766/1200) 22 (974/1110) 12 (417/502) 44 (159/6136)

IgM 58.4% (45.5 to 70.3) 75.4% (64.3 to 83.8) 68.1% (55.0 to 78.9) 98.7% (97.4% to 99.3%)

� 21 (724/1171) 21 (800/1074) 11 (378/507) 41 (183/6103)

IgG/IgM* 72.2% (63.5 to 79.5) 91.4% (87.0 to 94.4) 96.0% (90.6 to 98.3) 98.7% (97.2% to 99.4%)

� 9 (441/608) 9 (636/692) 5 (146/152) 23 (78/5761)

Numbors appliod to a hypothotical cohort of 1000 pationts, using summary data for IgG/IgM at days 15 to 21 as an oxomplar

(sonsitivity 91.4% (87.0 to 94.4) and spocificity 98.7% (97.2 to 99.4))

Prova-

lonco of

COVID-19

TP (95% CI) FP (95% CI) FN (95% CI) TN (95% CI)

2% 18 (17 to 20) 13 (6 to 27) 2 (1 to 3) 967 (953 to 974)

5% 46 (44 to 47) 12 (6 to 27) 4 (3 to 7) 938 (923 to 944)

10% 91 (87 to 94) 12 (5 to 25) 9 (6 to 13) 888 (875 to 895)

20% 183 (174 to 189) 10 (5 to 22) 17 (11 to 26) 790 (778 to 795)

50% 457 (435 to 472) 7 (3 to 14) 43 (28 to 65) 494 (486 to 497)

CGIA: colloidal gold immunoassays; CI: confidence interval; CLIA: chemiluminescence immunoassays; ELISA: enzyme-linked im-
munosorbent assays; FIA: fluorescence-labelled immunochromatographic assays; FN: false negative; FP: false positive; RT-PCR: re-
verse transcription polymerase chain reaction; TN: true negative; TP: true positive; * Positive if either IgG or IgM positive.

�
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B A C K G R O U N D

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) virus and resulting COVID-19 pandemic present important
diagnostic evaluation challenges. These range from understanding
the value of signs and symptoms in predicting possible infection,
assessing whether existing biochemical and imaging tests can
identify infection and people needing critical care, and evaluating
whether new diagnostic tests can allow accurate rapid and point-of-
care testing, either to identify current infection, rule out infection,
identify people in need of care escalation, or to test for past
infection and immunity.

We are creating and maintaining a suite of living systematic reviews
to cover the roles of tests and characteristics in the diagnosis of
COVID-19. This review summarises evidence of the accuracy of
COVID-19 antibody tests; both laboratory-based tests and point-of-
care tests.

Targot condition boing diagnosod

COVID-19 is the disease caused by infection with the SARS-CoV-2
virus. The key target conditions for this suite of reviews are current
SARS-CoV-2 infection, current COVID-19 disease, and past SARS-
CoV-2 infection.

Antibody tests are being considered and evaluated for both:

• identification of past SARS-CoV-2 infection, and

• current infection.

For current infection the severity of the disease is of importance.
SARS-CoV-2 infection can be asymptomatic (no symptoms); mild
or moderate (symptoms such as fever, cough, aches, lethargy
but without difficulty breathing at rest); severe (symptoms
with breathlessness and increased respiratory rate indicative of
pneumonia); or critical (requiring respiratory support due to severe
acute respiratory syndrome (SARS) or acute respiratory distress
syndrome (ARDS). People with COVID-19 pneumonia (severe or
critical disease) require different patient management, and it is
important to be able to identify them. There is no consideration
that antibody tests are able to distinguish severity of disease, thus,
in this review, we consider their role for detecting SARS-CoV-2
infection of any severity (asymptomatic or symptomatic).

Indox tost(s)

Antibody tosts

This review evaluates serology tests to measure antibodies to the
SARS-CoV-2 virus. Antibodies are formed by the body's immune
system in response to infections, and can be detected in whole
blood, plasma or serum. Antibodies are specific to the virus, and
therefore can be used to differentiate between different infections.
There are three types of antibody created in response to infection:
IgA, IgG and IgM; these rise and fall at different times a.er the onset
of infection. IgG is used in most antibody tests as it persists for the
longest time and may reflect longer-term immunity, although it is
the last to rise a.er infection. Many tests assess both IgG and IgM.
IgM typically rises quickly with infection and declines soon a.er an
infection is cleared. Alternatively tests may combine IgA with IgG,
or measure all antibodies (IgA, IgG and IgM).

Antibody tests are available for laboratory use including
enzyme-linked immunosorbent assay (ELISA) methods, or more
advanced chemiluminescence immunoassays (CLIA). There are
also laboratory-independent, point-of-care lateral flow assays,
which use disposable devices, akin to a pregnancy test, that use
a minimal amount of blood on a testing strip. Antibody detection
is indicated by visible lines appearing on the test strip, or through
fluorescence, which can be detected using a reader device. Many
of these tests are known as colloidal gold-based immunoassays, as
they use COVID-19 antigen conjugated to gold nanoparticles.

Following the emergence of COVID-19 there has been prolific
industry activity to develop accurate antibody tests. The
Foundation for Innovative Diagnostics (FIND) and Johns Hopkins
Centre for Health Security have maintained online lists of these
and other molecular-based tests for COVID-19. At the time of
writing (21 May 2020), FIND listed 279 antibody tests, 196 of which
are produced by commercial companies and are commercially
available. Reguatory approval in the European Union (EU; CE-
IVD) had been awarded to 185 on the list, whereas in China
only seven had been approved, and eight by the FDA (US Food
and Drug Administration). For a period of time the FDA allowed
commercialisation of antibody tests in the USA without FDA
approval, resulting in around 100 tests being placed on the market.
Both the content of the list, and these figures will increase over
time.

Clinical pathway

Broadly speaking, there are four considered uses of antibody tests.

1. In diagnosis of acute suspected COVID-19 in patients who
presented with symptoms, particularly where molecular testing
had failed to detect the virus.

2. In assessment of immune response in patients with severe
disease.

3. For individuals to assess whether they have had a SARS-CoV-2
infection and have an immune response.

4. In seroprevalence surveys for public health management
purposes.

For 1, the standard approach to diagnosis of COVID-19 is through
a reverse transcription polymerase chain reaction (RT-PCR) test,
which detects the presence of virus in swab samples taken from
nose, throat or fluid from the lungs. However, the test is known
to give false negative results, and can only detect COVID-19 in the
acute phase of the illness. Both the World Health Organization
(WHO) and the China CDC (National Health Commission of the
People's Republic of China), have produced case definitions for
COVID-19 that include RT-PCR-negative cases that display other
convincing clinical evidence (Appendix 1). The most recent case
definition from the China CDC includes positive serology tests.
Confirming an acute clinical diagnosis using a serology test requires
detectable virus-specific IgM and IgG in serum, or detectable virus-
specific IgG, or a 4-fold or greater increase in titration to be
observed during convalescence compared with the acute phase.

For 2, this is largely a question of monitoring patients, and we
will not cover this in this review. Assessment of the accuracy of
a test used for assessment of immune response would involve
comparison with a reference standard test of antibody response,
rather than evidence of infection.

Antibody tosts for idontification of curront and past infoction with SARS-CoV-2 (Roviow)

Copyright © 2020 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

7



Cochrano
Library

Trustod ovidonco.

Informod docisions.

Bottor hoalth.

�

�

Cochrane Database of Systematic Reviews

Use 3 involves testing individuals during periods of convalescence
(a.er symptoms have resolved) whereas 4 will involve testing
people at a mixture of time points, including long follow-up. A key
difference between 3 and 4 is the likelihood of disease, which is
expected to be much higher for 3 than 4.

An extended version of use case scenarios is available in Appendix 2.

Prior tost(s)

Prior testing depends on the purpose of the test. For 1 we would
anticipate that patients were symptomatic and had most likely
undergone RT-PCR testing and possible computed tomography
(CT) imaging. Uses 3 and 4 will most likely include people who have
not been tested, and may include people who are asymptomatic as
well as symptomatic.

Altornativo tost(s)

This review is one of six planned reviews that cover the range of
tests and characteristics being considered in the management of
COVID-19 (Deeks 2020; McInnes 2020). Full details of the alternative
tests and evidence of their accuracy will be summarised in these
reviews.

Laboratory-basod molocular tosts

Testing for presence of the SARS-CoV-2 virus has been undertaken
using quantitative RT-PCR (qRT-PCR). RT-PCR tests for SARS-CoV-2
identify viral ribonucleic acid (RNA). Reagents for the assay were
rapidly produced once the viral RNA sequence was published.
Testing is undertaken in central laboratories and can be very labour-
intensive, with several points along the path of performing a single
test where errors may occur, although some automation of parts
of the process is possible. Although the actual qRT-PCR test does
not take long, the stages of extraction, sample processing and data
management mean that test results are typically available in 24
to 48 hours, although faster processes are being implemented.
Other nucleic acid amplification methods such as loop-mediated
isothermal amplification (LAMP), or CRISPR-based nucleic acid
detection methods are also being developed, with the potential to
reduce the time to produce test results to minutes, but the time for
the whole process may still be significant. RT-PCR tests use upper
and lower respiratory samples. Sputum is currently considered
better than oropharynx swabs or nasopharynx swabs but is more
difficult (and hazardous) to obtain and will only ever be available in
a subset of patients.

Laboratory-indopondont point-of-caro and noar-pationt

molocular and antigon tosts

Laboratory-independent RT-PCR devices can also be used for
identification of infection near patients and even at the bedside.
These are small platforms for testing which use matching test
cartridges. Several companies have suitable existing technology
systems and are producing the required new cartridges for
diagnosis of SARS-CoV-2 infection. Test results are based on the
same samples as those for qRT-PCR, with results available within
minutes or hours. Antigen tests are based on the direct detection
of the virus, indicating active infection (i.e. replication of the virus)
similar to the detection of RNA. Antigen tests are mainly in the form
of lateral flow assays. They will capture the relevant viral antigen
using dedicated antibodies, and visualisation is either manual or
using a reader device.

Signs and symptoms

Signs and symptoms are used in the initial diagnosis of suspected
COVID-19, and in identifying people with COVID-19 pneumonia.
Key symptoms that have been associated with mild to moderate
COVID-19 include: troublesome dry cough (for example, coughing
more than usual over a one-hour period, or three or more coughing
episodes in 24 hours), fever greater than 37.8°C, diarrhoea,
headache, breathlessness on light exertion, muscle pain, fatigue,
and loss of sense of smell and taste. Red flags indicating possible
pneumonia include: breathlessness at rest, increased respiratory
rate (above 20 breaths per minute), increased heart rate (above 100
beats per minute), chest tightness, loss of appetite, confusion, pain
or pressure in the chest, blue lips or face, and temperature above
38°C. Hypoxia based on measuring pulse oximetry is o.en used,
with various arbitrary thresholds (for example, 93%).

Routinoly availablo biomarkors

Routinely available biomarkers for infection and inflammation
may be considered in the investigation of people with possible
COVID-19. For example, many healthcare facilities have access to
standard laboratory tests for infection, such as C-reactive protein
(CRP), procalcitonin, measures of anticoagulation, and white blood
cell count with different lymphocyte subsets. Evaluation of these
commonly available tests, particularly in low-resource settings,
may be helpful for the triage of people with potential COVID-19.

Imaging tosts

Chest X-ray, ultrasound, and CT are widely used diagnostic imaging
tests to identify COVID-19 pneumonia. Availability and usage varies
between settings.

Rationalo

It is essential to understand the clinical accuracy of tests and
diagnostic features to identify the best way they can be used in
different settings to develop effective diagnostic and management
pathways. The suite of Cochrane 'living systematic reviews'
summarises evidence on the clinical accuracy of different tests and
diagnostic features, grouped according to the research questions
and settings that we are aware of. Estimates of accuracy from these
reviews will help inform diagnosis, screening, isolation, and patient
management decisions.

Particularly for antibody tests, new tests are being developed and
evidence is emerging at an unprecedented rate during the COVID-19
pandemic. Tests are being purchased in bulk for seroprevalence
studies, and made available for personal purchase online. This
review will be updated as o.en as is feasible to ensure that it
provides current evidence about the accuracy of antibody tests.

O B J E C T I V E S

To assess the diagnostic accuracy of antibody tests to determine if
a person presenting in the community or in primary or secondary
care has SARS-CoV-2 infection, or has previously had SARS-
CoV-2 infection, and the accuracy of antibody tests for use in
seroprevalence surveys.

Socondary objoctivos

Where data are available, we will investigate the accuracy (either by
stratified analysis or meta-regression) according to:
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• current infection or past infection;

• test method and brand;

• days since onset of symptoms;

• reference standard;

• study design;

• setting.

M E T H O D S

Critoria for considoring studios for this roviow

Typos of studios

We applied broad eligibility criteria in order to include all patient
groups and all variations of a test (that is, if patient population was
unclear, we included the study).

We included studies of all designs that produce estimates of test
accuracy or provide data from which estimates can be computed,
including the following.

• Studies restricted to participants confirmed to have (or to have
had) the target condition (to estimate sensitivity) or confirmed
not to have (or have had) the target condition (to estimate
specificity). These types of studies may be excluded in later
review updates.

• Single-group studies, which recruit participants before disease
status has been ascertained

• Multi-group studies, where people with and without the target
condition are recruited separately (o.en referred to as two-gate
or diagnostic case-control studies)

• Studies based on either patients or samples

We excluded studies from which we could not extract data to
compute either sensitivity or specificity.

We carefully considered the limitations of different study designs in
the quality assessment and analyses.

We included studies reported in published articles and as preprints.

Participants

We included studies recruiting people presenting with suspicion
of current or prior SARS-CoV-2 infection or those recruiting
populations where tests were used to screen for disease (for
example, contact tracing or community screening).

We also included studies that recruited people either known to
have SARS-CoV-2 infection or known not to have SARS-CoV-2
infection (multi-group studies).

We excluded small studies with fewer than 10 samples or
participants. Although the size threshold of 10 is arbitrary, such
small studies are likely to give unreliable estimates of sensitivity or
specificity and may be biased.

Indox tosts

We included studies evaluating any test for detecting antibodies
to SARS-CoV-2, including laboratory-based methods and tests
designed to be used at point-of-care. Test methods include the
following.

Laboratory-based:

• enzyme-linked immunosorbent assays (ELISA)

• chemiluminescence immunoassays (CLIA)

• other laboratory-based methods (e.g. indirect
immunofluorescence tests (IIFT), luciferase
immunoprecipitation system (LIPS)

Rapid diagnostic tests:

• lateral flow assays, including both colloidal gold or
fluorescence-labelled immunochromatographic assays (CGIA or
FIA).

In this first version of the review we have included both
commercially available tests, which have regulatory approval, with
in-house assays and assays in development. Future versions of the
review are likely to be restricted to only commercially available
assays.

We identified the regulatory status of index tests using two main
resources:

• WHO: COVID-19 listing in International Medical Device
Regulators Forum (IMDRF) jurisdictions (www.who.int/
diagnostics_laboratory/EUL/en/), which includes listings of
FDA, Health Canada, Japan, Australia (Therapeutic Goods
Administration), Singapore (Health Sciences Authority), Brazil
(Agência Nacional de Vigilância Sanitária), South Korea (Ministry
of Food and Drug Safety), China (National Medical Products
Administration), and Russia (Roszdravnadzor);

• FIND: SARS-COV-2 Diagnostic Pipeline (www.finddx.org/
covid-19/pipeline/), which overlaps with the WHO list, but in
addition includes CE-IVD and IVD India.

In addition, we checked key national websites, including
US FDA (www.fda.gov/medical-devices/emergency-situations-
medical-devices/emergency-use-
authorizations#coronavirus2019) and China FDA
(subsites.chinadaily.com.cn/nmpa/2020 03/27/c_465663.htm?
bsh_bid=5496527208).

Targot conditions

The target conditions were the identification of:

• current SARS-CoV-2 infection (in symptomatic cases);

• past SARS-CoV-2 infection (in convalescent (post-symptomatic)
or asymptomatic cases).

Roforonco standards

We anticipated that studies would use a range of reference
standards to define both the presence and absence of SARS-
CoV-2 infection but were unclear at the start of the review exactly
what methods would be encountered. For the QUADAS-2 (Quality
Assessment tool for Diagnostic Accuracy Studies; Whiting 2011),
assessment we categorised each method of defining COVID-19
cases according to the risk of bias (the chances that it would
misclassify COVID-19 participants as non-COVID-19) and whether
it defined COVID-19 in an appropriate way that reflected cases
encountered in practice. Likewise, we considered the risk of bias in
definitions of non-COVID-19, and whether the definition reflected
those who, in practice, would be tested.
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Soarch mothods for idontification of studios

Eloctronic soarchos

We conducted a single literature search to cover our suite of
Cochrane COVID-19 diagnostic test accuracy (DTA) reviews (Deeks
2020; McInnes 2020).

We conducted electronic searches using two primary sources. Both
of these searches aimed to identify all published articles and
preprints related to COVID-19, and were not restricted to those
evaluating biomarkers or tests. Thus, there are no test terms,
diagnosis terms, or methodological terms in the searches. Searches
were limited to 2019 and 2020, and for this version of the review
have been conducted to 27 April 2020.

Cochrane COVID-19 Study Register searches

We used the Cochrane COVID-19 Study Register
(covid-19.cochrane.org/), for searches conducted to 28 March
2020. At that time, the register was populated by searches of
PubMed, as well as trials registers at ClinicalTrials.gov and the WHO
International Clinical Trials Registry Platform (ICTRP).

Search strategies were designed for maximum sensitivity, to
retrieve all human studies on COVID-19 and with no language limits.
See Appendix 3.

COVID-19 Living Evidence Database from the University of Bern

From 28 March 2020, we used the COVID-19 Living Evidence
database from the Institute of Social and Preventive Medicine
(ISPM) at the University of Bern (www.ispm.unibe.ch), as the
primary source of records for the Cochrane COVID-19 DTA reviews.
This search includes PubMed, Embase, and preprints indexed in
bioRxiv and medRxiv databases. The strategies as described on the
ISPM website are described here (ispmbern.github.io/covid-19/).
See Appendix 4.

The decision to focus primarily on the 'Bern' feed was due to the
exceptionally large numbers of COVID-19 studies available only as
preprints. The Cochrane COVID-19 Study Register has undergone
a number of iterations since the end of March and we anticipate
moving back to the Register as the primary source of records for
subsequent review updates.

Soarching othor rosourcos

We identified Embase records obtained through Martha
Knuth for the Centers for Disease Control and Prevention
(CDC), Stephen B Thacker CDC Library, COVID-19
Research Articles Downloadable Database (www.cdc.gov/library/
researchguides/2019novelcoronavirus/researcharticles.html), and
de-duplicated them against the Cochrane COVID-19 Study Register
up to 1 April 2020. See Appendix 5.

We also checked our search results against two additional
repositories of COVID-19 publications including:

• the Evidence for Policy and Practice Information and Co-
ordinating Centre (EPPI-Centre) 'COVID-19: Living map of the
evidence' (eppi.ioe.ac.uk/COVID19_MAP/covid_map_v4.html);

• the Norwegian Institute of Public Health 'NIPH systematic
and living map on COVID-19 evidence' (www.nornesk.no/
forskningskart/NIPH_diagnosisMap.html)

Both of these repositories allow their contents to be filtered
according to studies potentially relating to diagnosis, and both
have agreed to provide us with updates of new diagnosis studies
added. For this iteration of the review, we examined all diagnosis
studies from either source up to 16 April 2020.

In addition we have used the list of potentially eligible index tests
(documented in Criteria for considering studies for this review),
to search company and product websites for studies about test
accuracy and to contact companies to request further information
or studies using their tests. We will include the result of this process
in a future iteration of this review.

We have also contacted research groups undertaking test
evaluations (for example, UK Public Health England-funded
studies, and FIND studies (www.finddx.org/). We appeal
to researchers to supply details of additional published
or unpublished studies at the following email address,
which we will consider for inclusion in future updates
(coviddta@contacts.bham.ac.uk).

We did not apply any language restrictions.

Data colloction and analysis

Soloction of studios

A team of experienced systematic reviewers from the University
of Birmingham screened the titles and abstracts of all records
retrieved from the literature searches. Two review authors
independently screened studies in Covidence. A third, senior review
author resolved any disagreements. We tagged all records selected
as potentially eligible according to the Cochrane COVID-19 DTA
review(s) that they might be eligible for and we then exported them
to separate Covidence reviews for each review title.

We obtained the full texts for all studies flagged as potentially
eligible. Two review authors independently screened the full texts
for one of the COVID-19 molecular or antibody test reviews. We
resolved any disagreements on study inclusion through discussion
with a third review author.

Data oxtraction and managomont

One review author carried out data extraction, which was checked
by a second review author. Items that we extracted are listed in
Appendix 6. Both review authors independently performed data
extraction of 2x2 contingency tables of the number of true positives,
false positives, false negatives and true negatives. They resolved
disagreements by discussion.

We encourage study authors to contact us regarding missing details
on the included studies (coviddta@contacts.bham.ac.uk).

Where possible we extracted 2x2 tables according to time since
onset of symptoms. We predefined groups of interest as 1-7, 8-14,
15-21, 22-35 and over 35 days since onset of symptoms. Where
the data presented did not exactly match these categorisations we
entered data in the time group that had the greatest overlap with
our groupings. Where a study presented data for a group without
stating an upper time limit (e.g. more than 21 days) we placed the
data in the first category above the stated value (e.g. 22-35 days).

Where possible, we separately extracted data related to each class
of antibody (IgA, IgG and IgM), and combinations of classes (IgA/
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IgM, IgA/IgG, IgG/IgM, where a positive is defined as either or both
classes of antibody being detected). We also extracted data on total
antibodies where this was reported.

Assossmont of mothodological quality

Two review authors independently assessed risk of bias and
applicability concerns using the QUADAS-2 checklist tailored to this
review (Appendix 7; Whiting 2011). The two review authors resolved
any disagreements by discussion.

Ideally, studies should prospectively recruit a representative
sample of participants presenting with signs and symptoms of
COVID-19, either in community or primary care settings or to a
hospital setting, and they should clearly record the time of testing
a.er the onset of symptoms. Studies should perform antibody
tests in their intended use setting, using appropriate sample types
as described in the 'Instructions for use' sheet (e.g. fingerprick
blood for tests being evaluated for use as point-of-care tests), and
tests should be performed by relevant personnel (e.g. healthcare
workers), and should be interpreted blinded to the final diagnosis
(COVID-19 or not). Serology samples should be taken at time
points that reflect the intended use (either whilst symptomatic
for diagnosis of infection, or during a convalescent period (a.er
resolution of symptoms) for diagnosis of previous infection). The
reference standard diagnosis should be blinded to the result of
the antibody test, and should not incorporate the result of the
index test or any other serology test. If the reference standard
includes clinical diagnosis of COVID-19, then established criteria
should be used. Studies including samples from participants
known not to have COVID-19 should use pre-pandemic sources or
contemporaneous samples with at least one RT-PCR-negative test
result. Data should be reported for all study participants, including
those where the result of the antibody test was inconclusive, or
participants in whom the final diagnosis of COVID-19 was uncertain.
If studies obtained multiple samples for testing over time from the
same study participants, then they should disaggregate results by
time post-symptom onset.

Statistical analysis and data synthosis

We grouped data by study and test. Thus studies that evaluated
multiple tests in the same participants were included multiple
times. We present estimates of sensitivity and specificity for each
antibody (or combination of antibodies) using paired forest plots in
tables, and also summarise them in tables as appropriate.

For analysis purposes, unlike in most DTA reviews we considered
estimates of sensitivity and specificity separately, because many
of the included studies presented only estimates of sensitivity.
Estimates of specificity were typically exceptionally high, thus the
correlation between sensitivity and specificity across studies was
unlikely to be high (Macaskill 2010; Takwoingi 2017). We considered
the heterogeneity in the study findings through visual inspection
of forest plots when deciding to meta-analyse study estimates, and
have not computed summary estimates where they were likely to
be regarded as misleading.

Where we pooled results, we fitted random-effects logistic
regression models using the meqrlogit command in Stata v15.1
(Stata). In a small number of instances, the random-effects logistic
regression analyses failed to converge (usually when there were
very small numbers of studies), and we have computed estimates
and confidence intervals by summing the counts of true positive,

false positive, false negative and true negative across 2x2 tables.
These analyses are clearly marked in the tables. We present all
estimates with 95% confidence intervals.

Invostigations of hotorogonoity

We investigated sources of heterogeneity in two ways. First, for
analysis of sensitivity for time since onset of symptoms, we
extracted data by week and extended the random-effects logistic
regression model to include indicator variables for each week.
There was a strong relationship between time since onset of
symptoms and sensitivity, thus we elected to fit all subsequent
models for investigation of heterogeneity in sensitivity stratifying
by week. We excluded studies for which stratified data were not
available at this stage. For analysis of sensitivity according to the
RT-PCR status of patients (RT-PCR positive ‘confirmed’ and RT-PCR
negative ‘suspect’), we extracted 2x2 tables stratified by RT-PCR
result (as well as week) and extended the random-effects logistic
regression to include terms for week and RT-PCR status.

We investigated heterogeneity related to study design, reference
standard and test technology by including indicator variables in the
random-effects logistic regression model alongside the variables
for week since onset of symptoms. We present estimates from these
models by test or reference standard type for the sensitivity of the
test in the third week since onset of symptoms (since this is the time
point most commonly recommended for post-infection testing to
start to be undertaken).

We did not fit models to compare test brands due to the small
number of studies available, but we do report estimates with
confidence intervals for each brand.

Sonsitivity analysos

We planned to undertake sensitivity analyses by excluding:

• unpublished studies;

• studies identified only from industry 'Instructions for use'
documentation;

• studies using sample banks or spiked samples;

• studies with inadequate reference standards;

• for previous infection, we also planned to assess increasing
lengths of time since symptoms cleared.

In this version of the review we did not undertake any of these
analyses because the majority of studies were preprints, we did
not include any company documents, and no study used spiked
samples. We investigated issues with reference standards and time
as part of the investigations of heterogeneity.

Assossmont of roporting bias

We made no formal assessment of reporting bias. However we
were aware of the manner in which results in studies could be
suppressed by test developers or manufacturers, and detail where
we believe this may have happened.

Summary of findings

We summarised key findings in a 'Summary of findings' table
indicating the strength of evidence for each test and findings, and
highlighted important gaps in the evidence.
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Updating

We are aware that a substantial number of studies have been
published since the search date of 27 April 2020 and plan to update
this review imminently. We have already completed searches for
the update up until 25 May 2020, and report the number of studies
that we anticipate will be added to this review in the first update.

R E S U L T S

Rosults of tho soarch

We screened 10,965 unique references (published or preprints) for
inclusion in the complete suite of reviews to assist in the diagnosis

of COVID-19 (Deeks 2020; McInnes 2020). Of 1430 records selected
for further assessment for inclusion in any of the six reviews, we
assessed 267 full-text reports for inclusion in this review. See Figure
1 for the PRISMA flow diagram of search and eligibility results
(McInnes 2018; Moher 2009). We included 54 studies from 57 reports
in this review, three studies are awaiting assessment including two
foreign language papers and one study of neutralising antibodies
(Characteristics of studies awaiting classification), 34 are ongoing
studies (Characteristics of ongoing studies), and we excluded 172
publications. Exclusions were mainly due to ineligible study designs
(n = 84) or index tests (n = 40), or because we could not extract or
reconstruct 2x2 data (n = 21). The reasons for exclusion of all 172
publications are provided in Characteristics of excluded studies.
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Figuro 1. � Study flow diagram
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Figuro 1. � (Continuod)

�
The 57 included study reports relate to 54 separate studies, six
studies (Gao 2020a; Liu 2020d [A]; Pan 2020a; Okba 2020a; Wang
2020a [A]; Zhao 2020a), having two publications each, and three
studies providing data for two separate cohorts of participants
(Cassaniti 2020 (A); Cassaniti 2020 (B); Garcia 2020 (A); Garcia
2020 (B); Long 2020 (A); Long 2020 (B)). Of the 57 study reports,
28 studies are available only as preprints and four as preprints
with subsequent journal publications. (Please note when naming
studies, we use the letters (A), (B), (C) in standard brackets to
indicate multiple studies from the same publication, and the letters
[A], [B], [C] etc. in square brackets to indicate data on different tests
evaluated in the same study).

Doscription of includod studios

The 54 studies include a total of 15,976 samples, with 8526
samples from cases of COVID-19. Summary study characteristics
are presented in Table 1 with further details of study design and
index test details in Appendix 8 and Appendix 9. The median
sample size across the included studies is 129.5 (interquartile
range (IQR) 57 to 347) and median number of COVID-19 cases
included is 62 (IQR 31 to 151). Thirty-eight studies were conducted
in Asia: China (n = 36); Hong Kong (n = 1); or Singapore (n = 1).
Fi.een studies were conducted in Europe, and the remaining study
included samples from more than one country (Bendavid 2020).
Forty-four studies included only hospital inpatient cases, one
included hospital outpatients, two included participants attending
emergency departments, two, community screening (including one
study of close contacts). Five studies were conducted in mixed or
unclear settings.

Participant characteristics

Twenty-three studies included cases during the early phase of
illness only (< 21 days post-symptom onset), two only included
cases 21 days or more post-symptom onset, 23 included mixed
groups and six did not report days post-symptom onset. Few
studies were clear whether participants were symptomatic or
convalescent (i.e. symptoms had resolved) at the time of testing.
It is therefore difficult to clearly separate out studies that detected
current infection from studies that detected past infection. Thus the
two target conditions we defined cannot clearly be distinguished.
There were no studies exclusively in asymptomatic participants.

The mean or median age of included COVID-19 cases ranges
from 37 to 76 years (reported in 31 studies), and 26% to 87% of
participants were male (reported in 31 studies). Full details are in
the Characteristics of included studies table.

Study designs

We identified six studies that recruited suspected COVID-19 cases
before it was ascertained whether the patients did or did not
have COVID-19. These six studies identified people with suspected
COVID-19 based on symptoms or as close contacts of confirmed
cases (symptomatic and asymptomatic). Sample sizes of these
studies ranged from 50 to 814 with between 3 and 154 COVID-19
cases. Four of these studies defined the presence or absence of
COVID-19 based on RT-PCR alone, and two also included clinically
confirmed RT-PCR-negative cases based on undefined clinical
suspicion or CT findings. The absence of SARS-CoV-2 infection was
confirmed by a single RT-PCR-negative result in five of the six and
by two or more negative RT-PCR results in one study.

The other forty-eight studies retrospectively recruited patients
when it was already known whether or not they had COVID-19.

Twenty-nine studies used two- or multi-group study designs with
separate selection of COVID-19 cases and healthy participants
or non-COVID-19 participants with another disease. Sample sizes
ranged from 17 to 3481 with between 7 and 276 COVID-19
cases. Nineteen of these studies defined COVID-19 cases based
on a positive RT-PCR test, six included clinically defined RT-
PCR-negative cases in addition to RT-PCR-positive cases and the
remaining four studies used mixed or unclear criteria to define the
presence of COVID-19. Four of the 29 studies included participants
with suspected COVID-19 but who had subsequently been ruled
out on the basis of one (2 studies) or more (2 studies) negative RT-
PCR tests. Ten included contemporaneous non-COVID-19 groups,
including samples from healthy participants (5 studies), patients
with other diseases (one study) or both (4 studies), only two of
which used RT-PCR testing to exclude the presence of SARS-CoV-2.
Twelve studies included pre-pandemic non-COVID 19 groups, using
samples from either healthy people (n = 5), participants with
other diseases (n = 3), or both (n = 4). The remaining three
studies included control samples from mixed sources including pre-
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pandemic and contemporaneous samples, with or without RT-PCR
testing.

Nineteen studies included only a single group of only COVID-19
cases, thus only allowing estimation of sensitivity. They determined
COVID-19 cases based on positive RT-PCR alone (n = 9), clinically
defined criteria including RT-PCR-negative cases (n = 8, 7 of which
used Chinese government-issued COVID-19 guidelines to define
cases), one using undefined clinical criteria, and one study that did
not report how COVID-19 cases were defined.

Index tests

Forty-three studies evaluated only one test, five compared two
tests, three compared 3 tests, one 5 tests, one 9 and one 10 tests. In
total the 54 studies reported on a total of 89 test evaluations.

There were 52 evaluations of laboratory-based methods (27 ELISA,
19 CLIA, 6 other methods), including 32 using commercially

available laboratory-based kits produced by 11 different
commercial companies (16 ELISAs, 15 CLIAs and 1 IIFT), two where
the manufacturer name was withheld, and 20 classified as using in-
house methods (11 ELISA, 4 CLIA and 5 other approaches).

There were 34 evaluations of lateral flow assays, 23 were described
as or discovered to be CGIA, two were FIAs and nine were not
described. Thirty-one of the 34 evaluations used commercially
available lateral flow assays and three were in-house (including two
CGIA and one FIA). Of the 34 evaluations, only three used whole
blood (two using the Vivadiag test), and only two used the assays
as point-of-care tests rather than in a laboratory setting.

Mothodological quality of includod studios

We report the overall methodological quality assessed using the
QUADAS-2 tool for all included studies (n = 54) in Figure 2 (Whiting
2011). See Appendix 10 for study-level ratings by quality.

�

Figuro 2. � Risk of bias and applicability concorns graph: roviow authors' judgomonts about oach domain prosontod

as porcontagos across includod studios

�
Overall, we judged risk of bias to be high in 48 (89%) studies
concerning how participants were selected, 14 (26%) studies
related to application of the index test, 17 (31%) through concerns
about the reference standard and 29 (54%) for issues related to
participant flow and timing. No study had low risk in all domains.
We judged that there were high concerns about the applicability of
the evidence related to participants in 44 (81%) studies, 17 (31%)
related to the index test and 32 (59%) related to the reference
standard. Explanations of how we have reached these judgements
are given below and in the Characteristics of included studies table.

Participant soloction

For participant selection, we judged only one study to be at low
risk of bias and five to be of unclear risk. The remaining 48 (89%)
we judged to be at high risk of bias (n = 44) either due to the use
of a multi-group design with healthy or other disease controls (n =
26) or recruitment of only COVID-19 cases (n = 19), inappropriate
exclusions (n = 2) or inappropriate inclusions (n = 15). Numbers per
group are not mutually exclusive. Eleven studies (20%) reported
consecutive or random recruitment of participants.

We had high concerns about the applicability of the selection of
participants in 44 studies (81%) meaning that the participants who
were recruited were unlikely to be similar to those in whom the
test would be used in clinical practice. This was largely because
studies only recruited hospitalised, confirmed cases of COVID-19,

o.en with severe symptoms (18 studies) or recruited healthy or
other disease non-COVID-19 groups (26 studies). We judged 10
(19%) studies likely to have selected an appropriate patient group,
including the six studies that recruited participants suspected of
COVID-19 prior to definitive testing and four multi-group studies
that separately recruited COVID-19 cases and suspected COVID-19
control groups.

Indox tosts

Eight studies explicitly reported that they had undertaken the index
test with knowledge of whether individuals did or did not have
COVID-19, and eight studies determined the threshold to define
test positivity by analysing the data, rather than it being pre-
determined. In 37 studies, reporting of one or both of these issues
was too unclear to be able to rule out the possibility of bias.
These issues led to the index test performance in 14 studies being
rated as at high risk of bias. We judged only three studies to have
implemented the index test in a way that protected against the risk
of bias.

In 34 studies (63%) we judged the test to be implemented as
it would be in practice. Twenty-two of these were evaluations
of laboratory-based, commercially available tests, and 12 were
evaluations of lateral flow assays associated with commercial test
manufacturers, primarily evaluated in an inpatient setting. Two of
the 12 evaluated the assays as point-of-care tests in an emergency
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room setting. Sixteen studies raised concerns that the tests could
not be purchased (high concerns for applicability). The remaining
four studies provided inadequate information to make a judgement
due to withholding of the names of the commercial tests (one
additional study also withheld the names of the lateral flow assays
evaluated but scored high concerns as it also reported results for an
in-house ELISA test).

Roforonco standards

We judged 13 studies (24%) to have used an appropriate reference
standard and implemented it in ways that prevented bias. In six
studies there was a risk of misclassification, as they had used a
single, negative RT-PCR result to define the absence of disease in
people with suspected COVID-19; eight studies did not report any
RT-PCR testing to confirm COVID-19 status for contemporaneous
healthy or other disease non-COVID-19 groups; and one study
used serology results in part to determine the reference standard
diagnosis, thus risking incorporation bias. We judged 24 studies
as having unclear risk of bias due to lack of information about
blinding of the reference standard to the index test (19/24) or
unclear descriptions of the reference standards used (6/24).

We judged the reference standard to be equivalent to WHO or
China CDC definitions of COVID-19 in 15 studies (28%). We judged
studies that used a definition based only on RT-PCR-positive results
as high concern (32 (59%) of studies), and seven studies reported
inadequate detail to assess the reference standard.

Flow and timing

Twenty-nine (54%) studies were at high risk of bias due to using
different reference standards to verify COVID-19 and non-COVID-19
cases (n = 19), participants being excluded from the analysis (n
= 15), or the inclusion of multiple samples per participant (n =
7). In 20 (37%) studies we could not make judgements on one
or more of these issues, primarily due to lack of clarity around
participant inclusion and exclusion from analyses. Five studies
reported adequate detail to rule out these risks of bias. None of
the included studies reported a Standards of Reporting Diagnostic
Accuracy Studies (STARD)-style participant flow diagram (Bossuyt
2015), and none mentioned that they aimed to report in line with
STARD reporting recommendations for test accuracy studies.

In 39 studies all authors declared no conflicts of interest although
four included co-authors affiliated to test manufacturers. Ten
studies did not provide a conflict of interest statement (two
of these included co-authors affiliated to test manufacturers or
biotechnology companies); and in the five remaining studies at
least one author declared conflicts of interest in relation to test
manufacturers (four studies) or vaccine companies (one study).

Nine studies provided no funding statement, six reported no
funding sources to declare, and 39 studies reported one or more
funding sources. The reported funding sources were primarily
public funding sources. Two studies reported receipt of equipment
‘in kind’ from test manufacturers and two studies reported private
donors.

Findings

We included 54 different studies, which were reported in 57
publications. Fourteen of the 54 studies evaluated more than

one test (Table 1), up to a maximum of 10 tests per study. To
incorporate all results from all tests, in these analyses we have
treated results from different tests of the same samples within
a study as separate data points, such that data are available
on 89 test-study combinations. This leads to individual samples
being included in some analyses multiple times where they have
been evaluated using different tests. To identify where estimates
are based on multiple assessments of the same sample sets, the
tables include both the number of test-study combinations and the
number of studies. The numbers of true positives, false positives,
COVID-19 samples and non-COVID samples are based on test result
counts.

Ovorall analysos

We are unable to distinguish between studies that evaluated the
accuracy of antibody tests to identify current infection from past
infection. Whilst time since onset of symptoms is strongly related
to whether an infection was current or past, few studies reported
whether participants' symptoms had resolved (and thus they were
in a convalescent state) when serology samples were taken. Whilst
21 days post-symptom onset is assumed to be a point where
COVID-19 cases are likely to be convalescent, many participants in
these studies were hospitalised for prolonged periods and likely to
reflect those with more severe and long-lasting symptoms.

A key aspect of interpreting the sensitivity of the tests is the
relationship between accuracy and days since onset of symptoms.
Sixteen (30%) studies only presented results aggregated over 0
to more than 35 days since onset, and did not present data (or
provide datasets) that disaggregated data by week. The figures
in Appendix 11 show forest plots of sensitivity and specificity
estimates including these studies for IgG, IgM, and IgG/IgM
(either positive), which clearly depict substantial heterogeneity in
sensitivity, with estimates ranging from 0% to 100% for all three
markers. Forest plots of results for IgA, total antibodies, IgA/IgG,
IgA/IgM (Appendix 11), show similar heterogeneity with smaller
numbers of studies. Given the heterogeneity and the known strong
relationship of sensitivity with time, computation of an average
estimate of sensitivity from these studies would be misleading and
serves no purpose.

Sensitivity by time since onset of symptoms

Table 2 and Figure 3 present the results disaggregated by week
of testing since onset of symptoms for IgG (from 23 studies), IgA
(from 4 studies), IgM (from 24 studies), total antibodies (from
5 studies), combination of IgG/IgM (from 21 studies), and IgA/
IgG (from 1 study; these results are based on a maximum of 12
participants per time period and we will not comment on them
further). We did not find any data disaggregated by week for IgA/
IgM. Forest plots of these data are given in Figure 4, Figure 5 and
Figure 6. We have undertaken meta-analyses of data stratified by
week as heterogeneity, whilst still present, is substantially less. As
indicated in Table 2, the strength of the relationship of time with
sensitivity shows exceptionally high levels of statistical significance
(P < 0.0005). All further analyses of sensitivity in this report are thus
stratified by week since symptom onset.
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The numbers of individuals contributing data within each study
within each week are very small, thus by pooling these data across
studies these meta-analyses contribute clarity to the relationship
between sensitivity and time, although the important limitations
of these studies as described above should be considered when
interpreting all findings.

Pooled results for IgG, IgM, IgA, total antibodies and IgG/IgM all
show the same general pattern over the first three weeks, with
sensitivity being low when tests were used in the first week since
onset of symptoms, rising in the second week, and reaching their
highest values in the third week. For IgG, sensitivity across the three
weeks were 29.7% (95% confidence interval (CI) 22.1 to 38.6), 66.5%
(95% CI 57.9 to 74.2) and 88.2% (95% CI 83.5 to 91.8); for IgM they
were 23.2% (95% CI 14.9 to 34.2), 58.4% (95% CI 45.5 to 70.3) and
75.4% (95% CI 64.3 to 83.8); and for IgG/IgM they were 30.1% (95%
CI 21.4 to 40.7), 72.2% (95% CI 63.5 to 79.5) and 91.4% (95% CI 87.0
to 94.4). Values for total antibodies and IgA are also given in Table 2.

It is important to note that these estimates are based on pooling
multiple cross-sectional studies, and are not based on tracking the
same groups of participants over time or even using the same tests.
The reasons why individuals are included at some particular time
points and not at others is mostly not reported.

Estimates of sensitivity beyond three weeks are based on smaller
sample sizes, with a maximum of 12 studies contributing data
in weeks 4 and 5, and only four studies providing any follow-up
information beyond week 5. Estimates for IgA and total antibodies
are based on fewer than 100 samples/participants and we will not
comment upon them further. In weeks 4 and 5, pooled sensitivities
of IgG were 80.3% (95% CI 72.4 to 86.4); IgM were 68.1% (95% CI 55.0
to 78.9); and for IgG/IgM were 96.0% (95% CI 90.6 to 98.3).

The data beyond week 5 gave sensitivity estimates of 86.7% (95% CI
79.6 to 91.7; IgG), 53.9% (95% CI 38.4 to 68.6; IgM) and 77.7% (95%
CI 66.0 to 86.2; IgG/IgM). The expected decline in the sensitivity of
IgM is evident.

Overall specificity

We estimated antibody test specificity from 35 studies. Specificity
estimates for all studies are presented in Appendix 11 for IgG, IgM,
IgG/IgM, IgA, total antibodies, and IgA/IgG. Results pooled across
all studies are in Table 3 and show specificity exceeding 98% for
all antibody types, with precise estimates (confidence intervals
up to 2 percentage points wide), particularly for IgG, IgM, total
antibodies and IgG/IgM, where estimates are based on several
thousand non-COVID samples. Inspection of the figures shows
low heterogeneity in study estimates of specificity across studies.
Nine studies provided some information on the cross-reactivity
of other infections, including other coronaviruses, with the SARS-
CoV-2 antigens used in the assays (Table 4).

Impact of reference standard for COVID-19 cases on sensitivity

The majority of studies only included participants who were
diagnosed with COVID-19 based upon observing a positive RT-
PCR test. However, in clinical practice it is common to encounter
patients from whom positive RT-PCR results are never obtained,
but who demonstrate clinical and imaging features of COVID-19.
Diagnostic criteria for COVID-19 produced by WHO and the
China CDC include definitions for suspected COVID-19 in RT-PCR-
negative patients. Twelve studies defined the presence of COVID-19
using these criteria, thus including RT-PCR-negative patients in
the COVID-19 group as well as RT-PCR-positive patients. We
compared estimates of sensitivity between studies using a RT-
PCR-positive reference standard definition with a criteria-based
reference standard (including both RT-PCR-positives and RT-PCR-
negatives; Table 5). We stratified the analysis for weeks since onset
of symptoms. All the observed differences were within magnitudes
expected by chance.

In a further analysis, we separated COVID-19 participants who
were RT-PCR-positive from those who were RT-PCR-negative, where
studies allowed, and subgrouped the results to investigate whether
there is a difference in accuracy according to RT-PCR status. Data
from only three studies could be included in this analysis (Figure
7; Figure 8; Figure 9). Differences in estimates of sensitivity (pooled
stratifying for weeks since onset of symptoms), varied in direction
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for IgG and IgM, and were very similar for IgG/IgM (Table 6). All
differences were within magnitudes expected by chance. There
was no consistent evidence that the accuracy of serology tests

was lower in RT-PCR-positive patients, although there is high
uncertainty in these findings.
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Figuro 7. � Sonsitivity of IgG in PCR+vo and PCR-vo COVID-19 casos by wook sinco onsot of symptoms.

�
�

Antibody tosts for idontification of curront and past infoction with SARS-CoV-2 (Roviow)

Copyright © 2020 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

25



Cochrano
Library

Trustod ovidonco.

Informod docisions.

Bottor hoalth.

�

�

Cochrane Database of Systematic Reviews

Figuro 8. � Sonsitivity of IgM in PCR+vo and PCR-vo COVID-19 casos by wook sinco onsot of symptoms.
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Figuro 9. � Sonsitivity of IgG/IgM in PCR+vo and PCR-vo COVID-19 casos by wook sinco onsot of symptoms.
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Impact of reference standard for non-COVID-19 cases on

specificity

We classified the reference standard used to verify non-COVID cases
into three main groups: pre-pandemic controls (both healthy and
with other diseases) who underwent no RT-PCR testing, current
controls from healthy or other disease groups (typically who
also did not undergo RT-PCR testing), and individuals who were
investigated for COVID-19 but deemed non-COVID cases. Whilst
results were similar for IgG and IgM, we noted more false positives
for the IgG/IgM outcome in the studies using a COVID suspect group
than in other studies (Table 3).

Sensitivity and specificity by assay type

We further investigated the heterogeneity in sensitivity estimates
at any time point according to test technology type. We considered
differences between CGIA, CLIAs, ELISAs and tests we can only
describe as lateral flow assays due to lack of any names or detail
(this group originate from the UK National COVID Testing Scientific
Advisory Panel, which withheld names of the tests evaluated
due to confidentiality clauses in the legal contracts with the
manufacturers Adams 2020 [A]). There were inadequate numbers
of studies evaluating FIAs and indirect immunofluorescence tests,
luciferase immunoprecipitation assays and 'S-flow' assays to
analyse, and we were only able to assess IgG, IgM and IgG/IgM
targets. In a sensitivity analysis we restricted the included studies
to those that used commercial (rather than in-house) tests.

We obtained estimates from a model that included all data
stratified by weeks since onset of symptoms. The results presented
in Table 7 and below correspond to estimates from the model of
performance in week 3 post-symptom onset.

For IgG, there were clear differences in the sensitivity of assays, with
CLIA (94.6%), CGIA (87.3%) and ELISA (85.8%) all outperforming the
unknown lateral flow assay tests (76.0%). The differences between
the groups was beyond that expected by chance (P = 0.004), but
largely driven by the low value for lateral flow tests (all of the data
coming from 40 COVID-19 patients in the UK National COVID Testing
Scientific Advisory Panel study tested multiple times).

For IgM, although laboratory-based ELISA (84.5%) and CLIA (80.9%)
outranked lateral flow CGIA (69.5%) and the unknown lateral flow
assays (51.4%), the differences observed were in the realms of
those expected by chance (P = 0.11).

In the smaller subset of studies that evaluated tests combining IgM/
IgG, the performance of laboratory CLIA tests (97.3%) ranked above
those of CGIA (91.4%), ELISA (90.5%) and unknown lateral flow tests
(85.8%). These differences were beyond those expected by chance
(P = 0.01)

Excluding the in-house tests, and thus restricting the analysis
to only commercial tests, made little difference to estimates of
sensitivity.

Analyses of specificity presented by assay type are also given in
Table 7. Differences in specificity of IgG and IgM between assay
types were small, CLIA and CGIA tests showed lower specificity for
IgG/IgM tests than ELISA and LFIA, but confidence intervals on all
estimates are wide.

Sensitivity and specificity by brand

We have tabulated the results by brand for the 27 commercial
tests: 15 tests for IgG Table 8; 14 tests for IgM Table 9; and nine
tests for IgG/IgM Table 10. The study data for these estimates are
provided in Figure 4, Figure 5 and Figure 6. Appendix 12 tabulates
the information that we have been able to derive regarding the
current availability of these commercially produced tests. Data
for sensitivity are stratified by week of onset of symptoms and
we present the numbers of studies and samples from which data
are available for each time interval. Caution is required in the
interpretation of these data as many are based only on single
studies with small sample sizes. We present confidence intervals
to quantify the uncertainty in the estimates. We would advise
focusing on estimates based on at least 100 samples/participants
per week further. Three tests have estimates of sensitivity based
on more than 100 samples (Beijing Wantai ELISA, Bioscience Co.
(Chongqing) CLIA, Zuhai Livzon ELISA). We evaluated the studies
that we pooled to create these estimates as having multiple
domains at risk of bias and having concerns about the applicability
of the findings (all studies having at most 2 of the 7 ratings in the
QUADAS-2 assessment described as low risk or low concern).

Eight tests have estimates of specificity based on more than
100 samples, with estimates over 98% for five tests (Bejing
Hotgen ELISA, Beijing Wantai ELISA, Beijing Wantai CGIA, Xiamen
InnodDx Biotech ELISA, Zhuhai Livzon ELISA). Again please note the
concerns in the risk of bias and applicability of these findings.

Other sources of heterogeneity

Our protocol included additional planned analyses by:

• current infection or past infection;

• study design; and

• setting.

We could not investigate these sources because of lack of variability
across the studies in these features. Only two studies explicitly
stated that they recruited only convalescent patients, and 48 (85%)
studies recruited hospital inpatients. For study design only five out
of 54 (11%) studies recruited a single group of suspected COVID-19
patients, and did not use a 'COVID-19 cases only' study, or a 'two-
group' study design.

Investigation of publication bias

We observed direct evidence of selective reporting through the
withholding of names of the nine lateral flow assay testing brands
from the UK National COVID Testing Scientific Advisory Panel study
(Adams 2020 [A]). The paper states, "Individual manufacturers did
not approve release of device-level data, so device names are
anonymised" (Adams 2020 [A]). The sensitivity estimates for the
lateral flow assays in this study (which are most likely to be CGIA)
were noted to be lower than estimates for CGIA tests from other
studies. Four other studies also did not identify the test that they
were evaluating.

D I S C U S S I O N

This is the first version of a Cochrane living review summarising the
accuracy of antibody tests for detecting current or previous SARS-
CoV-2infection. This version of the review is based on published
studies or studies available as preprints up until the 27 April 2020.
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The speed of development and publication of studies for COVID-19
antibody tests is unprecedented, and the content of this review
will always be out of date. We are continuously identifying new
published studies, and plan to update this review several times
during the next few months.

The studies included in this version are largely from China,
evaluating tests from Chinese universities and manufacturers.
Many of the studies are the first that have been published for each
test, and thus are early-phase studies. Whilst there is no recognised
stage classification of diagnostic studies, there are several common
features of those undertaken during test development. These
include multiple tests being described as 'in-house', that thresholds
for tests are determined from the data collected during the study,
that all tests are undertaken by technical experts in laboratories,
that the samples used are from collections easily available to the
research team, and that multiple samples are used from the same
participants. These limitations explain much of the rating for high
risk of bias and concerns about applicability in this review. Many
of these issues make it likely that the accuracy of tests when
used in clinical care will be lower than that observed here. We
did locate six evaluations recruiting patients identified in clinical
pathways before it was established whether they had COVID-19.
This is more likely to produce results that reflect clinical practice,
and we encourage future evaluations to consider this study design.

A concern with this review, and with its updates, is the
high likelihood of selective reporting of results, particularly
by manufacturers. We have already noted manufacturers being
unwilling to be identified in the UK National COVID Testing Scientific
Advisory Panel study (Adams 2020 [A]). Unlike randomised
controlled trials of interventions, there are no requirements for
test accuracy studies to be prospectively registered on study
registers, nor to publish their findings. Many industry studies
are only briefly described on 'Information for use' documents
included with the tests, and study reports submitted to regulators
are regarded as confidential. We are also aware that there are
independent studies undertaken by National Public Health bodies,
some of which have been submitted to FIND's data tracking tool
for speedy data sharing. We plead for greater transparency and
full publication in this field and continue to encourage laboratories
to submit data and reports via FIND's portal. We request sharing
of any unpublished reports for inclusion in future updates (please
send to coviddta@contacts.bham.ac.uk). We have contacted test
manufacturers to request full study reports which we will include in
a future update of this review.

Summary of main rosults

We summarise 10 key findings from this review.

1. Evaluations of most antibody tests on the market are not
available as publications or even as preprints. This review has
evaluated data from 25 commercial tests and numerous in-
house assays. These represent a small fraction of the antibody
assays currently available. We have identified 66 additional
studies of antibody tests published or available as preprints up
until 25 May 2020, which we will appraise for inclusion in the
review update, but there still remain no published data for the
majority of tests on the current FIND list.

2. The design and execution of the current studies limits the
strength of conclusions that we are currently able to draw.
Nearly all studies sampled COVID-19 cases and non-COVID

cases separately, and methods for selecting participants were
not described. Only four studies reported blinding reference
standard and index tests, and some reference standards may
misclassify individuals.

3. Many studies only applied tests in laboratory settings on plasma
or serum, whilst they are also approved for use as point-of-care
tests using whole blood. From these data it is not possible to
ascertain the clinical accuracy of these tests in lower resource
and more accessible settings.

4. Sensitivity varies with the time since of onset of symptoms.
Figures from the studies showed the ability of antibody tests
to detect SARS-CoV-2infection is very low in the first week
(average sensitivity 30.1%, 95% CI 21.4 to 40.7) and only
moderate (average sensitivity 72.2%, 95% CI 63.5 to 79.5) in the
second week post-symptom onset. These estimates are based
on patients who have been hospitalised with COVID-19, and
remain in hospital at the time of sampling, and thus are likely to
represent the more severe end of the disease spectrum and are
potentially individuals with higher antibody responses.

5. Tests have higher sensitivity when done later in the course of the
disease. The average sensitivity across all the included studies
for IgG/IgM tests was estimated from the included studies as
91.4% (95% CI 87.0 to 94.4) for 15 to 21 days, and 96.0% (95%
CI 90.6 to 98.3) for 22 to 35 days. Too few studies had evaluated
tests beyond 35 days to estimate accuracy. These findings are
expected given the delayed rise of IgG antibodies.

6. Studies estimate the specificity of tests precisely, and it appears
to be high. The average from the studies for IgG/IgM is 98.7%
(95% CI 97.2% to 99.4%). However, estimates of specificity
are mainly based on testing pre-pandemic, healthy people, or
people known to have other disorders, and not those being
investigated for possible COVID-19.

7. From the limited evaluations studied, some differences were
noted by test technology, CLIA methods appearing more
sensitive (97.5%, 95% CI 94.0 to 99.0) than ELISA (90.7%, 95%
CI 83.3 to 95.0) or CGIA-based lateral flow assays (90.7%, 95% CI
82.7 to 95.2) for IgG/IgM, (there are also differences for IgG but no
differences for IgM). There was little clear evidence of differences
in specificity between technology types.

8. There is currently too little data on individual tests to be able to
consider comparisons of their performance.

9. Study reports did not include many of the key items listed on
the STARD reporting guideline for test accuracy studies (Bossuyt
2015), which has hindered assessment and data extraction.
No study utilised a STARD participant flow diagram to enable
identification of missing, indeterminate or unavailable test
results.

10.We observed partial reporting (suppression of the identify of
tests) in five studies, indicating the likelihood of publication
bias.

Strongths and woaknossos of tho roviow

Our review used a broad search screening all articles concerning
COVID-19. We undertook all screening and eligibility assessments,
QUADAS-2 assessments (Whiting 2011), and data extraction of
study findings independently and in duplicate. Whilst we thus have
reasonable confidence in the completeness and accuracy of the
findings up until the search date, should errors be noted please
inform us at coviddta@contacts.bham.ac.uk so that we can check
and correct in our next update.
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Weaknesses of the review primarily reflect the weaknesses in
the primary studies and their reporting. Many studies omitted
descriptions of sample recruitment, and key aspects of study
design and execution. Some studies omit information that allows
the tests to be identified. We have had to treat studies that describe
their data as being based on 'samples' as if the samples were
individual patients. We have been explicit about these issues where
they arose.

More than half (28/54) of the studies we have included are currently
only available as preprints, and as yet, have not undergone peer
review. As published versions of these studies are identified in
the future, we will double-check study descriptions, methods and
findings, and update the review as required.

We also did not make within-study comparisons between tests. Two
studies (Adams 2020 [A]; Lassauniere 2020 [A]), evaluated panels
of nine or 10 tests, nine other studies evaluated two, three, or five
tests. As we could not identify tests in Adams 2020 [A], and the
sample of Lassauniere 2020 [A] was very small, it is not possible
from the studies available at this time to make direct comparisons
between alternative tests.

We identified only one study that included comparison of test
results with a reference standard of a neutralisation assay in studies
identified for inclusion in this first version of the review (Thompson
2020), but we did not include these data in this version of the review.
We are aware of several more studies of these assays in more recent
publications and will include this as a new target condition in the
next update of the review.

In such a current and fast moving field searches will always be out of
date. However we are committed to ongoing updates of this living
review

Applicability of findings to tho roviow quostion

In the background we outlined four main roles for antibody testing
that would be addressed in this review.

1. In diagnosis of infection in patients presenting with symptoms
of suspected COVID-19, particularly where molecular testing had
failed to detect the virus. Most studies included in the review
collected data from patients in the acute phase of disease in
hospital settings and thus provide evidence to address this
question amongst hospitalised patients. The review showed
that antibody tests had very low sensitivity in the first week
following onset of symptoms, but sensitivity rose in the second
week, and only exceeded 90% in the third week. In addition
we saw no difference in sensitivity of tests according to RT-
PCR status. We had no data to inform the accuracy of the test
in primary care and community settings for the purpose of
diagnosis, where patients are likely to have milder symptoms.

2. In assessment of immune response in patients with severe
disease. We stated in the Background that we would not cover
this in this review. In any case, we found no studies that
directly addressed this question. Assessment of the accuracy of
a test used for assessment of immune response would involve
comparison with a reference standard test of antibody response,
rather than evidence of infection.

3. To assess whether individuals have had a SARS-CoV-2 infection.
As above, we found no studies that directly addressed this
question, and very few studies were undertaken in community

settings in patients who had not undergone RT-PCR testing
during their symptomatic period. Conclusions about the likely
value of tests for this purpose rely on the sensitivity of the tests
being no different in mild disease than in severe disease that
requires hospital admission.

4. In seroprevalence surveys for public health management
purposes. We also found no studies that directly addressed this
question (although Bendavid 2020 is a seroprevalence study, it
did not evaluate the accuracy of the test in the seroprevalence
sample). High specificity of tests is essential in seroprevalence
testing, which appears likely for many of the tests included in
this review. However, the suitability of pre-pandemic samples
to establish specificity requires further discussion. We found
no difference in specificity between pre-pandemic and current
non-COVID-19 samples, but lower specificity in those where
COVID-19 was ruled out a.er initially being suspected. This
either reflects misclassification, or a true lower specificity in
those presenting with symptoms. As sensitivity of the tests
was mainly evaluated in hospitalised patients it is also unclear
whether the tests have the ability to detect lower antibody levels
likely in non-hospitalised COVID-19 patients.

A U T H O R S ' � C O N C L U S I O N S

Implications for practico

Diagnosis of acuto suspoctod COVID-19 in symptomatic

pationts

Based on this analysis, in patients presenting with symptoms of
acute suspected COVID-19, antibody tests have no role on their
own as the primary test to use in the diagnosis of COVID-19 when
patients present during the first week since onset of symptoms, as
their sensitivity is too low.

A small number of studies showed that the sensitivity of antibody
tests is no different in those who were reverse transcription
polymerase chain reaction (RT-PCR)-negative rather than RT-PCR-
positive. Thus in hospitalised patients where molecular tests have
failed to detect virus, antibody tests have an increasing likelihood
of detecting immune response to the infection as time since onset
of symptoms progresses.

There may therefore be a role in using antibody tests in COVID-19
RT-PCR-negative but strongly suspected patients where patients
are more than two weeks since the onset of symptoms. This is
in line with the most recent version of the China CDC (National
Health Commission of the People's Republic of China) COVID-19
case definition (Appendix 2).

Assossmont of provious SARS-CoV-2 infoction and immuno

rosponso

The data analysed in the review suggest that antibody tests are
likely to have a useful role for detecting previous SARS-CoV-2
infection if used at 15 days or more a.er the onset of symptoms.
This conclusion needs to be cautioned by the poor study quality,
the small sample sizes and restricted number of tests that have
undergone evaluation. In addition, we have scant data to inform
the accuracy of the test in non-hospitalised patients with milder
disease, and too little data to comment on accuracy beyond 35
days.
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Using, for illustration the overall IgG/IgM data at days 15 to 21
(sensitivity 91.4%, 95% CI 87.0 to 94.4 and specificity 98.7%, 93%
CI 97.2 to 99.4), we have computed predictive values, and the
numbers of true positives, false positives, false negatives and
true negatives in a sample of 1000, at a prevalence of 50% (a
value seen in healthcare worker populations who have suffered
respiratory symptoms in the past months). In this scenario, the
positive predictive value is estimated as 99% (95% CI 97 to 99), the
negative predictive value as 92% (95% CI 88 to 95), and of 1000
people undergoing testing we would anticipate 7 (95% CI 3 to 14)
false positives and 43 (95% CI 28 to 65) false negatives.

Please note that it is not certain whether a detectable immune
response indicates that a patient is immune nor no longer
infectious.

Soroprovalonco survoys for public hoalth managomont

purposos

The duration of antibody rises is not yet known, and this review
contains very little data beyond 35 days post-onset of symptoms.
In the 'Summary of findings' table we present scenarios for the
likely numbers of missed cases (false negatives) and false positive
cases for prevalences of 2%, 5%, (likely values in national surveys),
10% and 20% (likely values in high-risk settings such as healthcare
workers), presuming that the performance of an IgG/IgM test would
continue at the same level as for 14-21 days. Again this conclusion
needs to be cautioned by the poor study quality, the applicability
of the study settings, the small sample sizes and restricted number
of tests that have undergone evaluation. At a prevalence of 20%,
a possible value in surveys in high-risk settings, 17 (95% CI 11 to
26) would be missed per 1000 people tested and 10 (95% CI 5 to
22) would be falsely positive. At a lower prevalence of 5%, a likely
value in national surveys, 4 (95% CI 3 to 7) would be missed per 1000
tested, and 12 (95% CI 6 to 27) would be falsely positive.

Implications for rosoarch

Many more high-quality evaluation studies of COVID-19 antibody
tests are needed in patients more than 21 days post-symptom
onset, and in people in the community, particularly those who
experience milder symptoms, or who are asymptomatic (but
known to be infected).

Future studies must report data on sensitivity disaggregated by
time since onset of symptoms. In future updates of this review we
will not include studies for analysis of sensitivity where this has
not been done. We would suggest that studies standardise how
they define time since symptom onset (not, for example, using time
since positive RT-PCR results since this has no biological basis) and
present results using standard time groupings (we suggest initially
by week up until 35 days and larger time intervals beyond). Studies
that sample from the same patients at several time points over
time are needed to fully understand how time since symptom onset
directly affects performance – our current estimates are based on
collation of multiple cross-sectional studies, which has limitations.

Primary studies need to be undertaken for the many tests that
are on the market but as yet have no independent evaluations.
Future studies should evaluate test performance in consecutive
individuals who are recruited in clinical care with suspected
COVID-19, to estimate both sensitivity and specificity, as this will
estimate the likely performance of the tests in practice.

COVID-19-positive cases who are RT-PCR-negative should be
included as well as those confirmed RT-PCR, in accordance with the
World Health Organization (WHO) and China CDC case definitions.

Studies should ensure that the test is used as it is intended to
be used in clinical practice (i.e. being undertaken at point-of-
care rather than in laboratories (where appropriate) on the right
specimens, by the intended healthcare worker). However, when
validating people with suspected COVID-19 who do not have a
positive identification of COVID-19 by RT-PCR, these studies need to
take care to confirm or rule out COVID-19 by obtaining standardised
evidence from other sources (e.g. repeat RT-PCR, CT scans, follow-
up). Future studies need to recruit larger sample sizes and consider
recruiting from multiple centres. We did not find any multicentre
studies for this review.

We would also encourage investigators to utilise blinding in their
study designs, such that index tests are undertaken without
knowledge of the reference standard diagnosis, and likewise,
reference standards are determined without knowledge of the
index test findings.

We need good data upon which to compare tests. The strongest
comparisons are made by testing the same participants multiple
times with different tests. Whilst it is possible for this to be
undertaken in prospective studies, it is easier to undertake
in laboratory-based studies utilising serum banks, which will
compromise on the applicability of the absolute estimates of test
accuracy, but provide some information about comparability.

From these studies we can only draw limited conclusions about
cross-reactivity of COVID-19 tests with other coronaviruses as these
data are summarised in analytical accuracy studies. It would be of
value for these results to be reviewed as well as clinical accuracy
studies.

Study reporting requires substantial improvement. The STARD
checklist outlines standard requirements for the reporting of a test
accuracy study, which study investigators should take note of when
planning their study to ensure the relevant information is collected
and reported. No study was found that reported data using a STARD
participant flow-diagram (Bossuyt 2015).

Due to the speed of new publications in this field, frequent updates
of this review are required. Future updates will not include data on
tests that are not (or not likely to become) commercially available
(thus we will exclude all in-house assays).
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TrialID=ChiCTR2000030253 (first received 27 April 2020).

ChiCTR2000030334 {publnshed data only}

ChiCTR2000030334. MicroRNA as a marker for early diagnosis
of novel coronavirus infection (COVID-19). apps.who.int/
trialsearch/Trial2.aspx?TrialID=ChiCTR2000030334 (first
received 27 April 2020).

ChiCTR2000030542 {publnshed data only}

ChiCTR2000030542. A clinical study about the diagnosis
and prognosis evaluation of novel coronavirus pneumonia
(COVID-19) based on viral genome, host genomic sequencing,
relative cytokines and other laboratory indexes. apps.who.int/
trialsearch/Trial2.aspx?TrialID=ChiCTR2000030542 (first
received 27 April 2020).

ChiCTR2000030543 {publnshed data only}

ChiCTR2000030543. Detection of coronavirus in simultaneously
collecting tears and throat swab samples collected
from the patients with novel coronavirus pneumonia
(COVID-19). apps.who.int/trialsearch/Trial2.aspx?
TrialID=ChiCTR2000030543 (first received 27 April 2020).
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ChiCTR2000030558 {publnshed data only}

ChiCTR2000030558. Cancelled by the investigator
Epidemiological research of novel coronavirus pneumonia
(COVID-19) suspected cases based on virus nucleic acid
test combined with low-dose chest CT screening in
primary hospital. apps.who.int/trialsearch/Trial2.aspx?
TrialID=ChiCTR2000030558 (first received 27 April 2020).

ChiCTR2000030706 {publnshed data only}

ChiCTR2000030706. Cancelled by the investigator Application
of cas13a-mediated RNA detection in the assay of novel
coronavirus nucleic acid (COVID-19). apps.who.int/trialsearch/
Trial2.aspx?TrialID=ChiCTR2000030706 (first received 27 April
2020).

ChiCTR2000030721 {publnshed and unpublnshed data}

ChiCTR2000030721. A comparative study for the sensitivity of
induced sputum and throat swabs for the detection of SARS-
CoV-2 by real-time PCR in patients with novel coronavirus
pneumonia (COVID-19). apps.who.int/trialsearch/Trial2.aspx?
TrialID=ChiCTR2000030721 (first received 27 April 2020).

ChiCTR2000030754 {publnshed data only}

ChiCTR2000030754. Medical records based study for the
accuracy of SARS-CoV-2 IgM antibody screening for diagnosis
of novel coronavirus pneumonia (COVID-19). apps.who.int/
trialsearch/Trial2.aspx?TrialID=ChiCTR2000030754 (first
received 27 April 2020).

ChiCTR2000030833 {publnshed data only}

ChiCTR2000030833. Clinical validation and application of
high-throughput novel coronavirus (2019-nCoV) screening
detection kit. apps.who.int/trialsearch/Trial2.aspx?
TrialID=ChiCTR2000030833 (first received 27 April 2020).

ChiCTR2000030834 {publnshed data only}

ChiCTR2000030834. Epidemiological characteristics
and antibody levels of novel coronavirus pneumonia
(COVID-19) of pediatric medical staff working in
quarantine area. apps.who.int/trialsearch/Trial2.aspx?
TrialID=ChiCTR2000030834 (first received 27 April 2020).

ChiCTR2000030838 {publnshed data only}

ChiCTR2000030838. Development of warning system with
clinical differential diagnosis and prediction for severe type of
novel coronavirus pneumonia (COVID-19) patients based on
artificial intelligence and CT images. apps.who.int/trialsearch/
Trial2.aspx?TrialID=ChiCTR2000030838 (first received 27 April
2020).

ChiCTR2000030856 {publnshed data only}

ChiCTR2000030856. An artificial intelligence assistant system
for suspected novel coronavirus pneumonia (COVID-19)
based on chest CT. apps.who.int/trialsearch/Trial2.aspx?
TrialID=ChiCTR2000030856 (first received 27 April 2020).

ChiCTR2000030859 {publnshed data only}

ChiCTR2000030859. A medical based analysis for influencing
factors of death of novel coronavirus pneumonia (COVID-19)
patients in Wuhan Third Hospital. apps.who.int/trialsearch/

Trial2.aspx?TrialID=ChiCTR2000030859 (first received 27 April
2020).

ChiCTR2000030860 {publnshed data only}

ChiCTR2000030860. A medical records based study for
investigation of dynamic profile of RT-PCR test for SARS-
CoV-2 nucleic acid of novel coronavirus pneumonia
(COVID-19) patients. apps.who.int/trialsearch/Trial2.aspx?
TrialID=ChiCTR2000030860 (first received 27 April 2020).

ChiCTR2000030862 {publnshed data only}

ChiCTR2000030862. Correlation analysis of blood
eosinophil cell levels and clinical type category of novel
coronavirus pneumonia (COVID-19): a medical records based
retrospective study. apps.who.int/trialsearch/Trial2.aspx?
TrialID=ChiCTR2000030862 (first received 27 April 2020).

NCT04245631 {publnshed data only}

NCT04245631. Development of a simple, fast and portable
recombinase aided amplification assay for 2019-nCoV.
clinicaltrials.gov/ct2/show/NCT04245631 (first received 27 April
2020).

NCT04259892 {publnshed data only}

NCT04259892. Viral excretion in contact subjects at
high/moderate risk of coronavirus 2019-nCoV infection.
ClinicalTrials.gov/show/NCT04259892 (first received 27 April
2020).

NCT04279795 {publnshed data only}

NCT04279795. Detection of 2019 novel coronavirus in multiple
organ system and its relationship with clinical manifestations.
ClinicalTrials.gov/show/NCT04279795 (first received 27 April
2020).

NCT04304690 {publnshed data only}

NCT04304690. SARS-CoV2 seroconversion among front line
medical and paramedical staff in emergency, intensive care
units and infectious disease departments during the 2020
epidemic. clinicaltrials.gov/ct2/show/NCT04304690 (first
received 27 April 2020).

NCT04311398 {publnshed data only}

NCT04311398. Development and verification of a new
coronavirus multiplex nucleic acid detection system.
ClinicalTrials.gov/show/NCT04311398 (first received 27 April
2020).

NCT04316728 {publnshed data only}

NCT04316728. Clinical performance of the VivaDiag ™ COVID-19
lgM IgG rapid test in early detecting the infection of COVID-19.
ClinicalTrials.gov/show/NCT04316728 (first received 27 April
2020).

NCT04321369 {publnshed data only}

NCT04321369. Impact of swab site and sample collector
on testing sensitivity for SARS-CoV-2 virus in symptomatic
individuals. clinicaltrials.gov/ct2/show/NCT04321369 (first
received 27 April 2020).
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NCT04322279 {publnshed data only}

NCT04322279. Factors associated with a positive SARS-
CoV-2 serology in contact subjects at high/moderate risk of
coronavirus SARS-CoV-2 infection (CoV-CONTACT-SERO).
clinicaltrials.gov/ct2/show/NCT04322279 (first received 27 April
2020).

NCT04322513 {publnshed data only}

NCT04322513. Biomarkers for identification of SARS-COV-2
infection. clinicaltrials.gov/ct2/show/NCT04322513 (first
received 27 April 2020).

Sullivan 2020 {publnshed data only}

Sullivan�PS, Sailey�C, Guest�JL, Guarner�J, Siegler�AJ, Valentine-
Graves, et al. Detection of SARS-CoV-2 RNA and antibodies in
diverse samples: protocol to validate the sufficiency of provider-
observed home-collected blood, saliva and oropharyngeal
samples. JMIR Publnc Health and Survenllance 2020. [DOI:
10.2196/19054]

�

Additional roforoncos

Bossuyt 2015

Bossuyt�PM, Reitsma�JB, Bruns�DE, Gatsonis�CA, Glasziou�PP,
Irwig�L, et al. STARD 2015: an updated list of essential items for
reporting diagnostic accuracy studies. lMJ 2015;351:h5527.
[DOI: 10.1136/bmj.h5527] [PMID: 26511519]

CDC China 2020

National Health Commission of the People's
Republic of China. Release of 7th edition
of case definitions. www.nhc.gov.cn/yzygj/
s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989.shtml
(accessed prior to 23 June 2020).

Chong 2020b

Cheng�MP, Yansouni�CP, Basta�NE, Desjardins�M, Kanjilal�S,
Paquette�K, et al. Serodiagnostics for severe acute respiratory
syndrome-related coronavirus-2: a narrative review. Annals of

Internal Medncnne (in press).

Covidonco [Computor program]

Veritas Health Innovation Covidence. Version accessed 27 April
2020. Melbourne, Australia: Veritas Health Innovation.Available
at covidence.org.

Macaskill 2010

Macaskill�P, Gatsonis�C, Deeks�JJ, Harbord�RM, Takwoingi�Y.
Chapter 10: analysing and presenting results. In: Deeks JJ,
Bossuyt PM, Gatsonis C editor(s). Cochrane Handbook for
Systematic Reviews of Diagnostic Test Accuracy Version
1.0. The Cochrane Collaboration, 2010. Available from
methods.cochrane.org/sdt/handbook-dta-reviews.

McInnos 2018

McInnes�MDF, Moher�D, Thombs�BD, McGrath�TA, Bossuyt
PM and the PRISMA-DTA Group. Preferred Reporting Items
for a Systematic Review and Meta-analysis of Diagnostic

Test Accuracy Studies: The PRISMA-DTA Statement. JAMA

2018;319(4):388-396. [DOI: 10.1001/jama.2017.19163] [PMID:
29362800]

McInnos 2020

McInnes�M, Leeflang�MM, Salameh J-P, McGrath�T, Van der
Pol�CB, Frank�RA, et al. Imaging tests for the diagnosis of
COVID-19. Cochrane Database of Systematnc Revnews 2020, Issue
4. [DOI: 10.1002/14651858.CD013639]

Mohor 2009

Moher�D, Liberati�A, Tetzlaff�J, Altman�DG, The PRISMA Group
(2009). Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA Statement. PLoS Medncnne

6;7:1000097. [DOI: 10.1371/journal.pmed1000097]

Roviow Managor 2014 [Computor program]

Nordic Cochrane Centre, The Cochrane Collaboration Review
Manager 5 (RevMan 5). Version 5.3. Copenhagen: Nordic
Cochrane Centre, The Cochrane Collaboration, 2014.

Stata [Computor program]

Stata. Version 15. College Station, TX, USA: StataCorp,
2017.Available at www.stata.com.

Takwoingi 2017

Takwoingi�Y, Guo�B, Riley�RD, Deeks�JJ. Performance of
methods for meta-analysis of diagnostic test accuracy with few
studies or sparse data. Statnstncal Methods nn Medncal Research

2017;26(4):1896-911.

Whiting 2011

Whiting�PF, Rutjes�AW, Westwood�ME, Mallett�S, Deeks�JJ,
Reitsma�JB, et al. QUADAS-2: a revised tool for the quality
assessment of diagnostic accuracy studies. Annals of Internal

Medncnne 2011;155(8):529-36.

WHO 2020

World Health Organization (WHO). Global surveillance for
COVID-19 caused by human infection with COVID-19 virus
Interim guidance. www.who.int/publications/i/item/global-
surveillance-for-human-infection-with-novel-coronavirus-
(2019-ncov) (accessed prior to 23 June 2020). [https://
www.who.int/publications/i/item/global-surveillance-for-
human-infection-with-novel-coronavirus-(2019-ncov)]

�

Roforoncos to othor publishod vorsions of this roviow

Dooks 2020

Deeks�JJ, Dinnes�J, Takwoingi�Y, Davenport�C, Leeflang�MM,
Spijker�R, et al. Diagnosis of SARS-CoV-2 infection and
COVID-19: accuracy of signs and symptoms; molecular,
antigen, and antibody tests; and routine laboratory markers.
Cochrane Database of Systematnc Revnews 2020, Issue 4. [DOI:
10.1002/14651858.CD013596]

�
* Indicates the major publication for the study
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C H A R A C T E R I S T I C S � O F � S T U D I E S

Charactoristics of includod studios [ordered by study ID]

�

Study characteristics

Patient Sampling 2-group study recruiting patients estimating sensitivity and specificity
[1] Rt-PCR confirmed COVID-19 cases (n = 40)
[2] Pre-pandemic controls (n = 142)
Recruitment: unclear
Prospective or retrospective recruitment of cases: retrospective
Sample size (virus/COVID cases): 182 (40)
Inclusion and exclusion criteria: none stated

Patient characteristics and setting Setting

[1] Acute hospital samples (n = 16), recovering healthcare workers (n = 6), convales-
cent patients (n = 18)
[2] Health blood donors (n = 60); organ donor samples (n = 50); pertussis vaccine
study (BERT) (n = 32)
Location

[1] Acute hospital patients from Oxford University Hospitals NHS Foundation Trust
(location of other groups NR)

[2] National Health Service Blood and Transplant, UK National Quality in Organ Dona-
tion (QUOD) study, the ‘BERT’ study (A Study Exploring Whooping Cough Protection in
Children and Adults), UK
Country: UK
Dates: [1] NR; [2] before December 2019
Symptoms and severity: [1] asymptomatic (n = 1); mild (n = 26); severe (n = 4); critical
(n = 9)
Sex: NR
Age: [1] Median (range): 57 (22-95) years; [2] NR
Exposure history: NR

Index tests Adams 2020 [A] is test [A] from the following entry:

Test name: [A] ELISA test [B]-[J] LFIA names withheld
Manufacturer: [A] in-house [B]-[J] manufacturer name withheld
Ab targets: [A] IgG and IgM [B]-[C] total antibodies [D]-[J] IgG and IgM
Antigens used: [A] SARS-CoV-2 trimeric S protein [B]-[J] details withheld
Test method: [A] ELISA [B]-[J] LFIA further details withheld
Timing of samples: 4-62 days after onset of symptoms
Samples used: plasma
Test operators: laboratory staff
Definition of test positivity: [A]-[J] NR
Blinded to reference standard: NR
Threshold predefined: no for [A], unclear for [B] to [J]

Target condition and reference standard(s) Reference standard for cases: RT-PCR
Samples used: nose or throat swabs
Timing of reference standard: NR
Blinded to index test: yes
Incorporated index test: no
Reference standard for non-cases: pre-pandemic

Flow and timing Time interval between index and reference tests: NR
Results presented by time period: computed from analysis of individual participant
data

Adams 2020 [A]�
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All participants received the same reference standard: no
Missing data: different tests were evaluted in different numbers of samples, no infor-
mation on how sampling decisions were made
Uninterpretable results: not mentioned
Indeterminate results: not mentioned
Unit of analysis: per patient

Comparative �

Notes Funding: NIHR, Oxford Biomedical Research Centre, the UK Government Department
of Health and Social Care and grants from NIHR and the Medical Research Council
Publication status: preprint (not peer reviewed)
Source: medRxiv
Study author COI: several authors declared relationships with companies for other
work; funders were co-authors

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of pa-
tients enrolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclu-
sions?

Unclear � �

Did the study avoid inappropriate inclu-
sions?

No � �

Could tho soloction of pationts havo intro-

ducod bias?

� High risk �

Aro thoro concorns that tho includod pa-

tionts and sotting do not match tho ro-

viow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted with-
out knowledge of the results of the refer-
ence standard?

Unclear � �

If a threshold was used, was it pre-specified? No � �

Could tho conduct or intorprotation of tho

indox tost havo introducod bias?

� High risk �

Aro thoro concorns that tho indox tost, its

conduct, or intorprotation diffor from tho

roviow quostion?

� � High

DOMAIN 3: Roforonco Standard

Adams 2020 [A]��(Contnnued)
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Is the reference standards likely to correctly
classify the target condition?

Yes � �

Were the reference standard results inter-
preted without knowledge of the results of
the index tests?

Yes � �

The reference standard does not incorpo-
rate the index test

Yes � �

Could tho roforonco standard, its conduct,

or its intorprotation havo introducod

bias?

� Low risk �

Aro thoro concorns that tho targot condi-

tion as dofinod by tho roforonco standard

doos not match tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between
index test and reference standard?

Unclear � �

Did all patients receive the same reference
standard?

No � �

Were all patients included in the analysis? No � �

Did all participants receive a reference stan-
dard?

Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod

bias?

� High risk �

Adams 2020 [A]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Index tests Adams 2020 [B] is test [B] from the following entry:

Test name: [A] ELISA test [B]-[J] LFIA names withheld
Manufacturer: [A] in-house [B]-[J] manufacturer name withheld
Ab targets: [A] IgG and IgM [B]-[C] total antibodies [D]-[J] IgG and IgM
Antigens used: [A] SARS-CoV-2 trimeric S protein [B]-[J] details withheld
Test method: [A] ELISA [B]-[J] LFIA further details withheld
Timing of samples: 4-62 days after onset of symptoms
Samples used: plasma

Adams 2020 [B]�
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Test operators: laboratory staff
Definition of test positivity: [A]-[J] NR
Blinded to reference standard: NR
Threshold predefined: no for [A], unclear for [B] to [J]

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Comparative �

Notes �

Adams 2020 [B]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Index tests Adams 2020 [C] is test [C] from the following entry:

Test name: [A] ELISA test [B]-[J] LFIA names withheld
Manufacturer: [A] in-house [B]-[J] manufacturer name withheld
Ab targets: [A] IgG and IgM [B]-[C] total antibodies [D]-[J] IgG and IgM
Antigens used: [A] SARS-CoV-2 trimeric S protein [B]-[J] details withheld
Test method: [A] ELISA [B]-[J] LFIA further details withheld
Timing of samples: 4-62 days after onset of symptoms
Samples used: plasma
Test operators: laboratory staff
Definition of test positivity: [A]-[J] NR
Blinded to reference standard: NR
Threshold predefined: no for [A], unclear for [B] to [J]

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Comparative �

Notes �

Adams 2020 [C]�

�
�
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Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Index tests Adams 2020 [D] is test [D] from the following entry:

Test name: [A] ELISA test [B]-[J] LFIA names withheld
Manufacturer: [A] in-house [B]-[J] manufacturer name withheld
Ab targets: [A] IgG and IgM [B]-[C] total antibodies [D]-[J] IgG and IgM
Antigens used: [A] SARS-CoV-2 trimeric S protein [B]-[J] details withheld
Test method: [A] ELISA [B]-[J] LFIA further details withheld
Timing of samples: 4-62 days after onset of symptoms
Samples used: plasma
Test operators: laboratory staff
Definition of test positivity: [A]-[J] NR
Blinded to reference standard: NR
Threshold predefined: no for [A], unclear for [B] to [J]

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Comparative �

Notes �

Adams 2020 [D]�

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Index tests Adams 2020 [E] is test [E] from the following entry:

Test name: [A] ELISA test [B]-[J] LFIA names withheld
Manufacturer: [A] in-house [B]-[J] manufacturer name withheld
Ab targets: [A] IgG and IgM [B]-[C] total antibodies [D]-[J] IgG and IgM
Antigens used: [A] SARS-CoV-2 trimeric S protein [B]-[J] details withheld
Test method: [A] ELISA [B]-[J] LFIA further details withheld
Timing of samples: 4-62 days after onset of symptoms
Samples used: plasma
Test operators: laboratory staff
Definition of test positivity: [A]-[J] NR

Adams 2020 [E]�
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Blinded to reference standard: NR
Threshold predefined: no for [A], unclear for [B] to [J]

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Comparative �

Notes �

Adams 2020 [E]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Index tests Adams 2020 [F] is test [F] from the following entry:

Test name: [A] ELISA test [B]-[J] LFIA names withheld
Manufacturer: [A] in-house [B]-[J] manufacturer name withheld
Ab targets: [A] IgG and IgM [B]-[C] total antibodies [D]-[J] IgG and IgM
Antigens used: [A] SARS-CoV-2 trimeric S protein [B]-[J] details withheld
Test method: [A] ELISA [B]-[J] LFIA further details withheld
Timing of samples: 4-62 days after onset of symptoms
Samples used: plasma
Test operators: laboratory staff
Definition of test positivity: [A]-[J] NR
Blinded to reference standard: NR
Threshold predefined: no for [A], unclear for [B] to [J]

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Comparative �

Notes �

Adams 2020 [F]�

�
�
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Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Index tests Adams 2020 [G] is test [G] from the following entry:

Test name: [A] ELISA test [B]-[J] LFIA names withheld
Manufacturer: [A] in-house [B]-[J] manufacturer name withheld
Ab targets: [A] IgG and IgM [B]-[C] total antibodies [D]-[J] IgG and IgM
Antigens used: [A] SARS-CoV-2 trimeric S protein [B]-[J] details withheld
Test method: [A] ELISA [B]-[J] LFIA further details withheld
Timing of samples: 4-62 days after onset of symptoms
Samples used: plasma
Test operators: laboratory staff
Definition of test positivity: [A]-[J] NR
Blinded to reference standard: NR
Threshold predefined: no for [A], unclear for [B] to [J]

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Comparative �

Notes �

Adams 2020 [G]�

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Index tests Adams 2020 [H] is test [H] from the following entry:

Test name: [A] ELISA test [B]-[J] LFIA names withheld
Manufacturer: [A] in-house [B]-[J] manufacturer name withheld
Ab targets: [A] IgG and IgM [B]-[C] total antibodies [D]-[J] IgG and IgM
Antigens used: [A] SARS-CoV-2 trimeric S protein [B]-[J] details withheld
Test method: [A] ELISA [B]-[J] LFIA further details withheld
Timing of samples: 4-62 days after onset of symptoms
Samples used: plasma
Test operators: laboratory staff
Definition of test positivity: [A]-[J] NR

Adams 2020 [H]�
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Blinded to reference standard: NR
Threshold predefined: no for [A], unclear for [B] to [J]

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Comparative �

Notes �

Adams 2020 [H]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Index tests Adams 2020 [I] is test [I] from the following entry:

Test name: [A] ELISA test [B]-[J] LFIA names withheld
Manufacturer: [A] in-house [B]-[J] manufacturer name withheld
Ab targets: [A] IgG and IgM [B]-[C] total antibodies [D]-[J] IgG and IgM
Antigens used: [A] SARS-CoV-2 trimeric S protein [B]-[J] details withheld
Test method: [A] ELISA [B]-[J] LFIA further details withheld
Timing of samples: 4-62 days after onset of symptoms
Samples used: plasma
Test operators: laboratory staff
Definition of test positivity: [A]-[J] NR
Blinded to reference standard: NR
Threshold predefined: no for [A], unclear for [B] to [J]

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Comparative �

Notes �

Adams 2020 [I]�

�
�

Antibody tosts for idontification of curront and past infoction with SARS-CoV-2 (Roviow)

Copyright © 2020 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

56



Cochrano
Library

Trustod ovidonco.

Informod docisions.

Bottor hoalth.

�

�

Cochrane Database of Systematic Reviews

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Index tests Adams 2020 [J] is test [J] from the following entry:

Test name: [A] ELISA test [B]-[J] LFIA names withheld
Manufacturer: [A] in-house [B]-[J] manufacturer name withheld
Ab targets: [A] IgG and IgM [B]-[C] total antibodies [D]-[J] IgG and IgM
Antigens used: [A] SARS-CoV-2 trimeric S protein [B]-[J] details withheld
Test method: [A] ELISA [B]-[J] LFIA further details withheld
Timing of samples: 4-62 days after onset of symptoms
Samples used: plasma
Test operators: laboratory staff
Definition of test positivity: [A]-[J] NR
Blinded to reference standard: NR
Threshold predefined: no for [A], unclear for [B] to [J]

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Adams 2020 [A])

Comparative �

Notes �

Adams 2020 [J]�

�
�

Study characteristics

Patient Sampling Multiple-group study recruiting patients estimating sensitivity and speci-
ficity
[1] Specimens from COVID-19 cases recruited from 3 different sources (n =
157 specimens)
[2] Specimens from non-cases recruited from 13 different sources (n =
3308 specimens)
Recruitment: unclear
Prospective or retrospective recruitment of cases: unclear
Sample size (virus/COVID cases): 3481 (3324) specimens
Inclusion and exclusion criteria: none stated

Patient characteristics and setting Setting: not described for most sample sets
Location: not described for most sample sets
Country: USA, China, but not described for most sample sets
Dates: not described
Symptoms and severity: not described
Sex: not described
Age: not described

Bondavid 2020�
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Exposure history: not described

Index tests Test name: unnamed test
Manufacturer: Premier Biotech, Minneapolis, USA (may be Hangzhou All-
test)
Ab targets: IgG, IgM
Antigens used: NR
Test method: NR
Timing of samples: NR
Samples used: serum, plasma, fingerstick blood, venous whole blood
(may be blood for majority of cases)
Test operators: NR
Definition of test positivity: NR
Blinded to reference standard: no
Threshold predefined: NR

Target condition and reference standard(s) Reference standard for cases: various unclear, includes RT-PCR-pos
Samples used: NR
Timing of reference standard: NR
Blinded to index test: yes
Incorporated index test: serology tests were included in 1 cohort
Reference standard for non-cases: pre-pandemic, RT-PCR-neg, healthy vol-
unteers

Flow and timing Time interval between index and reference tests: NR
Results presented by time period: no
All participants received the same reference standard: no
Missing data: none mentioned
Uninterpretable results: none mentioned
Indeterminate results: none mentioned
Unit of analysis: specimens

Comparative �

Notes Funding: individual donors
Publication status: preprint (not peer reviewed)
Source: medRxiv
Study author COI: none declared

Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients en-
rolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? No � �

Could tho soloction of pationts havo introducod

bias?

� High risk �

Bondavid 2020��(Contnnued)
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Aro thoro concorns that tho includod pationts and

sotting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

No � �

If a threshold was used, was it pre-specified? Unclear � �

Could tho conduct or intorprotation of tho indox tost

havo introducod bias?

� High risk �

Aro thoro concorns that tho indox tost, its conduct,

or intorprotation diffor from tho roviow quostion?

� � Unclear

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify the
target condition?

Unclear � �

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Yes � �

The reference standard does not incorporate the index
test

Unclear � �

Could tho roforonco standard, its conduct, or its in-

torprotation havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho targot condition as do-

finod by tho roforonco standard doos not match tho

quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear � �

Did all patients receive the same reference standard? No � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Unclear � �

Were results presented per patient? No � �

Could tho pationt flow havo introducod bias? � High risk �

Bondavid 2020��(Contnnued)

�
�

Study characteristics
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Patient Sampling 2-group study recruiting patients estimating sensitivity and specificity
[1] 35 patients with COVID-19 symptoms and RT-PCR-positive
[2] 32 pre-pandemic blood donors
Recruitment: unclear
Prospective or retrospective recruitment of cases: retrospective
Sample size (virus/COVID cases): 67 (35)
Inclusion and exclusion criteria: nothing additional
The study included a 3rd group on COVID-19 suspects (n = 10) who were not in-
cluded as they had no reference standard diagnosis

Patient characteristics and setting Setting

[1] Hospital patients

[2] Blood donors
Location

[1] University of California, San Diego; University of Washington, Seattle; Ever-
greenHealth, Kirkland, Washington; NIH Clinical Center, NIH

[2] NIH Clinical Center, NIH
Country: USA
Dates: NR
Symptoms and severity: [1] 37% (13/35) were on a ventilator
Sex: [1] 87% (30/35) male [2] NR
Age: [1] median age 44 years (range 32-50 years) [2] NR
Exposure history: NR

Index tests This entry (Burbelo 2020 [A]) refers to the LIPS assay to detect antibodies to the
nucleocapsid (N) protein

Test name: LIPS
Manufacturer: in-house
Ab targets: antibodies for the nucleocapsid and S proteins
Antigens used: nucleocapsid and S proteins
Test method: LIPS
Timing of samples: 2-50 days pso
Samples used: plasma or serum
Test operators: presumed laboratory researchers
Definition of test positivity: 125,000 LU for nucleocapsid and 45,000 LU for S pro-
teins
Blinded to reference standard: unclear
Threshold predefined: no, derived from analysis of group [2] to achieve 100%
specificity

Target condition and reference standard(s) Reference standard for cases: RT-PCR
Samples used: nasal or throat swabs
Timing of reference standard: unclear
Blinded to index test: yes
Incorporated index test: no
Reference standard for non-cases: pre-pandemic controls (no testing)

Flow and timing Time interval between index and reference tests: unclear
Results presented by time period: ≤ 14 days; > 14 days
All participants received the same reference standard: no
Missing data: yes - unclear why there are different numbers for spike and nucleo-
capsid tests
Uninterpretable results: not mentioned
Indeterminate results: not mentioned

Burbolo 2020 [A]��(Contnnued)
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Comparative �

Notes Funding: intramural research programmes of the National Institute of Dental and
Craniofacial Research, the National Institute of Allergy and Infectious Diseases,
and the National Institute of Health Clinical Center
Publication status: preprint (not peer reviewed)
Source: medRxiv
Study author COI: none declared

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients
enrolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? No � �

Could tho soloction of pationts havo intro-

ducod bias?

� High risk �

Aro thoro concorns that tho includod pationts

and sotting do not match tho roviow quos-

tion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Unclear � �

If a threshold was used, was it pre-specified? No � �

Could tho conduct or intorprotation of tho in-

dox tost havo introducod bias?

� High risk �

Aro thoro concorns that tho indox tost, its con-

duct, or intorprotation diffor from tho roviow

quostion?

� � High

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly
classify the target condition?

Yes � �

Were the reference standard results interpret-
ed without knowledge of the results of the index
tests?

Yes � �

Burbolo 2020 [A]��(Contnnued)
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The reference standard does not incorporate the
index test

Yes � �

Could tho roforonco standard, its conduct, or

its intorprotation havo introducod bias?

� Low risk �

Aro thoro concorns that tho targot condition

as dofinod by tho roforonco standard doos not

match tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear � �

Did all patients receive the same reference stan-
dard?

No � �

Were all patients included in the analysis? No � �

Did all participants receive a reference stan-
dard?

Unclear � �

Were results presented per patient? No � �

Could tho pationt flow havo introducod bias? � High risk �

Burbolo 2020 [A]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Burbelo 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Burbelo 2020 [A])

Index tests This entry (Burbelo 2020 [B]) refers to the LIPS assay to detect antibodies to the spike (S) protein; see (Burbelo
2020 [A] for further study characteristics and QUADAS-2 assessments)

Test name: LIPS
Manufacturer: in-house
Ab targets: antibodies for the nucleocapsid and S proteins
Antigens used: nucleocapsid and S proteins
Test method: LIPS
Timing of samples: 2-50 days pso
Samples used: plasma or serum
Test operators: presumed laboratory researchers
Definition of test positivity: 125,000 LU for nucleocapsid and 45,000 LU for S proteins
Blinded to reference standard: unclear
Threshold predefined: no - derived from analysis of group [2] to achieve 100% specificity

Target condi-
tion and ref-

See main entry for this study for characteristics and QUADAS-2 assessment (Burbelo 2020 [A])
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erence stan-
dard(s)

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Burbelo 2020 [A])

Comparative �

Notes �

Burbolo 2020 [B]��(Contnnued)

�
�

Study characteristics

Patient Sampling 2-group study to estimate sensitivity and specificity for detection of active disease
[1] Laboratory-confirmed COVID-19 patients (n = 276)
[2] Controls with other infections (n = 167).

A third group of healthy controls was used to set thresholds (n = 200) but not estimate
accuracy.
Recruitment method: NR if patients were consecutive
Sample size (viral/COVID cases): 443 (276)

Exclusion criteria: none stated

Patient characteristics and setting [1] Hospital (inpatients); Chongqing Three Gorges Central Hospital, Yongchuan Hospi-
tal Affiliated to Chongqing Medical University (CQMU), and The Public Health Center, in
Chongqing, China (recruitment dates NR). 168/276 (61%) had fever. Median age 48 (IQR
37-56; range 0-84) years, 151/276 (55%) male. 99/276 (36%) reported known exposure

[2] Controls with other infection (n = 167); Second Hospital Affiliated to CQMU and Chil-
dren’s Hospital Affiliated to CQMU; time NR. Other infections included: influenza A virus
(25), respiratory syncytial virus (7), parainfluenza 111 virus (8), influenza B virus (5), ade-
novirus (6), Klebsnella pneumonnae (8), Streptococcus pneumonnae (3), Mycoplasma (5),
Acnnetobacter baumannnn (10), Candnda albncans (2), Staphylococcus aureus (3), Mycobac-

ternum tuberculosns (4), Hepatitis B virus (33), Hepatitis C virus (22), Syphilis (23) and Sac-
charomycopsis (3)

[3] Healthy controls (n = 200), source NR; recruited > 1 year before the outbreak. No fur-
ther details

Index tests 1 Ab test, blinding NR
Laboratory-based in-house luminescent immunoassay (CLIA) using serum samples
Measured IgM +IgG. Antigen: peptide from SARS-CoV-2 S protein
Test threshold: determined as the mean luminescence (CL) value of the 200 normal
sera plus 5 folds of SD; cut-off used ≥ 0.7 CL (for both IgG and IgM). (Determined in the
healthy control group)
Samples acquired day 2-day 27 after symptoms. Person applying the test NR.

Target condition and reference stan-
dard(s)

1. Real time RT-PCR detection of virus RNA, samples not described. Reference threshold
and timing NR. Blinded to index test
2. Healthy controls, pre-December 2019

Flow and timing Time interval between index and reference: NR. Accuracy results were not disaggregat-
ed by time period since point of symptom onset.
No missing data, uninterpretable or indeterminate results described
Analysis participant-based

Cai 2020a�
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Comparative �

Notes Funded by Emergency Project from the Science & Technology Commission of
Chongqing; Major National S&T program grant from Science & Technology Commission
of China; Grant from the National Natural Science Foundation of China, Grant from the
Science & Technology Commission of Yuzhong district, Chongqing.
COI (reported or derived): study author employed by BioScience Co. LTD, Tianjin, China
Publication status (source): preprint (not peer reviewed) (medRxiv)
NOTE: Study author institution reported as BioScience Co. LTD, Tianjin, China (www.bio-
science-tj.com/en/about.php)

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of
patients enrolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclu-
sions?

Unclear � �

Did the study avoid inappropriate inclu-
sions?

No � �

Could tho soloction of pationts havo in-

troducod bias?

� High risk �

Aro thoro concorns that tho includod

pationts and sotting do not match tho

roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted
without knowledge of the results of the
reference standard?

Unclear � �

If a threshold was used, was it pre-speci-
fied?

Yes � �

Could tho conduct or intorprotation of

tho indox tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost,

its conduct, or intorprotation diffor

from tho roviow quostion?

� � High

DOMAIN 3: Roforonco Standard

Is the reference standards likely to cor-
rectly classify the target condition?

Unclear � �

Cai 2020a��(Contnnued)
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Were the reference standard results inter-
preted without knowledge of the results
of the index tests?

Yes � �

The reference standard does not incorpo-
rate the index test

Yes � �

Could tho roforonco standard, its con-

duct, or its intorprotation havo intro-

ducod bias?

� Low risk �

Aro thoro concorns that tho targot con-

dition as dofinod by tho roforonco stan-

dard doos not match tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval be-
tween index test and reference standard?

Unclear � �

Did all patients receive the same refer-
ence standard?

No � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference
standard?

Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod

bias?

� High risk �

Cai 2020a��(Contnnued)

�
�

Study characteristics

Patient Sampling The report contains 3 different groups that fit with 2 different comparisons.

2-group design with separate estimates of sensitivity and specificity

[1] COVID-19-positive patients in ICU (n = 30)
[2] Healthy volunteers with negative RT-PCR results (n = 30)
Recruitment: unclear
Sample size (virus/COVID cases): 60 (30)
Inclusion and exclusion criteria: not further described

(Single group recruiting individuals presenting with symptoms extracted as Cas-
saniti 2020 (B))

Patient characteristics and setting Setting: hospital inpatients (Infectious Diseases Unit or ICU, Tertiary hospital)
Location: Fondazione IRCCS Policlinico San Matteo, Pavia
Country: Italy
Dates: NR
Symptoms and severity: [1] NR [2] NR
Sex: [1] 83% male (25/30); [2] 55% Male (11/30)

Cassaniti 2020 (A)�
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Age: [1] median age, 73.5; range 38-86 years; [2] median age, 38.5; range 25-69
years)
Exposure history: [1] NR; [2] 10 (33.3%) previously infected with common OC43,
229E, HKU1, and NL63 coronavirus

Index tests Test name: VivaDiag COVID-19 IgM/IgG
Manufacturer: VivaChek
Ab targets: IgM, IgG
Antigens used: NR
Test method: LFIA
Timing of samples: [1] median 7 days (IQR 4-11) after first test; [2] NR
Samples used: serum or blood
Test operators: NR
Definition of test positivity: visible line
Blinded to reference standard: unclear
Threshold predefined: yes

Target condition and reference standard(s) Reference standard for cases: RT-PCR targeting RNA-dependent RNA poly-
merase and E genes were used to detect the presence of SARS-CoV-2 according
to the WHO guidelines (2 negatives required for non-cases)
Samples used: respiratory samples
Timing of reference standard: [1] during patient care [2] unclear
Blinded to index test: yes
Incorporated index test: no

Flow and timing Time interval between index and reference tests: no information
Results presented by time period: no information
All participants received the same reference standard: yes
Missing data: none mentioned
Uninterpretable results: none mentioned
Indeterminate results: none mentioned
Unit of analysis: participants

Comparative �

Notes Funding: VivaDiag COVID-19 IgM/IgG Rapid Test provided free of charge by the
Italian Chinese community. Regional Health Authority of Lombardy, Milan, Italy
and Italian Ministry of Health, Ricerca Finalizzata
Publication status: published letter
Source: academic journal
Study author COI: none mentioned

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients
enrolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? No � �
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Could tho soloction of pationts havo introducod

bias?

� High risk �

Aro thoro concorns that tho includod pationts

and sotting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Unclear � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho in-

dox tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its con-

duct, or intorprotation diffor from tho roviow

quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly clas-
sify the target condition?

Yes � �

Were the reference standard results interpret-
ed without knowledge of the results of the index
tests?

Yes � �

The reference standard does not incorporate the
index test

Yes � �

Could tho roforonco standard, its conduct, or

its intorprotation havo introducod bias?

� Low risk �

Aro thoro concorns that tho targot condition

as dofinod by tho roforonco standard doos not

match tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear � �

Did all patients receive the same reference stan-
dard?

Yes � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � Unclear risk �
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�
�

Study characteristics

Patient Sampling Single-group study estimating sensitivity and specificity
Patients presenting to A&E with fever and respiratory symptoms indicative
of COVID-19 infection.

2 additional cohorts extracted as separate 2-group study (Cassaniti 2020
(A))
Recruitment: unclear
Sample size (virus/COVID cases): 50 (38)
Inclusion and exclusion criteria: NR

Patient characteristics and setting Setting: A&E
Location: Fondazione IRCCS Policlinico San Matteo, Pavia
Country: Italy
Dates: NR
Symptoms and severity: NR
Sex: 68% male 34 male/16 female
Age: median age, 61.50; range 33-97 years
Exposure history: NR

Index tests Test name: VivaDiag COVID-19 IgM/IgG
Manufacturer: VivaChek
Ab targets: IgM, IgG
Antigens used: NR
Test method: LFIA
Timing of samples: on presentation at A&E
Samples used: serum or blood
Test operators: NR
Definition of test positivity: visible line
Blinded to reference standard: yes on presentation

Threshold predefined: yes

Target condition and reference standard(s) Reference standard for cases: RT-PCR targeting RNA-dependent RNA poly-
merase and E genes were used to detect the presence of SARS-CoV-2 ac-
cording to the WHO guidelines
Samples used: nasal swab
Timing of reference standard: on presentation
Blinded to index test: yes
Incorporated index test: no
Reference standard for non-cases: single negative RT-PCR result

Flow and timing Time interval between index and reference tests: done at the same time
Results presented by time period: no (likely to be short as on admission)
All participants received the same reference standard: yes
Missing data: none mentioned
Uninterpretable results: none mentioned
Indeterminate results: not mentioned
Unit of analysis: participants

Comparative �

Notes Funding: VivaDiag COVID-19 IgM/IgG Rapid Test provided free of charge by
the Italian Chinese community. Regional Health Authority of Lombardy, Mi-
lan, Italy and Italian Ministry of Health, Ricerca Finalizzata
Publication status: published letter
Source:Academic journal
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Study author COI: none mentioned

Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients en-
rolled?

Unclear � �

Was a case-control design avoided? Yes � �

Did the study avoid inappropriate exclusions? Yes � �

Did the study avoid inappropriate inclusions? Yes � �

Could tho soloction of pationts havo introducod

bias?

� Unclear risk �

Aro thoro concorns that tho includod pationts and

sotting do not match tho roviow quostion?

� � Low concern

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho indox

tost havo introducod bias?

� Low risk �

Aro thoro concorns that tho indox tost, its conduct,

or intorprotation diffor from tho roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify
the target condition?

No � �

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Yes � �

The reference standard does not incorporate the in-
dex test

Yes � �

Could tho roforonco standard, its conduct, or its in-

torprotation havo introducod bias?

� High risk �

Aro thoro concorns that tho targot condition as do-

finod by tho roforonco standard doos not match tho

quostion?

� � High
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DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear � �

Did all patients receive the same reference standard? Yes � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � Unclear risk �

Cassaniti 2020 (B)��(Contnnued)

�
�

Study characteristics

Patient Sampling Unclear whether study recruited as 1 or 2 groups (we describe it as a 2-
group study), estimating sensitivity and specificity
[1] RT–PCR-positive samples, n = 7 samples
[2] RT–PCR-negative samples, but clinically suspicious for COVID-19, n = 12
samples
A 3rd group of 'normal' samples (n = 51), were used to derive test threshold
and not included in the accuracy evaluation.
Recruitment: unclear
Prospective or retrospective recruitment of cases: unclear
Sample size (virus/COVID cases): 19 (7)
Inclusion and exclusion criteria: NR

Patient characteristics and setting Setting: hospital samples
Location: Guangzhou Eighth People’s Hospital and Nanfang Hospital,
Guangzhou province
Country: China
Dates: NR
Symptoms and severity: [1] NR; [2] fever: 12/12 (100%)
Sex: NR
Age: NR
Exposure history: NR

Index tests Test name: no name. LFIA that uses lanthanide-doped polystyrene nanopar-
ticles (LNPs)
Manufacturer: in–house
Ab targets: IgG
Antigens used: recombinant nucleocapsid phosphoprotein of SARS-CoV-2
Test method: LFIA that uses lanthanide-doped polystyrene nanoparticles
(LNPs)
Timing of samples: NR
Samples used: serum
Test operators: NR
Definition of test positivity: At/Ac ratio (R) > 0.0666
Blinded to reference standard: NR
Threshold predefined: defined from control samples

Target condition and reference standard(s) Reference standard for cases: RT–PCR
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Samples used: NR
Timing of reference standard: NR
Blinded to index test: yes
Incorporated index test: no
Reference standard for non-cases: RT–PCR single negative

Flow and timing Time interval between index and reference tests: NR
Results presented by time period: NR
All participants received the same reference standard: yes
Missing data: none reported
Uninterpretable results: none reported
Indeterminate results: none reported
Unit of analysis: sample

Comparative �

Notes Funding: National Natural Science Foundation of China and China Postdoc-
toral Science Foundation
Publication status: peer–reviewed early online
Source: academic journal
Study author COI: study authors state no competing financial interests

Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients en-
rolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo introducod

bias?

� High risk �

Aro thoro concorns that tho includod pationts and

sotting do not match tho roviow quostion?

� � Low concern

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Unclear � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho indox

tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its conduct,

or intorprotation diffor from tho roviow quostion?

� � High
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DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify
the target condition?

No � �

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Yes � �

The reference standard does not incorporate the in-
dex test

Yes � �

Could tho roforonco standard, its conduct, or its in-

torprotation havo introducod bias?

� High risk �

Aro thoro concorns that tho targot condition as do-

finod by tho roforonco standard doos not match tho

quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear � �

Did all patients receive the same reference standard? Yes � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? No � �

Could tho pationt flow havo introducod bias? � High risk �

Chon 2020a��(Contnnued)

�
�

Study characteristics

Patient Sampling 2-group study recruiting patients estimating sensitivity and specificity
[1] COVID-19 suspects attending community screening (n = 39)
[2] Confirmed COVID-19 cases (n = 10)
Recruitment: [1] random selection (no random sampling method stated); [2] un-
clear
Prospective or retrospective recruitment of cases: [1] prospective; [2]retrospec-
tive
Sample size (virus/COVID cases): 49 (22)
Inclusion and exclusion criteria: NR

Patient characteristics and setting Setting: [1] community screening centre; [2] NR
Location: [1] German Red Cross COVID-19 testing centre; [2] NR
Country: Germany
Dates: NR
Symptoms and severity: (71%) with dry cough; (65%) with fatigue; (46%) with
runny nose (only %s reported). 5/49 (10%) were asymptomatic
Sex: 25/49 (51%) male
Age: median 46 (IQR 28–72) years
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Exposure history: identified in 22/49 (45%): median time exposure–to–test of
18.5 days (IQR 15–24)

Index tests Test name: NR
Manufacturer: NR
Ab targets: IgM and IgG
Antigens used: SARS-CoV-2 antigen (not further described)
Test method: CGIA
Threshold: visible line - weak and strong responses counted as positive
Timing of median time exposure–to–test = 18.5 days (IQR 15–24) known (45%)
for samples
Samples used: [1] fingerprick blood [2] stored serum
Test operators: NR
Definition of test positivity: weakly clearly visible line
Blinded to reference standard: unclear
Threshold predefined: yes

Target condition and reference standard(s) Reference standard for cases: [1] RT–qPCR (Altona Diagnostics), threshold NR;
[2] RT–qPCR (unknown if same kit), threshold NR
Samples used: [1] throat swab; [2] NR
Timing of reference standard: [1] same time as index test. [2] NR. For 22 partici-
pants (unclear how many in group 1 or 2): median time exposure–to–test of 18.5
days (IQR 15–24)
Blinded to index test: NR - presumed
Incorporated index test: no
Reference standard for non-cases: single negative RT-qPCR

Flow and timing Time interval between index and reference tests: simultaneous
Results presented by time period: no
All participants received the same reference standard: yes
Missing data: none reported
Uninterpretable results: reporting that there were none
Indeterminate results: weak lines considered as test positive
Unit of analysis: participant

Comparative �

Notes Funding: none declared
Publication status: published paper (proof)
Source: academic journal
Study author COI: none declared

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients
enrolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Unclear � �
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Could tho soloction of pationts havo introducod

bias?

� High risk �

Aro thoro concorns that tho includod pationts

and sotting do not match tho roviow quostion?

� � Low concern

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Unclear � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho in-

dox tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its con-

duct, or intorprotation diffor from tho roviow

quostion?

� � Unclear

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly clas-
sify the target condition?

No � �

Were the reference standard results interpret-
ed without knowledge of the results of the index
tests?

Unclear � �

The reference standard does not incorporate the
index test

Yes � �

Could tho roforonco standard, its conduct, or

its intorprotation havo introducod bias?

� High risk �

Aro thoro concorns that tho targot condition

as dofinod by tho roforonco standard doos not

match tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear � �

Did all patients receive the same reference stan-
dard?

Yes � �

Were all patients included in the analysis? Yes � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � Low risk �
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Study characteristics

Patient Sampling Single group estimating sensitivity in convalescent patients
[1] Hospital COVID-19 convalescent patients (n = 60)
Recruitment: unclear
Sample size (virus/COVID cases): 60 (60)
Inclusion and exclusion criteria: NR

Patient characteristics and setting Setting: hospital inpatients (convalescent)
Location: Wuhan Tongji Hospital
Country: China
Dates: admitted 12 January 2020-5 February 2020
Symptoms and severity: no information
Sex: no information
Age: no information
Exposure history: no information

Index tests Test name: NR
Manufacturer: NR
Ab targets: IgM, IgG
Antigens used: NR
Test method: NR but presumed to be CLIA based on reported thresh-
old in AU/mL

Timing of samples: during hospital stay (between 3 March 2020 and
14 March 2020)
Samples used: NR
Test operators: unclear
Definition of test positivity: > 10 AU/mL
Blinded to reference standard: unclear
Threshold predefined: yes

Target condition and reference standard(s) Reference standard for cases (including threshold): method NR
Samples used: NR
Timing of reference standard: diagnosed during initial hospital stay
(6-7 weeks previously)
Blinded to index test: yes
Incorporated index test: no

Flow and timing Time interval between index and reference tests: 6-7 weeks
Results presented by time period: results presented by day since on-
set
All participants received the same reference standard: presumed
Missing data: none mentioned
Uninterpretable results: none mentioned
Indeterminate results: none mentioned
Unit of analysis: participant

Comparative �

Notes Funding: Beijing Natural Science Foundation
Publication status: published letter
Source: academic journal
Study author COI: none mentioned

Methodological quality

Du 2020�

Antibody tosts for idontification of curront and past infoction with SARS-CoV-2 (Roviow)

Copyright © 2020 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

75



Cochrano
Library

Trustod ovidonco.

Informod docisions.

Bottor hoalth.

�

�

Cochrane Database of Systematic Reviews

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients enrolled? Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Yes � �

Did the study avoid inappropriate inclusions? Yes � �

Could tho soloction of pationts havo introducod bias? � High risk �

Aro thoro concorns that tho includod pationts and sotting

do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho indox tost havo

introducod bias?

� High risk �

Aro thoro concorns that tho indox tost, its conduct, or in-

torprotation diffor from tho roviow quostion?

� � Unclear

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify the tar-
get condition?

Unclear � �

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes � �

The reference standard does not incorporate the index test Yes � �

Could tho roforonco standard, its conduct, or its intorpro-

tation havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho targot condition as dofinod by

tho roforonco standard doos not match tho quostion?

� � Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear � �

Did all patients receive the same reference standard? Yes � �

Were all patients included in the analysis? Unclear � �
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Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � Unclear risk �

Du 2020��(Contnnued)

�
�

Study characteristics

Patient Sampling 2-group study recruiting patients estimating sensitivity and specificity
[1] confirmed COVID-19 cases (n = 99)
[2] Healthy adults (n = 377) or with other infections (n = 142)

Additionally reports a separate cross-reactivity study using acute and conva-
lescent paired sera from PCR confirmed commonly circulating coronavirus
(229E, NL63, OC43, and HKU1)- infected patients

Recruitment: unclear
Prospective or retrospective recruitment of cases: unclear
Sample size (virus/COVID cases): 618 (99)
Inclusion and exclusion criteria: [1] convalescent PCR+ COVID-19 cases sera
collected at day 10 pso or later

Patient characteristics and setting Setting: NR
Location: NR
Country: USA
Dates: NR
Symptoms and severity: [1] NR [2] healthy controls (n = 377); suspected han-
tavirus (n = 101); HIV (n = 21); hepatitis B virus (n = 10); hepatitis C virus-posi-
tive (n = 10)
Sex: NR
Age: NR
Exposure history: NR

Index tests Test name: SARS-CoV-2 S protein ELISA
Manufacturer: in-house
Ab targets: IgG, IGM and total antibodies
Antigens used: pre-fusion stabilised ectodomain of SARS-CoV-2 spike (S)
Test method: ELISA
Timing of samples: at day 10 pso or later
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: based on optical density signal
Blinded to reference standard: NR
Threshold predefined: NR

Target condition and reference standard(s) Reference standard for cases: PCR
Samples used: NR
Timing of reference standard: NR
Blinded to index test: yes, PCR was performed before index test (inferred)
Incorporated index test: no
Reference standard for non-cases: pre-pandemic (healthy controls or with
other diseases)

Flow and timing Time interval between index and reference tests: not clear
Results presented by time period: no
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All participants received the same reference standard: no
Missing data: not mentioned
Uninterpretable results: not mentioned
Indeterminate results: not mentioned
Unit of analysis: per participant

Comparative �

Notes Funding: intramural funding from the National Institute of Allergy and Infec-
tious Diseases
Publication status: preprint (not peer-reviewed)
Source: bioRxiv
Study author COI: NR

Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients en-
rolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? No � �

Could tho soloction of pationts havo introducod

bias?

� High risk �

Aro thoro concorns that tho includod pationts and

sotting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Unclear � �

If a threshold was used, was it pre-specified? Unclear � �

Could tho conduct or intorprotation of tho indox

tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its con-

duct, or intorprotation diffor from tho roviow

quostion?

� � High

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify
the target condition?

Yes � �
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Were the reference standard results interpreted
without knowledge of the results of the index tests?

Yes � �

The reference standard does not incorporate the in-
dex test

Yes � �

Could tho roforonco standard, its conduct, or its

intorprotation havo introducod bias?

� Low risk �

Aro thoro concorns that tho targot condition as

dofinod by tho roforonco standard doos not match

tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear � �

Did all patients receive the same reference stan-
dard?

No � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � High risk �

Frooman 2020��(Contnnued)

�
�

Study characteristics

Patient Sampling Single-group study estimating sensitivity
[1] Patients with confirmed COVID-19 (n = 38)
Recruitment: unclear
Sample size (virus/COVID cases): 38 (38)
Inclusion and exclusion criteria: COVID-19 confirmed by New Coronavirus
Pneumonia Prevention and Control Program (5th edition) published by the
National Health Commission of China.

Patient characteristics and setting Setting: hospital inpatient
Location: Second People's Hospital of Fuyang
Country: China
Dates: 22 January 2020-28 February 2020
Symptoms and severity: 3/38 described as in severe or critical conditions;
35/38 described as mild cases
Sex: 55.3% (21/38) male
Age: median age 40.5 years (IQR 31.0-49.5years), range 15-75 years
Exposure history: NR

Index tests Test name: Colloidal Gold Antibodies Test
Manufacturer: Innovita Biological Technology Co., Ltd
Ab targets: IgM, IgG
Antigens used: NR
Test method: CGIA
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Timing of samples: days 0-15+
Samples used: serum
Test operators: NR
Definition of test positivity: visible line
Blinded to reference standard: NR
Threshold predefined: yes

Target condition and reference standard(s) Reference standard for cases: participants met the criteria of the New Coro-
navirus Pneumonia Prevention and Control Program (5th edition) published
by the National Health Commission of China
Samples used: NR
Timing of reference standard: NR
Blinded to index test: yes
Incorporated index test: no

Flow and timing Time interval between index and reference tests: NR
Results presented by time period: yes: 0-7 days (n = 13), 8-14 days (n = 8)
and ≥ 15 days (n = 23) after onset of symptoms
All participants received the same reference standard: yes
Missing data: NR
Uninterpretable results: NR
Indeterminate results: NR
Unit of analysis: results reported for participants. 38 participants included
and 76 serum samples collected in total from these 38 participants. Median
number of samples collected from each participant was 8

Comparative �

Notes Funding: The Science and Technology Bureau of Fuyang
Publication status: accepted manuscript (peer reviewed)
Source: Journal of Medical Virology
Study author COI: none reported

Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients en-
rolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo introducod

bias?

� High risk �

Aro thoro concorns that tho includod pationts and

sotting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)
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Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Unclear � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho indox

tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its conduct,

or intorprotation diffor from tho roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify
the target condition?

Yes � �

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Unclear � �

The reference standard does not incorporate the in-
dex test

Unclear � �

Could tho roforonco standard, its conduct, or its in-

torprotation havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho targot condition as do-

finod by tho roforonco standard doos not match tho

quostion?

� � Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear � �

Did all patients receive the same reference standard? Yes � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � Unclear risk �

Gao 2020a��(Contnnued)

�
�

Study characteristics

Patient Sampling Single-group study recruiting patients estimating sensitivity
[1] confirmed COVID-19 cases
Recruitment: consecutive (inferred). From all confirmed cases admitted to hospital
Prospective or retrospective recruitment of cases: retrospectively (appears)
Sample size (virus/COVID cases): 22 participants (corresponding to 37 samples)
Inclusion and exclusion criteria: not clearly defined; describes all participants having typi-
cal ground-glass opacity of the lung on CT but not clear if this was part of eligibility
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Patient characteristics and setting Setting: hospital inpatient
Location: Fi.h Hospital of Shijiazhuang
Country: China
Dates: from 21 January-24 February 2020
Symptoms and severity: typical ground-glass opacity in lung was observed in CT scan re-
sults of all participants. At the time the paper was written all participants had recovered
and been discharged from hospital.
Sex: 14/22 male (64%)
Age: 40 (4-72) years
Exposure history: 11 participants had recent history of travel to epidemic areas, and the
remaining 10 had close contacts with their family members, who were confirmed to be in-
fected by 2019-nCoV

Index tests Gao 2020b [A] is test [A] from the following entry:

Test name: [A] CLIA; [B] GICA; [C] ELISA
Manufacturer: Beier Bioengineering Company (Beijing, China)
Ab targets: IgG and IgM
Antigens used: spike (S) and nucleocapsid (N) proteins of 2019-nCoV
Test method: [A] CLIA; [B] GICA; [C] ELISA
Timing of samples: [1] early stage (1-7 days pso) 10/37 samples (27%), [2] middle stage
(8-14 days pso) 13/37 samples (35%); [3] late stage (14-24 days pso) 14/37 samples (38%)
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: [A] samples with an concentration ≥ 8 arbitrary unit (AU)/mL
were considered positive. [B] Visible line. [C] The absorbance at 450 nm (A450 nm) of each
well was determined and the cut-off value was 0.10+Anegative control. A value > cut-off
value was considered a positive result.
Blinded to reference standard: NR
Threshold predefined: [A] samples with an concentration ≥ 8 arbitrary unit (AU)/mL were
considered positive. [B] Positive results showed the appearance of both control line and
testing line. [C] The absorbance at 450 nm (A450 nm) of each well was determined and
the cut-off value was 0.10+Anegative control. A value > cut-off value was considered a
positive result.

Target condition and reference stan-
dard(s)

Reference standard for cases: RT-PCR assay (2019-nCoV RNA Test Kit, Daan Gene Compa-
ny, China)
Samples used: nasal and pharyngeal swab specimens
Timing of reference standard: on admission (most likely)
Blinded to index test: yes, index tests performed on already-confirmed cases (inferred)
Incorporated index test: no
Reference standard for non-cases: N/A

Flow and timing Time interval between index and reference tests: NR
Results presented by time period: yes
All participants received the same reference standard: yes
Missing data: timing of reference standard test
Uninterpretable results:
Indeterminate results:
Unit of analysis: samples

Comparative �

Notes Funding: NR
Publication status: published letter
Source: Chinese Medical Journal
Study author COI: none

Methodological quality
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Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of
patients enrolled?

Yes � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclu-
sions?

Unclear � �

Did the study avoid inappropriate inclu-
sions?

Unclear � �

Could tho soloction of pationts havo

introducod bias?

� High risk �

Aro thoro concorns that tho includod

pationts and sotting do not match tho

roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted
without knowledge of the results of the
reference standard?

Unclear � �

If a threshold was used, was it pre-spec-
ified?

Yes � �

Could tho conduct or intorprotation of

tho indox tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost,

its conduct, or intorprotation diffor

from tho roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to cor-
rectly classify the target condition?

Yes � �

Were the reference standard results in-
terpreted without knowledge of the re-
sults of the index tests?

Unclear � �

The reference standard does not incor-
porate the index test

Yes � �

Could tho roforonco standard, its con-

duct, or its intorprotation havo intro-

ducod bias?

� Unclear risk �

Aro thoro concorns that tho targot

condition as dofinod by tho roforonco

� � High
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standard doos not match tho quos-

tion?

DOMAIN 4: Flow and Timing

Was there an appropriate interval be-
tween index test and reference stan-
dard?

Unclear � �

Did all patients receive the same refer-
ence standard?

Yes � �

Were all patients included in the analy-
sis?

Unclear � �

Did all participants receive a reference
standard?

Yes � �

Were results presented per patient? No � �

Could tho pationt flow havo intro-

ducod bias?

� High risk �

Gao 2020b [A]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Gao 2020b [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Gao 2020b [A])

Index tests Gao 2020b [B] is test [B] from the following entry:

Test name: [A] CLIA; [B] GICA; [C] ELISA
Manufacturer: Beier Bioengineering Company (Beijing, China)
Ab targets: IgG and IgM
Antigens used: spike (S) and nucleocapsid (N) proteins of 2019-nCoV
Test method: [A] CLIA; [B] GICA; [C] ELISA
Timing of samples: [1] early stage (1-7 days pso) 10/37 samples (27%), [2] middle stage (8-14 days pso) 13/37 sam-
ples (35%); [3] late stage (14-24 days pso) 14/37 samples (38%)
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: [A] samples with an concentration ≥ 8 arbitrary unit (AU)/mL were considered positive.
[B] Visible line. [C] The absorbance at 450 nm (A450 nm) of each well was determined and the cut-off value was
0.10+Anegative control. A value > cut-off value was considered a positive result.
Blinded to reference standard: NR
Threshold predefined: [A] samples with an concentration ≥ 8 arbitrary unit (AU)/mL were considered positive. [B]
Positive results showed the appearance of both control line and testing line. [C] The absorbance at 450 nm (A450
nm) of each well was determined and the cut-off value was 0.10+Anegative control. A value > cut-off value was
considered a positive result.

Target condi-
tion and ref-

See main entry for this study for characteristics and QUADAS-2 assessment (Gao 2020b [A])
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erence stan-
dard(s)

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Gao 2020b [A])

Comparative �

Notes �

Gao 2020b [B]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Gao 2020b [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Gao 2020b [A])

Index tests Gao 2020b [C] is test [C] from the following entry:

Test name: [A] CLIA; [B] GICA; [C] ELISA
Manufacturer: Beier Bioengineering Company (Beijing, China)
Ab targets: IgG and IgM
Antigens used: spike (S) and nucleocapsid (N) proteins of 2019-nCoV
Test method: [A] CLIA; [B] GICA; [C] ELISA
Timing of samples: [1] early stage (1-7 days pso) 10/37 samples (27%), [2] middle stage (8-14 days pso) 13/37 sam-
ples (35%); [3] late stage (14-24 days pso) 14/37 samples (38%)
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: [A] samples with an concentration ≥ 8 arbitrary unit (AU)/mL were considered positive.
[B] Visible line. [C] The absorbance at 450 nm (A450 nm) of each well was determined and the cut-off value was
0.10+Anegative control. A value > cut-off value was considered a positive result.
Blinded to reference standard: NR
Threshold predefined: [A] samples with an concentration ≥ 8 arbitrary unit (AU)/mL were considered positive. [B]
Positive results showed the appearance of both control line and testing line. [C] The absorbance at 450 nm (A450
nm) of each well was determined and the cut-off value was 0.10+Anegative control. A value > cut-off value was
considered a positive result.

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Gao 2020b [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Gao 2020b [A])

Comparative �

Notes �

Gao 2020b [C]�

�
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Study characteristics

Patient Sampling 3-group study estimating sensitivity and specificity
[1] COVID-19 patients (n = 55)
[2] Pre-pandemic healthy controls (n = 45)

Third group of patients admitted with a clinical and radiological diag-
nosis of pneumonia of unknown etiology but RT-PCR-negative reported
as Garcia 2020 (B)
Recruitment: NR
Sample size (virus/COVID cases): 100 (55)
Inclusion and exclusion criteria: NR

Patient characteristics and setting Setting: [1] hospital inpatient [2] pre-pandemic controls
Location: [1] Hospital Universitario Príncipe de Asturias, Madrid [2] Hos-
pital Universitario Príncipe de Asturias
Country: Spain
Dates: [1] 1 March-6 April 2020 [2] 1 October-30 November 2019
Symptoms and severity: NR
Sex: [1] male n = 33, 60% [2] male n = 27, 60%
Age: [1] median age 63, IQR 50-79 [2] median age 55, IQR 34-66
Exposure history: NR

Index tests Test name: AllTest COV-19 IgG / IgM kit
Manufacturer: AllTest Biotech, Hangzhou, China
Ab targets: IgM, IgG
Antigens used: NR
Test method: immunochromatography
Timing of samples: days 0-14+ pso
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes

Target condition and reference standard(s) Reference standard for cases: RT-PCR
Samples used: NR
Timing of reference standard: NR
Blinded to index test: yes
Incorporated index test: no

Flow and timing Time interval between index and reference tests: NR
Results presented by time period: yes: < 7 days 15% (n = 8); 7-13 days
44% (n = 24); ≥ 14 days 42% (n = 23)
All participants received the same reference standard: no
Missing data: NR
Uninterpretable results: NR
Indeterminate results: NR
Unit of analysis: participants

Comparative �

Notes Funding: no funding received
Publication status: preprint (not peer reviewed)
Source: medRxiv
Study author COI: none declared

Methodological quality
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Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients en-
rolled?

Unclear � �

Was a case-control design avoided? Unclear � �

Did the study avoid inappropriate exclusions? Yes � �

Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo introducod bias? � High risk �

Aro thoro concorns that tho includod pationts and sot-

ting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Unclear � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho indox tost

havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its conduct, or

intorprotation diffor from tho roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify the
target condition?

Yes � �

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Unclear � �

The reference standard does not incorporate the index
test

Yes � �

Could tho roforonco standard, its conduct, or its intor-

protation havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho targot condition as dofinod

by tho roforonco standard doos not match tho quos-

tion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear � �
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Did all patients receive the same reference standard? Yes � �

Were all patients included in the analysis? Yes � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � Low risk �

Garcia 2020 (A)��(Contnnued)

�
�

Study characteristics

Patient Sampling 3-group study estimating sensitivity and specificity
[3] Patients admitted with a clinical and radiological diagnosis of
pneumonia of unknown etiology but RT-PCR-negative (n = 63)

2 additional cohorts extracted as separate 2-group study (Garcia
2020 (A))

Recruitment: NR
Sample size (virus/COVID cases): 100 (55)
Inclusion and exclusion criteria: NR

Patient characteristics and setting Setting: hospital inpatient
Location: Hospital Universitario Príncipe de Asturias, Madrid Coun-
try: Spain
Dates: 9 February-2 April 2020
Symptoms and severity: NR
Sex: male n = 47, 74%
Age: median age 67, IQR 57-74
Exposure history: NR

Index tests Test name: AllTest COV-19 IgG / IgM kit
Manufacturer: AllTest Biotech, Hangzhou, China
Ab targets: IgM, IgG.
Antigens used: NR
Test method: immunochromatography
Timing of samples: days 0-14+ pso
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes

Target condition and reference standard(s) Reference standard for cases: clinical diagnosis of COVID-19 Criteria
NR
Timing of reference standard: NR
Blinded to index test: yes
Incorporated index test: no

Flow and timing Time interval between index and reference tests: NR
Results presented by time period: yes: 7-13 days 29% (n = 18); ≥ 14
days 71% (n = 45)
All participants received the same reference standard: yes
Missing data: NR
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Uninterpretable results: NR
Indeterminate results: NR
Unit of analysis: participants

Comparative �

Notes Funding: no funding received
Publication status: preprint (not peer reviewed)
Source: medRxiv
Study author COI: none declared

Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients enrolled? Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Yes � �

Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo introducod bias? � High risk �

Aro thoro concorns that tho includod pationts and sotting

do not match tho roviow quostion?

� � Low concern

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho indox tost havo

introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its conduct, or in-

torprotation diffor from tho roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear � �

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Unclear � �

The reference standard does not incorporate the index test Unclear � �
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Could tho roforonco standard, its conduct, or its intorpro-

tation havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho targot condition as dofinod by

tho roforonco standard doos not match tho quostion?

� � Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and ref-
erence standard?

Unclear � �

Did all patients receive the same reference standard? Yes � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � Unclear risk �

Garcia 2020 (B)��(Contnnued)

�
�

Study characteristics

Patient Sampling 4-group study to estimate sensitivity and specificity for diagnosing active disease.

[1] Hospitalised COVID-19 patients (51; 161 samples)
[2] Pre-pandemic sera (491)

Recruitment: NR (appears retrospective); consecutive or otherwise NR

Review team excluded:

[3] Blood donors during pandemic (200)
[4] Cohort of 209 pauci-symptomatic suspected cases (mild signs compatible with
COVID-19 -fever, cough or dyspnea) who had been in contact with a confirmed case
as no reference standard reported

Patient characteristics and setting Setting: inpatient
Location: Hôpital Bichat, Paris
Country: France
Dates: NR

Index tests This entry (Grzelak 2020 [A]) refers to test [A] in the list below:

5 tests evaluated:
A. LIPS (S1 protein)

B. LIPS (N protein)

C. ELISA (N protein)

D. S-Flow (unknown)
E. ELISA tri-S (S protein)
Manufacturer: in-house
Ab targets: A. total Ab; B. total Ab; C. IgG; D IgM or IgG; E. total Ab
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Antigens used: A. S1; B. N-based; C. full-length SARS-CoV-2 N protein; D. S at the cell
surface; E. trimeric S (recombinant S glycoprotein ectodomain)

Target condition and reference standard(s) Reference standard for cases: NR. Described as confirmed COVID-19 hospitalised
cases only
Samples used: not described
Timing of reference standard: not described
Was it blind to index test: not described

Flow and timing Time interval between index and reference tests: NR
Results presented by time period: no
All participants received the same reference standard: no
Missing data: pre-pandemic sera are missing from the evaluations of ELISA tri-S (n =
391), S-flow (n = 357) and LIPS S1 and N (n = 2)

Sample-based analysis

Comparative �

Notes Funding: OS lab is funded by Institut Pasteur, ANRS, Sidaction, the Vaccine Research
Institute (ANR- 10-LABX-77), Labex IBEID (ANR-10-LABX-62 IBEID), “TIMTAMDEN”
ANR-14-CE14-0029, “CHIKV-Viro- Immuno” ANR-14-CE14-0015-01 and the Gilead HIV
cure program. LG is supported by the French Ministry of Higher Education, Research
and Innovation.ME lab is funded by Institut Pasteur, Labex IBEID (ANR-10-LABX-62-
IBEID), Reacting, EU grant Recover, ANR Oh’ticks. HM received core grants from the
G5 Institut Pasteur Program, the Milieu Intérieur Program (ANR-10-LABX-69-01) and
INSERM. C.P. is supported by a fellowship from the Agence Nationale de Recherch-
es sur le Sida et les Hépatites Virales (ANRS). SVDW lab is funded by Institut Pasteur,
CNRS, Université de Paris, Santé publique France, Labex IBEID (ANR-10-LABX-62-
IBEID), REACTing, EU grant Recover.
Publication status: preprint
Source: medRxiv
Study author COI: PC is the founder and CSO of TheraVectys

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of pa-
tients enrolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo intro-

ducod bias?

� High risk �

Aro thoro concorns that tho includod pa-

tionts and sotting do not match tho roviow

quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)
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DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted with-
out knowledge of the results of the reference
standard?

Unclear � �

If a threshold was used, was it pre-specified? No � �

Could tho conduct or intorprotation of tho

indox tost havo introducod bias?

� High risk �

Aro thoro concorns that tho indox tost, its

conduct, or intorprotation diffor from tho

roviow quostion?

� � High

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly
classify the target condition?

Unclear � �

Were the reference standard results interpret-
ed without knowledge of the results of the in-
dex tests?

Yes � �

The reference standard does not incorporate
the index test

Unclear � �

Could tho roforonco standard, its conduct,

or its intorprotation havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho targot condi-

tion as dofinod by tho roforonco standard

doos not match tho quostion?

� � Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between in-
dex test and reference standard?

Unclear � �

Did all patients receive the same reference
standard?

No � �

Were all patients included in the analysis? No � �

Did all participants receive a reference stan-
dard?

Yes � �

Were results presented per patient? No � �

Could tho pationt flow havo introducod

bias?

� High risk �

Grzolak 2020 [A]��(Contnnued)

�
�
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Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Grzelak 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Grzelak 2020 [A])

Index tests This entry (Grzelak 2020 [B]) refers to test [B] in the list below; see Grzelak 2020 [A] for further study characteristics
and QUADAS-2 assessments)

5 tests evaluated:
A. LIPS (S1 protein)

B. LIPS (N protein)

C. ELISA (N protein)

D. S-Flow (unknown)
E. ELISA tri-S (S protein)
Manufacturer: in-house
Ab targets: A. total Ab; B. total Ab; C. IgG; D IgM or IgG; E. total Ab

Antigens used: A. S1; B. N-based; C. full-length SARS-CoV-2 N protein; D. S at the cell surface; E. trimeric S (recom-
binant S glycoprotein ectodomain)

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Grzelak 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Grzelak 2020 [A])

Comparative �

Notes �

Grzolak 2020 [B]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Grzelak 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Grzelak 2020 [A])

Index tests This entry (Grzelak 2020 [C]) refers to test [C] in the list below; see Grzelak 2020 [A] for further study characteristics
and QUADAS-2 assessments)

5 tests evaluated:
A. LIPS (S1 protein)

B. LIPS (N protein)

C. ELISA (N protein)
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D. S-Flow (unknown)
E. ELISA tri-S (S protein)
Manufacturer: in-house
Ab targets: A. total Ab; B. total Ab; C. IgG; D IgM or IgG; E. total Ab

Antigens used: A. S1; B. N-based; C. full-length SARS-CoV-2 N protein; D. S at the cell surface; E. trimeric S (recom-
binant S glycoprotein ectodomain)

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Grzelak 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Grzelak 2020 [A])

Comparative �

Notes �

Grzolak 2020 [C]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Grzelak 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Grzelak 2020 [A])

Index tests This entry (Grzelak 2020 [D]) refers to test [D] in the list below; see Grzelak 2020 [A] for further study characteristics
and QUADAS-2 assessments)

5 tests evaluated:
A. LIPS (S1 protein)

B. LIPS (N protein)

C. ELISA (N protein)

D. S-Flow (unknown)
E. ELISA tri-S (S protein)
Manufacturer: in-house
Ab targets: A. total Ab; B. total Ab; C. IgG; D IgM or IgG; E. total Ab

Antigens used: A. S1; B. N-based; C. full-length SARS-CoV-2 N protein; D. S at the cell surface; E. trimeric S (recom-
binant S glycoprotein ectodomain)

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Grzelak 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Grzelak 2020 [A])

Comparative �

Grzolak 2020 [D]�
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Notes �

Grzolak 2020 [D]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Grzelak 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Grzelak 2020 [A])

Index tests This entry (Grzelak 2020 [E]) refers to test [E] in the list below; see Grzelak 2020 [A] for further study characteristics
and QUADAS-2 assessments)

5 tests evaluated:
A. LIPS (S1 protein)

B. LIPS (N protein)

C. ELISA (N protein)

D. S-Flow (unknown)
E. ELISA tri-S (S protein)
Manufacturer: in-house
Ab targets: A. total Ab; B. total Ab; C. IgG; D IgM or IgG; E. total Ab

Antigens used: A. S1; B. N-based; C. full-length SARS-CoV-2 N protein; D. S at the cell surface; E. trimeric S (recom-
binant S glycoprotein ectodomain)

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Grzelak 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Grzelak 2020 [A])

Comparative �

Notes �

Grzolak 2020 [E]�

�
�

Study characteristics

Patient Sampling 2-group study estimating sensitivity and specificity for detection of active disease in peo-
ple with suspected or confirmed SARS-Cov-2 infection and other infection controls.
1. Cases - 101 inpatients from Wuhan (43 PCR confirmed and 58 probable) provided 169
paired throat and blood samples (69 from confirmed and 100 from probable)
2. Cases - 39 inpatient confirmed cases from Beijing provided 39 samples (total of 208
samples)
3. Control samples provided by people with acute LRTI (135)
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Family cluster also recruited but does not contribute data. Healthy individuals (150) used
to define threshold. Additional plasma samples positive for human CoV-229E, -NL63, -
OC43, -HKU1, and SARS-CoV previously obtained were included for Western Blot cross-re-
activity analysis.
Recruitment method NR

Patient characteristics and setting 1. Inpatients at Wuhan hospitals. 43 confirmed cases (PCR or deep sequencing): 20 se-
vere; 23 mild to moderate; 58 possible cases (test-negative but with clinical signs, X-ray
evidence): 5 severe, 53 mild to moderate. Exposure history NR
2. Beijing hospitals, China (recruitment dates January 2020); 8 severe and 31 mild to mod-
erate. No further details
3. Acute LRTI infection controls: 135 samples from adult patients. No further detail
(Family cluster of 6; aged 2-64, 3 male 3 female. Healthy control samples from Wuhan City
adult health check-ups, 2018-19)

Index tests 3 ELISA assays, blinding NR
In-house ELISA (indirect, laboratory-based, using blood/plasma samples. Measured IgM,
IgA, IgG. Antigen: rNPs (recombinant N protein) from SARS-CoV-2 virus
Test threshold determined from mean values and SD of healthy individual plasma (calcu-
lated the mean absorbance at 450 nm (A450) of the negative sera plus 3 folds of the SD
values which were 0.13, 0.1 and 0.30 for IgM, IgA, and IgG, respectively.
Samples acquired 1-39 days after disease onset (41/208 at 1-7 days; 84/208 at 8-14 days;
83 > 14 days pso). Person applying the test not described

Target condition and reference stan-
dard(s)

1. and 2. Confirmed cases - deep sequencing or a qPCR assay with a detection limit of 1
copy/̀L, using throat swabs samples. Positivity threshold: NR. Probable cases - clinical
manifestation, chest radiography imaging and epidemiology but no virus detected by
deep sequencing or qPCR. Timing NR. Not blinded to index test.
3. LRTI controls: pre-pandemic samples (2018-2019)

Flow and timing Differential verification: all cases had RT-PCR but some were negative, plus controls did
not have RT-PCR.

Time interval between index and reference: presumed short. There are multiple samples
for some participants (cases) but others contribute only sample with a range of days pso;
only data for 1-7 days pso can be disaggregated from the rest.
Missing data, uninterpretable and indeterminate results not described
Per participant and per sample data can be extracted

Comparative �

Notes Funded by Chinese Academy of Medical Sciences (CAMS) Innovation Fund for Medical
Sciences, Non-profit Central Research Institute Fund of CAMS, National Major Science &
Technology Project for Control and Prevention of Major Infectious Diseases in China.
No conflicts of interest reported
Publication status: preprint

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of
patients enrolled?

Unclear � �

Was a case-control design avoided? No � �

Guo 2020a��(Contnnued)
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Did the study avoid inappropriate exclu-
sions?

Unclear � �

Did the study avoid inappropriate inclu-
sions?

No � �

Could tho soloction of pationts havo

introducod bias?

� High risk �

Aro thoro concorns that tho includod

pationts and sotting do not match tho

roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted
without knowledge of the results of the
reference standard?

Unclear � �

If a threshold was used, was it pre-spec-
ified?

Yes � �

Could tho conduct or intorprotation of

tho indox tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost,

its conduct, or intorprotation diffor

from tho roviow quostion?

� � High

DOMAIN 3: Roforonco Standard

Is the reference standards likely to cor-
rectly classify the target condition?

Yes � �

Were the reference standard results in-
terpreted without knowledge of the re-
sults of the index tests?

Unclear � �

The reference standard does not incor-
porate the index test

Yes � �

Could tho roforonco standard, its con-

duct, or its intorprotation havo intro-

ducod bias?

� Unclear risk �

Aro thoro concorns that tho targot

condition as dofinod by tho roforonco

standard doos not match tho quos-

tion?

� � Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval be-
tween index test and reference stan-
dard?

Unclear � �

Guo 2020a��(Contnnued)
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Did all patients receive the same refer-
ence standard?

Yes � �

Were all patients included in the analy-
sis?

Unclear � �

Did all participants receive a reference
standard?

Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo intro-

ducod bias?

� Unclear risk �

Guo 2020a��(Contnnued)

�
�

Study characteristics

Patient Sampling Single-group study to estimate sensitivity for detecting active or prior
infection
Confirmed COVID-19 patients (211)
Recruitment: NR; likely retrospective. Consecutive or otherwise NR

Patient characteristics and setting Setting: inpatient
Location: Chongqing Three Gorges Central Hospital, Chongqing.
Country: China
Dates: 23 January-3 March

Index tests Test name: Magnetic Chemiluminescence Enzyme Immunoassay
(MCLIA) kit
Manufacturer: Bioscience Co., Ltd (Chongqing, China)
Ab targets: IgM, IgG
Antigens used: N and S (nucleoprotein and a peptide from the SARS
SARS-CoVCoV-2 S protein)

Target condition and reference standard(s) Reference standard for cases: Chinese CDC guidelines (Trial Version 6);
included RT-PCR
Samples used: NR
Timing of reference standard: unclear; appears that repeat PCR under-
taken during hospitalisation; 74/211 met discharge criteria during study
period (normal temperature, significantly improving respiratory symp-
toms and chest radiology plus 2 repeat negative PCRs with ≥ 1-day in-
terval)
Was it blind to index test: unclear

Flow and timing Time interval between index and reference tests: NR
Results presented by time period: yes
All participants received the same reference standard: yes
Missing data: none described; however text states 993 samples but only
409 reported for IgM and 507 for IgG
Uninterpretable results: none described

Comparative �

Notes Funding: funded by Chongqing Education Board “new coronavirus
infection and prevention” emergency scientific research project
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(KYYJ202006YYJ202006). Chongqing Science and Technology Bureau
“new crown pneumonia epidemic emergency science and technol-
ogy special” the fourth batch of projects. Famous teacher project of
Chongqing talent plan
Publication status: preprint
Source: medRxiv
Study author COI: none declared

Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients en-
rolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo introducod bias? � High risk �

Aro thoro concorns that tho includod pationts and sot-

ting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Unclear � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho indox tost

havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its conduct, or

intorprotation diffor from tho roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify the
target condition?

Yes � �

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Unclear � �

The reference standard does not incorporate the index
test

Unclear � �

Could tho roforonco standard, its conduct, or its intor-

protation havo introducod bias?

� Unclear risk �
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Aro thoro concorns that tho targot condition as dofinod

by tho roforonco standard doos not match tho quos-

tion?

� � Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear � �

Did all patients receive the same reference standard? Yes � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � Unclear risk �

Hu 2020a��(Contnnued)

�
�

Study characteristics

Patient Sampling 3-group study recruiting patients estimating sensitivity and specificity
[1] COVID-19 confirmed
[2] Rheumatic disease or infectious disease control group (2018-19; pre
COVID-19 era)
[3] Blood donor control group (November/December 2019)
Recruitment: unclear
Prospective or retrospective recruitment of cases: prospective
Sample size (virus/COVID cases): 125 (51 COVID cases)
Inclusion and exclusion criteria: COVID-19 cases were confirmed by RT-PCR

Patient characteristics and setting Setting: hospital inpatient
Location: San Giovanni di Dio Hospital, Florence
Country: Italy
Dates: NR
Symptoms and severity: 30/61 (49%) mild to moderate symptoms
31/61 (51%) with severe pneumonia required admission to the ICU
Sex: [1] 26/61 (43%) male [2] 26/61 (43%) male [3] 12/20 (60%) male
Age: [1] mean 59 ± 23 years; [2] mean 49 ± 17 years; [3] 44 ± 11 years
Exposure history: NR

Index tests Test name: SARS CoV-2 antibodies IgM and IgG CLIA kits (analysed with
iFlash1800 fully automatic CLIA)
Manufacturer: Shenzhen YHLO Biotech Co., Ltd (China)
Ab targets: IgM or IgG
Antigens used: N protein and S protein
Test method: CLIA
Timing of samples: NR
Samples used: blood (discussion mentions serum)
Test operators: NR
Definition of test positivity: ≥ 10 AU/mL
Blinded to reference standard: NR
Threshold predefined: yes
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Target condition and reference standard(s) Reference standard for cases: RT-PCR
Samples used: OP and NP swabs
Timing of reference standard: NR
Blinded to index test: NR
Incorporated index test: no
Reference standard for non-cases: [2] pre-pandemic; [2] NR (contemporane-
ous blood donors)

Flow and timing Time interval between index and reference tests: NR
Results presented by time period: no
All participants received the same reference standard: no
Missing data: no
Uninterpretable results: no
Indeterminate results: no
Unit of analysis: participant

Comparative �

Notes Funding: NR
Publication status: accepted
Source: Journal of Medical Virology
Study author COI: NR

Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients en-
rolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo introducod

bias?

� High risk �

Aro thoro concorns that tho includod pationts and

sotting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Unclear � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho indox

tost havo introducod bias?

� Unclear risk �
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Aro thoro concorns that tho indox tost, its conduct,

or intorprotation diffor from tho roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify
the target condition?

Yes � �

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Unclear � �

The reference standard does not incorporate the in-
dex test

Yes � �

Could tho roforonco standard, its conduct, or its in-

torprotation havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho targot condition as do-

finod by tho roforonco standard doos not match tho

quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear � �

Did all patients receive the same reference standard? No � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Unclear � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � High risk �

Infantino 2020��(Contnnued)

�
�

Study characteristics

Patient Sampling Single-group study estimating sensitivity for detection of active or recent infection in
people with suspected COVID-19.
Patients with highly suspected COVID-19 (n = 57; 24 PCR-positive) defined by exposure
history, one of:

1. the patient has a history of travel or resident in Wuhan or surrounding area, or com-
munities with COVID-19 patients within 14 days before onset;

2. has a contact history with people infected with COVID-19 (positive NAAT) within 14
days before onset;

3. has a contact history with patients from Wuhan and surrounding areas, or has a con-
tact history with patients who have fever or respiratory symptoms from communities
with COVID-19;

4. cluster onset;

and by clinical manifestations, 2 of:

Jia 2020�
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1. fever and (or) respiratory symptoms;

2. conforming to the imaging features;

3. white blood cells are normal or reduced in early stage of disease, and lymphocyte
count is reduced. Second, if there is no clear epidemiological history, it meets the
above 3 clinical manifestations

Patient characteristics and setting Inpatients at > 20 hospitals of ShenZhen, China (recruitment dates NR). Sample char-
acteristics and exposure history not described

Index tests 1 Ab test, blinding NR
LFA. Time-Resolved Immunofluorescence assay (needs fluorescence analyser); Beijing
Diagreat Biotechnologies Co., Ltd，Lot: 20200214). Samples and timing of sampling
not described. Measured IgM and IgG; antigen not described.
Threshold (Flu) for IgM ≥ 0.88 Flu and IgG ≥ 1.02 Flu. Estimated from 242 healthy people
without related diseases (95% of the values were negative)
Person applying the test not described

Target condition and reference standard(s) RT-PCR using 2 kits from one of 6 companies (DAAN, Sansure Biotech, BGI, ShangHai
ZJ Biotech, Geneodx, Biogerm) across 20 different hospitals. Each participant tested
3 times at different time points (24 positive on first test, all negative on 2nd and 3rd
tests), using pharyngeal swabs (acquired 1-34 days from exposure to first test). Nega-
tive on all PCR tests classed as D- for purposes of this review
For PCR-negative, clinical diagnosis criteria required exposure history plus 2 (1) fever
and (or) respiratory symptoms; (2) conforming to the imaging features; (3) white blood
cells are normal or reduced in early stage of disease, and lymphocyte count is reduced.
If there was no clear epidemiological history, 3 clinical manifestations required. No
guideline cited but criteria clearly defined.

Blinding to index test NR

Flow and timing All received same reference standard but not all PCR-positive; Time interval between
index and reference not described. (Serology sample timing NR; PCR was 1-34 days
from exposure to confirmed case. Time pso NR)
No missing data, uninterpretable or indeterminate results reported
Participant-based analysis

Comparative �

Notes No funding sources described
COI: none described
Publication status: preprint (not peer reviewed)

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of
patients enrolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclu-
sions?

Yes � �

Did the study avoid inappropriate inclu-
sions?

Yes � �
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Could tho soloction of pationts havo in-

troducod bias?

� High risk �

Aro thoro concorns that tho includod pa-

tionts and sotting do not match tho ro-

viow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted
without knowledge of the results of the ref-
erence standard?

Unclear � �

If a threshold was used, was it pre-speci-
fied?

Yes � �

Could tho conduct or intorprotation of

tho indox tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost,

its conduct, or intorprotation diffor from

tho roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correct-
ly classify the target condition?

Yes � �

Were the reference standard results inter-
preted without knowledge of the results of
the index tests?

Unclear � �

The reference standard does not incorpo-
rate the index test

Yes � �

Could tho roforonco standard, its con-

duct, or its intorprotation havo intro-

ducod bias?

� Unclear risk �

Aro thoro concorns that tho targot con-

dition as dofinod by tho roforonco stan-

dard doos not match tho quostion?

� � Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between
index test and reference standard?

Unclear � �

Did all patients receive the same reference
standard?

Yes � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference
standard?

Yes � �
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Were results presented per patient? Yes � �

Could tho pationt flow havo introducod

bias?

� Unclear risk �

Jia 2020��(Contnnued)

�
�

Study characteristics

Patient Sampling 2-group study recruiting patients estimating sensitivity and specificity
[1] Laboratory-confirmed COVID-19 patients (n = 43); reported separately for 27 patients
while still PCR-positive and for 34 patients after becoming PCR-negative (excluded from
review)
[2] Patients admitted with suspected SARS-CoV-2 infection, in whom the disease was
eventually excluded in the hospital and who quarantined at home, were included as a
control group (n = 33)
Recruitment: unclear
Sample size (virus/COVID cases): 76 (43)
Inclusion and exclusion criteria: suspected SARS-CoV-2 infection (fever or any respirato-
ry symptoms, especially in those with a history of travel to Wuhan or exposure to an in-
fected case within 2 weeks)

Patient characteristics and setting Setting: hospital inpatients
Location: Xixi Hospital of Hangzhou, Zhejiang Province
Country: China
Dates: January 2020-4 March 2020
Symptoms and severity: [1] COVID-19 patients: 27/43 (63%) fever; 26/43 (61%) cough; [2]
non-COVID-19 patients: 24/43 (73%) fever; 15/33 (46%) cough
Sex: [1] COVID-19 patients: 17/43 (40%) male. [2] Non-COVID-19 patients: 22/33 (67%)
male
Age: [1] COVID-19 patients: median age 47 (IQR 34–59) years; [2] non-COVID-19 patients:
median age 31 (IQR 26–38) years
Exposure history: [1] NR; [2] NR

Index tests Test name: The SARS-CoV-2 IgM and IgG CLIA kits
Manufacturer: Shenzhen YHLO Biotech Co., Ltd (China)
Ab targets: IgM, IgG
Antigens used: N protein, S protein
Test method: CLIA
Timing of samples: 1-55 days pso whilst still in hospital
Samples used: serum
Test operators: laboratory
Definition of test positivity: > 10 AU/mL

Blinded to reference standard: unclear
Threshold predefined: yes

Target condition and reference stan-
dard(s)

Reference standard for cases: RT-PCR testing at the Center for Disease Control of
Hangzhou
Samples used: oral swab or sputum
Timing of reference standard: during patient care
Blinded to index test: unclear
Incorporated index test: no
Reference standard for non-cases: 2 consecutive negative RT-PCR 24 h apart

Flow and timing Time interval between index and reference tests: between 1 and 32 days
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Results presented by time period: days pso: 0-5 6% (n = 6); 6-10 12% (n = 12); 11-15 15%
(n = 15); 16-20 22% (n = 22); 21-25 22% (n = 22); 26-30 15% (n = 15); 31-55 8% (n = 8)
All participants received the same reference standard: yes
Missing data: review team excluded serology data for 34 participants after becoming
PCR-negative; no data reported for 16 participants while PCR-positive
Uninterpretable results: none mentioned
Indeterminate results: none mentioned
Unit of analysis: participants overall; samples by time period

Comparative �

Notes Funding: research Project on the Prevention and Treatment of COVID-19 in Hangzhou
(establishment of a clinical diagnosis and treatment system for COVID-19 with treat-
ment evaluation)
Publication status: published paper
Source: academic journal
Study author COI: none mentioned

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of
patients enrolled?

Unclear � �

Was a case-control design avoided? Unclear � �

Did the study avoid inappropriate exclu-
sions?

Yes � �

Did the study avoid inappropriate inclu-
sions?

No � �

Could tho soloction of pationts havo in-

troducod bias?

� High risk �

Aro thoro concorns that tho includod

pationts and sotting do not match tho

roviow quostion?

� � Low concern

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted
without knowledge of the results of the
reference standard?

Unclear � �

If a threshold was used, was it pre-speci-
fied?

Yes � �

Could tho conduct or intorprotation of

tho indox tost havo introducod bias?

� Unclear risk �
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Aro thoro concorns that tho indox tost,

its conduct, or intorprotation diffor

from tho roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to cor-
rectly classify the target condition?

Yes � �

Were the reference standard results inter-
preted without knowledge of the results
of the index tests?

Unclear � �

The reference standard does not incorpo-
rate the index test

Yes � �

Could tho roforonco standard, its con-

duct, or its intorprotation havo intro-

ducod bias?

� Unclear risk �

Aro thoro concorns that tho targot con-

dition as dofinod by tho roforonco stan-

dard doos not match tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval be-
tween index test and reference standard?

Unclear � �

Did all patients receive the same refer-
ence standard?

Yes � �

Were all patients included in the analysis? No � �

Did all participants receive a reference
standard?

Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod

bias?

� High risk �

Jin 2020��(Contnnued)

�
�

Study characteristics

Patient Sampling 2-group design estimating sensitivity and specificity for 9 tests
Groups: [1] COVID-19-positive group (n = 30) admitted to ICU; [2] non-COVID-19 group (n = 82) includ-
ing pre-pandemic (2017) blood donors (n = 10); acute viral respiratory tract infections with other coron-
aviruses (n = 5) or non-coronaviruses (n = 45); dengue virus (n = 9), CMV; n = 2 and Epstein Barr virus (n =
10). 1 additional patient positive for both CMV and Epstein Barr virus
Recruitment: [1] recruited consecutively (all cases in ICU on a single day); [2] unclear
Sample size (virus/COVID cases): 112 (30)
Inclusion and exclusion criteria: none stated
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Patient characteristics
and setting

Setting: [1] ICU; [2] biobank samples
Location: [1] Hillerød Hospital
Country: Denmark
Dates: NR
Symptoms and severity: NR
Sex: 75% (24/32) male
Age: median 67 years (IQR 52-76)
Exposure history: NR

Index tests 9 tests evaluated, 3 ELISA and 6 LFIA; this entry (Lassauniere 2020 [A]), refers to test [A] in the list below:
[A] test name: Wantai SARS-CoV-2 Ab ELISA
Manufacturer: Beijing Wantai Biological Pharmacy Enterprise, Beijing, China; Cat # WS-1096
Ab targets: total Ab
Antigens used: SARS-CoV-2 S protein RBD
Test method: ELISA
Timing of samples:
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: calculated negative control value to 0.160
Blinded to reference standard: no
Threshold predefined: yes
[B] test name: Anti-SARS-CoV-2 IgG ELISA
Manufacturer: Euroimmun Medizinische Labordiagnostika, Lübeck, Germany; Cat # EI 2668-9601 G
Ab targets: IgG
Antigens used: SARS-CoV-2 S protein subunit 1 (S1)
Test method: ELISA
Timing of samples:
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: ratio < 0.8 is considered negative, ≥ 0.8 and < 1.1 borderline, and ≥ 1.1 posi-
tive. For analysis 1.1 a more stringent cut-off was used, and all values < 1.1 were considered negative.
Blinded to reference standard: no
Threshold predefined: yes
[C] test name: Anti-SARS-CoV-2 IgA ELISA
Manufacturer: Euroimmun Medizinische Labordiagnostika, Lübeck, Germany; Cat # EI 2606-9601 A
Ab targets: IgA
Antigens used: SARS-CoV-2 S protein subunit 1 (S1)
Test method: ELISA
Timing of samples:
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: ratio < 0.8 is considered negative, ≥ 0.8 and < 1.1 borderline, and ≥ 1.1 posi-
tive. For analysis 1.1 a more stringent cut-off was used, and all values < 1.1 were considered negative.
Blinded to reference standard: no
Threshold predefined: yes
[D] Test name: 2019-nCOV IgG/IgM Rapid Test
Manufacturer: Dynamiker Biotechnology, Tianjin, China Cat # DNK-1419-1
Ab targets: IgM, IgG
Antigens used: NR
Test method: CGIA
Timing of samples:
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes
[E] Test name: OnSiteTM COVID-19 IgG/IgM Rapid Test
Manufacturer: CTK Biotech, Poway, CA, USA; Cat # R0180C
Ab targets: IgM, IgG
Antigens used: NR

Lassaunioro 2020 [A]��(Contnnued)

Antibody tosts for idontification of curront and past infoction with SARS-CoV-2 (Roviow)

Copyright © 2020 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

108



Cochrano
Library

Trustod ovidonco.

Informod docisions.

Bottor hoalth.

�

�

Cochrane Database of Systematic Reviews

Test method: CGIA
Timing of samples:
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes
[F] Test name: Anti-SARS-CoV-2 Rapid Test
Manufacturer: AutoBio Diagnostics, Zhengzhou, China; Cat # RTA0204
Ab targets: IgM, IgG
Antigens used: NR
Test method: CGIA
Timing of samples:
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes
[G] Test name: Coronavirus Diseases 2019 (COVID-19) IgM/IgG Ab Test
Manufacturer: Artron Laboratories, Burnaby, Canada; Cat # A03-51-322
Ab targets: IgM, IgG.
Antigens used: NR
Test method: CGIA
Timing of samples:
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes
[H] Test name: 2019-nCoV IgG/IgM Rapid Test Cassette
Manufacturer: Acro Biotech, Rancho Cucamonga, CA, USA; Cat # INCP-402
Ab targets: IgM, IgG
Antigens used: NR
Test method: CGIA
Timing of samples:
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes
[I] Test name: 2019-nCoV IgG/IgM Rapid Test Cassette
Manufacturer: Hangzhou Alltest Biotech, Hangzhou, China; Cat # INCP-402
Ab targets: IgM, IgG
Antigens used: NR
Test method: CGIA
Timing of samples:
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes

Target condition and ref-
erence standard(s)

Reference standard for cases (including threshold): viral nucleic acid detection (no further detail) in hos-
pital patients
Samples used: respiratory
Timing of reference standard: during hospital stay
Blinded to index test: yes
Incorporated index test: no
Reference standard for non-cases: pre-pandemic (2017)
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Flow and timing Time interval between index and reference tests: unclear
Results presented by time period: days since onset: 7-13 (n = 7); 14-20 (n = 15); ≥ 21 (n = 8)
All participants received the same reference standard: no
Missing data: some participant samples were not tested with all assays. Only 32 of the 80 control partici-
pants were tested with POC assays. Unclear how the 32 were selected
Uninterpretable results: not mentioned
Indeterminate results: borderline results for [2] and [3] were considered test-negative. For POC tests,
weak signals for IgM and IgG were considered positive.
Unit of analysis: participants

Comparative �

Notes Funding: Danish National Biobank resource, supported by the Novo Nordisk Foundation
Publication status: preprint (not peer reviewed)
Source: medRxiv
Study author COI: none declared

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or ran-
dom sample of patients
enrolled?

Yes � �

Was a case-control de-
sign avoided?

No � �

Did the study avoid inap-
propriate exclusions?

Yes � �

Did the study avoid inap-
propriate inclusions?

No � �

Could tho soloction of

pationts havo intro-

ducod bias?

� High risk �

Aro thoro concorns

that tho includod pa-

tionts and sotting do

not match tho roviow

quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test re-
sults interpreted without
knowledge of the results
of the reference stan-
dard?

Unclear � �

If a threshold was used,
was it pre-specified?

Yes � �
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Could tho conduct or

intorprotation of tho

indox tost havo intro-

ducod bias?

� Unclear risk �

Aro thoro concorns that

tho indox tost, its con-

duct, or intorprotation

diffor from tho roviow

quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference stan-
dards likely to correctly
classify the target condi-
tion?

Yes � �

Were the reference stan-
dard results interpreted
without knowledge of
the results of the index
tests?

Yes � �

The reference standard
does not incorporate the
index test

Yes � �

Could tho roforonco

standard, its conduct,

or its intorprotation

havo introducod bias?

� Low risk �

Aro thoro concorns that

tho targot condition as

dofinod by tho rofor-

onco standard doos not

match tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate
interval between index
test and reference stan-
dard?

Unclear � �

Did all patients receive
the same reference stan-
dard?

No � �

Were all patients includ-
ed in the analysis?

No � �

Did all participants re-
ceive a reference stan-
dard?

Yes � �
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Were results presented
per patient?

Yes � �

Could tho pationt flow

havo introducod bias?

� High risk �

Lassaunioro 2020 [A]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Index tests 9 tests evaluated, 3 ELISA and 6 LFIA; this entry (Lassauniere 2020 [B]) refers to test [B]

[B] test name: Anti-SARS-CoV-2 IgG ELISA
Manufacturer: Euroimmun Medizinische Labordiagnostika, Lübeck, Germany; Cat # EI 2668-9601 G
Ab targets: IgG.
Antigens used: SARS-CoV-2 S protein subunit 1 (S1)
Test method: ELISA
Timing of samples:
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: ratio < 0.8 is considered negative, ≥ 0.8 and < 1.1 borderline, and ≥ 1.1 positive. For
analysis 1.1 a more stringent cut-off was used, and all values < 1.1 were considered negative.
Blinded to reference standard: no
Threshold predefined: yes

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Comparative �

Notes See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Lassaunioro 2020 [B]�

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])
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Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Index tests Nine tests evaluated, 3 ELISA and six LFIA; this entry (Lassauniere 2020 [C]) refers to test [C]

[C] test name: Anti-SARS-CoV-2 IgA ELISA
Manufacturer: Euroimmun Medizinische Labordiagnostika, Lübeck, Germany; Cat # EI 2606-9601 A
Ab targets: IgA
Antigens used: SARS-CoV-2 S protein subunit 1 (S1)
Test method: ELISA
Timing of samples:
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: ratio < 0.8 is considered negative, ≥ 0.8 and < 1.1 borderline, and ≥ 1.1 positive. For
analysis 1.1 a more stringent cut-off was used, and all values < 1.1 were considered negative.
Blinded to reference standard: no
Threshold predefined: yes

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Comparative �

Notes �

Lassaunioro 2020 [C]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Index tests 9 tests evaluated, 3 ELISA and 6 LFIA; this entry (Lassauniere 2020 [D]) refers to test [D]

[D] Test name: 2019-nCOV IgG/IgM Rapid Test
Manufacturer: Dynamiker Biotechnology, Tianjin, China Cat # DNK-1419-1
Ab targets: IgM, IgG
Antigens used: NR
Test method: CGIA
Timing of samples:
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes
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Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Comparative �

Notes �

Lassaunioro 2020 [D]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Index tests 9 tests evaluated, 3 ELISA and 6 LFIA; this entry (Lassauniere 2020 [E]) refers to test [E]

[E] Test name: OnSiteTM COVID-19 IgG/IgM Rapid Test
Manufacturer: CTK Biotech, Poway, CA, USA; Cat # R0180C
Ab targets: IgM, IgG
Antigens used: NR
Test method: CGIA
Timing of samples:
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Comparative �

Notes �

Lassaunioro 2020 [E]�

�
�

Study characteristics
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Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Index tests 9 tests evaluated, 3 ELISA and 6 LFIA; this entry (Lassauniere 2020 [F]) refers to test [F]
[F] Test name: Anti-SARS-CoV-2 Rapid Test
Manufacturer: AutoBio Diagnostics, Zhengzhou, China; Cat # RTA0204
Ab targets: IgM, IgG
Antigens used: NR
Test method: CGIA
Timing of samples:
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Comparative �

Notes �

Lassaunioro 2020 [F]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Index tests 9 tests evaluated, 3 ELISA and 6 LFIA; this entry (Lassauniere 2020 [G]) refers to test [G]

[G] Test name: Coronavirus Diseases 2019 (COVID-19) IgM/IgG Ab Test
Manufacturer: Artron Laboratories, Burnaby, Canada; Cat # A03-51-322
Ab targets: IgM, IgG.
Antigens used: NR
Test method: CGIA
Timing of samples:
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes

Lassaunioro 2020 [G]�

Antibody tosts for idontification of curront and past infoction with SARS-CoV-2 (Roviow)

Copyright © 2020 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

115



Cochrano
Library

Trustod ovidonco.

Informod docisions.

Bottor hoalth.

�

�

Cochrane Database of Systematic Reviews

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Comparative �

Notes �

Lassaunioro 2020 [G]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Index tests 9 tests evaluated, 3 ELISA and 6 LFIA; this entry (Lassauniere 2020 [H]) refers to test [H]

[H] Test name: 2019-nCoV IgG/IgM Rapid Test Cassette
Manufacturer: Acro Biotech, Rancho Cucamonga, CA, USA; Cat # INCP-402
Ab targets: IgM, IgG
Antigens used: NR
Test method: CGIA
Timing of samples:
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Comparative �

Notes �

Lassaunioro 2020 [H]�

�
�

Study characteristics

Lassaunioro 2020 [I]�
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Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Index tests 9 tests evaluated, 3 ELISA and 6 LFIA; this entry (Lassauniere 2020 [I]) refers to test [I]

[I] Test name: 2019-nCoV IgG/IgM Rapid Test Cassette
Manufacturer: Hangzhou Alltest Biotech, Hangzhou, China; Cat # INCP-402
Ab targets: IgM, IgG
Antigens used: NR
Test method: CGIA
Timing of samples:
Samples used: serum
Test operators: laboratory staff
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Lassauniere 2020 [A])

Comparative �

Notes �

Lassaunioro 2020 [I]��(Contnnued)

�
�

Study characteristics

Patient Sampling Single-group study estimating sensitivity for detection of active or re-
cent infection
Particpants with COVID-19 according to guideline of diagnosis and
treatment of COVID-19 (9 Feb), 525 participants (397 PCR-positive)
Data comparing results using fingerstick blood, serum and plasma for
COVID-19 patients (7) and healthy volunteers (3) not extracted

Patient characteristics and setting Samples from various hospitals and CDC testing laboratories (total 8) at
6 different provinces, China Recruitment dates NR
Sample characteristics and exposure history not described

Index tests 1 Ab test, blinding not described
LFIA (colloidal gold). SARS-CoV-2 rapid IgG-IgM combined Ab test kit,
from Jiangsu Medomics Medical Technologies, Nanjing, China. Target:
IgM and IgG, using recombinant antigen from SARS-CoV-2 S protein
(MK201027)
Threshold predefined, as per manufacturer
Tests conducted using serum and plasma from venous blood. Samples
acquired by clinical staff at each site. Timing not clearly described (dur-
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ing hospital stay for inpatients); detail provided for 1 site (n = 58), sam-
pling between day 8 and 33 pso

Target condition and reference standard(s) COVID-19 clinically confirmed, according to guideline. (Prevention
CCfDCa. The guideline of diagnosis and treatment of COVID-19. 9 Febru-
ary 2020). PCR test using pharyngeal (throat) swab samples and sputum
(threshold NR). Timing not described
Presume blinded to index test

Flow and timing Time interval between index and reference not described. No disaggre-
gation of results by time pso
No missing data, uninterpretable or indeterminate results reported
Participant-based analysis

Comparative �

Notes Funding not described
Conflicts of interest: 4 co-authors employed by Jiangsu Medomics Med-
ical Technology
Accepted for publication with full peer review

Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients en-
rolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Yes � �

Could tho soloction of pationts havo introducod bias? � High risk �

Aro thoro concorns that tho includod pationts and sot-

ting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Unclear � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho indox tost

havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its conduct, or

intorprotation diffor from tho roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard
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Is the reference standards likely to correctly classify the
target condition?

Yes � �

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes � �

The reference standard does not incorporate the index
test

Yes � �

Could tho roforonco standard, its conduct, or its intor-

protation havo introducod bias?

� Low risk �

Aro thoro concorns that tho targot condition as dofinod

by tho roforonco standard doos not match tho quos-

tion?

� � Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear � �

Did all patients receive the same reference standard? Yes � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � Unclear risk �

Li 2020a��(Contnnued)

�
�

Study characteristics

Patient Sampling 3-group study estimating sensitivity and specificity
[1] COVID-19 cases (n = 79)
[2] Healthy volunteers (n = 29)
[3] TB patients (n = 51)
Recruitment: 'Random' for [1] (method not stated), no details given for [2] and [3]
Sample size (virus/COVID cases): 159 (79)
Inclusion and exclusion criteria: for [1]: "combinations of epidemiological risk,
clinical features and RT-PCR respiratory specimen positive"

Patient characteristics and setting Setting: [1] specialist COVID hospital (inpatients); [2] university; [3] TB inpatient
clinic
Location: [1] Third People's Hospital, Shenzhen; [2] Shenzhen University; [3] Shen-
zhen Baoan Hospital
Country: China
Dates: NR
Symptoms and severity: NR
Sex: NR
Age: [1] and [3] NR; [2] range 19-72
Exposure history: NR

Index tests 2 tests were evaluated; this entry (Lin 2020a [A]) refers to test [A] in the list below
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Test name: [A] not named; [B] commercial ELISA kit
Manufacturer: [A] in-house; [B] Darui Biotech, China
Ab targets: [A] and [B]: IgM, IgG
Antigens used: [A] recombinant nucleocapsid (YP_009724397.2); [B] SARS-CoV-2 N
protein
Test method: [A] CLIA; [B] ELISA
Timing of samples: 0 to > 14 days (maximum NR) pso
Samples used: serum
Test operators: NR (assume laboratory staff)
Definition of test positivity: [A] IgM (RLU 162296); IgG (RLU 336697) [B] manufactur-
er's recommendation
Blinded to reference standard: not mentioned
Threshold predefined: [A] threshold derived from ROC curve; [B] yes

(QUADAS ratings are for ELISA test)

Target condition and reference standard(s) Reference standard: RT-PCR: GeneoDX kit (Taqman RT-PCR method, targeting the
ORF1ab 101 and N genes)

[2] and [3] were persistently negative in at least 3 tests.
Samples used: respiratory
Timing of reference standard: presume on presentation
Blinded to index test: NR
Incorporated index test: no

Flow and timing Time interval between index and reference tests: unclear
Results presented by time period:days 1-7 (15%); 8-13 (42%); 14+ (43%)
All participants received the same reference standard: yes
Missing data: 65/79 D+ serum samples available for ELISA; 64/80 D- serum samples
available for ELISA; reason not given
Uninterpretable results: NR
Indeterminate results: NR
Unit of analysis: participants

Comparative �

Notes Funding: Guangdong Provincial Science and Technology Program, National Nat-
ural Science Funds of China, Shenzhen University and the National Science and
Technology Major Project
Publication status: preprint (not peer reviewed)
Source: medRxiv
Study author COI: none declared

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of pa-
tients enrolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? No � �

Lin 2020a [A]��(Contnnued)
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Could tho soloction of pationts havo intro-

ducod bias?

� High risk �

Aro thoro concorns that tho includod pa-

tionts and sotting do not match tho roviow

quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Unclear � �

If a threshold was used, was it pre-specified? No � �

Could tho conduct or intorprotation of tho

indox tost havo introducod bias?

� High risk �

Aro thoro concorns that tho indox tost, its

conduct, or intorprotation diffor from tho ro-

viow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly
classify the target condition?

Yes � �

Were the reference standard results interpret-
ed without knowledge of the results of the in-
dex tests?

Yes � �

The reference standard does not incorporate
the index test

Yes � �

Could tho roforonco standard, its conduct, or

its intorprotation havo introducod bias?

� Low risk �

Aro thoro concorns that tho targot condition

as dofinod by tho roforonco standard doos

not match tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between in-
dex test and reference standard?

Unclear � �

Did all patients receive the same reference
standard?

Yes � �

Were all patients included in the analysis? No � �

Did all participants receive a reference stan-
dard?

Yes � �

Were results presented per patient? Yes � �

Lin 2020a [A]��(Contnnued)
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Could tho pationt flow havo introducod bias? � High risk �

Lin 2020a [A]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Lin 2020a [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Lin 2020a [A])

Index tests 2 tests were evaluated; this entry (Lin 2020a [B]) refers to test [B] in the list below
Test name: [A] not named (CLIA); [B] commercial ELISA kit
Manufacturer: [A] in-house; [B] Darui Biotech, China
Ab targets: [A] and [B]: IgM, IgG
Antigens used: [A] recombinant nucleocapsid (YP_009724397.2); [B] SARS-CoV-2 N protein
Test method: [A] CLIA; [B] ELISA
Timing of samples: 0 to > 14 days (maximum NR) pso
Samples used: serum
Test operators: NR (assume laboratory staff)
Definition of test positivity: [A] IgM (RLU 162296); IgG (RLU 336697) [B] manufacturer's recommendation
Blinded to reference standard: not mentioned
Threshold predefined: [A] threshold derived from ROC curve; [B] yes

(QUADAS ratings are for ELISA test)

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Lin 2020a [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Lin 2020a [A])

Comparative �

Notes See main entry for this study for characteristics and QUADAS-2 assessment (Lin 2020a [A])

Lin 2020a [B]�

�
�

Study characteristics

Patient Sampling 1-group study recruiting patients estimating sensitivity and specificity
[1] Suspected COVID-19; subgroup of confirmed cases included
Recruitment: consecutive patients
Prospective or retrospective recruitment of cases: prospective
Sample size (virus/COVID cases): 131 (NR); subgroup of 48 confirmed cases in-
cluded
Inclusion and exclusion criteria: suspected COVID-19 patients hospitalised, in
whom NP and OP swabs were collected along with blood samples during hospi-
tal stay, for purposes of COVID-19 diagnosis and/or monitoring
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Patient characteristics and setting Setting: hospital inpatients
Location: University Hospital of Verona
Country: Italy
Dates: NR
Symptoms and severity: NR
Sex: 60/131 (46%) male
Age: mean 56 ± 21 years
Exposure history: NR

Index tests 2 tests were evaluated; this entry (Lippi 2020 [A]) refers to test [A] in the list be-
low

Test name:
[A] MAGLUMI 2019-nCoV IgG and IgM (2 indirect tests)
[B] Anti-SARS-CoV-2 IgA and IgG ELISA
Manufacturer:
[A] SNIBE – Shenzhen New Industries Biomedical Engineering Co., Ltd, Shen-
zhen, China
[B] Euroimmun AG, Lübeck, Germany
Ab targets: [A] IgM or IgG ; [B] IgA or IgG
Antigens used: [A] CoV-S (spike) and e CoV-N (nucleocapsid); [B] NR
Test method: [A] CLIA; [B] ELISAs
Timing of samples: NR
Samples used: blood, serum or plasma
Test operators: NR
Definition of test positivity: [A] ≥ 1.10 AU/mL
[B] ≥ 1.1 (absorbance of patient sample/absorbance of calibrator)
Blinded to reference standard: NR
Threshold predefined: yes by manufacturer

Target condition and reference standard(s) Reference standard for cases: RT-PCR (commercial RT-PCR method, Seegene
AllplexTM2019-nCoV Assay)
Samples used: venous blood
Timing of reference standard: during hospital stay
Blinded to index test: NR
Incorporated index test: no
Reference standard for non-cases: same reference standard, single-group

Flow and timing Time interval between index and reference tests: both during hospital stay
Results presented by time period: no
All participants received the same reference standard: yes
Missing data: NR
Uninterpretable results: NR
Indeterminate results: 36 Inconclusive results
Unit of analysis: per patient

Comparative �

Notes Funding: none declared
Publication status: published letter
Source: Clinical Chemistry and Laboratory Medicine
Study author COI: study authors state no conflict of interest

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Lippi 2020 [A]��(Contnnued)
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Was a consecutive or random sample of patients
enrolled?

Yes � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Yes � �

Did the study avoid inappropriate inclusions? Yes � �

Could tho soloction of pationts havo introducod

bias?

� High risk �

Aro thoro concorns that tho includod pationts

and sotting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Unclear � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho in-

dox tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its con-

duct, or intorprotation diffor from tho roviow

quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly clas-
sify the target condition?

Yes � �

Were the reference standard results interpret-
ed without knowledge of the results of the index
tests?

Unclear � �

The reference standard does not incorporate the
index test

Yes � �

Could tho roforonco standard, its conduct, or

its intorprotation havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho targot condition

as dofinod by tho roforonco standard doos not

match tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear � �
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Did all patients receive the same reference stan-
dard?

Yes � �

Were all patients included in the analysis? Yes � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � Low risk �

Lippi 2020 [A]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Lippi 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Lippi 2020 [A])

Index tests 2 tests were evaluated; this entry (Lippi 2020 [B]) refers to test [B] in the list below

Test name:
[A] MAGLUMI 2019-nCoV IgG and IgM (2 indirect tests)
[B] Anti-SARS-CoV-2 IgA and IgG ELISA
Manufacturer:
[A] SNIBE – Shenzhen New Industries Biomedical Engineering Co., Ltd, Shenzhen, China
[B] Euroimmun AG, Lübeck, Germany
Ab targets: [A] IgM or IgG ; [B] IgA or IgG
Antigens used: [A] CoV-S (spike) and e CoV-N (nucleocapsid); [B] NR
Test method: [A] CLIA (CLIAs); [B] ELISA
Timing of samples: NR
Samples used: blood, serum or plasma
Test operators: NR
Definition of test positivity: [A] ≥1.10 AU/mL
[B] ≥1.1 (absorbance of patient
sample/absorbance of calibrator
Blinded to reference standard: NR
Threshold predefined: yes by manufacturer

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Lippi 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Lippi 2020 [A])

Comparative �

Notes �

Lippi 2020 [B]�

�
�
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Study characteristics

Patient Sampling Described as one group to estimate sensitivity and specificity (but unclear whether
actually recruited as 2 groups)

[1]. RT-PCR confirmed COVID-19 patients (n = 90)
[2]. (a) COVID-19 suspects with RT-PCR-negative results (n = 25) and
[2]. (b) inpatients with 'other disease' with RT-PCR-negative results (n = 64)
Recruitment: unclear
Sample size (virus/COVID cases): 179 (90 confirmed; data for 5 clinically confirmed
included as D+)
Inclusion and exclusion criteria:

Patient characteristics and setting All participants considered COVID-19 suspects (criteria NR)
Setting: hospital (inpatients and outpatients)
Location: General Hospital of Central Theatre Command, Hubei Province
Country: China
Dates: 1 January to 12 March 2020
Group [1]
Symptoms and severity: 46 mild/common cases; 44 severe/critical cases
Sex: M/F: 60:30 (67%)
Age: Age: mean 76 (SD 15) years
Exposure history: NR.
Group [2]
[2a] Diagnoses: COVID-19 diagnoses: 5 confirmed; 20 suspected.

[2b] Non-COVID-19 diagnosis: n = 64 (10 cases of Sjogren's syndrome, 8 cases of di-
abetes, 6 cases of systemic lupus erythematosus, 5 cases of rheumatoid arthritis, 2
cases of dermatomyositis, 2 cases of connective tissue disease, 1 case of scleroder-
ma, and 30 cases of common injuries with no underlying diseases)
Sex: M/F: 38:51 (35%)
Age: mean 56 (SD 21 ) years
Exposure history: NR

Index tests Test name: SARS-CoV-2 IgG/IgM Ab test kit
Manufacturer: A 'Chinese biotechnology company"
Ab targets: IgM, IgG
Antigens used: NR
Test method: LFA (CGIA)
Timing of samples: time pso to sample collection mean (SD) (days): PCR-postiive 30
(17), PCR-negative 18 (14)
Samples used: serum
Test operators: NR, but suspect in laboratory (as serum was used)
Definition of test positivity: visible line
Blinded to reference standard: unclear
Threshold predefined: yes

Target condition and reference standard(s) Reference standard for cases (including threshold): RT-PCR test positive or 'clinically
confirmed'
Samples used: nasal and pharyngeal swabs
Timing of reference standard: NR
Blinded to index test: NR
Incorporated index test: NR
Reference standard for non-cases [2b]: RT-PCR test negative and diagnosis of alter-
native condition

Flow and timing Time interval between index and reference tests: NR
Results presented by time period: known for 115 cases: 0-7 days: n = 25 (22%); 8-15
days n = 8 (7%); ≥ 16 days n = 82 (71%)
All participants received the same reference standard: no
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Missing data: none mentioned
Uninterpretable results: none mentioned
Indeterminate results: none mentioned
Unit of analysis: participants

Comparative �

Notes Funding: none reported
Publication status: preprint (not peer reviewed)
Source: medRxiv
Study author COI: none reported

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of pa-
tients enrolled?

Unclear � �

Was a case-control design avoided? Yes � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? No � �

Could tho soloction of pationts havo intro-

ducod bias?

� Unclear risk �

Aro thoro concorns that tho includod pa-

tionts and sotting do not match tho roviow

quostion?

� � Low concern

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted with-
out knowledge of the results of the reference
standard?

Unclear � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho

indox tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its

conduct, or intorprotation diffor from tho

roviow quostion?

� � High

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly
classify the target condition?

No � �
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Were the reference standard results interpret-
ed without knowledge of the results of the in-
dex tests?

Unclear � �

The reference standard does not incorporate
the index test

Yes � �

Could tho roforonco standard, its conduct,

or its intorprotation havo introducod bias?

� High risk �

Aro thoro concorns that tho targot condi-

tion as dofinod by tho roforonco standard

doos not match tho quostion?

� � Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between in-
dex test and reference standard?

Unclear � �

Did all patients receive the same reference
standard?

Yes � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference stan-
dard?

Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod

bias?

� Unclear risk �

Liu 2020a��(Contnnued)

�
�

Study characteristics

Patient Sampling 2-group study estimating sensitivity and specificity for diagnosing active disease.
[1]. Consecutively recruited cohort of patients with confirmed or suspected COV-
ID-19 (n = 238; 153 PCR confirmed)
[2]. Cohort of ordinary patients (n = 70);
[3]. Cohort of randomly sampled healthy blood donors (n = 50) randomly sampled
No further details

Patient characteristics and setting [1]. Inpatients at General Hospital of Central Theater Command of People's Libera-
tion Army (PLA), China (recruitment dates 6-14 February 2020). Symptoms includ-
ed fever (87%); dry cough (54%); fatigue (33%). 235/238 (99%) had CT ground glass
opacity/patchy shadowing. Exposure history not described. Median age 55 [IQR
38.3-65] years; 58% male
[2]. Ordinary patients, characteristics not described.
[3]. Healthy blood donors (n = 50), characteristics not described

Index tests 2 Ab tests, blinding NR
Both laboratory-based
a. ELISA kit (Lizhu, Zhuhai, China). Measured IgG and IgM detected using recombi-
nant (rN) protein of SARS-CoV-2.
Test threshold: NR, presumed as per manufacturer
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b. In-house CLIA
Serum samples acquired 17 (7%) day 0-5; 41 (17%) day 6-10; 21 (9%) day 11-12; 48
(20%) day 13-15; 111 (47%) day ≥ 16

Target condition and reference standard(s) 1. RT-PCR (Daan Gene) targeting ORF1ab and N gene; Ct-value ≤ 40 was defined as a
positive test result. Pharyngeal swab specimens used

Clinical diagnosis of highly-suspected cases according to General Office of Nation-
al Health Committee notice (General Office of National Health Committee. Office
of State Administration of Traditional Chinese Medicine. Notice on the issuance of
strategic guidelines for diagnosis and treatment of novel coronavirus (2019-nCoV)
infected pneumonia (Fi.h edition dra.) (2020-02-09) [EB/OL])
Timing: clinical diagnosis presumed on admission. RT-PCR sampling - 54 (23%) day
0-5; 71 (30%) day 6-10; 28 (12%) day 11-12; 35 (15%) day 13-15; 50 (21%) day ≥ 16

2. No reference standard described for 'ordinary' patients or healthy controls

Flow and timing Time interval between index and reference NR, but within hospital stay. Data are
disaggregated by time pso but different participants contributed samples at each
time.
No missing data, uninterpretable or indeterminate results described.
Basis for analysis: participants

Comparative �

Notes Funded by National Natural Science Foundation of China; National Key Research
and Development Program of China; and the China Postdoctoral Science Founda-
tion. Wuhan Institute of Virology of Chinese Academy of Sciences and Zhuhai Lizhu
Diagnostics Inc. for providing assistance in ELISA detection.
Conflicts of interest: Zhuhai Lizhu Diagnostics Inc. acknowledged in Funding state-
ment.
Preprint (not peer reviewed): medRxiv

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of pa-
tients enrolled?

Yes � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo intro-

ducod bias?

� High risk �

Aro thoro concorns that tho includod pa-

tionts and sotting do not match tho roviow

quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)
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Were the index test results interpreted with-
out knowledge of the results of the reference
standard?

Unclear � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho

indox tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its

conduct, or intorprotation diffor from tho

roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly
classify the target condition?

No � �

Were the reference standard results interpret-
ed without knowledge of the results of the in-
dex tests?

Unclear � �

The reference standard does not incorporate
the index test

Yes � �

Could tho roforonco standard, its conduct,

or its intorprotation havo introducod bias?

� High risk �

Aro thoro concorns that tho targot condi-

tion as dofinod by tho roforonco standard

doos not match tho quostion?

� � Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between in-
dex test and reference standard?

Unclear � �

Did all patients receive the same reference
standard?

No � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference stan-
dard?

Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod

bias?

� High risk �

Liu 2020b��(Contnnued)

�
�

Study characteristics

Patient Sampling Single-group study to determine sensitivity in acute phase sera.
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Cohort of 133 patients diagnosed with SARS-Cov-2 according to the "pneumo-
nia diagnosis protocol for novel coronavirus infection (trial version 5)".
Inclusion and exclusion criteria not further described

Patient characteristics and setting Inpatients at Renmin Hospital (Wuhan University), China (recruitment dates 17
February-1 March 2020).
Severity of condition classified as moderate 44, 33%; severe 52, 39%; critical 37,
29%. Median age (range) per group: moderate 67.5 years (64 to 71.5 years); se-
vere 68 years (61.25 to 74); critical 70 years (60 to 76.5). Male 70, 53%
Exposure history not described

Index tests One Ab test, blinding NR
Laboratory-based evaluation of CLIA (details as per company contact) to mea-
sure IgG and IgM - SARS-CoV-2 Ab detection kit (iFLash-SARS-CoV-2 IgG/IgM
CLIA) (YHLO Biotech, Shenzhen), using serum samples. Antigen used NR
Sample timing not described

Target condition and reference standard(s) 1. Clinical diagnosis according to established protocol (not cited but appears to
be Chinese Government-issued - National Health Commission of the People’s
Republic of China, pneumonia diagnosis protocol for novel coronavirus detec-
tion (trial version 5))
2. RT-PCR (ORF1ab/N qPCR detection kit from GeneoDx Biotech, Shanghai, Chi-
na). 2 tests per participant but number of positive tests required NR. Samples
not described, but Table 2 refers to 'NP', which could be NP samples.
Positivity threshold not described

Flow and timing Time interval between index and reference standard not described; time pso
not described
No missing data, uninterpretable or indeterminate results described
Basis for analysis: participants

Comparative �

Notes Funded by National Natural Science Foundation of China (81672079 to CZ and
31800147 to ZL), the Open Research Fund Program of the State Key Laboratory
of Virology of China (2019KF001 to ZL), the Outstanding Leaders Training Pro-
gram of Pudong Health Bureau of Shanghai (PWR12018-05 to XL), and the Key
Disciplines Group Construction Project of Pudong Health Bureau of Shanghai
(PWZxq2017-15 to XL)
No conflicts of interest declared
Preprint (not peer reviewed): medRxiv

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients
enrolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Yes � �
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Could tho soloction of pationts havo introducod

bias?

� High risk �

Aro thoro concorns that tho includod pationts

and sotting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Unclear � �

If a threshold was used, was it pre-specified? Unclear � �

Could tho conduct or intorprotation of tho in-

dox tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its con-

duct, or intorprotation diffor from tho roviow

quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly clas-
sify the target condition?

Yes � �

Were the reference standard results interpret-
ed without knowledge of the results of the index
tests?

Unclear � �

The reference standard does not incorporate the
index test

Yes � �

Could tho roforonco standard, its conduct, or

its intorprotation havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho targot condition

as dofinod by tho roforonco standard doos not

match tho quostion?

� � Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear � �

Did all patients receive the same reference stan-
dard?

Yes � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � Unclear risk �

Liu 2020c��(Contnnued)
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�
�

Study characteristics

Patient Sampling 2-group study to estimate sensitivity and specificity in acute and convalescent
phase sera
1. RT-PCR confirmed COVID-19 cases (n = 214)
2. Healthy blood donors (n = 100)
Retrospective design; recruitment method NR. No further detail

Patient characteristics and setting [1] Inpatients at General Hospital of the Central Theater Command of the People’s
Liberation Army (PLA), China (recruitment dates 18 January-26 February). Expo-
sure history and participant characteristics not described
[2] Healthy blood donors; not further described

Index tests 2 Ab tests, blinding NR; this entry (Liu 2020d [A]) refers to test [A] in the list below
Laboratory-based evaluations of ELISA assays measuring IgM and IgG using serum
samples:
A. rN-based ELISA (Lizhu, Zhuhai, China), using recombinant N protein
B. rS-based ELISA (Hotgen, Beijing, China), using receptor-binding domain of the
recombinant S polypeptide (rS)
Test thresholds:
A. cut-off calculated by summing 0.100 (IgM) or 0.130 (IgG) and the average A450
of negative control replicates. When A450 < cut-off value, the test was considered
negative, and when A450 was ≥ cut-off value, the test was considered positive.
B. cut-off values (IgM and IgG) calculated by summing 0.250 and the average A450
of negative control replicates. When A450 < cut-off value, the test was considered
negative, and when A450 was ≥ cut-off value, the test was considered positive.
Samples acquired 0-5 d 22, 10%; 6-10 d 38, 18%; 11-15 d 54, 25%; 16-20 d 55, 26%;
≥ 21 d 45, 21% (32/45 are d 21-30). Person applying the test not described

Target condition and reference standard(s) [1] RT-PCR (no further detail), using pharyngeal swabs samples. Positivity thresh-
old NR. Samples acquired at a median of 15 d pso (range 0–55 days)
2. Healthy blood donors; no description of timing of serum sample collection

Flow and timing Sampling for index and reference for cases was conducted within same time
frame.

No missing data, uninterpretable or indeterminate results described
Basis for analysis: participants. Includes a single sample per participant with re-
sults disaggregated by time pso, but different participants contributed data to
each time period.

Comparative �

Notes Supported by the National Natural Science Foundation, the China Postdoctoral
Science Foundation (2019M664008), and the Wuhan Young and Middle-aged Med-
ical Backbone Talents Training Project (Wuweitong [2019] 87th266)

Accepted manuscript (Journal of Clinical Microbiology)

No conflicts of interest declared

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction
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Was a consecutive or random sample of pa-
tients enrolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo intro-

ducod bias?

� High risk �

Aro thoro concorns that tho includod pa-

tionts and sotting do not match tho roviow

quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Unclear � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho

indox tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its

conduct, or intorprotation diffor from tho ro-

viow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly
classify the target condition?

No � �

Were the reference standard results interpret-
ed without knowledge of the results of the in-
dex tests?

Unclear � �

The reference standard does not incorporate
the index test

Yes � �

Could tho roforonco standard, its conduct, or

its intorprotation havo introducod bias?

� High risk �

Aro thoro concorns that tho targot condition

as dofinod by tho roforonco standard doos

not match tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between in-
dex test and reference standard?

Unclear � �

Liu 2020d [A]��(Contnnued)
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Did all patients receive the same reference
standard?

No � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference stan-
dard?

Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � High risk �

Liu 2020d [A]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Liu 2020d [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Liu 2020d [A])

Index tests 2 Ab tests, blinding NR; this entry (Liu 2020d [B]) refers to test [B] in the list below
Laboratory-based evaluations of ELISA assays measuring IgM and IgG using serum samples
A. rN-based ELISA ( Lizhu, Zhuhai, China), using recombinant N protein
B. rS-based ELISA (Hotgen, Beijing, China), using receptor-binding domain of the recombinant S polypeptide (rS)
Test thresholds:
A. cut-off calculated by summing 0.100 (IgM) or 0.130 (IgG) and the average A450 of negative control replicates.
When A450 < cut-off value, the test was considered negative, and when A450 was ≥ cut-off value, the test was con-
sidered positive.
B. cut-off values (IgM and IgG) calculated by summing 0.250 and the average A450 of negative control replicates.
When A450 < cut-off value, the test was considered negative, and when A450 was ≥ cut-off value, the test was con-
sidered positive.
Samples acquired 0-5 d 22, 10%; 6-10 d 38, 18%; 11-15 d 54, 25%; 16-20 d 55, 26%; ≥ 21 d 45, 21% (32/45 are d
21-30). Person applying the test not described

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Liu 2020d [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Liu 2020d [A])

Comparative �

Notes �

Liu 2020d [B]�

�
�

Study characteristics

Long 2020 (A)�
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Patient Sampling Single-group study to estimate sensitivity and specificity for detection of ac-
tive or prior infection
Cohort of close contacts (n = 164, 23 cases) of 2 index cases (diagnosis con-
firmed 4 February 2020; contacts between 20 January-6 February 2020 iden-
tified and PCR tested)
Additional cohorts reported but not extracted included:
a. follow-up cohort in RT-PCR-positive confirmed cases sampling every 3
days (n = 63 subset of cross-sectional study); does not provide accuracy da-
ta
b. cohort of RT-PCR-negative suspects (n = 52); did not provide full accuracy
data (specificity only could be extracted)

c. extracted as Long 2020 (B)

Patient characteristics and setting Close contacts identified by Chongqing CDC in Wanzhou (n = 164), China
PCR testing conducted 31 January-9 February; serum samples collected 2
March 2020
13 (8%) symptomatic, 151 asymptomatic; no further details

Index tests One Ab test, blinding NR
Laboratory-based evaluated of magnetic CLIA kit (Bioscience (Chongqing)
Co., Ltd), measuring IgM and IgG in serum samples, using recombinant anti-
gen containing nucleoprotein and a peptide from S protein.
Test threshold not described; presume interpretation according to manu-
facturer's instructions.
Sample timing: 21-31 days after PCR test

Target condition and reference standard(s) RT-PCR using nasal and pharyngeal swab specimens during hospital stay.
No further detail. Theshold for positivity NR
Timing of reference standard sampling: within 17-day period after contact
with confirmed cases

Flow and timing Time interval between index and reference: index 21-30 days after PCR test,
potential for repeat exposure during this time.
No missing data, uninterpretable or indeterminate results reported
Participant-based analysis

Comparative �

Notes Funded by Emergency Project from the Science & Technology Commission
of Chongqing; The Major National S&T programme grant from Science &
Technology Commission of China.
No conflicts of interest reported; 1 author from BioScience Co. Ltd,
Chongqing, China
Preprint (not peer reviewed)

Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients en-
rolled?

Yes � �

Was a case-control design avoided? Yes � �

Long 2020 (A)��(Contnnued)
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Did the study avoid inappropriate exclusions? Yes � �

Did the study avoid inappropriate inclusions? Yes � �

Could tho soloction of pationts havo introducod

bias?

� Low risk �

Aro thoro concorns that tho includod pationts and

sotting do not match tho roviow quostion?

� � Low concern

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Unclear � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho indox

tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its conduct,

or intorprotation diffor from tho roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify
the target condition?

Yes � �

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Unclear � �

The reference standard does not incorporate the in-
dex test

Yes � �

Could tho roforonco standard, its conduct, or its in-

torprotation havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho targot condition as do-

finod by tho roforonco standard doos not match tho

quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

No � �

Did all patients receive the same reference standard? Yes � �

Were all patients included in the analysis? Yes � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � Low risk �

Long 2020 (A)��(Contnnued)
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Study characteristics

Patient Sampling Single-group study to estimate sensitivity for diagnosing acute phase infection
RT-PCR-positive confirmed cases (n = 285). No further detail of inclusion or ex-
clusion criteria.
Additional cohorts reported but not extracted included:
a. follow-up cohort in RT-PCR-positive confirmed cases sampling every 3 days (n
= 63 subset of cross-sectional study); does not provide accuracy data
b. cohort of RT-PCR-negative suspects (n = 52); did not provide full accuracy da-
ta (specificity only could be extracted)

c. cohort of asymptomatic contacts of 2 confirmed cases extracted as Long 2020
(A)

Patient characteristics and setting Inpatients at 3 hospitals, Chongqing Three Gorges Central Hospital (TGH) (n =
158), Yongchuan Hospital Affiliated to Chongqing Medical University (YCH) (n =
75), and The Public Health Center of Chongqing (PHCC), China (n = 52), recruited
5 February 2020
Median age 47 years (IQR 34-56 years); 55.4% male. 39/285 (14%) severe or crit-
ical in ICU. 103/285 (36%) patients had an history of exposure to transmission
sources

Index tests One Ab test, blinding NR
Laboratory-based evaluated of magnetic CLIA kit (Bioscience (Chongqing) Co.,
Ltd), measuring IgM and IgG in serum samples, using recombinant antigen con-
taining nucleoprotein and a peptide from S protein.
Test threshold not described; presume interpretation according to manufactur-
er's instructions
Sample timing: 67/363 (18%) day 2-7 from symptom onset; 149 (41%) day 8-13;
and 147 (40%) day 14+

Target condition and reference standard(s) RT-PCR using nasal and pharyngeal swab specimens during hospital stay. No
further detail. Theshold for positivity NR
Timing of reference standard sampling NR

Flow and timing Time interval between index and reference NR. Data are disaggregated by time
period but different participants contributed samples at each time pso
Missing data: 23 participants with no information on time pso were excluded
leaving 363 samples from 262 participants
No uninterpretable or indeterminate results reported
Basis for analysis: samples

Comparative �

Notes Funded by Emergency Project from the Science & Technology Commission of
Chongqing; The Major National S&T programme grant from Science & Technolo-
gy Commission of China
No conflicts of interest declared; 1 study author from BioScience Co. Ltd,
Chongqing, China
Preprint paper (not peer reviewed)

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction
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Was a consecutive or random sample of patients
enrolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Yes � �

Did the study avoid inappropriate inclusions? Yes � �

Could tho soloction of pationts havo introducod

bias?

� High risk �

Aro thoro concorns that tho includod pationts

and sotting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Unclear � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho in-

dox tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its con-

duct, or intorprotation diffor from tho roviow

quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly clas-
sify the target condition?

Yes � �

Were the reference standard results interpret-
ed without knowledge of the results of the index
tests?

Unclear � �

The reference standard does not incorporate the
index test

Yes � �

Could tho roforonco standard, its conduct, or

its intorprotation havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho targot condition

as dofinod by tho roforonco standard doos not

match tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear � �
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Did all patients receive the same reference stan-
dard?

Yes � �

Were all patients included in the analysis? No � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � High risk �

Long 2020 (B)��(Contnnued)

�
�

Study characteristics

Patient Sampling 2-group study recruiting patients estimating sensitivity and specificity
[1] n = 80 confirmed COVID cases
[2] n = 300 healthy people enrolled from the community
Recruitment:
Prospective or retrospective recruitment of cases:
Sample size (virus/COVID cases): 380 (80)
Inclusion and exclusion criteria: willing to donate blood

Patient characteristics and setting Setting: inpatient
Location: First affiliated hospital of Zhejiang University
Country: China
Dates: 19 January-9 February 2020
Symptoms and severity: n = 26. Critical case = any one of a) ARDS or oxygen satu-
ration < 93% and needing mechanical ventilation invasively or non-invasively; b)
shock; c) complication of organ failure requiring ICU support
N= 54 non-critical case (not meeting criteria a) or b) or c) above
Sex: 38.7% female
Age: 55 years (IQR 45-64)
Exposure history: for 45/80: incubation period (defined as interval between earliest
date of SARS-Cov-2
exposure (unambiguous close contact with confirmed COVID-19 case) and earliest
date of symptom onset) range 0-23 days, median 5 (IQR 2–10)

Index tests 3 tests evaluated, this entry (Lou 2020 [A]) refers to test [A]

Test name:
[A] ELISA; [B] CGIA; [C] CLIA
Manufacturer: NR
Ab targets: Ab; IgM; IgG
Antigens used: IgM and Ab: RBD of the SARS-CoV-2 S protein
IgG: indirect immunoassays using recombinant nucleoprotein of SARS-CoV-2
Test method: ELISA, CLIA; LFIA
Timing of samples: between 0 and 29 days pso
Samples used: serum
Test operators: NR
Definition of test positivity: NR
Blinded to reference standard: unclear
Threshold predefined: yes

Target condition and reference standard(s) Reference standard for cases: confirmed case should meet 3 criteria: 1) fever and/or
respiratory symptoms; 2) abnormal lung imaging findings; and 3) positive result of
the nucleic acid of SARS-CoV-2
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Samples used: deep sputum
Timing of reference standard: on admission
Blinded to index test: unclear
Incorporated index test: unclear

Reference standard for non-cases: NR

Flow and timing Time interval between index and reference tests: NR
Results presented by time period: yes
All participants received the same reference standard: unclear
Missing data: [1] 36, 71 and 58/80 contributed to 0-7, 8-14 and 15-29 days pso esti-
mates of sensitivity for tests [A], [B] and [C] only
[2] Not all control group participants were tested by all index tests (range
100-300/300)
Uninterpretable results: NR
Indeterminate results: NR
Unit of analysis: participant

Comparative �

Notes Funding: China National Mega-Projects for Infectious Diseases and the Science and
Technology Major Project of Xiamen
Publication status: preprint
Source:Pre print server (medRxiv)
Study author COI: none declared

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of pa-
tients enrolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? No � �

Could tho soloction of pationts havo intro-

ducod bias?

� High risk �

Aro thoro concorns that tho includod pa-

tionts and sotting do not match tho roviow

quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted with-
out knowledge of the results of the reference
standard?

Unclear � �

If a threshold was used, was it pre-specified? Yes � �
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Could tho conduct or intorprotation of tho

indox tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its

conduct, or intorprotation diffor from tho

roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly
classify the target condition?

No � �

Were the reference standard results interpret-
ed without knowledge of the results of the in-
dex tests?

Unclear � �

The reference standard does not incorporate
the index test

Unclear � �

Could tho roforonco standard, its conduct,

or its intorprotation havo introducod bias?

� High risk �

Aro thoro concorns that tho targot condi-

tion as dofinod by tho roforonco standard

doos not match tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between in-
dex test and reference standard?

Unclear � �

Did all patients receive the same reference
standard?

Unclear � �

Were all patients included in the analysis? No � �

Did all participants receive a reference stan-
dard?

Unclear � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod

bias?

� High risk �

Lou 2020 [A]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Lou 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Lou 2020 [A])

Lou 2020 [B]�

Antibody tosts for idontification of curront and past infoction with SARS-CoV-2 (Roviow)

Copyright © 2020 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

142



Cochrano
Library

Trustod ovidonco.

Informod docisions.

Bottor hoalth.

�

�

Cochrane Database of Systematic Reviews

Index tests 3 tests evaluated, this entry (Lou 2020 [B]) refers to test [B]

Test name:
[A] ELISA; [B] CGIA; [C] CLIA
Manufacturer: NR
Ab targets: Ab; IgM; IgG
Antigens used: IgM and Ab: RBD of the SARS-CoV-2 S protein
IgG: indirect immunoassays using recombinant nucleoprotein of SARS-CoV-2
Test method: ELISA, CLIA; LFIA
Timing of samples: between 0 and 29 days pso
Samples used: serum
Test operators: NR
Definition of test positivity: NR
Blinded to reference standard: unclear
Threshold predefined: yes

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Lou 2020 [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Lou 2020 [A])

Comparative �

Notes �

Lou 2020 [B]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Lou 2020 [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Lou 2020 [A])

Index tests 3 tests evaluated, this entry (Lou 2020 [C]) refers to test [C]

Test name:
[A] ELISA; [B] CGIA; [C] CLIA
Manufacturer: NR
Ab targets: Ab; IgM; IgG
Antigens used: IgM and Ab: RBD of the SARS-CoV-2 S protein
IgG: indirect immunoassays using recombinant nucleoprotein of SARS-CoV-2
Test method: ELISA, CLIA; LFIA
Timing of samples: between 0 and 29 days pso
Samples used: serum
Test operators: NR
Definition of test positivity: NR
Blinded to reference standard: unclear
Threshold predefined: yes

Target condi-
tion and ref-

See main entry for this study for characteristics and QUADAS-2 assessment (Lou 2020 [A])
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erence stan-
dard(s)

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Lou 2020 [A])

Comparative �

Notes �

Lou 2020 [C]��(Contnnued)

�
�

Study characteristics

Patient Sampling 4-group study recruiting patients estimating sensitivity and specificity
[1] n = 87 confirmed COVID-19 (216 samples)
[2] n = 330 healthy donors pre-October 2019
[3] n = 138 'other diseases' (no mention of PCR)
[4] n = 15 suspected COVID pneumonia but negative PCR
Recruitment: cases admitted between 26 January-5 March 2020
Prospective or retrospective recruitment of cases: retrospective
Sample size (virus/COVID cases): 570 (87)
Inclusion and exclusion criteria: NR

Patient characteristics and setting Setting: inpatient
Location: First Affiliated Hospital of USTC Hospital and the First Affiliated Hospital of
Anhui Medical University
Country: China
Dates: 26 January-5 March 2020
Symptoms and severity: 56/87 clinically moderate, 17 severe, 5 critical, "few mild"
Sex: NR
Age: NR
Exposure history: NR

Index tests Test name: CLIA RBD
Manufacturer: in-house
Ab targets: IgM;IgG;IgA
Antigens used: SARS CoV-2 RBD protein (S-based)
Test method: CLIA
Timing of samples: during 'routine inpatient testing'
Samples used: serum
Test operators: NR
Definition of test positivity: NR
Blinded to reference standard: unclear
Threshold predefined: no

Target condition and reference standard(s) Reference standard for cases: New Coronavirus Pneumonia Prevention and Control
Program (7th edition) published by the National Health Commission of China, RT-
qPCR was used to confirm COVID-19 (all cases were RT-PCR-positive)
Samples used: serum
Timing of reference standard: during 'routine inpatient testing'
Blinded to index test: unclear
Incorporated index test: no
Reference standard for non-cases:
[2] Pre-pandemic
[3] NR
[4] NR
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Flow and timing Time interval between index and reference tests: NR
Results presented by time period: yes
All participants received the same reference standard: no
Missing data: for comparison of sensitivity and specificity of 2 antigens only 20/total
of 479 control sera were used (20/138 from 'other disease' group
Uninterpretable results: NR
Indeterminate results: NR
Unit of analysis: samples

Comparative �

Notes Funding: T.J. is supported by the Strategic Priority Research Program of the Chi-
nese Academy of Sciences (XDB29030104), National Natural Science Fund (Grant No.:
31870731 and U1732109), the Fundamental Research Funds for the Central Universi-
ties (WK2070000108). TJ and XLM is supported by a COVID-19 special task grant sup-
ported by Chinese Academy of Science Clinical Research Hospital (Hefei) with Grant
No. YD2070002017 and YD2070002001, respectively. M.H. is supported by the new
medical science fund of USTC (WK2070000130).
Publication status: preprint
Source: preprint server: medRxiv
Study author COI: 3 study authors are employees of Kangrun Biotech LTD
(Guangzhou, 308 China). 4 study authors have jointly applied for a patent related to
the Ab detecting kits.

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of pa-
tients enrolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclu-
sions?

Unclear � �

Did the study avoid inappropriate inclu-
sions?

No � �

Could tho soloction of pationts havo intro-

ducod bias?

� High risk �

Aro thoro concorns that tho includod pa-

tionts and sotting do not match tho ro-

viow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted with-
out knowledge of the results of the refer-
ence standard?

Unclear � �

If a threshold was used, was it pre-specified? No � �
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Could tho conduct or intorprotation of tho

indox tost havo introducod bias?

� High risk �

Aro thoro concorns that tho indox tost, its

conduct, or intorprotation diffor from tho

roviow quostion?

� � High

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly
classify the target condition?

No � �

Were the reference standard results inter-
preted without knowledge of the results of
the index tests?

Unclear � �

The reference standard does not incorpo-
rate the index test

Yes � �

Could tho roforonco standard, its conduct,

or its intorprotation havo introducod

bias?

� High risk �

Aro thoro concorns that tho targot condi-

tion as dofinod by tho roforonco standard

doos not match tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between
index test and reference standard?

Unclear � �

Did all patients receive the same reference
standard?

No � �

Were all patients included in the analysis? Yes � �

Did all participants receive a reference stan-
dard?

Yes � �

Were results presented per patient? No � �

Could tho pationt flow havo introducod

bias?

� High risk �

Ma 2020a��(Contnnued)

�
�

Study characteristics

Patient Sampling 2-group design estimating sensitivity and specificity in acute disease
[1] SARS-CoV-2 cases confirmed by RT-PCR (n = 9, 31 samples)
[2] Healthy blood donors (n = 45) date NR
Recruitment method and exclusion criteria NR
Third group of RT-PCR confirmed cases from France (n = 3, 10 samples ex-
cluded by review author team)
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Patient characteristics and setting [1] Inpatient (plus initial testing prior to admission) at hospital in Munich,
Germany. Cases are epidemiologically linked, identified through expo-
sure to known cases, and occurred after 23 January 2020, discovered on
27 January (Woelfel 2020). Symptoms and severity, and demographics
NR
[2] Sanquin Blood Bank, Netherlands, date not specified

Index tests Beta version of commercial EuroImmun IgA and IgG ELISA Ab test, from
EUROIMMUN Medizinische Labordiagnostika AG. Targets IgA and IgG.
Threshold not pre-defined: in-house threshold of mean background reac-
tivity of all SARS-CoV-2–negative serum samples in the study multiplied
by 3. Blinding NR

Target condition and reference standard(s) [1] All positive on RT-PCR between days 1-5 of symptom onset, using OP
or NP swab. Blind to index test
[2] Blood bank samples, reported as negative but date of sampling NR

Flow and timing Different reference standard for cases and controls, and cases were from
2 separate cohorts. Limited details available for each cohort. Results
available by case, but only in graph format
Indeterminate or unclear index results on graphs considered negative by
review team

Comparative �

Notes No information provided on study author conflicts. Published as early
release (not final). Report the following funding "Zoonoses Anticipation
and Preparedness Initiative (project Innovative Medicines Initiative grant
no. 115760), the Innovative Medicines Initiative; the European Commis-
sion, and partners of the European Federation of Pharmaceutical Indus-
tries and Associations"

Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients en-
rolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo introducod bias? � High risk �

Aro thoro concorns that tho includod pationts and sot-

ting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)
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Were the index test results interpreted without knowl-
edge of the results of the reference standard?

No � �

If a threshold was used, was it pre-specified? No � �

Could tho conduct or intorprotation of tho indox tost

havo introducod bias?

� High risk �

Aro thoro concorns that tho indox tost, its conduct, or

intorprotation diffor from tho roviow quostion?

� � High

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify the
target condition?

No � �

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes � �

The reference standard does not incorporate the index
test

Yes � �

Could tho roforonco standard, its conduct, or its intor-

protation havo introducod bias?

� High risk �

Aro thoro concorns that tho targot condition as do-

finod by tho roforonco standard doos not match tho

quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear � �

Did all patients receive the same reference standard? No � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � High risk �

Okba 2020a��(Contnnued)

�
�

Study characteristics

Patient Sampling 1-group study recruiting patients estimating sensitivity
[1] Hospitalised patients with confirmed COVID-19
Recruitment: cases with residual serum samples collected between 18
March-26 March 2020
Prospective or retrospective recruitment of cases: retrospective
Sample size (virus/COVID cases): 37 (37)
Inclusion and exclusion criteria:
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Patient characteristics and setting Setting: inpatient
Location: University Hospital of Padova
Country: Italy
Dates: 18 March-26 March 2020
Symptoms and severity: NR
Sex: NR
Age: NR
Exposure history: NR

Index tests Test name: MAGLUMI 2000 Plus nCoV IgM and IgG
Manufacturer: New Industries Biomedical Engineering Co., Ltd [Snibe],
Shenzhen, China
Ab targets: IgM; IgG
Antigens used: NR
Test method: CLIA
Timing of samples: days since symptom onset: ≤ 5 days 4/37 (11%)
6-7 days 6/37 (16%)
0-7 days: 10/37 (27%)
8-9 days 12/37 (32%)
10-11 days 14/37 (38%)
12-13 days 9/37 (24%)
8-13 days: 35/37 (95%)
> 13 days 25/37 (68%)
Samples used: serum
Test operators: NR
Definition of test positivity:
[A] IgM 1.0 AU/mL
[B] IgG 1.1 AU/mL
Blinded to reference standard: no
Threshold predefined: yes

Target condition and reference standard(s) Reference standard for cases: PCR
Samples used: NP
Timing of reference standard: NR
Blinded to index test: yes
Incorporated index test: no
Reference standard for non-cases: N/A

Flow and timing Time interval between index and reference tests: NR
Results presented by time period: yes
All participants received the same reference standard: yes
Missing data: text describes 87 samples from 37 participants but only
70 samples reported per time period and no per participant data are re-
ported
Uninterpretable results: NR
Indeterminate results: NR
Unit of analysis: sample

Comparative �

Notes Funding: none declared
Publication status: published
Source: academic journal
Study author COI: none declared

Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns
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DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients en-
rolled?

No � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo introducod bias? � High risk �

Aro thoro concorns that tho includod pationts and sot-

ting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without knowledge
of the results of the reference standard?

No � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho indox tost

havo introducod bias?

� High risk �

Aro thoro concorns that tho indox tost, its conduct, or

intorprotation diffor from tho roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify the
target condition?

Yes � �

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes � �

The reference standard does not incorporate the index
test

Yes � �

Could tho roforonco standard, its conduct, or its intor-

protation havo introducod bias?

� Low risk �

Aro thoro concorns that tho targot condition as dofinod

by tho roforonco standard doos not match tho quos-

tion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear � �

Did all patients receive the same reference standard? Yes � �

Were all patients included in the analysis? No � �

Padoan 2020��(Contnnued)

Antibody tosts for idontification of curront and past infoction with SARS-CoV-2 (Roviow)

Copyright © 2020 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

150



Cochrano
Library

Trustod ovidonco.

Informod docisions.

Bottor hoalth.

�

�

Cochrane Database of Systematic Reviews

Did all participants receive a reference standard? Yes � �

Were results presented per patient? No � �

Could tho pationt flow havo introducod bias? � High risk �

Padoan 2020��(Contnnued)

�
�

Study characteristics

Patient Sampling Single group of cases to estimate sensitivity in acute disease
SARS-CoV-2-positive cases (n = 105, 134 samples) of which 67 cases (86 samples)
confirmed by RT-PCR, and 37 patients (39 samples) clinically diagnosed (RT-
PCR-negative, radiography-positive)
Recruitment method NR
Exclusion criteria NR

Patient characteristics and setting Inpatients in Zhongnan hospital (Wuhan University, China). Testing 6 Febru-
ary-23 February 2020, symptom onset 7 January-18 February 2020 (for sub-
group of 108)
48 male, 57 female, median age 58 years (range 20-96). Symptoms and severity
and exposure status NR

Index tests Commercial Ab test
LFA (conducted in laboratory setting). Colloidal gold-based immunochromato-
graphic strip assay (Zhuhai Livzon Diagnositic Inc) to detect IgM, IgG. Antigen
used NR (as per manufacturer)
Presence of T line indicating positive
Serum or plasma samples used (includes comparison with whole blood for sub-
group; not extracted). No information on timing or who read the test results.

Target condition and reference standard(s) 1. RT-PCR following WHO guidelines for qRT-PCR, using throat swabs (Chinese
CDC recommended kit used, BioGerm, Shanghai, China)
2. clinically diagnosed as SARS-CoV-2 infection according to the 5th edition of
guideline on diagnosis and treatment of the novel coronavirus pneumonia.
Specifically, the clinical diagnosis means the suspected cases were negative to
the real-time RT-PCR test but presented viral pneumonia by radiography
Samples taken during inpatient stay but no details about timing or personnel
for test interpretation

Flow and timing All participants received a reference standard, but there was differential verifi-
cation with some patients confirmed by RT-PCR and others RT-PCR-negative but
confirmed by radiography. Subset who were RT-PCR-positive are reported sepa-
rately.
Timing of index tests and reference standard unclear.
Data reported only for those with symptom onset information; 26 samples ex-
cluded. No reporting of test failures or indeterminate results.
Per-sample analysis; multiple samples (2 or 3) per participant disaggregated
over time

Comparative �

Notes Funding from the National Key Research and Development Program of China
(2018YFE0204500)
Declared no conflict of interest
Published in the Journal of Infection
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Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients
enrolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo introducod

bias?

� High risk �

Aro thoro concorns that tho includod pationts

and sotting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Unclear � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho in-

dox tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its con-

duct, or intorprotation diffor from tho roviow

quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly clas-
sify the target condition?

Yes � �

Were the reference standard results interpret-
ed without knowledge of the results of the index
tests?

Unclear � �

The reference standard does not incorporate the
index test

Yes � �

Could tho roforonco standard, its conduct, or

its intorprotation havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho targot condition

as dofinod by tho roforonco standard doos not

match tho quostion?

� � Low concern
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DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear � �

Did all patients receive the same reference stan-
dard?

Yes � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � Unclear risk �

Pan 2020a��(Contnnued)

�
�

Study characteristics

Patient Sampling Single-group study to estimate sensitivity and specificity for diagnosing SARS-
Cov-2
[1] Cohort of patients attending A&E with COVID-19-like symptoms
Recruitment: consecutive
Sample size (virus/COVID cases): 191 (70)
Inclusion and exclusion criteria: no further details

Patient characteristics and setting Setting: A&E
Location: Ospedale Policlinico Consorziale of Bari
Country: Italy
Dates: 23-29 March 2020
Symptoms and severity: 14/160 (9%) asymptomatic; symptoms not available for
31/191
Sex: 116, 60.6% male
Age: median 58.5 years
Exposure history: NR

Index tests Test name: VivaDiag
Manufacturer: Jiangsu Medomics Medical Technologies
Ab targets: IgM, IgG
Antigens used: surface antigen from SARSCoV-2
POC or laboratory: POC
Test method: LFA (CGIA)
Timing of samples: on presentation; time from symptom onset varied from
asymptomatic 14, 9%; d 0-5 97, 61%; d 6-8 17, 11%; d 9-10 21, 13%; d 11-15 5,
3%, > 15 d 6, 5%; NR 31, 19%)
Samples used: venous blood
Test operators: 2 operators in the laboratory (operators obtained images of the
device and disagreements evaluated by a third party)
Definition of test positivity: presence of red/purple line in the specific region in-
dicated on the device
Blinded to reference standard: yes
Threshold predefined: as per manufacturer
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Target condition and reference standard(s) Reference standard for cases including threshold: RT-PCR (Allplex2019-nCoV As-
say; Seegene, Seoul, Republic of Korea); target genes E gene, RdRP gene and N
gene; threshold NR

Single PCR-negative for D- presumed (NR)
Samples used: NP/OP swabs
Timing of reference standard: obtained simultaneously with blood samples (on
presentation)
Blinded to index test: yes
Incorporated index test: no

Flow and timing Time interval between index and reference tests: simultaneous testing

All participants received the same reference standard: yes
Missing data: 1 participant missing from 2x2 table with no explanation although
all participants had the reference standard and index test. No data on time pso
for 31/191
Uninterpretable results: none stated
Indeterminate results: none stated
Unit of analysis: participant. A considerable range in time pso was reported
however, and results were not disaggregated by time pso.

Comparative �

Notes Funding: none stated
Publication status: preprint (not peer reviewed)
Source: medRxiv
Study author COI: none stated

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients
enrolled?

Yes � �

Was a case-control design avoided? Yes � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo introducod

bias?

� Unclear risk �

Aro thoro concorns that tho includod pationts

and sotting do not match tho roviow quostion?

� � Low concern

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Yes � �
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If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho in-

dox tost havo introducod bias?

� Low risk �

Aro thoro concorns that tho indox tost, its con-

duct, or intorprotation diffor from tho roviow

quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly clas-
sify the target condition?

No � �

Were the reference standard results interpret-
ed without knowledge of the results of the index
tests?

Yes � �

The reference standard does not incorporate the
index test

Yes � �

Could tho roforonco standard, its conduct, or

its intorprotation havo introducod bias?

� High risk �

Aro thoro concorns that tho targot condition

as dofinod by tho roforonco standard doos not

match tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Yes � �

Did all patients receive the same reference stan-
dard?

Yes � �

Were all patients included in the analysis? No � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � High risk �

Paradiso 2020a��(Contnnued)

�
�

Study characteristics

Patient Sampling 4-group study recruiting patients estimating sensitivity and specificity

[1] Confirmed COVID-19 cases (RT-PCR-positive) (n = 503) and
[2] suspected COVID-19 cases based on epidemiological history, clinical
symptoms and chest X-ray but 3 x PCR-negative (n = 52)

Apparently contemporaneous controls, including:
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[3] hospitalised with non-COVID-19 conditions (PCR testing not de-
scribed) (n = 972)
[4] healthy controls (n = 586)

Recruitment: unclear
Prospective or retrospective recruitment of cases: prospective
Sample size (virus/COVID cases): 2113 (555)
Inclusion and exclusion criteria: NR

Patient characteristics and setting Setting: hospital inpatients (cases)
Location: 10 hospitals
Country: China
Dates: unclear
Symptoms and severity: NR
Sex: NR
Age: NR
Exposure history: NR

Index tests Test name: NR
Manufacturer: in-house
Ab targets: IgG, IgM
Antigens used: recombinant antigen from viral N protein and S protein
Test method: CLIA
Timing of samples: NR
Samples used: serum
Test operators: unclear
Definition of test positivity: ≥ 10 AU/mL
Blinded to reference standard: unclear
Threshold predefined: yes

Target condition and reference standard(s) Reference standard for cases: RT-PCR for confirmed cases; suspected
cases according to National Health Commission guideline (version 5)
Samples used: unclear
Timing of reference standard: during hospitalisation
Blinded to index test: yes
Incorporated index test: no

Reference standard for non-cases: unclear

Flow and timing Time interval between index and reference tests: unclear
Results presented by time period: no
All participants received the same reference standard: unclear
Missing data: NR
Uninterpretable results: NR
Indeterminate results: NR
Unit of analysis: participant

Comparative �

Notes �

Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction
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Was a consecutive or random sample of patients en-
rolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? No � �

Could tho soloction of pationts havo introducod bias? � High risk �

Aro thoro concorns that tho includod pationts and sot-

ting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Unclear � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho indox tost

havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its conduct, or

intorprotation diffor from tho roviow quostion?

� � High

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify the
target condition?

No � �

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Unclear � �

The reference standard does not incorporate the index
test

Yes � �

Could tho roforonco standard, its conduct, or its intor-

protation havo introducod bias?

� High risk �

Aro thoro concorns that tho targot condition as dofinod

by tho roforonco standard doos not match tho quos-

tion?

� � Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear � �

Did all patients receive the same reference standard? No � �

Were all patients included in the analysis? Yes � �

Did all participants receive a reference standard? Unclear � �
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Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � High risk �

Qian 2020��(Contnnued)

�
�

Study characteristics

Patient Sampling Single-group study recruiting patients estimating sensitivity and specificity
[1] Confirmed COVID-19 patients from 2 hospitals (n = 23)
Recruitment: consecutive cases between 22 January-12 February, but excluding people
with insufficient stored material
Prospective or retrospective recruitment of cases: retrospective
Sample size (virus/COVID cases): 108 serum samples from 23 participants (23 cases). On-
ly extractable > 14-day subset of 16 cases
Inclusion and exclusion criteria: confirmed cases

Patient characteristics and setting Setting: hospital inpatients
Location: Princess Margaret Hospital and Queen Mary Hospital, Hong Kong
Country: Hong Kong, China
Dates: 22 January-12 February
Symptoms and severity: 10/23 (43%) severe
Sex: 13/23 (57%) male
Age: median 62 years (range 37-75)
Exposure history: NR

Index tests 2 tests evaluated, this entry (To 2020a [A]) refers to test [A]

Test name: EIAs for [A] SARS-CoV-2 nucleoprotein and [B] S protein RBD
Manufacturer: in-house
Ab targets: IgG IgM
Antigens used: [A] nucleoprotein and [B] S protein RBD
Test method: EIA (considered with ELISA tests for analysis purposes)
Timing of samples: 3-30 days pso
Samples used: serum remnant from blood samples
Test operators: NR
Definition of test positivity: mean of 93 archived serum samples plus 3 x SD
Blinded to reference standard: NR
Threshold predefined: yes

Target condition and reference stan-
dard(s)

Reference standard for cases: laboratory confirmed - exact test unclear
Samples used: NP
or sputum specimens
Timing of reference standard: NR
Blinded to index test: yes
Incorporated index test: no
Reference standard for non-cases: n/a

Flow and timing Time interval between index and reference tests: NR
Results presented by time period: no, not extractable
All participants received the same reference standard: yes
Missing data: 7/23 (30%) were not tested between days 14 and 30
Uninterpretable results: NR
Indeterminate results: NR
Unit of analysis: unclear
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Comparative �

Notes Funding: this study was partly supported by the Consultancy Service for Enhancing Lab-
oratory Surveillance of Emerging Infectious Diseases and Research Capability on Antimi-
crobial Resistance for the Department of Health of Hong Kong; the Theme-Based Re-
search Scheme (T11/707/15) of the Research Grants Council, Hong Kong Special Admin-
istrative Region; Sanming Project of Medicine in Shenzhen, China (SZSM201911014); the
High Level-Hospital Program, Health Commission of Guangdong Province, China; and
donations from the Shaw Foundation Hong Kong, Richard Yu and Carol Yu, May Tam Mak
Mei Yin, Michael Seak-Kan Tong, Respiratory Viral Research Foundation, Hui Ming, Hui
Hoy and Chow Sin Lan Charity Fund Limited, Chan Yin Chuen Memorial Charitable Foun-
dation, Marina Man-Wai Lee, and the Hong Kong Hainan Commercial Association South
China Microbiology Research Fund
Publication status: published paper
Source: Lancet Infectious Diseases
Study author COI: declare they have none

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of
patients enrolled?

Yes � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclu-
sions?

No � �

Did the study avoid inappropriate inclu-
sions?

Yes � �

Could tho soloction of pationts havo in-

troducod bias?

� High risk �

Aro thoro concorns that tho includod

pationts and sotting do not match tho

roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted
without knowledge of the results of the
reference standard?

No � �

If a threshold was used, was it pre-speci-
fied?

Yes � �

Could tho conduct or intorprotation of

tho indox tost havo introducod bias?

� High risk �

Aro thoro concorns that tho indox tost,

its conduct, or intorprotation diffor

from tho roviow quostion?

� � High

To 2020a [A]��(Contnnued)

Antibody tosts for idontification of curront and past infoction with SARS-CoV-2 (Roviow)

Copyright © 2020 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

159



Cochrano
Library

Trustod ovidonco.

Informod docisions.

Bottor hoalth.

�

�

Cochrane Database of Systematic Reviews

DOMAIN 3: Roforonco Standard

Is the reference standards likely to cor-
rectly classify the target condition?

Unclear � �

Were the reference standard results inter-
preted without knowledge of the results
of the index tests?

Yes � �

The reference standard does not incorpo-
rate the index test

Yes � �

Could tho roforonco standard, its con-

duct, or its intorprotation havo intro-

ducod bias?

� Unclear risk �

Aro thoro concorns that tho targot con-

dition as dofinod by tho roforonco stan-

dard doos not match tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval be-
tween index test and reference standard?

Unclear � �

Did all patients receive the same refer-
ence standard?

Yes � �

Were all patients included in the analysis? No � �

Did all participants receive a reference
standard?

Yes � �

Were results presented per patient? Unclear � �

Could tho pationt flow havo introducod

bias?

� High risk �

To 2020a [A]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (To 2020a [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (To 2020a [A])

Index tests 2 tests evaluated, this entry (To 2020a [B]) refers to test [B]

Test name: EIAs for [A] SARS-CoV-2 nucleoprotein and [B] S protein RBD
Manufacturer: in-house
Ab targets: IgG IgM
Antigens used: [A] nucleoprotein and [B] S protein RBD
Test method: EIA (considered with ELISA tests for analysis purposes)
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Timing of samples: 3-30 days pso
Samples used: serum remnant from blood samples
Test operators: NR
Definition of test positivity: mean of 93 archived serum samples plus 3 x SD
Blinded to reference standard: NR
Threshold predefined: yes

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (To 2020a [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (To 2020a [A])

Comparative �

Notes �

To 2020a [B]��(Contnnued)

�
�

Study characteristics

Patient Sampling 2-group design estimating sensitivity and specificity in acute disease
[1] SARS-Cov-2-positive cases confirmed by RT-PCR (n = 7, 26 samples)
[2] prepandemic sera (n = 5) and controls SARS-Cov-2 negative on 2 occasions (n
= 5)
Recruitment method NR
Exclusion criteria NR

Patient characteristics and setting [1] Inpatients at Singapore General Hospital, Singapore. Recruitment dates NR.
Symptoms and severity, demographics and exposure history NR
[2] Archived controls (n = 5) from Singapore General Hospital from 2015; recent
patients with pneumonia investigated for COVID-19 but RT-PCR-negative twice
and not meeting the criteria for suspected SARS-Cov-2 (n = 5)

Index tests 2 Ab tests used on serology samples, this entry (Wan 2020 [A]) refers to test [A]
[A] in-house SARS-CoV total Ab ELISA laboratory assay (not a SARS-CoV-2-specif-
ic test). Measured total Ab; antigens NR. Positive defined as ≥ 400

[B] anti-SARS CoV IIFT laboratory assay from Euroimmun (Germany) (not a
SARS-CoV-2-specific test). Measured IgM and IgG; antigens NR. Threshold NR

Samples anonymised and blinded

Target condition and reference standard(s) [1] Confirmed COVID-19 determined by RT-PCR; samples and methods NR. Tests
undertaken during inpatient stay; blind to the index test
[2] Confirmed not COVID-19 by chronology in n = 5, and by 2 repeated RT-PCR-
negative results and not fulfilling criteria for suspected COVID-19 in n = 5; sam-
ples and methods NR. Tests undertaken during inpatient stay; blind to the index
test

Flow and timing All participants received a reference standard, but different reference standards
were used in [1] and [2]. Multiple samples were included per participant; howev-
er these were disaggregated by time pso.
Timing of reference standard and index tests NR
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Uninterpretable results not mentioned; 1/10 samples in group [2] indeterminate
due to non-specific fluorescence. 5/26 samples in group [1] excluded due to nar-
row interval between tests or close proximity to the date of onset of illness.
In group [1] between 1 and 9 samples per participant (mean = 3.7). Results
for all samples per participant are presented allowing participant- and sam-
ple-based analyses.

Comparative �

Notes No funding declared

No conflicts of interest noted
Report from a medRxiv preprint (not peer reviewed)

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients
enrolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo introducod

bias?

� High risk �

Aro thoro concorns that tho includod pationts

and sotting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Yes � �

If a threshold was used, was it pre-specified? Unclear � �

Could tho conduct or intorprotation of tho in-

dox tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its con-

duct, or intorprotation diffor from tho roviow

quostion?

� � High

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly clas-
sify the target condition?

Yes � �
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Were the reference standard results interpret-
ed without knowledge of the results of the index
tests?

Yes � �

The reference standard does not incorporate the
index test

Yes � �

Could tho roforonco standard, its conduct, or

its intorprotation havo introducod bias?

� Low risk �

Aro thoro concorns that tho targot condition

as dofinod by tho roforonco standard doos not

match tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear � �

Did all patients receive the same reference stan-
dard?

No � �

Were all patients included in the analysis? No � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � High risk �

Wan 2020 [A]��(Contnnued)

�
�

Study characteristics

Patient Sampling See main entry for this study for characteristics and QUADAS-2 assessment (Wan 2020 [A])

Patient charac-
teristics and set-
ting

See main entry for this study for characteristics and QUADAS-2 assessment (Wan 2020 [A])

Index tests 2 Ab tests used on serology samples, this entry (Wan 2020 [B]) refers to test [B]
[A) in-house SARS-CoV total Ab ELISA laboratory assay (not a SARS-CoV-2-specific test). Measured total Ab; anti-
gens NR. Positive defined as ≥ 400

[B] anti-SARS CoV IIFT laboratory assay from Euroimmun (Germany) (not a SARS-CoV-2 specific test). Measured
IgM and IgG; antigens NR. Threshold NR

Samples anonymised and blinded

Target condition
and reference
standard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Wan 2020 [A])

Flow and timing See main entry for this study for characteristics and QUADAS-2 assessment (Wan 2020 [A])
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Comparative �

Notes �

Wan 2020 [B]��(Contnnued)

�
�

Study characteristics

Patient Sampling Purpose: diagnosis of active infection
Design: 2-group study to estimate sensitivity and specificity for diagnosis of acute infec-
tion
[1] COVID-19 patients, meeting diagnostic criteria a to Chinese Government guidelines
(fi.h edition) (n = 14)
[2] Sera from patients with different pathogen infections and related chronic diseases
with no clinical symptoms or imaging evidence of COVID-19 (n = 72), (with deliberate se-
lection of rheumatoid factor IgM-positive sera)
Recruitment: NR
Sample size (virus/COVID cases): 86 (14)
Inclusion and exclusion criteria: not described

Patient characteristics and setting Setting: inpatient
Location: affiliated Hospital of North Sichu, Chinaan Medical College and Nanchong
Central Hospital
Country: China
Dates: 25 January -15 February 2020
Symptoms and severity: NR
Demographics: NR
Exposure history: NR

Non-COVID patients group: other infection/chronic disease controls
Source and time: 25 January-15 February 2020
Characteristics: IgM-positive sera from patients with different pathogen infections and
related chronic diseases with no clinical symptoms or imaging evidence of COVID-19 (n
= 72); flu A (n = 5), flu B (n = 5), Mycoplasma pneumonnae (n = 5), Legnonella pneumophnla

(n = 5), positive rheumatoid factor (n = 36), HIV infection (n = 6), hypertension (n = 5) and
diabetes mellitus (n = 5)

Index tests 2 tests evaluated, this entry (Wang 2020a [A]) refers to test [A]

A. SARS-CoV-2 IgM detection kit CGIA (Beijing Hotgen Biotechnology Co., Beijing, China)
(POC test, evaluation appears to be laboratory-based)

B. ELISA (Beijing Hotgen Biotechnology Co., Beijing, China) (laboratory test)
Ab targets: IgM
Antigens used: NR
Timing of samples: within 3-7 days after the beginning of the clinical symptoms for COV-
ID-19 cases
Samples used: serum
Test operators: NR

Definition of test positivity:

A. as per manufacturer, colloidal gold colour reaction occurs at both T-line and C-line
positions

B. not described
Blinded to reference standard: NR
Threshold predefined: yes, as per manufacturer
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Target condition and reference stan-
dard(s)

Reference standard for cases including threshold: diagnostic criteria from "Notice on
the Issuance of Strategic Guidelines for Diagnosis and Treatment of Novel Coronavirus
(SARS-CoV-2) Infected Pneumonia (Fi.h Edition Version)
Samples used: NR/ N/A
Timing of reference standard: during hospital stay
Blinded to index test: NR
Incorporated index test: no
Reference standard for controls: no clinical symptoms or imaging evidence of COVID-19

Samples used: NR
Timing of reference standard: NR
Blinded to index test: NR
Incorporated index test: no

Flow and timing Time interval between index and reference tests: NR, but all serology samples acquired
within first week pso
All participants received the same reference standard: yes
Missing data: none stated
Uninterpretable results: none stated
Indeterminate results: none stated
Unit of analysis: participant

Comparative �

Notes Funding: none declared
Publication status: accepted manuscript
Source: Journal of Clinical Microbiology
Study author COI: none declared

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of
patients enrolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclu-
sions?

Unclear � �

Did the study avoid inappropriate inclu-
sions?

Unclear � �

Could tho soloction of pationts havo in-

troducod bias?

� High risk �

Aro thoro concorns that tho includod

pationts and sotting do not match tho

roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)
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Were the index test results interpreted
without knowledge of the results of the
reference standard?

Unclear � �

If a threshold was used, was it pre-speci-
fied?

Yes � �

Could tho conduct or intorprotation of

tho indox tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost,

its conduct, or intorprotation diffor

from tho roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to cor-
rectly classify the target condition?

No � �

Were the reference standard results inter-
preted without knowledge of the results
of the index tests?

Unclear � �

The reference standard does not incorpo-
rate the index test

Yes � �

Could tho roforonco standard, its con-

duct, or its intorprotation havo intro-

ducod bias?

� High risk �

Aro thoro concorns that tho targot con-

dition as dofinod by tho roforonco stan-

dard doos not match tho quostion?

� � Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval be-
tween index test and reference standard?

Unclear � �

Did all patients receive the same refer-
ence standard?

Yes � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference
standard?

Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod

bias?

� Unclear risk �

Wang 2020a [A]��(Contnnued)

�
�

Study characteristics
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Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Wang 2020a [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Wang 2020a [A])

Index tests 2 tests evaluated, this entry( Wang 2020a [B] ) refers to test [B]

A. SARS-CoV-2 IgM detection kit CGIA (Beijing Hotgen Biotechnology Co., Beijing, China) (POC test, evaluation ap-
pears to be laboratory-based)

B. ELISA (Beijing Hotgen Biotechnology Co., Beijing, China) (laboratory test)
Ab targets: IgM
Antigens used: NR
Timing of samples: within 3-7 days after the beginning of the clinical symptoms for COVID-19 cases
Samples used: serum
Test operators: NR

Definition of test positivity:

A. as per manufacturer, colloidal gold colour reaction occurs at both T-line and C-line positions

B. not described
Blinded to reference standard: NR
Threshold predefined: yes, as per manufacturer

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Wang 2020a [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Wang 2020a [A])

Comparative �

Notes �

Wang 2020a [B]��(Contnnued)

�
�

Study characteristics

Patient Sampling 2-group design estimating sensitivity and specificity in acute disease
[1] SARS-Cov-2 diagnosed patients (n = 63 for ELISA, n = 91 for GICA, some over-
lap of cases)
[2] Healthy individuals (n = 35)
Group [1] were recruited as a consecutive series and were inpatients with con-
firmed COVID-19 diagnosed according to WHO interim guidance

Patient characteristics and setting [1] Inpatients at Wuhan Jinyintan Hospital, China, admitted 1-28 January 2020.
Samples taken 2-4 February 2020. For ELISA 4/63 (6%) and GICA 4/91 (4%) clas-
sified as severe; 35/63 (56%) and 49/91 (54%) male. Median (IQR) age 65 (55-74)
(n = 63) and 61 (48.5-67) years. Exposure NR
[2] Healthy controls (n = 35). 17/35 (49%) male. Median (IQR) age 44 (39-49.5)
years. No other detail given

Index tests 2 tests evaluated, this entry (Xiang 2020a [A]) refers to test [A]

Xiang 2020a [A]�
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[A] novel coronavirus IgG/IgM Ab ELISA kits (laboratory kit manufactured by Zhu
Hai Livzon Diagnostics). Measured IgM and IgG; antigen reported as "Enzyme-la-
belled antibody-linked antigen" for IgM and "recombinant antigen of new coro-
navirus" for IgG. Threshold NR
[B] novel coronavirus IgG/IgM Ab GICA kits (POC test strips manufactured by Zhu
Hai Livzon Diagnostics). Measured IgM and IgG; antigens NR. Threshold based
on observing a coloured band turning red.
A subset of participants who provided throat swab samples were also re-tested
with a qRT-PCR test.
Discussion states "that the new type of coronavirus antibody of the kit (doesn’t
specify which kit though) is against the severe acute respiratory syndrome
(SARS)-like coronavirus, not only against SARS-CoV-2"

Target condition and reference standard(s) [1] Confirmed COVID-19 determined according to WHO interim guidance; tests,
samples and methods NR. Diagnosis made during inpatient stay; prior to the in-
dex test
[2] No description given

Flow and timing Unclear which participants received a reference standard, and the form of the
reference standard
Timing of reference standard and index tests NR
Uninterpretable, indeterminate and missing results not mentioned
One sample tested by each test per participant, unstated overlap of participants

Comparative �

Notes Supported by the Zhongnan Hospital of Wuhan University Science, Technology
and Innovation Seed Fund. No conflicts of interest noted.
Report from a medRxiv preprint (not peer reviewed)

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients
enrolled?

Yes � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Yes � �

Could tho soloction of pationts havo introducod

bias?

� High risk �

Aro thoro concorns that tho includod pationts

and sotting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

No � �

Xiang 2020a [A]��(Contnnued)
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If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho in-

dox tost havo introducod bias?

� High risk �

Aro thoro concorns that tho indox tost, its con-

duct, or intorprotation diffor from tho roviow

quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly clas-
sify the target condition?

No � �

Were the reference standard results interpret-
ed without knowledge of the results of the index
tests?

Yes � �

The reference standard does not incorporate the
index test

Yes � �

Could tho roforonco standard, its conduct, or

its intorprotation havo introducod bias?

� High risk �

Aro thoro concorns that tho targot condition

as dofinod by tho roforonco standard doos not

match tho quostion?

� � Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear � �

Did all patients receive the same reference stan-
dard?

No � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � High risk �

Xiang 2020a [A]��(Contnnued)

�
�

Study characteristics

Patient Sam-
pling

See main entry for this study for characteristics and QUADAS-2 assessment (Xiang 2020a [A])

Patient char-
acteristics and
setting

See main entry for this study for characteristics and QUADAS-2 assessment (Xiang 2020a [A])
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Index tests 2 tests evaluated, this entry (Xiang 2020a [B] refers to test [B]
[A] novel coronavirus IgG/IgM Ab ELISA kits (laboratory kit manufactured by Zhu Hai Livzon Diagnostics) Measured
IgM and IgG; antigen reported as "Enzyme-labelled antibody-linked antigen" for IgM and "recombinant antigen of
new coronavirus" for IgG. Threshold NR
[B] novel coronavirus IgG/IgM Ab GICA kits (POC test strips manufactured by Zhu Hai Livzon Diagnostics) Measured
IgM and IgG; antigens NR. Threshold based on observing a coloured band turning red.
A subset of participants who provided throat swab samples were also re-tested with a qRT-PCR test.
Discussion states "that the new type of coronavirus antibody of the kit (doesn’t specify which kit though) is against
the severe acute respiratory syndrome (SARS)-like coronavirus, not only against SARS-CoV-2"

Target condi-
tion and ref-
erence stan-
dard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Xiang 2020a [A])

Flow and tim-
ing

See main entry for this study for characteristics and QUADAS-2 assessment (Xiang 2020a [A])

Comparative �

Notes �

Xiang 2020a [B]��(Contnnued)

�
�

Study characteristics

Patient Sampling 2-group study recruiting patients estimating sensitivity and specificity

PCR conducted for patients presenting with a history of travel to or residence in Wuhan
or local endemic areas; contact history with confirmed or suspected COVID-19 patients or
part of a clustering outbreak, combined with clinical manifestation of 1) fever and/or respi-
ratory symptoms, or 2) positive findings similar to COVID-19 pneumonia on chest CT scan,
or 3) laboratory tests showing reduced lymphocytes and white blood cell counts in the ear-
ly stage. Resulted in inclusion of
[1] 85 RT-PCR-confirmed cases
[2] 24 suspected cases with ≥ 2 negative RT-PCR and none positive (and protocol is to retest
RT-PCR negatives every 1-2 days)
[3] 60 control group of healthy blood donors (hospital staff) or from patients with other
lung diseases in the same hospital (all PCR-negative)
Recruitment: NR
Prospective or retrospective recruitment of cases: unclear
Sample size (virus/COVID cases): 169 (109; data for 66 lab-confirmed and 24 suspected cas-
es extracted as D+ group)
Inclusion and exclusion criteria: unclear

Patient characteristics and setting Setting: hospital inpatients
Location: Wuhan
Country: China
Dates: 19 January-2 March 2020
Symptoms and severity: [1] severe 18/85 (21%) [2] 2/24 (8%) severe
Sex: [1] female 54/85 (64%) [2] female 12/24 (50%) [3] 35/60 (58%) female
Age: [1] median 51 (IQR 32-65) [2] median 44 (IQR 36-61) [3] median 34 (IQR 29-51)
Exposure history: NR

Index tests Test name: ELISA Livzon
Manufacturer: ELISA kits, Livzon Inc, Zhuhai, P.R.China, lot number of IgM: 20200308, IgG:
20200308

Xiang 2020b�
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Ab targets: IgG IgM
Antigens used: N protein?
Test method: ELISA
Timing of samples: NR
Samples used: serum
Test operators: NR
Definition of test positivity: unclear "The optical density of each well was determined by
a microplate reader set to 450 nm within 30 min. The ratio of optical density to the cut off
value (optical density of the blank well + 0.1) was reported as the Ab concentration. For de-
tection of IgG, the dilution factor was changed (1:20) and the cut off value was modified
(optical density of the blank well + 0.13)."
Blinded to reference standard: no
Threshold predefined: unclear

Target condition and reference stan-
dard(s)

Reference standard for cases: [1] RT-PCR [2] Symptoms and PCR-negative (no guideline cit-
ed but criteria clearly elaborated)
Samples used: NP and/or OP swabs
Timing of reference standard: NR
Blinded to index test: yes
Incorporated index test: no
Reference standard for non-cases: (no exposure or symptoms) and RT-PCR-negative

Flow and timing Time interval between index and reference tests: NR
Results presented by time period: no
All participants received the same reference standard:
Missing data: data per sample are provided for the 85 confirmed cases, however per partic-
ipant data are available only for 66/85 confirmed cases plus 24/24 suspected cases (total
number of cases reported = 90)
Uninterpretable results: NR
Indeterminate results: NR
Unit of analysis: reports both samples and participants

Comparative �

Notes Funding: this work is funded by National Natural Science Foundation of China (No.
81973990, 91643101), and Science Foundation of Huazhong University of Science and
Technology (No. 2020kfyXGYJ100)
Publication status: published in journal
Source:Infectious Disease Society of America
Study author COI: declare that they have none

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample
of patients enrolled?

No � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate ex-
clusions?

Unclear � �

Did the study avoid inappropriate in-
clusions?

Yes � �
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Could tho soloction of pationts havo

introducod bias?

� High risk �

Aro thoro concorns that tho includ-

od pationts and sotting do not match

tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpret-
ed without knowledge of the results of
the reference standard?

No � �

If a threshold was used, was it pre-
specified?

Unclear � �

Could tho conduct or intorprotation

of tho indox tost havo introducod

bias?

� High risk �

Aro thoro concorns that tho indox

tost, its conduct, or intorprotation

diffor from tho roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to cor-
rectly classify the target condition?

Yes � �

Were the reference standard results in-
terpreted without knowledge of the re-
sults of the index tests?

Yes � �

The reference standard does not incor-
porate the index test

Yes � �

Could tho roforonco standard, its

conduct, or its intorprotation havo

introducod bias?

� Low risk �

Aro thoro concorns that tho targot

condition as dofinod by tho rofor-

onco standard doos not match tho

quostion?

� � Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval be-
tween index test and reference stan-
dard?

Unclear � �

Did all patients receive the same refer-
ence standard?

Yes � �
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Were all patients included in the analy-
sis?

Unclear � �

Did all participants receive a reference
standard?

Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo intro-

ducod bias?

� Unclear risk �

Xiang 2020b��(Contnnued)

�
�

Study characteristics

Patient Sampling Single-group study to estimate sensitivity for diagnosing active or prior
infection
Confirmed cases of COVID-19 (n = 34) according to the diagnosis and
treatment guideline for SARS-CoV-2 from Chinese National Health Com-
mittee (Version 5) and the interim guidance from Centers for Disease
Control and Prevention
Recruitment method not clearly reported, likely convenience sample

Patient characteristics and setting Inpatients, presumably at study authors' institution (Tongji Hospital)
Wuhan, China. Admission date: 1-29 February 2020; final follow-up date 3
March 2020
NR Exposure history

Sex: 12 female, 22 male
Median age (review team estimated) 49 years (range 26-87), 22 (65%)
male. Exposure history not described

Index tests 1 Ab test, blinding NR
Laboratory-based CLIA (Shenzhen Yahuilong Biotechnology Co. Ltd.)
measuring IgM and IgG. Antigen used not described. Threshold ≤ 10 AU/
mL (describes following manufacturer protocol, but unclear if this in-
cludes threshold setting)
Blood samples acquired ≥ 2 weeks after symptoms onset for 32/34 partic-
ipants; and on day 2 and day 3 for remaining 2 participants

Target condition and reference standard(s) COVID-19 according to diagnosis and treatment guideline for SARS-CoV-2
from Chinese National Health Committee (Version 5) and the interim
guidance from Centers for Disease Control and Prevention; no further de-
tail
Timing and blinding to index test not described

Flow and timing Time interval between index and reference not described. Study provides
a breakdown in results by time pso but is different participants in each
time period rather than multiple samplings for same participants
No missing data, uninterpretable or indeterminate results described

Comparative �

Notes No funding sources declared
No conflicts of interest declared
Pre-proof paper accepted for publication (Journal of Infection)
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Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients en-
rolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo introducod bias? � High risk �

Aro thoro concorns that tho includod pationts and sot-

ting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Unclear � �

If a threshold was used, was it pre-specified? Unclear � �

Could tho conduct or intorprotation of tho indox tost

havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its conduct, or

intorprotation diffor from tho roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify the
target condition?

Yes � �

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Unclear � �

The reference standard does not incorporate the index
test

Yes � �

Could tho roforonco standard, its conduct, or its intor-

protation havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho targot condition as do-

finod by tho roforonco standard doos not match tho

quostion?

� � Low concern

DOMAIN 4: Flow and Timing
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Was there an appropriate interval between index test
and reference standard?

Unclear � �

Did all patients receive the same reference standard? Unclear � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � Unclear risk �

Xiao 2020a��(Contnnued)

�
�

Study characteristics

Patient Sampling Single-group study recruiting patients estimating sensitivity to detect active dis-
ease
[1] 16 confirmed COVID-19 using RT-PCR
[2] 40 suspected cases using Chinese criteria but PCR-negative
Recruitment: upon admission between 15-25 February 2020, unclear if consecu-
tive
Prospective or retrospective recruitment of cases: prospective
Sample size (virus/COVID cases): 56 (56) of which 16 confirmed by RT-PCR
Inclusion and exclusion criteria: unclear

Patient characteristics and setting Setting: hospital inpatient
Location: Unit Z6 at the Cancer Center of Wuhan Union Hospital
Country: China
Dates: enrolled 15-25 February 2020
Symptoms and severity: 34 severe, 22 not severe (more details on data extrac-
tion)
Sex: 32/56 (57% female)
Age: median age was 56.5 years (IQR 49.25-64.75)
Exposure history: NR

Index tests Test name: CLIA
Manufacturer: YHLO Biological Technology Co., Ltd., Shenzhen, China
Ab targets: IgG IgM
Antigens used: envelope (E) protein and N protein
Test method: CLIA
Timing of samples: upon admission to hospital (with questionnaire to deter-
mine how many days prior to this symptom onset)
Samples used: serum
Test operators: NR
Definition of test positivity: ≥ 10 AU/mL
Blinded to reference standard: yes (upon admission)
Threshold predefined: yes

Target condition and reference standard(s) Reference standard for cases:

[1] RT-PCR QIAamp RNA virus kit (Qiagen, Heiden, Germany), 1ab (ORF1ab) and
N protein

[2] diagnosed according to the 5th edition of the Guideline on diagnosis and
treatment of COVID-19 established by China’s National Health Commission, in-
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cluding patient’s epidemic history, clinical characteristics, chest CT scan and
laboratory findings - RT-PCR-negative
Samples used: NP and throat swabs
Timing of reference standard: NR
Blinded to index test: NR
Incorporated index test: no
Reference standard for non-cases: N/A

Flow and timing Time interval between index and reference tests: NR
Results presented by time period: no
All participants received the same reference standard: yes
Missing data: NR
Uninterpretable results: NR
Indeterminate results: NR
Unit of analysis: participant

Comparative �

Notes Funding: this work was funded by the Special Project for Emergency Scientific
and Technological Research on New Coronavirus Infection

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients
enrolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo introducod

bias?

� High risk �

Aro thoro concorns that tho includod pationts

and sotting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Yes � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho in-

dox tost havo introducod bias?

� Low risk �

Aro thoro concorns that tho indox tost, its con-

duct, or intorprotation diffor from tho roviow

quostion?

� � Low concern
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DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly clas-
sify the target condition?

Yes � �

Were the reference standard results interpret-
ed without knowledge of the results of the index
tests?

Unclear � �

The reference standard does not incorporate the
index test

Yes � �

Could tho roforonco standard, its conduct, or

its intorprotation havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho targot condition

as dofinod by tho roforonco standard doos not

match tho quostion?

� � Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear � �

Did all patients receive the same reference stan-
dard?

Yes � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � Unclear risk �

Xio 2020a��(Contnnued)

�
�

Study characteristics

Patient Sampling Single-group study recruiting patients estimating sensitivity
[1] confirmed COVID-19 cases
Recruitment: unclear
Prospective or retrospective recruitment of cases: retrospective
Sample size (virus/COVID cases): 10 (10) patients
Inclusion and exclusion criteria: unclear

Patient characteristics and setting Setting: hospital inpatients
Location: Affiliated hospitals of Shanghai University of Medicine &
Health Sciences
Country: China
Dates: NR
Symptoms and severity: 2/10 died, 10/10 required oxygen
Sex: 6/10 (60%) male
Age: NR
Exposure history: NR

Xu 2020a�

Antibody tosts for idontification of curront and past infoction with SARS-CoV-2 (Roviow)

Copyright © 2020 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

177



Cochrano
Library

Trustod ovidonco.

Informod docisions.

Bottor hoalth.

�

�

Cochrane Database of Systematic Reviews

Index tests Test name: COVID-19 IgG and IgM LFA
Manufacturer: in-house
Ab targets: IgG and IgM
Antigens used: recombinant antigen (R18850)
Test method: NR, lateral flow type
Timing of samples: day 15-30 of observation
Samples used: NR
Test operators: NR
Definition of test positivity: NR
Blinded to reference standard: NR
Threshold predefined: NR

Target condition and reference standard(s) Reference standard for cases: RT-PCR
Samples used: NR
Timing of reference standard: NR
Blinded to index test: NR
Incorporated index test: no
Reference standard for non-cases: N/A

Flow and timing Time interval between index and reference tests: unclear
Results presented by time period: no
All participants received the same reference standard: yes
Missing data: NR
Uninterpretable results: NR
Indeterminate results: NR
Unit of analysis: participant

Comparative �

Notes Funding: NR
Publication status: preprint
Source: medRxiv
Study author COI: NR

Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients enrolled? Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo introducod bias? � High risk �

Aro thoro concorns that tho includod pationts and sotting do

not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear � �

If a threshold was used, was it pre-specified? Unclear � �

Could tho conduct or intorprotation of tho indox tost havo

introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its conduct, or intor-

protation diffor from tho roviow quostion?

� � High

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify the target
condition?

Yes � �

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear � �

The reference standard does not incorporate the index test Yes � �

Could tho roforonco standard, its conduct, or its intorprota-

tion havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho targot condition as dofinod by

tho roforonco standard doos not match tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear � �

Did all patients receive the same reference standard? Yes � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � Unclear risk �

Xu 2020a��(Contnnued)

�
�

Study characteristics

Patient Sampling 1-group study recruiting patients estimating sensitivity
[1] 11 non-severe COVID-19 patients
[2] 5 severe COVID-19 patients
[3] 5 asymptomatic carriers
Recruitment:
Prospective or retrospective recruitment of cases: retrospective

Sample size (virus/COVID cases): 21 (21)
Inclusion and exclusion criteria: no more details available
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Patient characteristics and setting Setting: hospital
Location: 2 medical centres - Second Hospital of Nanjing and the Affiliated Hospital of
Xuzhou Medical University in Jiangsu Province
Country: China
Dates: 25 January-18 March 2020
Symptoms and severity: 5 severe, 11 non-severe and 5 asymptomatic cases. Illness
severity defined according to the Chinese management guideline for COVID-19 (ver-
sion 6.0). Severe cases defined as having any of the following: (a) respiratory distress;
(b) hypoxia (SpO2 ≤ 93%); (c) abnormal blood gas analysis (PaO2/FiO2 ≤ 300 mm Hg);
or (d) severe disease complications including respiratory failure, which requires me-
chanical ventilation, septic shock, or non-respiratory organ failure. Asymptomatic
carriers were defined as individuals who were positive for COVID-19 nucleic acid but
without any symptoms during screening of close contacts.
Sex: 13/21 (62%) male
Age: median (range) = 37 (10-73)
Exposure history: NR

Index tests Test name: no commercial name stated
Manufacturer: Innovita Co., Ltd, China
Ab targets: IgG and IgM
Antigens used: SARS-CoV-2 S protein and N protein
Test method: GICA
Timing of samples: NR
Samples used: serum
Test operators: NR
Definition of test positivity: NR
Blinded to reference standard: NR and no assumptions made based on timing of the
test
Threshold predefined: NR

Target condition and reference standard(s) Reference standard for cases: RT-PCR - confirmed after 2 sequential positive respira-
tory tract sample results
Samples used: throat swabs
Timing of reference standard: throat swab samples collected every 1-2 days
Blinded to index test: yes (serum samples for serological evaluation were stored for
later evaluation)
Incorporated index test: no
Reference standard for non-cases: N/A

Flow and timing Time interval between index and reference tests: NR
Results presented by time period: yes

All participants received the same reference standard: yes
Missing data: NR
Uninterpretable results: NR
Indeterminate results: NR
Unit of analysis: participant

Comparative �

Notes Funding: supported by the National Natural Science Foundation of China, Jiangsu
Provincial Medical Talent, Six talent peaks project of Jiangsu Province, Advanced
health talent of six-one project of Jiangsu Province, Nanjing Medical Science and
Technique Development Foundation
Publication status: published paper
Source: Emerging Microbes & Infections
Study author COI: none was declared

Methodological quality
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Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of pa-
tients enrolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclu-
sions?

Unclear � �

Did the study avoid inappropriate inclu-
sions?

Unclear � �

Could tho soloction of pationts havo intro-

ducod bias?

� High risk �

Aro thoro concorns that tho includod pa-

tionts and sotting do not match tho ro-

viow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted with-
out knowledge of the results of the refer-
ence standard?

Unclear � �

If a threshold was used, was it pre-specified? Unclear � �

Could tho conduct or intorprotation of tho

indox tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its

conduct, or intorprotation diffor from tho

roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly
classify the target condition?

Yes � �

Were the reference standard results inter-
preted without knowledge of the results of
the index tests?

Yes � �

The reference standard does not incorpo-
rate the index test

Yes � �

Could tho roforonco standard, its conduct,

or its intorprotation havo introducod

bias?

� Low risk �
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Aro thoro concorns that tho targot condi-

tion as dofinod by tho roforonco standard

doos not match tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between
index test and reference standard?

Unclear � �

Did all patients receive the same reference
standard?

Yes � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference stan-
dard?

Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod

bias?

� Unclear risk �

Vongchon 2020��(Contnnued)

�
�

Study characteristics

Patient Sampling 2-group study recruiting patients estimating sensitivity and specificity
[1] COVID-19 cases
[2] Healthy controls
Recruitment: NR
Prospective or retrospective recruitment of cases: prospective
Sample size (virus/COVID cases): 63 (27)
Inclusion and exclusion criteria: no details available

Patient characteristics and setting Setting: hospital inpatient
Location: Zhongnan Hospital, Wuhan
Country: China
Dates: NR
Symptoms and severity: 17 severe cases. No further details
Sex: 14/27 (52%) male
Age: cases only - median (range) 62 (29-87) years; IQR 46-67 years
Exposure history: NR

Index tests Test name: none
Manufacturer: Zhuhai Livzon Diagnostics INC
Ab targets: IgG and IgM
Antigens used: NR
Test method: ELISA
Timing of samples: 3-39 days for cases
Samples used: serum
Test operators: NR
Definition of test positivity: OD = 0.105
Blinded to reference standard: NR
Threshold predefined: unclear

Target condition and reference standard(s) Reference standard for cases: NR

Zong 2020a�

Antibody tosts for idontification of curront and past infoction with SARS-CoV-2 (Roviow)

Copyright © 2020 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

182



Cochrano
Library

Trustod ovidonco.

Informod docisions.

Bottor hoalth.

�

�

Cochrane Database of Systematic Reviews

Samples used: NR
Timing of reference standard: NR
Blinded to index test: NR
Incorporated index test: NR
Reference standard for non-cases: healthy controls; no indication of
timing, PCR testing

Flow and timing Time interval between index and reference tests: NR
Results presented by time period: yes but only average Ab levels
All participants received the same reference standard: NR
Missing data: NR
Uninterpretable results: NR
Indeterminate results: NR
Unit of analysis: participant

Comparative �

Notes Funding: supported by National Key Research and Development Pro-
gram of China and Emergency Science and Technology Project of
Hubei Province
Publication status: Journal pre-proof
Source: Journal of Infection
Study author COI: none

Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients enrolled? Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo introducod bias? � High risk �

Aro thoro concorns that tho includod pationts and sot-

ting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Unclear � �

If a threshold was used, was it pre-specified? Unclear � �

Could tho conduct or intorprotation of tho indox tost

havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its conduct, or in-

torprotation diffor from tho roviow quostion?

� � Low concern
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DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify the tar-
get condition?

No � �

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes � �

The reference standard does not incorporate the index test Unclear � �

Could tho roforonco standard, its conduct, or its intor-

protation havo introducod bias?

� High risk �

Aro thoro concorns that tho targot condition as dofinod

by tho roforonco standard doos not match tho quostion?

� � Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear � �

Did all patients receive the same reference standard? Unclear � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Unclear � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � Unclear risk �

Zong 2020a��(Contnnued)

�
�

Study characteristics

Patient Sampling Single-group design estimating sensitivity in acute and convales-
cent phase sera
SARS-Cov-2 laboratory (RT-PCR detection or Ab assay) confirmed
patients (n = 222)
Participants were identified retrospectively, likely as a consecutive
series

Patient characteristics and setting Inpatients at Renmin Hospital of Wuhan University, China, admitted
13 January-1 March 2020. Samples dates not known. 87/222 (39%)
classified as severe; 35/63 (56%) male. Median (IQR) age 62 (52-69)
years. Exposure NR

Index tests 2 Ab tests used on serology samples

iFlash-SARS-CoV-2 IgG and iFlash-SARS-CoV-2 IgM (laboratory tests
manufactured by Shenzhen YHLO Biotech Co., Ltd.,). Measured IgM
and IgG; antigens NR. Thresholds NR. Serum taken between day 1
and 35, 148/222 (67%) from day 21 onwards.

Target condition and reference standard(s) COVID-19 determined with laboratory RT-PCR or anti-SARS-CoV-2
assay from nasal or pharyngeal swabs. No further detail given (cod-
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ed as Chinese government guideline, 7th Ed) guideline. Diagnosis
made during inpatient stay; prior to the index test

Flow and timing Unclear which participants received which test (RT-PCR or Ab test
as the reference standard). Samples acquired over considerable pe-
riod pso; only disaggregation is for day 21 and over
Timing of reference standard and index tests NR
Uninterpretable, indeterminate and missing results not mentioned
One sample tested by each test per participant

Comparative �

Notes No funding declared. No conflicts of interest noted
Report from a medRxiv preprint (not peer reviewed)

Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients enrolled? Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? No � �

Could tho soloction of pationts havo introducod bias? � High risk �

Aro thoro concorns that tho includod pationts and sotting

do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear � �

If a threshold was used, was it pre-specified? Unclear � �

Could tho conduct or intorprotation of tho indox tost havo

introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its conduct, or in-

torprotation diffor from tho roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify the target
condition?

Yes � �

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes � �
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The reference standard does not incorporate the index test No � �

Could tho roforonco standard, its conduct, or its intorpro-

tation havo introducod bias?

� High risk �

Aro thoro concorns that tho targot condition as dofinod by

tho roforonco standard doos not match tho quostion?

� � Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and ref-
erence standard?

Unclear � �

Did all patients receive the same reference standard? No � �

Were all patients included in the analysis? No � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � High risk �

Zhang 2020a��(Contnnued)

�
�

Study characteristics

Patient Sampling Multi-group design estimating sensitivity and specificity in acute phase sera

First group included as single cohort to estimate sensitivity and specificity
[1] Suspected COVID-19 cases (n = 228) admitted to fever clinic with RT-PCR testing for
COVID-19
Other groups recruited but not analysed as part of this review:

[2] Controls - outpatients with other diseases (n = 222)
[3] Controls - medical staff working for the fever clinic (n = 63)
[4] Controls - pre-pandemic healthy physical examinees (n = 223)
No information about recruitment

Patient characteristics and setting [1] Inpatients at Fever Clinic, Shengjing Hospital of China Medical University, China,
admitted between 21 January-16 February 2020, samples dates not known. Median
(range) age 35 (1-86). 124/225 (55%) male. Exposure NR
[2] Outpatients at Shengjing Hospital of China Medical University, China, admitted be-
tween 21 January-16 February 2020, samples dates not known. Median (range) age 50
(27-85). 62/222 (28%) male
[3] Medical staff at Fever Clinic, Shengjing Hospital of China Medical University, China,
samples dates not known. Median (range) age 40 (25-61). 7/63 (11%) male
[4] Healthy controls. Physical examinees in 2018. No setting stated. Median (range) age
59 (29-95). 77/223 (35%) male

Index tests 1 Ab test, no mention of blinding
Unnamed IgG and IgM CLIA assay (laboratory tests manufactured by Shenzhen YH-
LO Biotech Co., Ltd). Measured IgM and IgG in sera; 2019-nCoV S protein S and N pro-
tein N antigen. Thresholds > 10.0 AU/mL (Ab concentration per mL. Sample timing on-
ly described for 3 cases (tests repeated every 1-3 days until between day 11 and day 17
(from Figure 1)
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Target condition and reference standard(s) [1] Virus detected with RT-PCR from NP/OP swabs. Ct value according to manufacturers
instructions (NR); one of ORF1ab and N gene were required to be positive in same sam-
ple. Tests repeated once in negatives. Timing of swabs unclear

Excluded cohorts:
[2] No reference standard stated
[3] No reference standard stated
[4] Reference standard based on being pre-pandemic samples

Flow and timing Timing of reference standard NR. Time pso reported only for the 3 confirmed cases
Uninterpretable, indeterminate and missing results not mentioned
1 sample tested per participant

Comparative �

Notes Funded by National Science and Technology Major Project of China, Liaoning Province
Natural Science Foundation Project, Liaoning Province Central Government's special
project to guide local scientific and technological development, Guangdong Province
Major key projects of indusTentative technology, Major Special Project of Construction
Program of China Medical University in 2018 and 345 talent project of Shengjing Hospi-
tal of China Medical University
No conflicts of interest noted
Report from a preprint (not peer reviewed)

Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of
patients enrolled?

Unclear � �

Was a case-control design avoided? Yes � �

Did the study avoid inappropriate exclu-
sions?

Yes � �

Did the study avoid inappropriate inclu-
sions?

Yes � �

Could tho soloction of pationts havo in-

troducod bias?

� Unclear risk �

Aro thoro concorns that tho includod pa-

tionts and sotting do not match tho ro-

viow quostion?

� � Low concern

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted
without knowledge of the results of the ref-
erence standard?

Unclear � �

If a threshold was used, was it pre-speci-
fied?

Unclear � �

Zhang 2020b��(Contnnued)

Antibody tosts for idontification of curront and past infoction with SARS-CoV-2 (Roviow)

Copyright © 2020 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

187



Cochrano
Library

Trustod ovidonco.

Informod docisions.

Bottor hoalth.

�

�

Cochrane Database of Systematic Reviews

Could tho conduct or intorprotation of

tho indox tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost,

its conduct, or intorprotation diffor from

tho roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correct-
ly classify the target condition?

No � �

Were the reference standard results inter-
preted without knowledge of the results of
the index tests?

Unclear � �

The reference standard does not incorpo-
rate the index test

Yes � �

Could tho roforonco standard, its con-

duct, or its intorprotation havo intro-

ducod bias?

� High risk �

Aro thoro concorns that tho targot con-

dition as dofinod by tho roforonco stan-

dard doos not match tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between
index test and reference standard?

Unclear � �

Did all patients receive the same reference
standard?

Yes � �

Were all patients included in the analysis? Yes � �

Did all participants receive a reference
standard?

Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod

bias?

� Low risk �

Zhang 2020b��(Contnnued)

�
�

Study characteristics

Patient Sampling Single-group design estimating sensitivity in acute phase sera.
RT-PCR positive confirmed patients (n = 139) who received around
10 days of medical treatment after admission (n = 16) were identi-
fied.
No information about recruitment
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The study includes a separate group of patients reporting multiple
RT-PCR results

Patient characteristics and setting Inpatients at Wuhan pulmonary hospital, China, admission dates
NR, samples dates not known. No demographic or clinical informa-
tion. Exposure NR

Index tests One Ab test, blinding not described
Anti-SARSr-CoV IgG and IgM ELISA kits (in-house laboratory
method). Measured IgM and IgG in serum from samples on day 0
and day 5; antigen: SARSr-CoV Rp3 nucleoprotein. Threshold NR

Target condition and reference standard(s) COVID-19 confirmed with laboratory RT-PCR. No further detail giv-
en. Diagnosis made during inpatient stay; prior to the index test

Flow and timing Timing of reference standard NR
Excluded if < 10 days medical treatment (n = 123)
Uninterpretable, indeterminate results not mentioned
One sample tested per participant at each time point; samples ob-
tained on same days pso and all participants had ≥ 10 days medical
Rx post admission

Comparative �

Notes Supported by the Mega-Project for Infectious Disease from Minister
of Science and Technology of the People’s Republic of China, China
Natural Science Foundation for excellent scholars, Strategic Priority
Research Program of the CAS, Youth innovation promotion associa-
tion of CAS

No conflicts of interest noted
Report from a published peer reviewed paper

Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients enrolled? No � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Yes � �

Could tho soloction of pationts havo introducod bias? � High risk �

Aro thoro concorns that tho includod pationts and sotting

do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear � �

If a threshold was used, was it pre-specified? Unclear � �

Could tho conduct or intorprotation of tho indox tost havo

introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its conduct, or in-

torprotation diffor from tho roviow quostion?

� � High

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify the target
condition?

Yes � �

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Unclear � �

The reference standard does not incorporate the index test Yes � �

Could tho roforonco standard, its conduct, or its intorpro-

tation havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho targot condition as dofinod by

tho roforonco standard doos not match tho quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and ref-
erence standard?

Unclear � �

Did all patients receive the same reference standard? Yes � �

Were all patients included in the analysis? No � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � High risk �

Zhang 2020c��(Contnnued)

�
�

Study characteristics

Patient Sampling Single-group study recruiting patients estimating sensitivity and specificity
[1] Patients with suspected COVID-19 (n = 824, 154 cases)
Recruitment: unclear

Patient characteristics and setting Setting: hospital
Location: 5 hospitals - Huoshenshan Hospital (Wuhan), General Hospital of
Central 19 Threater Command of the PLA (Wuhan), the Sixth People’s Hos-
pital of Shenyang, Peking Union Medical College Hospital, and Shijiazhuang
Fi.h Hospital.
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Country: China
Dates: no details
Symptoms and severity: no details
Sex: no details
Age: no details
Exposure history: no details

Index tests Test name: colloidal GICA
Manufacturer: in-house
Ab targets: total Abs (IgG and IgM)
Antigens used: rS1 and rS-RBD-mFc S proteins
Test method: CGIA
Timing of samples: NR
Samples used: serum
Test operators: NR
Definition of test positivity: visible line
Blinded to reference standard: unclear
Threshold predefined: yes

Target condition and reference standard(s) Reference standard for cases: real-time PCR kit, included patients PCR-neg-
ative but clinically diagnosed by CT as D+; D- are RT-PCR negative but un-
clear if all had CT to confirm absence
Samples used: nasal/pharyngeal swab
Timing of reference standard: unclear
Blinded to index test: unclear
Incorporated index test: no

Reference standard for non-cases: single PCR-negative

Flow and timing Time interval between index and reference tests: no information
Results presented by time period: no
All participants received the same reference standard: yes
Missing data: no information
Uninterpretable results: no information
Indeterminate results: no information
Unit of analysis: participant

Comparative �

Notes Funding: The National Key Research and Development Program of China,
and The National Science and Technology Major Project
Publication status: preprint
Source:preprint server (medRxiv)
Study author COI: report no COI but 1 author from a company (Beijing Hot-
gen Biotechnology Inc., Beijing)

Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients en-
rolled?

Unclear � �

Was a case-control design avoided? Yes � �

Did the study avoid inappropriate exclusions? Unclear � �
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Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo introducod

bias?

� Unclear risk �

Aro thoro concorns that tho includod pationts and

sotting do not match tho roviow quostion?

� � Low concern

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Unclear � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho indox

tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its conduct,

or intorprotation diffor from tho roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify
the target condition?

No � �

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Unclear � �

The reference standard does not incorporate the in-
dex test

Yes � �

Could tho roforonco standard, its conduct, or its in-

torprotation havo introducod bias?

� High risk �

Aro thoro concorns that tho targot condition as do-

finod by tho roforonco standard doos not match tho

quostion?

� � Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear � �

Did all patients receive the same reference standard? Yes � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � Unclear risk �
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�

Study characteristics

Patient Sampling 2-group design estimating sensitivity and specificity in acute phase sera
[1] Confirmed COVID-19 cases (n = 173) with positive RT-PCR testing for
COVID-19
[2] Controls - pre-pandemic healthy individuals (n = 213)
No information about recruitment

Patient characteristics and setting [1] Inpatients at Shenzhen Third People’s Hospital, Shenzhen, China,
admitted between 11 January-9 February 2020, samples between day
1 and day 39. Median (IQR) age 48 (35-61). 84/173 (49%) male. 126/173
(73%) clear exposure identified. 32/173 (18%) considered critical (pres-
ence of ARDS or oxygen saturation < 93%, requiring mechanical ventila-
tion)
[2] No information given

Index tests One Ab test, no mention of blinding

ELISA double antigen sandwich immunoassay (laboratory tests man-
ufactured by Shenzhen YHLO Biotech Co.,Ltd). Measured total Ab, IgM
and IgG in plasma; Ab and IgM - RBD of the S protein of SARS-CoV-2; IgG
- recombinant nucleoprotein antigen. Thresholds NR. Sample timing
described for all participants
Results from repeat RT-PCR test mentioned, but no details given

Target condition and reference standard(s) [1] Virus detected with RT-PCR from respiratory swabs. Timing of swabs
unclear but precedes serology tests
[2] Reference standard based on being pre-pandemic samples

Flow and timing Timing of reference standard NR, all within hospital stay
Inadequate plasma samples for 2 IgM tests and 1 IgG test
Uninterpretable and indeterminate results not mentioned
535 samples tested from 173 participants; data disaggregated over
time. Overall sensitivity and specificity defined as positive at any time
point. Accuracy in different time periods based on fewer repeat samples
(numbers not known)

Comparative �

Notes Supported by Bill & Melinda Gates Foundation
No conflicts of interest noted
Report from a preprint (not peer reviewed)

Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients en-
rolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �
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Did the study avoid inappropriate inclusions? Yes � �

Could tho soloction of pationts havo introducod bias? � High risk �

Aro thoro concorns that tho includod pationts and sot-

ting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without knowledge
of the results of the reference standard?

No � �

If a threshold was used, was it pre-specified? Unclear � �

Could tho conduct or intorprotation of tho indox tost

havo introducod bias?

� High risk �

Aro thoro concorns that tho indox tost, its conduct, or

intorprotation diffor from tho roviow quostion?

� � Low concern

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify the
target condition?

Yes � �

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes � �

The reference standard does not incorporate the index
test

Yes � �

Could tho roforonco standard, its conduct, or its intor-

protation havo introducod bias?

� Low risk �

Aro thoro concorns that tho targot condition as dofinod

by tho roforonco standard doos not match tho quos-

tion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear � �

Did all patients receive the same reference standard? No � �

Were all patients included in the analysis? No � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � High risk �
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Study characteristics

Patient Sampling 3-group study recruiting patients estimating sensitivity and specificity
[1] Pre-pandemic controls (n = 257)
[2] Controls selected during pandemic (n = 155)
[3] Cases from hospitalised or recovered patients (n = 69)
Recruitment: various sources and locations
Prospective or retrospective recruitment of cases: prospective
Sample size (virus/COVID cases): 481 (69)
Inclusion and exclusion criteria: no details

Patient characteristics and setting Setting: hospital inpatient (cases), community/hospital/clinical lab (controls)
Location: for cases various hospitals (including 2 in Beijing and one in Wuhan);
group 2 controls from Beijing (N = 15) and Zheiiang province (N = 140)
Country: China
Dates: NR
Symptoms and severity: cases-at different clinic stages. No more detail
Sex: no overall details
Age: no details
Exposure history: no details

Index tests Test name: SARS-CoV-2 virus serology ELISA kit
Manufacturer: in-house
Ab targets: total Ab (IgG + IgM)
Antigens used: SARS-CoV-2-S1 protein
Test method: ELISA
Timing of samples: during hospitalisation
Samples used: plasma
Test operators: NR
Definition of test positivity: standard ELISA method
Blinded to reference standard: unclear

Threshold predefined: as per controls supplied with ELISA

Target condition and reference standard(s) Reference standard for cases: unclear
Samples used: unclear
Timing of reference standard: unclear
Blinded to index test: yes
Incorporated index test: unclear
Reference standard for non-cases: group 1-pre-pandemic, group 2-unclear

Flow and timing Time interval between index and reference tests: unclear
Results presented by time period: no but possible for a subset of the cases
All participants received the same reference standard: no
Missing data: no details
Uninterpretable results: no details
Indeterminate results: no details
Unit of analysis: unclear

Comparative �

Notes Funding: research Grants from Beijing Science and Technology Commission,
Bill & Melinda Gates Foundation, National Natural Science Foundation of China
(NSFC) and the National Science and Technology Major Project
Publication status: preprint
Source: preprint server medRxiv
Study author COI: no details but 3 authors are from 3 different companies (Any-
Go Technology Co., Ltd, Beijing; AbMax Biotechnology Co., LTD, Beijing; Zhenge
Biotechnology Co., LTD, Shanghai)
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Methodological quality

Itom Authors' judgomont Risk of bias Applicability concorns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients
enrolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo introducod

bias?

� High risk �

Aro thoro concorns that tho includod pationts

and sotting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Unclear � �

If a threshold was used, was it pre-specified? Yes � �

Could tho conduct or intorprotation of tho in-

dox tost havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho indox tost, its con-

duct, or intorprotation diffor from tho roviow

quostion?

� � High

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly clas-
sify the target condition?

Unclear � �

Were the reference standard results interpret-
ed without knowledge of the results of the index
tests?

Yes � �

The reference standard does not incorporate the
index test

Unclear � �

Could tho roforonco standard, its conduct, or

its intorprotation havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho targot condition

as dofinod by tho roforonco standard doos not

match tho quostion?

� � Unclear
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DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear � �

Did all patients receive the same reference stan-
dard?

No � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � High risk �

Zhao 2020b��(Contnnued)

�
�

Study characteristics

Patient Sampling 2-group study to estimate sensitivity and specificity for diagnosis of active
infection
[1] PCR-positive COVID-19 patients (n = 47)
[2] Healthy controls (n = 300)
No further details of inclusion or exclusion criteria

Patient characteristics and setting [1] Source of cases not described. Study conducted in China. Recruitment
period not described (symptom onset for cases dates from 15 January-13
February 2020; sampling dates from 28 January-21 February 2020)
Severity (cases only): mild = 22 (47%); moderate = 14 (30%); severe = 6
(13%); critical 5 (11%)

Sex: 34% male

Age: median 48 (range 18-82) years. Exposure history not described
[2] Healthy controls not described in regard to timing of sampling or charac-
teristics

Index tests 3 tests evaluated, this entry (Zhong 2020 [A]) refers to test [A]
Both laboratory-based evaluations to detect IgM and IgG
A. ELISA using N gene of the SARS-CoV-2 cloned into a pET28a vector (rN-
based assay)

B ELISA using S gene cloned into a pMFcIg vector-based (rS-based assay)
C. CLIA (not clearly described; potentially uses both of above described anti-
gens)
Thesholds defined retrospectively in regard to optimal cut-off on ROC curve

Target condition and reference standard(s) [1] PCR (no further details); positivity threshold not described. Symptom
onset 15 January-13 February, with serology sampling up to 21 February
2020. RT-PCR probably SARS-Cov-2 specific, but not certain
[2] No description of healthy controls provided

Flow and timing Time interval between index and reference not described. Results not disag-
gregated by time period pso
No missing data, uninterpretable or indeterminate results described
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Patient-based analysis

Comparative �

Notes Work was supported by the grants from Sichuan Science and Technology
Program (2020YFS0014 and 2020YFS0558), the Chinese Academy of Medical
Sciences (2019-I2M-5-032) and Technology & Science & Technology Bureau
of Chengdu (2020-YF05-00060-SN and 2020-YF05-00075-SN)
Authors declare no COI present; 3 co-authors employed by Maccura Biotech

Published letter to Editor (Sci China Life Sci)

Methodological quality

Itom Authors' judgomont Risk of bias Applicability con-

corns

DOMAIN 1: Pationt Soloction

Was a consecutive or random sample of patients en-
rolled?

Unclear � �

Was a case-control design avoided? No � �

Did the study avoid inappropriate exclusions? Unclear � �

Did the study avoid inappropriate inclusions? Unclear � �

Could tho soloction of pationts havo introducod

bias?

� High risk �

Aro thoro concorns that tho includod pationts and

sotting do not match tho roviow quostion?

� � High

DOMAIN 2: Indox Tost (All tosts)

DOMAIN 2: Indox Tost (Antibody tosts)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Unclear � �

If a threshold was used, was it pre-specified? No � �

Could tho conduct or intorprotation of tho indox

tost havo introducod bias?

� High risk �

Aro thoro concorns that tho indox tost, its conduct,

or intorprotation diffor from tho roviow quostion?

� � High

DOMAIN 3: Roforonco Standard

Is the reference standards likely to correctly classify
the target condition?

Yes � �

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Unclear � �
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The reference standard does not incorporate the in-
dex test

Yes � �

Could tho roforonco standard, its conduct, or its in-

torprotation havo introducod bias?

� Unclear risk �

Aro thoro concorns that tho targot condition as do-

finod by tho roforonco standard doos not match tho

quostion?

� � High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear � �

Did all patients receive the same reference standard? No � �

Were all patients included in the analysis? Unclear � �

Did all participants receive a reference standard? Yes � �

Were results presented per patient? Yes � �

Could tho pationt flow havo introducod bias? � High risk �

Zhong 2020 [A]��(Contnnued)

�
�

Study characteristics

Patient Sampling See main entry for this study for characteristics and QUADAS-2 assessment (Zhong 2020 [A])

Patient charac-
teristics and set-
ting

See main entry for this study for characteristics and QUADAS-2 assessment (Zhong 2020 [A])

Index tests 3 tests evaluated, this entry (Zhong 2020 [B]) refers to test [B]
Both laboratory-based evaluations to detect IgM and IgG
A. ELISA using N gene of the SARS-CoV-2 cloned into a pET28a vector (rN-based assay)

B ELISA using S gene cloned into a pMFcIg vector-based (rS-based assay)
C. CLIA (not clearly described; potentially uses both of above described antigens)
Thesholds defined retrospectively in regard to optimal cut-off on ROC curve

Target condition
and reference
standard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Zhong 2020 [A])

Flow and timing See main entry for this study for characteristics and QUADAS-2 assessment (Zhong 2020 [A])

Comparative �

Notes �

Zhong 2020 [B]�
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Study characteristics

Patient Sampling See main entry for this study for characteristics and QUADAS-2 assessment (Zhong 2020 [A])

Patient charac-
teristics and set-
ting

See main entry for this study for characteristics and QUADAS-2 assessment (Zhong 2020 [A])

Index tests 3 tests evaluated, this entry (Zhong 2020 [C]) refers to test [C]
Both laboratory-based evaluations to detect IgM and IgG
A. ELISA using N gene of the SARS-CoV-2 cloned into a pET28a vector (rN-based assay)

B ELISA using S gene cloned into a pMFcIg vector-based (rS-based assay)
C. CLIA (not clearly described; potentially uses both of above described antigens)
Thesholds defined retrospectively in regard to optimal cut-off on ROC curve

Target condition
and reference
standard(s)

See main entry for this study for characteristics and QUADAS-2 assessment (Zhong 2020 [A])

Flow and timing See main entry for this study for characteristics and QUADAS-2 assessment (Zhong 2020 [A])

Comparative �

Notes �

Zhong 2020 [C]�

A&E: Accident and Emergency Department; Ab: antibody; ARDS: acute respiratory distress syndrome; AU: arbitrary unit; CDC: Center
for Disease Control; CMV: cytomegalovirus; CT: computed tomography; CGIA: colloidal gold immunoassay; CLIA: chemiluminescence
immunoassay; COI: conflict of interest; D-: disease negative; D+: disease positive; EIA: enzyme immunoassay; ELISA: enzyme-
linked immunosorbent assay; Flu: fluorescence intensity; GICA: gold immunochromatography assay; HCW: healthcare worker; ICU:

intensive care unit; IIFT: indirect Immunofluorescence test; LFA: lateral flow assay; LFIA: lateral flow immunoassay; LIPS: luciferase
immunoprecipitation system; LRTI: lower respiratory tract infection; N protoin: nucleocapsid protein; N/A: not applicable; NAAT: nucleic
acid amplification test; NIH: National Institues of Health; NIHR: National Institute for Health Research; NP: nasopharyngeal; NR: not
reported; OP: oropharyngeal; PCR: polymerase chain reaction; POC: point-of-care; pso: post-symptom onset; RBD: receptor binding
domain; RNA: ribonucleic acid; ROC: receiver operating characteristic; RT-PCR: reverse transcriptase polymerase chain reaction; RT-qPCR:

reverse transcriptase quantitative polymerase chain reaction; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; S-flow: flow-
cytometry based test; S protoin: spike protein; SD: standard deviation; TB: tuberculosis; WHO: World Health Organization
�

Charactoristics of oxcludod studios [ordered by study ID]

�

Study Roason for oxclusion

Ai 2020 Ineligible reference standard

Aitken 2020 Ineligible study design

Amanat 2020 Accuracy data cannot be extracted

Annamalai 2020 Ineligible study design

Argenziano 2020 Ineligible index test

Arons 2020 Ineligible index test

Arumugam 2020 Ineligible study design
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Study Roason for oxclusion

Baggett 2020 Ineligible study design

Bai 2020 Inadequate sample size

Bajema 2020 Ineligible study design

Barra 2020 Ineligible study design

Batista 2020 Ineligible index test

Beltran Corbellini 2020 Ineligible index test

Beltran Pavez 2020 Inadequate sample size

Ben Ami 2020 Ineligible index test

Bhadra 2020 Ineligible study design

Bordi 2020 Ineligible study design

Burhan 2020 Ineligible study design

Cai 2020 Ineligible study design

Callahan 2020 Accuracy data cannot be extracted

Chan 2020 Ineligible study design

Chandler Brown 2020 Ineligible study design

Chen 2020b Ineligible target condition

Chen 2020c Ineligible study design

Cheng 2020a Ineligible reference standard

Chu 2020 Ineligible study design

Colson 2020 Inadequate sample size

Comar 2020 Ineligible reference standard

Corman 2020 Ineligible study design

Cui 2020 Ineligible study design

Curti 2020 Ineligible study design

Dahlke 2020 Inadequate sample size

Ding 2020 Ineligible study design

Fang 2020z Ineligible index test

Farfan 2020 Ineligible study design
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Study Roason for oxclusion

Feng 2020 Ineligible index test

Fontanet 2020 Ineligible study design

Fu 2020a Ineligible population

Fu 2020b Accuracy data cannot be extracted

Fumeaux 2020 Ineligible study design

Gao 2020 Ineligible index test

Giamarellos Bourboulis 2020 Ineligible study design

Gietema 2020 Ineligible index test

Gonzalez Gonzalez 2020a Ineligible study design

Gonzalez Gonzalez 2020b Ineligible study design

Guan 2020 Ineligible study design

Guo 2020b Ineligible study design

Guo 2020c Ineligible population

Han 2020 Ineligible index test

Hao 2020 Ineligible study design

Hass 2020 Ineligible target condition

Hirotsu 2020 Ineligible study design

Hogan 2020 Ineligible index test

Holland 2020 Ineligible study design

Hu 2020b Ineligible study design

Hu 2020c Author contact needed

Hu 2020d Ineligible index test

Huang 2020a Ineligible study design

Jenkins 2020 Ineligible study design

Jiang 2020a Ineligible study design

Jiang 2020b Accuracy data cannot be extracted

Jung 2020 Ineligible study design

Khan 2020 Ineligible study design
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Study Roason for oxclusion

Kim 2019 Ineligible study design

Kong 2020 Ineligible study design

Konrad 2020 Ineligible study design

Kurstjens 2020 Ineligible index test

Lamb 2020 Ineligible study design

Lan 2020 Ineligible population

Lechien 2020 Ineligible index test

Lei 2020 Ineligible study design

Li 2020c Inadequate sample size

Li 2020d Ineligible study design

Li 2020e Ineligible index test

Li 2020f Ineligible population

Li 2020g Ineligible index test

Liang 2020a Ineligible index test

Liang 2020b Ineligible study design

Ling 2020 Ineligible target condition

Liu 2020e Ineligible index test

Liu 2020f Ineligible index test

Liu 2020g Ineligible index test

Liu 2020h Ineligible study design

Lo 2020 Ineligible index test

Lopez-Rincon 2020 Ineligible study design

Lu 2020 Ineligible study design

Ma 2020b Ineligible study design

Mahari 2020 Ineligible study design

Mardani 2020 Ineligible index test

Marzinotto 2020 Accuracy data cannot be extracted

McKay 2020 Ineligible study design
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Study Roason for oxclusion

McRae 2020 Ineligible index test

Mei 2020 Ineligible index test

Meng 2020 Ineligible index test

Mercurio 2020 Ineligible study design

Metsky 2020 Ineligible study design

Nelson 2020 Ineligible study design

Nemati 2020 Ineligible study design

Nie 2020 Ineligible study design

Nunez Bajo 2020 Ineligible study design

Okba 2020b Ineligible study design

Paden 2020 Ineligible study design

Pan 2020b Ineligible index test

Pan 2020c Ineligible study design

Pan 2020d Ineligible index test

Pan 2020e Ineligible study design

Paradiso 2020b Accuracy data cannot be extracted

Park 2020 Ineligible study design

Peng 2020 Ineligible index test

Pfefferle 2020 Ineligible study design

Rauch 2020 Ineligible study design

Scallan 2020 Accuracy data cannot be extracted

Seo 2020 Accuracy data cannot be extracted

Shental 2020 Ineligible study design

Shi 2020 Ineligible index test

Shirato 2020 Ineligible study design

Song 2020 Ineligible index test

Su 2020 Ineligible index test

Sun 2020a Ineligible index test
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Study Roason for oxclusion

Sun 2020b Ineligible index test

Sun 2020c Ineligible study design

Tagarro 2020 Ineligible index test

Tan 2020a Ineligible study design

Tan 2020b Ineligible index test

Tan 2020c Ineligible study design

Toptan 2020 Ineligible study design

Tsang 2003 Ineligible target condition

Vermeiren 2020 Accuracy data cannot be extracted

Viehweger 2020 Ineligible study design

Vogels 2020 Ineligible study design

Waghmare 2020 Ineligible population

Wang 2020b Ineligible index test

Wang 2020c Accuracy data cannot be extracted

Wang 2020d Accuracy data cannot be extracted

Wang 2020e Accuracy data cannot be extracted

Wang 2020f Ineligible study design

Wang 2020g Retracted study

Wang 2020h Accuracy data cannot be extracted

Wang 2020i Ineligible index test

Wee 2020 Ineligible study design

Weiss 2020 Accuracy data cannot be extracted

Woelfel 2020 Ineligible reference standard

Won 2020 Ineligible study design

Woo 2020 Ineligible study design

Wu 2020a Ineligible index test

Wu 2020b Ineligible study design

Wu 2020c Accuracy data cannot be extracted
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Study Roason for oxclusion

Xia 2020a Ineligible index test

Xia 2020b Ineligible study design

Xie 2020b Ineligible population

Xie 2020c Accuracy data cannot be extracted

Xing 2020a Inadequate sample size

Xing 2020b Ineligible reference standard

Xu 2020b Ineligible study design

Xu 2020c Inadequate sample size

Xu 2020d Ineligible index test

Yan 2020 Ineligible study design

Yang 2020a Ineligible reference standard

Yang 2020b Ineligible study design

Yelin 2020 Ineligible study design

Yuan 2020 Accuracy data cannot be extracted

Yun 2020 Ineligible study design

Zeng 2020b Accuracy data cannot be extracted

Zhang 2020e Ineligible study design

Zhang 2020f Ineligible study design

Zhang 2020g Accuracy data cannot be extracted

Zhang 2020h Accuracy data cannot be extracted

Zhao 2020c Ineligible study design

Zhao 2020d Ineligible study design

Zhifeng 2020 Ineligible reference standard

Zhou 2020 Accuracy data cannot be extracted

Zhuang 2020 Retracted study

�

Charactoristics of studios awaiting classification [ordered by study ID]

�
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Patient Sampling Foreign language study awaiting translation

Patient characteristics and setting �

Index tests �

Target condition and reference standard(s) � � �

Flow and timing �

Comparative �

Notes � � �

Li 2020b�

�
�

Patient Sampling Study of neutralising antibodies; to be assessed for in-
clusion in review update

Patient characteristics and setting �

Index tests �

Target condition and reference standard(s) � � �

Flow and timing �

Comparative �

Notes � � �

Thompson 2020�

�
�

Patient Sampling Foreign language study awaiting translation

Patient characteristics and setting �

Index tests �

Target condition and reference standard(s) � � �

Flow and timing �

Comparative �

Notes � � �

Xiong 2020�

�

Charactoristics of ongoing studios [ordered by study ID]

�
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Study name Construction of early warning and prediction system for patients
with severe / critical novel coronavirus pneumonia (COVID-19)

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000029625�

�
�

Study name Early detection of novel coronavirus pneumonia (COVID-19) based
on a novel high-throughput mass spectrometry analysis with exhaled
breath

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000029695�

�
�

Study name Clinical study of a novel high sensitivity nucleic acid assay for novel
coronavirus pneumonia (COVID-19) based on CRISPR-cas protein

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000029810�

�
�

Study name Evaluation of rapid diagnostic kit (IgM/IgG) for novel
coronavirus pneumonia (COVID-19)

Target condition and reference standard(s) �

ChiCTR2000029870�
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Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000029870��(Contnnued)

�
�

Study name A comparative study on the sensitivity of nasopharyngeal and
oropharyngeal swabbing for the detection of SARS-CoV-2 by re-
al-time PCR

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000029883�

�
�

Study name Study for using multiomics in the diagnosis and treatment
of novel coronavirus pneumonia (COVID-19

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000029982�

�
�

Study name Nucleic acid analysis of novel coronavirus pneumonia (COVID-19) in
morning sputum samples and pharyngeal swabs-a prospectively diag-
nostic test

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

ChiCTR2000030005�
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Contact information �

Notes �

ChiCTR2000030005��(Contnnued)

�
�

Study name Cancelled by the investigator Study for the false positive rate of IgM / IgG an-
tibody test kit for novel coronavirus pneumonia (COVID-19) in different in-
patients

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000030085�

�
�

Study name The value of critical care ultrasound in rapid screening, diagnosis, evaluation
of effectiveness and intensive prevention of novel coronavirus pneumonia
(COVID-19)

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000030185�

�
�

Study name Exploration and research for a new method for detection of
novel coronavirus (COVID-19) nucleic acid

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000030253�
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�
�

Study name MicroRNA as a marker for early diagnosis of novel
coronavirus infection (COVID-19)

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000030334�

�
�

Study name A clinical study about the diagnosis and prognosis evaluation of novel coronavirus
pneumonia (COVID-19) based on viral genome, host genomic sequencing, relative
cytokines and other laboratory indexes

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000030542�

�
�

Study name Detection of coronavirus in simultaneously collecting tears and throat
swab samples collected from the patients with novel coronavirus pneu-
monia (COVID-19)

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000030543�

�
�
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Study name Cancelled by the investigator Epidemiological research of novel coronavirus pneu-
monia (COVID-19) suspected cases based on virus nucleic acid test combined with
low-dose chest CT screening in primary hospital

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000030558�

�
�

Study name Cancelled by the investigator Application of cas13a-mediated RNA
detection in the assay of novel coronavirus nucleic acid (COVID-19)

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000030706�

�
�

Study name A comparative study for the sensitivity of induced sputum and throat swabs for
the detection of SARS-CoV-2 by real-time PCR in patients with novel coronavirus
pneumonia (COVID-19)

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000030721�

�
�

Study name Medical records based study for the accuracy of SARS-CoV-2 IgM anti-
body screening for diagnosis of novel coronavirus pneumonia (COV-
ID-19)

ChiCTR2000030754�
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Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000030754��(Contnnued)

�
�

Study name Clinical validation and application of high-throughput novel
coronavirus (2019-nCoV) screening detection kit

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000030833�

�
�

Study name Epidemiological characteristics and antibody levels of novel coronavirus
pneumonia (COVID-19) of pediatric medical staff working in quarantine
area

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000030834�

�
�

Study name Development of warning system with clinical differential diagnosis and prediction
for severe type of novel coronavirus pneumonia (COVID-19) patients based on arti-
ficial intelligence and CT images

Target condition and reference standard(s) �

Index and comparator tests �

ChiCTR2000030838�
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Starting date �

Contact information �

Notes �

ChiCTR2000030838��(Contnnued)

�
�

Study name An artificial intelligence assistant system for suspected novel
coronavirus pneumonia (COVID-19) based on chest CT

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000030856�

�
�

Study name A medical based analysis for influencing factors of death of novel
coronavirus pneumonia (COVID-19) patients in Wuhan Third Hospital

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000030859�

�
�

Study name A medical records based study for investigation of dynamic profile of RT-
PCR test for SARS-CoV-2 nucleic acid of novel coronavirus pneumonia (COV-
ID-19) patients

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

ChiCTR2000030860�
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Notes �

ChiCTR2000030860��(Contnnued)

�
�

Study name Correlation analysis of blood eosinophil cell levels and clinical type category
of novel coronavirus pneumonia (COVID-19): a medical records based retro-
spective study

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

ChiCTR2000030862�

�
�

Study name Development of a simple, fast and portable recombinase
aided amplification assay for 2019-nCoV

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

NCT04245631�

�
�

Study name Viral excretion in contact subjects at high/moderate risk
of coronavirus 2019-nCoV infection

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

NCT04259892�

�
�
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Study name Detection of 2019 novel coronavirus in multiple organ system
and its relationship with clinical manifestations

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

NCT04279795�

�
�

Study name SARS-CoV2 seroconversion among front line medical and paramedical staff in
emergency, intensive care units and infectious disease departments during
the 2020 epidemic

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

NCT04304690�

�
�

Study name Development and verification of a new coronavirus mul-
tiplex nucleic acid detection system

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

NCT04311398�

�
�

Study name Clinical performance of the VivaDiag ™ COVID-19 lgM IgG rapid
test in early detecting the infection of COVID-19

Target condition and reference standard(s) �

NCT04316728�
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Index and comparator tests �

Starting date �

Contact information �

Notes �

NCT04316728��(Contnnued)

�
�

Study name Impact of swab site and sample collector on testing sensitivity
for SARS-CoV-2 virus in symptomatic individuals

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

NCT04321369�

�
�

Study name Factors associated with a positive SARS-CoV-2 serology in contact sub-
jects at high/moderate risk of coronavirus SARS-CoV-2 infection (CoV-CON-
TACT-SERO)

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

NCT04322279�

�
�

Study name Biomarkers for identification of SARS-
COV-2 infection

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

NCT04322513�
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Contact information �

Notes �

NCT04322513��(Contnnued)

�
�

Study name Detection of SARS-CoV-2 RNA and antibodies in diverse samples: protocol to
validate the sufficiency of provider-observed home-collected blood, saliva and
oropharyngeal samples

Target condition and reference standard(s) �

Index and comparator tests �

Starting date �

Contact information �

Notes �

Sullivan 2020�

�

�

D A T A

Presented below are all the data for all of the tests entered into the review.

�

Tablo Tosts. � Data tablos by tost

Tost No. of studios No. of participants

1 IgG (all time points) 62 11748

2 IgG (1 to 7 days) 33 585

3 IgG (8 to 14 days) 34 1220

4 IgG (15 to 21 days) 32 1108

5 IgG (22 to 35 days) 20 495

6 IgG (over 35 days) 12 259

7 IgM (all time points) 58 11436

8 IgM (8 to 14 days) 31 1166

9 IgM (1 to 7 days) 34 658

10 IgM (15 to 21 days) 30 1057

11 IgM (22 to 35 days) 18 492
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Tost No. of studios No. of participants

12 IgM (over 35 days) 12 222

13 IgG/IgM (all time points) 44 9496

14 IgG/IgM (1 to 7 days) 17 259

15 IgG/IgM (8 to 14 days) 21 608

16 IgG/IgM (15 to 21 days) 21 692

17 IgG/IgM (22 to 35 days) 16 152

18 IgG/IgM (over 35 days) 9 153

19 IgA (all time points) 5 1278

20 IgA (1 to 7 days) 4 100

21 IgA (8 to 14 days) 4 65

22 IgA (15 to 21 days) 3 78

23 IgA (22 to 35 days) 3 90

24 IgA (over 35 days) 1 23

25 Total antibodies (Ab) (all time points) 17 5339

27 Total antibodies (Ab) (1 to 7 days) 5 144

29 Total antibodies (Ab) (8 to 14 days) 6 247

30 Total antibodies (Ab) (15 to 21 days) 6 176

31 Total antibodies (Ab) (21 to 35 days) 4 19

32 Total antibodies (Ab) (over 35 days) 2 28

33 IgA/IgG (all time points) 2 775

34 IgA/IgG (1 to 7 days) 1 12

35 IgA/IgG (8 to 14 days) 1 10

36 IgA/IgG (15 to 21 days) 1 8

37 IgA/IgG (22 to 35 days) 1 1

38 IgA/IgM (all time points) 1 699

39 IgG in PCR+ve (all time points) 4 558

40 IgG in PCR +ve (1 to 7 days) 2 28

41 IgG in PCR+ve (8 to 14 days) 2 33
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Tost No. of studios No. of participants

42 IgG in PCR+ve (15 to 21 days) 2 40

43 IgG in PCR-ve (all time points) 6 252

44 IgG in PCR-ve (1 to 7 days) 2 13

45 IgG in PCR-ve (8 to 14 days) 3 30

46 IgG in PCR-ve (15 to 21 days) 3 72

47 IgM in PCR+ve (all time points) 6 740

48 IgM in PCR+ve (1 to 7 days) 2 28

49 IgM in PCR+ve (8 to 14 days) 2 33

50 IgM in PCR+ve (15 to 21 days) 2 16

51 IgM in PCR-ve (all time points) 8 352

52 IgM in PCR-ve (1 to 7 days) 2 13

53 IgM in PCR-ve (8 to 14 days) 3 30

54 IgM in PCR-ve (15 to 21 days) 3 72

55 IgG/IgM in PCR+ve (all time points) 2 177

56 IgG/IgM in PCR+ve (1 to 7 days) 2 36

57 IgG/IgM in PCR+ve (8 to 14 days) 2 53

58 IgG/IgM in PCR+ve (15 to 21 days) 2 150

59 IgG/IgM in PCR-ve (all time points) 4 215

60 IgG/IgM in PCR-ve (1 to 7 days) 2 17

61 IgG/IgM in PCR-ve (8 to 14 days) 3 40

62 IgG/IgM in PCR-ve (15 to 21 days) 3 113

63 IgG (moderate) 1 44

64 IgG (severe) 1 52

65 IgG (critical) 1 37

66 IgM (moderate) 1 44

67 IgM (severe) 1 52

68 IgM (critical) 1 37

69 RT-PCR (all time points - throat) 2 276
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Tost No. of studios No. of participants

70 RT-PCR (1 to 7 days throat) 2 67

71 RT-PCR (8 to 14 days - throat) 2 142

72 RT-PCR (15 to 21 days - throat) 2 73

73 RT-PCR (all time points - sputum) 1 53

74 RT-PCR (1 to 7 days - sputum) 1 13

75 RT-PCR (8 to 14 days - sputum) 1 8

76 RT-PCR (15 to 21 days - sputum) 1 23

�
�
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Tost 1. � IgG (all timo points)
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Tost 1. � (Continuod)

�
�

Tost 2. � IgG (1 to 7 days)

�
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Tost 3. � IgG (8 to 14 days)
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Tost 4. � IgG (15 to 21 days)
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Tost 5. � IgG (22 to 35 days)

�
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Tost 6. � IgG (ovor 35 days)
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Tost 7. � IgM (all timo points)
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Tost 7. � (Continuod)
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Tost 8. � IgM (8 to 14 days)
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Tost 9. � IgM (1 to 7 days)
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Tost 10. � IgM (15 to 21 days)
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Tost 11. � IgM (22 to 35 days)
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Tost 13. � IgG/IgM (all timo points)
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Tost 14. � IgG/IgM (1 to 7 days)
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Tost 16. � IgG/IgM (15 to 21 days)
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Tost 17. � IgG/IgM (22 to 35 days)
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Tost 18. � IgG/IgM (ovor 35 days)

�
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Tost 19. � IgA (all timo points)

�
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Tost 20. � IgA (1 to 7 days)

�
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Tost 21. � IgA (8 to 14 days)
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Tost 22. � IgA (15 to 21 days)
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Tost 23. � IgA (22 to 35 days)
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Tost 24. � IgA (ovor 35 days)
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Tost 25. � Total antibodios (Ab) (all timo points)
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Tost 27. � Total antibodios (Ab) (1 to 7 days)

�
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Tost 29. � Total antibodios (Ab) (8 to 14 days)
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Tost 30. � Total antibodios (Ab) (15 to 21 days)

�
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Tost 31. � Total antibodios (Ab) (21 to 35 days)
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Tost 32. � Total antibodios (Ab) (ovor 35 days)
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Tost 33. � IgA/IgG (all timo points)
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Tost 34. � IgA/IgG (1 to 7 days)
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Tost 35. � IgA/IgG (8 to 14 days)
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Tost 36. � IgA/IgG (15 to 21 days)
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Tost 37. � IgA/IgG (22 to 35 days)
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Tost 38. � IgA/IgM (all timo points)
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Tost 39. � IgG in PCR+vo (all timo points)
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Tost 40. � IgG in PCR +vo (1 to 7 days)

�
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Tost 41. � IgG in PCR+vo (8 to 14 days)
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Tost 42. � IgG in PCR+vo (15 to 21 days)
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Tost 43. � IgG in PCR-vo (all timo points)
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Tost 44. � IgG in PCR-vo (1 to 7 days)

�
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Tost 45. � IgG in PCR-vo (8 to 14 days)

�
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Tost 46. � IgG in PCR-vo (15 to 21 days)
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Tost 47. � IgM in PCR+vo (all timo points)
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Tost 48. � IgM in PCR+vo (1 to 7 days)
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Tost 49. � IgM in PCR+vo (8 to 14 days)
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Tost 50. � IgM in PCR+vo (15 to 21 days)
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Tost 51. � IgM in PCR-vo (all timo points)

�
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Tost 52. � IgM in PCR-vo (1 to 7 days)

�
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Tost 53. � IgM in PCR-vo (8 to 14 days)

�
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Tost 54. � IgM in PCR-vo (15 to 21 days)
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Tost 55. � IgG/IgM in PCR+vo (all timo points)

�
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Tost 56. � IgG/IgM in PCR+vo (1 to 7 days)
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Tost 57. � IgG/IgM in PCR+vo (8 to 14 days)

�
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Tost 58. � IgG/IgM in PCR+vo (15 to 21 days)

�
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Tost 59. � IgG/IgM in PCR-vo (all timo points)
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Tost 60. � IgG/IgM in PCR-vo (1 to 7 days)

�
�

Tost 61. � IgG/IgM in PCR-vo (8 to 14 days)

�
�

Tost 62. � IgG/IgM in PCR-vo (15 to 21 days)

�
�

Tost 63. � IgG (modorato)

�
�

Tost 64. � IgG (sovoro)
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Tost 65. � IgG (critical)

�
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Tost 66. � IgM (modorato)

�
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Tost 67. � IgM (sovoro)

�
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Tost 68. � IgM (critical)
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Tost 69. � RT-PCR (all timo points - throat)
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Tost 70. � RT-PCR (1 to 7 days throat)

�
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Tost 71. � RT-PCR (8 to 14 days - throat)

�
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Tost 72. � RT-PCR (15 to 21 days - throat)

�
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Tost 73. � RT-PCR (all timo points - sputum)

�
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Tost 74. � RT-PCR (1 to 7 days - sputum)
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Tost 75. � RT-PCR (8 to 14 days - sputum)

�
�

Tost 76. � RT-PCR (15 to 21 days - sputum)

�

�

A D D I T I O N A L � T A B L E S
�

Participants � Studios (porcontago)

(n=54 studios)

Sample size Median (IQR) 129.5 (57 to 347) Min 10, max 3481

Number of COVID-19
cases

Median (IQR) 62 (31 to 151) Min 3, max 555

Setting Hospital inpatient 44 (81%)

� Hospital outpatient 1 (2%)

� Hospital accident and emergency 2 (4%)

� Community 2 (4%)

� Mixed or unclear 5 (9%)

Patient group Asymptomatic 0 (0%)

� Asymptomatic and acute 1 (2%)

� Acute 23 (43%)

� Acute and convalescent 22 (41%)

� Convalescent 2 (4%)

� Mixed or unclear 6 (11%)

Study dosign � �

Tablo 1. � Doscription of studios�
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Recruitment struc-
ture

Single group, both COVID-19 and non-COVID-19 cases 6 (11%)

� Single group, only COVID-19 cases 19 (35%)

� Two or more groups with COVID-19 and non-COVID-19 cases 29 (54%)

Reference standard
for COVID-19 cases

All RT-PCR-positive 32 (59%)

� China CDC criteria including RT-PCR-negative patients 11 (20%)

� WHO criteria including RT-PCR-negative patients 1 (2%)

� Other criteria including RT-PCR-negative patients 3 (6%)

� Other 2 (4%)

� Mixed or unclear 5 (9%)

Reference standard
for non-COVID-19

Pre-pandemic healthy 4 (7%)

� Pre-pandemic other disease 3 (6%)

� Pre-pandemic healthy + other disease 4 (7%)

� Current healthy (untested) 5 (9%)

� Current other disease (untested) 1 (2%)

� Current healthy + other disease (untested) 2 (4%)

� Current healthy + other disease (RT-PCR-negative) 2 (4%)

� COVID suspects, single RT-PCR-negative 8 (15%)

� COVID suspects, two or more RT-PCR–negative results 3 (6%)

� Mixed/other 3 (6%)

Tosts � �

Number of tests per
study

1 40 (74%)

� 2 8 (15%)

� 3-5 4 (8%)

� 6-10 2 (2%)

Test technology (n =
89)

CGIA 23 (26%)

� CLIA 20 (22%)

Tablo 1. � Doscription of studios��(Contnnued)
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� ELISA 28 (31%)

� FIA 2 (2%)

� IIFT 1 (1%)

� LFA (no details) 10 (11%)

� LIPS 4 (4%)

� S-flow 1 (1%)

Test brand (n = 89) Withheld 13 (%)

� Acro Biotech - IgG/IgM 1 (1%)

� Artron Laboratories IgM/IgG 1 (1%)

� Autobio Diagnostics IgM/IgG 1 (1%)

� Beijing Beier Bioengineering CGIA 1 (1%)

� Beijing Beier Bioengineering CLIA 1 (1%)

� Beijing Beier Bioengineering ELISA 1 (1%)

� Beijing Diagreat 1 (1%)

� Beijing Hotgen CGIA 1 (1%)

� Beijing Hotgen ELISA 2 (3%)

� Beijing Wantai CGIA 1 (1%)

� Beijing Wantai ELISA 3 (3%)

� Bioscience Co (Chongqing) 3 (3%)

� CTK Biotech OnSite IgG/IgM 1 (1%)

� Darui Biotech 1 (1%)

� Dynamiker Biotechnology IgG/IgM 1 (1%)

� EUROIMMUN 3 (3%)

� EUROIMMUN Anti-SARS-Cov 1 (1%)

� EUROIMMUN Beta 1 (1%)

� Hangzhou Alltest - IgG/IgM 3 (3%)

� Innovita Biological - Ab test (IgM/IgG) 2 (3%)

� Jiangsu Medomics IgG-IgM 1 (1%)

Tablo 1. � Doscription of studios��(Contnnued)
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� Shenzhen YHLO 7 (8%)

� Snibe Diagnostic - MAGLUMI 2 (3%)

� Vivachek - VivaDiag IgM/IgG 3 (3%)

� Xiamen InnodDx Biotech 1 (1%)

� Zhuhai Livzon CGIA 2 (3%)

� Zhuhai Livzon ELISA 5 (6%)

� In-house, S-based ELISA 1 (1%)

� In-house, S-based LIPS 1 (1%)

� In-house, rN-based ELISA 1 (1%)

� In-house, rS-based ELISA 1 (1%)

� In-house CGIA 2 (2%)

� In-house CLIA 5 (6%)

� In-house ELISA 6 (7%)

� In-house FIA 1 (1%)

� In-house S-flow 1 (1%)

� In-house - N-based ELISA 1 (1%)

� In-house - N-based LIPS 2 (2%)

� In-house - S1-based LIPS 1 (1%)

� In-house - tri-S-based ELISA 1 (1%)

� In-house Anti-SARS-Cov ELISA 1 (1%)

Ab: antibody; CDC: Center for Disease Control and Prevention; CGIA: colloidal gold immunoassay; CLIA: chemiluminescence im-
munoassay; ELISA: enzyme-linked immunosorbent assay; FIA: fluorescence immunoassay; IQR: interquartile range; IIFT: indirect im-
munofluorescence assay; LFA: lateral flow assay; LIPS: luciferase immunoprecipitation system; max: maximum; min: minimum; N-

basod: nucleocapsid protein; RT-PCR: reverse transcription polymerase chain reaction; S-basod: spike protein; S-flow: flow-cytome-
try assay; WHO: World Health Organization

Tablo 1. � Doscription of studios��(Contnnued)

�
�

� Days 1-7 Days 8-14 Days 15-21 Days 22-35 Days > 35 Com-

pari-

son

� Tost groups [studios] (truo positivos/COVID casos) �

Tablo 2. � Tost sonsitivity by timo sinco onsot of symptoms�
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Sonsitivity (95% CI)

IgG 33 [23] (165/568) 34 [22] (766/1200) 34 [22] (974/1110) 20 [12] (417/502) 11 [4] (213/252) �

� 29.7% (22.1 to 38.6) 66.5% (57.9 to 74.2) 88.2% (83.5 to 91.8) 80.3% (72.4 to 86.4) 86.7% (79.6 to
91.7)

P <
0.00005

IgM 34 [24] (207/608) 32 [21] (724/1171) 32 [21] (800/1074) 19 [11] (378/507) 11 [4] 118/215 �

� 23.2% (14.9 to 34.2) 58.4% (45.5 to 70.3) 75.4% (64.3 to 83.8) 68.1% (55.0 to 78.9) 53.9% (38.4 to
68.6)

P <
0.00005

IgA 4 [4] (54/100) 3 [3] (38/53) 3 [3] (66/68) 2 [2] (81/82) 1 [1] (23/23) �

� 28.4% (0.9 to 94.3) 78.1% (9.5 to 99.2) 98.7% (39.0 to 100) 98.7% (91.9 to 99.8) 100% (85.2 to
100)

*

Total

anti-

bod-

ios

5 [4] (62/144) 6 [5] (220/247) 6 [5] (174/176) 4 [3] (11/19) 2 [1] (15/28) �

� 24.5% (9.5 to 50.0) 84.0% (64.1 to 93.9) 98.1% (90.1 to 99.6) 69.5% (34.8 to 90.7) 79.0% (49.8 to
93.4)

P <
0.00005

IgG/

IgM

17 [9] (81/259) 21 [9] (441/608) 21 [9] (636/692) 16 [5] (146/152) 9 [2] (122/153) �

� 30.1% (21.4 to 40.7) 72.2% (63.5 to 79.5) 91.4% (87.0 to 94.4) 96.0% (90.6 to 98.3) 77.7% (66.0 to
86.2)

P <
0.00005

IgA/

IgG

1 [1] (0/12) 1 [1] (5/10) 1 [1] (7/8) 1 [1] (1/1) 0 [0] �

� 0% (0 to 26.5) 50.0% (18.7 to 81.3) 87.5% (47.3 to 99.6) 100% (2.5 to 100) � *

IgA/

IgM

0 [0] 0 [0] 0 [0] 0 [0] 0 [0] �

CI: confidence interval; * inadequate data to make a formal statistical comparison

Tablo 2. � Tost sonsitivity by timo sinco onsot of symptoms��(Contnnued)

�
�

� Ovorall spocificitya COVID suspocts

doomod nogativo

Curront hoalthy or

othor disoaso

Pro-pandomic Compar-

ison of

control

groups

� Tost groups [studios] (falso positivos/non-COVID casos)

Spocificity (95% CI)

�

IgG 62 [44] (159/6136) 6 [6] (10/396) 14 [10] (60/2614) 19 [10] (88/2633) �

Tablo 3. � Spocificity and impact of roforonco standard for non-COVID casos�
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� 99.1% (98.3% to 99.6%) 98.0% (91.0% to
99.6%)

99.2% (97.6% to
99.8%)

99.2% (97.8% to
99.7%)

P = 0.56

IgM 59 [41] (183/6103) 5 [5] (12/384) 14 [10] (89/3069) 17 [9] (38/2075) �

� 98.7% (97.4% to 99.3%) 98.1% (89.9% to
99.7%)

98.6% (96.0% to
99.5%)

99.3% (98.0% to
99.8%)

P = 0.50

IgG/IgM 34 [23] (78/5761) 7 [7] (33/454) 7 [5] (20/506) 18 [6] (22/1104) No for-
mal
compar-
ison pos-
sible

� 98.7% (97.2% to 99.4%) 92.8% (89.7% to
95.0%)

99.9% (65.2% to
100%)

98.7% (96.6% to
99.5%)

�

Total

antibod-

ios

16 [10] (41/3585) � � � �

� 99.2% (98.3% to 99.6%) � � � �

IgA 4 [4] (10/663) � � � �

� 98.5% (97.2% to 99.2%) � � � �

IgA/IgG
b

2 [2] (1/528) � � � �

� 99.8% (98.9% to 100%) � � � �

IgA/IgM
b

1 [1] (1/483) � � � �

� 99.8% (99.2% to 100%) � � � �

CI: confidence interval

Tablo 3. � Spocificity and impact of roforonco standard for non-COVID casos��(Contnnued)

aIncludes studies that are categorised as mixed/other not included in the subgroups.
bConfidence intervals computed using binomial exact on totals.
�
�

Study Tost(s) ovaluatod What tho study says about cross-roactivity

Cai 2020 In-house CLIA Reported no cross-reactivity in 167 sera from patients with infection with other
pathogens (influenza A virus (25), respiratory syncytial virus (7), parainfluenza virus
(8), influenza B virus (5), adenovirus (6), Klebsnella pneumonnae (8), Streptococcus

pneumonnae (3), mycoplasma (5), Acnnetobacter baumannnn (10), Candnda albncans

(2), Staphylococcus aureus (3), Mycobacternum tuberculosns (4), hepatitis B virus (33),
hepatitis C virus (22), syphilis (23) and saccharomycopsis (3)).

Freeman 2020 In-house ELISA Reported cross-reactivity to SARS-CoV-2 spike protein in sera from patients with
SARS-1 and MERS-CoV, and no cross-reactivity with NL63, OC43, HKU1, 229E

Tablo 4. � Roportod cross-roactivity with SARS-CoV-2 antigons�

Antibody tosts for idontification of curront and past infoction with SARS-CoV-2 (Roviow)
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Guo 2020a In-house ELISA Reported Western Blot cross-reactivity analysis in plasma samples positive for hu-
man CoV-229E, -NL63, -OC43, -HKU1, and SARS-CoV. Strong cross-reactivity was ob-
served only for SARS-CoV.

Infantino 2020 Shenzhen YHLO CLIA Observed no cross-reactivity in sample from blood donors from the COVID-19 era
(winter 2019) but positive results in two samples from people with CMV infections
and 2 with rheumatic disease.

Lassauniere 2020 [A] [A] Beijing Wantai
ELISA

[B] EUROIMMUN IgG
ELISA

[C] EUROIMMUN IgA
ELISA

[D] Dynamiker
Biotechnology LFA

[E] CTK Biotech -
OnSite LFA

[F] Autobio Diagnos-
tics LFA

[G] Artron Laborato-
ries LFA

[H] Acro Biotech LFA

[I] Hangzhou Alltest
LFA

Included sera from patients with acute viral respiratory tract infections caused by
other coronaviruses (n = 5) or non-coronaviruses (n = 45), and sera from patients
positive for dengue virus (n = 9), CMV (n = 2) and Epstein Barr virus (n = 10). Cross re-
action was observed for the EUROMIMMUN IgA ELISA (> 1 respiratory virus present,
adenovirus, dengue virus) and for the EUROMIMMUN IgG ELISA (coronavirus HKU1
and adenovirus). Some cross-reactivity also observed for CGIA tests. Study authors
suggest related to antigen target and ELISA format.

Ma 2020a In-house CLIA Limited detail but suggests limited cross-reaction

Wang 2020a [A] A. Beijing Hotgen IgM
CGIA

B. Beijing Hotgen IgM
ELISA

Demonstrated considerable cross-reaction with rheumatoid factor IgM (22/36 false
positive results). Other pathogens included influenza A virus (n = 5), influenza B
virus (n = 5), Mycoplasma pneumonnae (n = 5), Legnonella pneumophnla (n = 5), HIV in-
fection (n = 6), hypertension (n = 5) and diabetes mellitus (n = 5)

Zhang 2020b Shenzhen YHLO CLIA Observed false positive results in influenza A and B (2 each), adenovirus (n = 4) and
Mycoplasma pneumonnae (n = 17).

Zhang 2020d In-house CGIA (co-
author Beijing Hot-
gen)

Appears to report a separate cross-reactivity study for influenza A, influenza B, res-
piratory syncytial virus, Mycoplasma pneumonnae and Chlamydna pneumonnae. No
cross reactions were observed.

CGIA: colloidal gold immunoassay; CLIA: Chemiluminescence immunoassay; CMV: cytomegalovirus; ELISA: enzyme-linked im-
munosorbent assay; LFA: lateral flow assay; MERS: Middle East respiratory syndrome; SARS: severe acute respiratory syndrome

Tablo 4. � Roportod cross-roactivity with SARS-CoV-2 antigons��(Contnnued)

�
�

� RT-PCR-positivo COVID-19 casos RT-PCR-nogativo COVID-19 casos Comparison

� Tost groups [studios] (truo positivos/COVID casos) �

Tablo 5. � Invostigation of impact of roforonco standard on sonsitivity�
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Sonsitivity (95% CI)a

IgG 26 [15] (1555/2280) 8 [8] (925/1300) �

� 87.9% (82.7 to 91.7) 91.2% (83.9 to 95.4) P = 0.36

IgM 23 [13] (1368/2166) 10 [9] (792/1292) �

� 70.8% (56.3 to 82.0) 87.5% (73.7 to 94.6) P = 0.06

IgG/IgM 17 [6] (966/1278) 4 [4] (400/499) �

� 90.6% (86.6 to 93.5) 93.6% (88.9 to 96.4) P = 0.22

CI: confidence interval; RT-PCR: reverse transcription polymerase chain reaction

Tablo 5. � Invostigation of impact of roforonco standard on sonsitivity��(Contnnued)

aWe obtained sensitivity estimates from a model of all data stratified by week, estimating the average difference in sensitivity across follow-
up. The figures quoted correspond to the week 3 strata (15-21 days) in the model.
�
�

� RT-PCR-positivo COVID-19 casos RT-PCR-nogativo COVID-19 casos

� Tost groups [studios]

(Truo positivos/COVID-19 casos)

Sonsitivity

(95% CI)

Tost groups [studios]

(Truo positivos/COVID-19

casos)

Sonsitivity

(95% CI)

IgG � � � �

Days 1-7b 2 [2] (1/28) � 2 [2] (8/13) �

Days 8-14b 2 [2] (21/33) � 3 [3] (25/30) �

Days 15-21b 2 [2] (39/40) � 3 [3] (64/72) �

Pooleda (stratified by time) 72.6% (46.2%
to 89.1%)

� 84.0% (64.4%
to 93.9%)

Test for difference in sensitivity between RT-PCR-positive and RT-PCR-negative groups: P = 0.18

IgM � � � �

Days 1-7b 2 [2] (3/28) � 2 [2] (4/13) �

Days 8-14b 2 [2] (25/33) � 3 [3] (11/30) �

Days 15-21b 2 [2] (8/16) � 3 [3] (31/72) �

Pooleda (stratified by time) 64.6% (49.7%
to 77.1%)

� 49.0% (34.2%
to 63.9%)

Test for difference in sensitivity between RT-PCR-positive and RT-PCR-negative group: P = 0.07

IgG/IgM

Tablo 6. � Studios roporting sonsitivity in both RT-PCR-positivo and RT-PCR-nogativo subgroups�
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Days 1-7b 2 [2] (8/36) � 2 [2] (4/17) �

Days 8-14b 2 [2] (37/53) � 3 [3] (29/40) �

Days 15-21b 2 [2] (141/150) � 3 [3] (104/113) �

Pooleda (stratified by time) 71.9% (58.7%
to 82.2%)

� 71.1% (57.0%
to 82.0%)

Test for difference in sensitivity between RT-PCR-positive and RT-PCR-negative group: P = 0.90

CI: confidence interval; RT-PCR: reverse transcription polymerase chain reaction

Tablo 6. � Studios roporting sonsitivity in both RT-PCR-positivo and RT-PCR-nogativo subgroups��(Contnnued)

aThe sensitivity estimates are produced from a model that combines all data from both subgroups and time-groups, stratifying by time-
group. The estimate corresponds to sensitivity in Days 15-21.
bRT-PCR-positive data have only been included here when the study includes a RT-PCR-negative subgroup as well.
�
�

� Tost mothod �

� Tost mothod CGIA CLIA ELISA LFA Com-

pari-

son

IgG � � � � � �

� Tost groups [studios]

(Truo positivos/COVID casos)

6 [5] (268/397) 10 [10]
(1112/1432)

12 [11]
(1014/1552)

7 [1] (133/238) �

� Sonsitivity (95% CI)a 87.3% (77.0 to
93.4)

94.6% (90.7 to
97.0)

85.8% (78.0 to
91.1)

76.0% (61.0 to
86.5)

P =
0.004

� Tost groups [studios]

(Truo nogativos/non-COVID cas-

os)

11 [11] (409/415) 12 [12] (318/322) 18 [16]
(2003/2102)

6 [1] (354/360) �

� Spocificity (95% CI)a 99.5% (96.5 to
99.9)

99.0% (91.6 to
99.9)

98.8% (96.5 to
99.6)

99.0% (95.3 to
99.8)

P =
0.85

IgM � � � � � �

� Tost groups [studios]

(Truo positivos/COVID casos)

7 [6] (109/411) 10 [10]
(884/1355)

12 [11]
(1083/1568)

7 [1] (78/228) �

� Sonsitivity (95% CI)a 69.5% (44.3 to
86.7)

80.9% (63.8 to
91.0)

84.5% (70.7 to
92.5)

51.4% (26.5 to
75.6)

P =
0.11

� Tost groups [studios]

(Truo nogativos/non-COVID cas-

os)

12 [11] (455/487) 13 [13] (609/621) 14 [12]
(1674/1710)

6 [1] (357/360) �

Tablo 7. � Sonsitivity and spocificity by tost tochnology�
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� Spocificity (95% CI)a 97.3 (90.0 to
99.3)

98.5 (92.3 to
99.7)

99.1 (97.2 to
99.7)

99.6 (97.3 to
99.9)

P =
0.40

IgG/

IgM

� � � � � �

� Tost groups [studios]

(Truo positivos/COVID casos)

4 [3] (232/316) 3 [3] (344/420) 5 [4] (595/770) 11 [2] (255/358) �

� Sonsitivity (95% CI)a 90.7% (82.7 to
95.2)

97.5% (94.0 to
99.0)

90.7% (83.3 to
95.0)

88.6% (82.0 to
93.0)

P =
0.02

� Tost groups [studios]

(Truo nogativos/non-COVID cas-

os)

11 [11] (330/353) 5 [4] (230/244) 5 [4] (387/391) 13 [3]
(3797/3827)

�

� Spocificity (95% CI)a 96.0 (90.1 to
98.5)

94.1 (82.7 to
98.2)

99.4 (97.4 to
99.9)

98.2 (96.3 to
99.1)

P =
0.05

CGIA: colloidal gold immunoassay; CI: confidence interval; CLIA: chemiluminescence immunoassay; ELISA: enzyme-linked im-
munosorbent assay; LFA: lateral flow assay (no further detail)

Tablo 7. � Sonsitivity and spocificity by tost tochnology��(Contnnued)

aWe obtained sensitivity estimates from a model of all data stratified by week, estimating the average difference in sensitivity across follow-
up. The figures quoted correspond to the Week 3 (15-21 days) strata in the model.
�
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2
5

7

Tost namoa Tost

mothod

IgG sonsitivity by timo sinco onsot of symptoms

Studios (truo positivos/COVID-19 casos)

Sonsitivity (95% CI)

IgG spocificity

Studios (falso posi-

tivos/COVID-19 cas-

os)

Spocificity (95% CI)

� � 1-7 days 8-14 days 15-21 days 22-35 days > 35 days �

Beijing Beier Bio-
engineering

CGIA 1 (2/10) 1 (6/13) 1 (11/14) � � �

� � 20.0% (2.5 to 55.6) 46.2% (19.2 to 74.9) 78.6% (49.2 to 95.3) � � �

Beijing Beier Bio-
engineering

CLIA 1 (4/10) 1 (6/13) 1 (9/14) � � �

� � 40.0% (12.2 to 73.8) 46.2% (19.2 to 74.9) 64.3% (35.1 to 87.2) � � �

Beijing Beier Bio-
engineering

ELISA 1 (4/10) 1 (8/13) 1 (12/14) � � �

� � 40.0% (12.2 to 73.8) 61.5% (31.6 to 86.1) 85.7% (57.2 to 98.2) � � �

Beijing Hotgen ELISA 1 (9/22) 1 (60/92) 1 (51/55) 1 (39/45) � 2 (22/172)

� � 40.9% (20.7 to 63.6) 65.2% (54.6 to 74.9) 92.7% (82.4 to 98.0) 86.7% (73.2 to
94.9)

� 87.2% (81.3 to 91.8)

Beijing Wantai ELISA 2 (31/133) 2 (130/210) 2 (127/149) � � 2 (2/297)

� � 23.3% (16.4 to 31.4) 61.9% (55.0 to 68.5) 85.2% (78.5 to 90.5) � � 99.3% (97.6 to 99.9)

Beijing Wantai CGIA � � � � � 1 (1/209)

� � � � � � � 99.5% (97.4 to 100)

Bioscience Co
(Chongqing)

CLIA 2 (43/92) 2 (129/212) 2 (208/244) 2 (98/164) 1 (75/76) �

� � 46.7% (36.3 to 57.4) 60.8% (53.9 to 67.5) 85.2% ( 80.2 to 89.4) 59.8% (51.8 to
67.3)

98.6% (92.9 to
100)

�

Tablo 8. � Sonsitivity and spocificity by tost brand (IgG)�
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2
5

8

Darui Biotech ELISA � � � � � 1 (0/64)

� � � � � � � 100% (94.4 to 100)

EUROIMMUN ELISA 1 (2/13) 2 (13/25) 2 (14/15) 2 (98/164) � 2 (3/82)

� � 15.4% (1.9 to 45.4) 52.0% (31.3 to 72.2) 93.3% (68.1 to 99.8) 59.8% (51.8 to
67.3)

� 96.3% (89.7 to 99.2)

EUROIMMUN An-
ti-SARS-Cov

IIFT 1 (1/4) 1 (3/5) 1 (3/3) 1 (1/1) � 1 (0/10)

� � 25.0% (0.6 to 80.6) 60.0% (14.7 to 94.7) 100% (29.2 to 100) 100% (2.5 to
100)

� 100% (69.2 to 100)

EUROIMMUN Beta ELISA 1 (0/12) 1 (3/10) 1 (7/8) 1 (1/1) � 1 (0/45)

� � 0% (0 to 26.5) 30%.0% (14.7 to
94.7)

87.5% (47.3 to 99.7) 100% (2.5 to
100)

� 100% (92.1 to 100)

Hangzhou Alltest -
IgG/IgM

CGIA 1 (1/8) 2 (21/42) 2 (57/68) � � 2 (0/45)

� � 12.5% (0.3 to 52.7) 50.0% (34.2 to 65.8) 83.8% (72.9 to 91.6) � � 100% (92.1 to 100)

Innovita Biological
- Ab test (IgM/IgG)

CGIA 1 (7/13) 1 (7/8) 1 (21/23) � � �

� � 53.8% (25.1 to 80.8) 87.5% (47.3 to 99.7) 91.3% (72.0 to 98.9) � � �

Shenzhen YHLO CLIA 2 (2/8) 2 (28/29) 2 (25/26) 2 (64/64) 1 (7/7) 7 (4/322)

� � 25.0% (3.2 to 65.1) 96.6% (82.2 to 99.9) 96.2% (80.4 to 99.9) 100% (94.4 to
100)

100% (59.0 to
100)

98.8% (96.9 to 99.7)

Snibe Diagnostic -
MAGLUMI

CLIA 2 (11/40) 2 (35/48) 25/25 � � �

� � 27.5% (14.6 to 43.9) 72.9% (58.2 to 84.7) 100.0% (86.3 to 100) � � �

Vivachek - VivaDiag
IgM/IgG

CGIA � � � � � 2 (0/42)

Tablo 8. � Sonsitivity and spocificity by tost brand (IgG)��(Contnnued)
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2
5

9

� � � � � � � 100% (91.6 to 100)

Zhuhai Livzon CGIA 1 (5/36) 1 (20/34) 1 (35/38) � � 2 (0/35)

� � 13.9% (4.7 to 29.5) 58.8% (40.7 to 75.4) 92.1% (78.6 to 98.3) � � 100% ( 90.0 to 100)

Zhuhai Livzon ELISA 4 (17/80) 3 (163/288) 3 (197/223) 2 (91/104) � 5 (5/351)

� � 21.3% (12.9 to 31.8) 56.6% (50.7 to 62.4) 88.3% (83.4 to 92.2) 87.5% (79.6 to
93.2)

� 98.6% (96.7 to 99.5)

CGIA: colloidal gold immunoassay; CI: confidence interval; CLIA: chemiluminescence immunoassay; ELISA: enzyme-linked immunosorbent assay; FIA: fluorescence im-
munoassay; IIFT: indirect immunofluorescence assay; LFA: lateral flow assay

Tablo 8. � Sonsitivity and spocificity by tost brand (IgG)��(Contnnued)

aSee Appendix 12 for details of manufacturer product codes, where available.
�
�

Tost namoa Tost mothod IgM sonsitivity by timo sinco onsot of symptoms

Studios (truo positivos/COVID-19 casos)

Sonsitiivity (95% CI)

IgM spocificity

Studios (falso posi-

tivos/COVID-19 casos)

Spocificity (95% CI)

� � 1-7 days 8-14 days 15-21 days 22-35 days > 35 days �

Artron Laboratories IgM/
IgG

CGIA � 1 (5/7) 1 (12/15) 1 (8/8) � �

� � � 71.4% (29.0 to 96.3) 80.0% (51.9 to 95.7) 100% (63.1
to 100)

� �

Autobio Diagnostics IgM/
IgG

CGIA � 1 (6/7) 1 (14/15) 1(8/8) � �

� � � 85.7% (42.1 to 99.6) 93.3% (68.1 to 99.8) 100% (63.1
to 100)

� �

Beijing Hotgen ELISA 1 (10/22) 1 (72/92) 1 (72/92) 1 (41/45) � 1 (0/100)

Tablo 9. � Sonsitivity and spocificity by tost brand (IgM)�

C
o

ch
ra

n
o

L
ib

ra
ry

T
ru

sto
d

 o
v

id
o

n
co

.

In
fo

rm
o

d
 d

o
cisio

n
s.

B
o

tto
r h

o
a

lth
.

��

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
eview

s



A
n

tib
o

d
y

 to
sts fo

r id
o

n
tifica

tio
n

 o
f cu

rro
n

t a
n

d
 p

a
st in

fo
ctio

n
 w

ith
 S

A
R

S
-C

o
V

-2
 (R

o
v

io
w

)

C
o

p
yrig

h
t ©

 2020 T
h

e A
u

th
o

rs. C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
eview

s p
u

b
lish

ed
 b

y Jo
h

n
 W

iley &
 S

o
n

s, Ltd
. o

n
 b

eh
a

lf o
f T

h
e C

o
ch

ra
n

e
C

o
lla

b
o

ra
tio

n
.

2
6

0

� � 45.5% (24.4 to
67.8)

78.3% (68.4 to 86.2) 78.3% (68.4 to 86.2) 91.1% (78.8
to 97.5)

� 100% (96.4 to 100)

Beijing Hotgen CGIA � � � � � 1 (22/72)

� � � � � � � 69.4% (57.5 to 79.8)

Beijing Wantai ELISA � � � � � 1 (3/513)

� � � � � � � 99.4% (98.3 to 99.9)

Beijing Wantai CGIA � � � � � 1 (4/209)

� � � � � � � 98.1% (95.2 to 99.5)

Bioscience Co
(Chongqing)

CLIA 1 (34/67) 1 (34/67) 1 (131/134) 1 (13/13) � �

� � 50.7% (38.2 to
63.2)

50.7% (38.2 to 63.2) 97.8% (93.6 to 99.5) 100% (75.3
to 100)

� �

CTK Biotech OnSite IgG/
IgM

CGIA � 1 (5/7) 1 (14/15) 1 (8/8) � �

� � � 71.4% (29.0 to 96.3) 93.3% (68.1 to 99.8) 100% (63.1
to 100)

� �

Darui Biotech ELISA � � � � � 1 (14/64)

� � � � � � � 78.1% (66.0 to 87.5)

Dynamiker Biotechnology
IgG/IgM

CGIA � 1 (5/7) 1 (14/15) 1 (8/8) � �

� � � 71.4% (29.0 to 96.3) 93.3% (68.1 to 99.8) 100% (63.1
to 100)

� �

EUROIMMUN ELISA � � � � � 1 (76/82)

� � � � � � � 92.7% (84.8 to 97.3)

Tablo 9. � Sonsitivity and spocificity by tost brand (IgM)��(Contnnued)
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2
6

1

EUROIMMUN Anti-SARS-
Cov

IIFT � � � � � 1 (1/10)

� � � � � � � 90.0% (55.5 to 99.7)

Hangzhou Alltest - IgG/IgM CGIA 1 (1/8) 2 (23/42) 2 (58/68) � � 2 (0/45)

� � 12.5% (0.3 to
52.7)

54.8% (38.7 to 70.2) 85.3% (74.6 to 92.7) � � 100% (92.1 to 100)

Shenzhen YHLO CLIA � � � � � 7 (10/321)

� � � � � � � 96.9% (94.3 to 98.5)

Vivachek - VivaDiag IgM/
IgG

CGIA � � � � � 2 (1/42)

� � � � � � � 97.6% (87.4 to 99.9)

Xiamen InnodDx Biotech CLIA � � � � � 1 (2/300)

� � � � � � � 99.3% (97.6 to 99.9)

Zhuhai Livzon CGIA 1 (7/36) 1 (31/34) 1 (35/38) � � 2 (0/35)

� � 19.4% (8.2 to
36.0)

91.2% (76.3 to 98.1) 92.1% (78.6 to 98.3) � � 100% ( 90.0 to 100)

Zhuhai Livzon ELISA 3 (14/66) 2 (150/202) 2 (159/166) 1 (43/45) � 5 (3/351)

� � 21.2% (12.1 to
33.0)

74.3% (67.7 to 80.1) 95.8% (91.5 to 98.3) 95.6% (84.9
to 99.5)

� 99.1% (97.5 to 99.8)

CGIA: colloidal gold immunoassay; CI: confidence interval; CLIA: chemiluminescence immunoassay; ELISA: enzyme-linked immunosorbent assay; FIA: fluorescence im-
munoassay; IIFT: indirect immunofluorescence assay; LFA: lateral flow assay

Tablo 9. � Sonsitivity and spocificity by tost brand (IgM)��(Contnnued)

aSee Appendix 12 for details of manufacturer product codes, where available.
�
�

Tost namoa Tost mothod IgG/IgM sonsitivity by timo sinco onsot of symptoms IgG/IgM spocificity

Tablo 10. � Sonsitivity and spocificity by tost brand (IgG/IgM)�
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2
6

2

Studios (truo positivos/COVID-19 casos)

Sonsitiivity (95% CI)

Studios (falso posi-

tivos/COVID-19 casos)

Spocificity (95% CI)

� � 1-7 days 8-14 days 15-21 days 22-35 days > 35 days �

Acro Biotech - IgG/
IgM

CGIA � � � � � 1 (3/15)

� � � � � � � 80.0% (51.9 to 95.7)

Artron Laboratories
IgM/IgG

CGIA � 1 (5/7) 1 (12/15) 1 (8/8) � 1 (0/17)

� � � 71.4% (29.0 to 96.3) 80.0% (51.9 to 95.7) 100% (63.1 to
100)

� 100% (80.5% to 100)

Autobio Diagnostics
IgM/IgG

CGIA � 1 (6/7) 1 (14/15) 1(8/8) � 1 (0/32)

� � � 85.7% (42.1 to 99.6) 93.3% (68.1 to 99.8) 100% (63.1 to
100)

� 100% (89.1 to 100)

Beijing Hotgen ELISA 1 (10/22) 1 (72/92) 1 (72/92) 1 (41/45) � 1 (0/100)

� � 45.5% (24.4 to
67.8)

78.3% (68.4 to 86.2) 78.3% (68.4 to 86.2) 91.1% (78.8 to
97.5)

� 100% (96.4 to 100)

Bioscience Co
(Chongqing)

CLIA 1 (34/67) 1 (34/67) 1 (131/134) 1 (13/13) � 2 (7/148)

� � 50.7% (38.2 to
63.2)

50.7% (38.2 to 63.2) 97.8% (93.6 to 99.5) 100% (75.3 to
100)

� 95.3% (90.5 to 98.1)

CTK Biotech OnSite
IgG/IgM

CGIA � 1 (5/7) 1 (14/15) 1 (8/8) � 1 (0/32)

� � � 71.4% (29.0 to 96.3) 93.3% (68.1 to 99.8) 100% (63.1 to
100)

� 100% (89.1 to 100)

Dynamiker Biotech-
nology IgG/IgM

CGIA � 1 (5/7) 1 (14/15) 1 (8/8) � 1 (0/32)

Tablo 10. � Sonsitivity and spocificity by tost brand (IgG/IgM)��(Contnnued)
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2
6

3

� � � 71.4% (29.0 to 96.3) 93.3% (68.1 to 99.8) 100% (63.1 to
100)

� 100% (89.1 to 100)

Hangzhou Alltest -
IgG/IgM

CGIA 1 (1/8) 2 (23/42) 2 (58/68) � � 3 (2/60)

� � 12.5% (0.3 to
52.7)

54.8% (38.7 to 70.2) 85.3% (74.6 to 92.7) � � 96.7% (88.5 to 99.6)

Shenzhen YHLO CLIA � � � � � 2 (7/96)

� � � � � � � 92.7% (85.6 to 97.0)

Vivachek - VivaDiag
IgM/IgG

CGIA � � � � � 3 (14/162)

� � � � � � � 91.4% (85.9 to 95.2)

Zhuhai Livzon CGIA 1 (7/36) 1 (31/34) 1 (35/38) � � 2 (0/35)

� � 19.4% (8.2 to
36.0)

91.2% (76.3 to 98.1) 92.1% (78.6 to 98.3) � � 100% (90.0 to 100)

Zhuhai Livzon ELISA 3 (14/66) 2 (150/202) 2 (159/166) 1 (43/45) � 4 (4/291)

� � 21.2% (12.1 to
33.0)

74.3% (67.7 to 80.1) 95.8% (91.5 to 98.3) 95.6% (84.9 to
99.5)

� 98.6% (96.5 to 99.6)

CGIA: colloidal gold immunoassay; CI: confidence interval; CLIA: chemiluminescence immunoassay; ELISA: enzyme-linked immunosorbent assay; FIA: fluorescence im-
munoassay; IIFT: indirect immunofluorescence assay; LFA: lateral flow assay

Tablo 10. � Sonsitivity and spocificity by tost brand (IgG/IgM)��(Contnnued)

aSee Appendix 12 for details of manufacturer product codes, where available.
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Appondix 1. Summary of World Hoalth Organization and Chinoso National Hoalth Commission Guidolinos for tho

diagnosis of SARS-CoV-2

Tablo A: World Hoalth Organization guidolinos for tho diagnosis of SARS-CoV-2a

Includes laboratory testing guidelines and global surveillance guidelines

�

Dato

rango

(2020)

Dofinition of confirmod caso Dofin-

ition

of con-

firmod

non-

caso

Dofinition of

suspoct caso

Dofinition

of proba-

blo caso

Rolo of sorology

in tosting

10-30
January

None
stated

No definition
of 'suspect
case' at this
time, but case
definitions for
surveillance
are defined
as a combina-
tion of symp-
toms and ex-
posure, with
more severe
symptoms re-
quiring less
evidence for
exposure

No defini-
tion at this
time

31 Jan-
uary-26
February

None
stated

Suspect case
defined as
combination
of symptoms
and exposure,
with more se-
vere symp-
toms requir-
ing less evi-
dence for ex-
posure

A suspect
case with
inconclu-
sive labo-
ratory re-
sults or is
test-posi-
tive using
a pan-coro-
navirus as-
say without
laboratory
evidence of
other res-
piratory
pathogens.
(global 31
January)

27 Feb-
ruary-1
March

10-30 January: no documentation to define at this
time (before first date of global guidelines)
31 January onwards: a confirmed case is a person
with laboratory confirmation of COVID-19 infection, ir-
respective of clinical signs and symptoms.

No prescribed test in laboratory guidelines, suggest-
ed tests from 10 January include broad coronavirus
RT-PCR (with sequencing of precise virus in test posi-
tives), whole genome sequencing, broad coronavirus
serology on paired samples, microscopy, culture.
(Lab 10 January) Four suggested tests from 17 Jan-
uary: broad coronavirus RT-PCR (with sequencing of
precise virus in test positives), NAAT for SARS-CoV-2
when it becomes available, whole genome sequenc-
ing, and broad coronavirus serology on paired sam-
ples.
States that once specific NAAT assays are developed
and validated, confirmation will be based on specific
detection of unique sequences of viral nucleic acid by
RT-PCR.

None
stated

Serological testing
may be useful to
confirm immuno-
logic response to
a pathogen from
a specific viral
group, e.g. coro-
navirus. Best re-
sults from serolog-
ic testing requires
the collection of
paired serum sam-
ples (in the acute
and convalescent
phase) from cases
under investiga-
tion.

2
March-19
March

A person with laboratory confirmation of COVID-19 in-
fection, irrespective of clinical signs and symptoms.
(global 31 January, 27 February, 20 March)

One or
more
negative

Suspect case
defined as
combination
of symptoms
and exposure,
with more se-
vere symp-

A suspect-
ed case
with incon-
clusive lab-
oratory re-
sults

In cases where
NAAT assays are
negative and

�

Antibody tosts for idontification of curront and past infoction with SARS-CoV-2 (Roviow)

Copyright © 2020 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
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(global 27
February)

19
March-
present

Laboratory confirmation of cases by NAAT specif-
ic to SAR-CoV-2 such as real-time reverse-transcrip-
tion polymerase chain reaction (rRT-PCR) with confir-
mation by nucleic acid sequencing when necessary.
The viral genes targeted so far include the N, E, S and
RdRP genes.

In areas with no known COVID-19 virus circulation
confirmation requires:

• NAAT positive for at least two different targets on
the COVID-19 virus genome, of which at least one
target is preferably specific for COVID-19 virus (or
SARS-like coronavirus) using a validated assay; OR

• NAAT-positive result for betacoronavirus, and COV-
ID-19 virus identified by sequencing partial/whole
genome of virus (sequence target larger or different
from the amplicon probed in the NAAT assay).

Discordant results should be resampled.
In areas where COVID-19 virus is widely spread a sim-
pler algorithm might be adopted (e.g. RT-PCR of a sin-
gle discriminatory target)

results
do not
rule out
the pos-
sibility
of COV-
ID-19
virus in-
fection.

toms requir-
ing less evi-
dence for ex-
posure, OR
defined by
symptoms re-
quiring hospi-
talisation and
an absence of
alternative ex-
planation.

Probable
case
A suspect
case for
whom test-
ing for the
COVID-19
virus is in-
conclusive.
OR
A suspect
case for
whom test-
ing could
not be per-
formed for
any reason.

there is a strong
epidemiological
link to COVID-19
infection, paired
serum samples (in
the acute and con-
valescent phase)
could support di-
agnosis once val-
idated serology
tests are available.

Serological assays
will play an im-
portant role in re-
search and sur-
veillance but are
not currently rec-
ommended for
case detection.

NAAT: nucleic acids amplification test; RT-PCR: reverse transcription polymerase chain reaction; Source: WHO 2020.

��(Contnnued)

�
aSource data from Laboratory testnng of 2019 novel coronavnrus (2012-nCoV) nn suspected human cases: nnternm gundance, World Health

Organnzatnon. (2020), 10 January, 17January, 2nd March, 19 March, 21st March, and Global survenllance for COVID-19 caused by human

nnfectnon wnth COVID-19 vnrus, nnternm gundance, 31st January, 27 February, and 20 March.

Tablo B: Summary of Chinoso National Hoalth Commission guidolinos for diagnosis and troatmont for novol coronavirus

pnoumonia (trial vorsions 1-7)

�

Datos in

offoct

Dofinition of confirmod caso Dofinition of con-

firmod non-caso

Dofinition of suspoct caso Rolo of

sorology

in tosting

16-17 Jan-
uary 2020
(version 1)

Cases (not confirmed cases) defined as
virus genome highly homologous to coro-
naviruses

Not defined Observation cases: defined as com-
bination of exposure in Wuhan and
symptoms focused on pneumonia,
leukopenia and lack of improvement.

No role

18 Jan-
uary-2
March
(versions
2, 3, 4, 5,
5 revised,
and 6)

Suspect cases with either

• real-time fluorescent RT-PCR indicates
positive for new coronavirus nucleic
acid; OR

• viral gene sequence is highly homolo-
gous to known new coronaviruses.

Suspect cases can
be ruled out after
2 consecutive neg-
ative respiratory
tract nucleic acid
tests taken at least
24-hours apart.

Suspect cases: combination of expo-
sure (such as residence in/travel to
Wuhan or exposure to a confirmed
case within 14 days of onset) AND clini-
cal features (such as symptoms: fever,
respiratory symptoms, and tests: chest
imaging, white blood cell and lympho-
cyte count). Exact definition varies
slightly with version

No role

3 March-
present
(version 7)

Suspect cases with either Suspect cases can
be ruled out after
2 negative NAATs,

Suspect cases: combination of expo-
sure (such as residence in/travel to
Wuhan or exposure to a confirmed

Part of de-
finition of
cases and

�
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• real-time fluorescent RT-PCR indicates
positive for new coronavirus nucleic
acid; OR

• viral gene sequence is highly homolo-
gous to known new coronaviruses. OR

• NCP virus-specific IgM and IgG are de-
tectable in serum; NCP virus-specific
IgG is detectable or reaches a titration
of at least 4-fold increase during con-
valescence compared with the acute
phase.

taken at least 24-
hours apart, and
the NCP virus-spe-
cific IgM and IgG
are negative after
7 days from onset.

case within 14 days of onset) AND clini-
cal features (such as symptoms: fever,
respiratory symptoms, and tests: chest
imaging, white blood cell and lympho-
cyte count).

confirmed
non-cases

NAAT: nucleic acids amplification test; NCP: novel coronavirus pneumonia; RT-PCR: reverse transcription polymerase chain reaction;
Source: CDC China 2020.

��(Contnnued)

�

Appondix 2. Antibody tost 'uso caso' sconarios

�

Uso Casoa Advantagos Limitations Considorations

Diagnosis

Aid diagnosis of suspoct

casos, ospocially whon

RT-PCR nogativo but X-

Ray/CT suggostivo

May improve overall sensitivity of diag-
nosis

Diagnosis of patients presenting late or
for post-infectious syndromes

(low viral load)

Diagnosis of patients when lower res-
piratory tract sampling not available

Aid diagnosis of suspoct

casos whon PCR is not

availablo

(would roquiro caroful

dovolopmont of intorpro-

tivo guidolinos)

As above and could enable decen-
tralised/community testing in settings
where the availability of PCR testing is
limited.

Unlikely to catch ear-
ly-stage infection (< 7
days)

May not detect asymp-
tomatic cases

Negative test cannot
rule out infection

IgM appears early, but
is less specific

Total antibody may have best
sensitivity

Should be confirmed by PCR,
where possible

Rising titres and seroconver-
sion can improve sensitivity and
specificity

Identification of individuals with protective immune status 
(conditional upon idontifying corrolatos of protoction for SARS-CoV-2)

Idontify convaloscont

plasma donors

Treatment for critically ill patients Ideal timing of collec-
tion unknown to opti-
mise efficaciousness

Preferentially patients recovered
from moderate to severe disease
(high titre). Theoretically may be
derived from vaccinated donors

CT: computed tomography; RT-PCR: reverse transcription polymerase chain reaction;

aTable from Cheng 2020b

�

�
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Appondix 3. Cochrano COVID-19 Study Rogistor soarchos

�

Sourco Stratogy

CT.gov COVID-19a

WHO ICTRP Health topic: 2019-nCov / COVID-19

PubMed (("2019 nCoV"[tiab] OR 2019nCoV[tiab] OR "2019 novel coronavirus"[tiab] OR "COVID 19"[tiab]
OR COVID19[tiab] OR "new coronavirus"[tiab] OR "novel coronavirus"[tiab] OR "novel coro-
na virus"[tiab] OR "SARS CoV-2"[tiab] OR (Wuhan[tiab] AND (coronavirus[tiab] OR "corona
virus"[tiab])) OR "COVID-19"[Supplementary Concept] OR "severe acute respiratory syndrome
coronavirus 2"[Supplementary Concept]) NOT ("animals"[MeSH Terms] NOT "humans"[MeSH
Terms])) NOT (editorial[pt] OR comment[pt] OR letter[pt] OR newspaper article[pt])

�

�
aAutomatic term mapping links results for 2019-nCoV, 2019 novel coronavirus, SARS-CoV-2, severe acute respiratory syndrome coronavirus
2.

Appondix 4. Living soarch from tho Univorsity of Born

The following information is taken from the university of Bern website (see: ispmbern.github.io/covid-19/living-review/
collectingdata.html).

The register is updated daily and CSV file downloads are made available.

1 April 2020

From 1 April 2020, we will retrieve the curated BioRxiv/MedRxiv dataset (connect.medrxiv.org/relate/content/181).

26 to 31 March 2020

MEDLINE: (\"Wuhan coronavirus\" [Supplementary Concept] OR \"COVID-19\" OR \"2019 ncov\"[tiab] OR ((\"novel coronavirus\"[tiab] OR
\"new coronavirus\"[tiab]) AND (wuhan[tiab] OR 2019[tiab])) OR 2019-nCoV[All Fields] OR (wuhan[tiab] AND coronavirus[tiab])))))

Embase: (nCoV or 2019-nCoV or ((new or novel or wuhan) adj3 coronavirus) or covid19 or covid-19 or SARS-CoV-2).mp.

BioRxiv/MedRxiv: ncov or corona or wuhan or COVID or SARS-CoV-2

With the kind support of the Public Health & Primary Care Library PHC (www.unibe.ch/university/services/university_library/
faculty_libraries/medicine/public_health_amp_primary_care_library_phc/index_eng.html), and following guidance of the Medical
Library Association (www.mlanet.org/p/cm/ld/fid=1713).

1 January 2020 to 25 March 2020

MEDLINE: ("Wuhan coronavirus" [Supplementary Concept] OR "COVID-19" OR "2019 ncov"[tiab] OR (("novel coronavirus"[tiab] OR "new
coronavirus"[tiab]) AND (wuhan[tiab] OR 2019[tiab])) OR 2019-nCoV[All Fields] OR (wuhan[tiab] AND coronavirus[tiab])))))

Embase: ncov OR (wuhan AND corona) OR COVID

BioRxiv/MedRxiv: ncov or corona or wuhan or COVID

Appondix 5. CDC Library, COVID-19 Rosoarch Articlos Downloadablo Databaso

Embase records from the Stephen B. Thacker CDC Library, Covid-19 Research articles Downloadable database

Records were obtained by the CDC library by searching Embase through Ovid using the following search strategy.

�

Sourco Stratogy

�
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Embaso coronavir* OR corona virus* OR betacoronavir* OR covid19 OR covid 19 OR nCoV OR novel CoV OR
CoV 2 OR CoV2 OR sarscov2 OR 2019nCoV OR wuhan virus*).mp. OR ((wuhan OR hubei OR huanan)
AND (severe acute respiratory OR pneumonia*) AND outbreak*).mp. OR Coronavirus infection/ OR
coronavirinae/ OR exp betacoronavirus/

Limits: 2020-

OR

(novel coronavir* OR novel corona virus* OR covid19 OR covid 19 OR nCoV OR novel CoV OR CoV 2
OR CoV2 OR sarscov2 OR 2019nCoV OR wuhan virus*).mp. OR ((wuhan OR hubei OR huanan) AND
(severe acute respiratory OR pneumonia*) AND outbreak*).mp. OR ((wuhan OR hubei OR huanan)
AND (coronavir* OR betacoronavir*)).mp.

Limits: 2019-

��(Contnnued)

�

Appondix 6. Data oxtraction itoms

�

Pationt sam-

pling itoms

Pationt charactoristics

and sotting itoms

Indox tost itoms Roforonco standard itoms Flow and

timing

itoms

Notos

itoms

A0 Test
type (anti-
body/antigen
etc)

COVID patients (or all
patients if single group
study)

� � � �

A1 Purpose B1 Setting D1.1 Test name E1 Reference standard for
cases including threshold

F1 What was
the time in-
terval be-
tween index
and refer-
ence tests?

G1:
Funding

A2 Design
(and descrip-
tion of groups
labelled [1] [2]
…)

B2 Location (include
name of institution if
available)

D1.2 Manufacturer E2 Samples used F2 Did all
patients re-
ceive the
same refer-
ence stan-
dard?

G2: Pub-
lication
status

A3 Recruit-
ment

B3 Country D1.3 Antibody targets E3 Timing of reference stan-
dard (preferably since symp-
tom onset only, if not from a
different time points)

F3 Missing
data

G3:
Source
(preprint
or jour-
nal
name)

A4 Were cas-
es recruited
prospectively
or retrospec-
tively?

B4 Dates D1.4 Antigens used E4 Was it blind to index test? F4 Uninter-
pretable re-
sults

G4:
Study
author
COI (in-
clud-
ing any
manu-
factur-

�
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er affilia-
tions)

A5 Sample
size (virus/
COVID cases)

B5 Symptoms and
severity

D1.5 Point-of-care or labo-
ratory (is the test designed
to be used at point-of-care
or in laboratory, and was it
used as point-of-care or in
laboratory)?

E5 Did it incorporate index
test?

F5 Indeter-
minate re-
sults

G5 Com-
ment

A6 Inclusion
and exclusion
criteria

B6 Demographics D1.6 Test method � F6 Samples
or patients

�

A7 Comment B7 Exposure history D1.7 When were samples
taken (preferably since
symptom onset only, if
not from a different time
points)?

E6 Reference standard for
non-cases

F7 Comment �

� B8 Comment D1.8 Samples used E7 Samples used � �

� Non-COVID patients (if
additional groups)

D1.9 Who applied the test E8 Timing of reference stan-
dard (preferably since symp-
tom onset only, if not from a
different time points)

� �

� C1.1 Group name D1.10 How was positive
defined?

E9 Was it blind to index test? � �

� C1.2 Source and time D1.11 Blinded to reference
standard

E10 Did it incorporate index
test?

� �

� C1.3 Characteristics D1.12 Threshold prede-
fined

E11 Comment � �

� C2.1 Group name D1.13 Comment � � �

� C2.2 Source and time � � � �

� C2.3 Characteristics � � � �

� C4 Comment � � � �

��(Contnnued)

�

Appondix 7. Critoria for assossmont of study quality (QUADAS-2)

�

DOMAIN: PARTICIPANT SELECTION

Was a consocutivo or random

samplo of pationts onrollod?

This will be similar for all index tests, target conditions, and populations.

YES: if a study explicitly stated that all participants within a certain time frame were included; that
this was done consecutively; or that a random selection was done.

NO: if it was clear that a different selection procedure was employed; for example, selection based
on clinician's preference, or based on institutions.

�
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UNCLEAR: if the selection procedure was not clear or not reported.

Was a caso-control dosign

avoidod?

This will be similar for all index tests, target conditions, and populations.

YES: if a study explicitly stated that all participants came from the same group of (suspected) pa-
tients.

NO: if it was clear that a different selection procedure was employed for the participants depending
on their COVID-19 status or SARS-CoV-2 infection status; or if only participants with SARS-CoV-2 in-
fection were included

UNCLEAR: if the selection procedure was not clear or not reported.

Did tho study avoid inappro-

priato oxclusions?

Studies may have excluded patients, or selected patients in such a way that they avoided including
those who were difficult to diagnose or likely to be borderline. Although the inclusion and exclu-
sion criteria will be different for the different index tests, inappropriate exclusions and inclusions
will be similar for all index tests: for example, only elderly patients excluded, or children (as sam-
pling may be more difficult). This needs to be addressed on a case-to-case basis.

YES: if a high proportion of eligible patients was included without clear selection.

NO: if a high proportion of eligible patients was excluded without providing a reason; if, in a retro-
spective study, participants without index test or reference standard results were excluded.

UNCLEAR: if the exclusion criteria were not reported.

Did tho study avoid inappro-

priato inclusions?

Some laboratory studies may have intentionally included groups of patients in whom the accura-
cy was likely to differ, such as those with particularly low or high viral loads, or who had other dis-
eases, such that the sample over-represented these groups. This needs to be addressed on a case-
to-case basis. Artificial spiked samples are a clear example.

YES: if samples included were likely to be representative of the spectrum of disease.

NO: if the study oversampled patients with particular characteristics likely to affect estimates of ac-
curacy.

UNCLEAR: if the exclusion criteria were not reported.

Could tho soloction of pa-

tionts havo introducod bias?

HIGH: if one or more signalling questions were answered with NO, as any deviation from the selec-
tion process may lead to bias.

LOW: if all signalling questions were answered with YES.

UNCLEAR: all other instances.

Is thoro concorn that tho in-

cludod participants do not

match tho roviow quostion?

HIGH: for two-group studies that included healthy or other disease controls, whether pre-pandem-
ic or contemporaneous; studies that only included people with COVID-19 (whether reverse tran-
scription polymerase chain reaction (RT-PCR)-confirmed only, participants meeting official guide-
line criteria);

LOW: for single-group studies recruiting participants with signs and symptoms of COVID-19; or for
two-group studies where control groups suspected of COVID-19 were separately recruited.

UNCLEAR: if a description about the participants was lacking.

DOMAIN: INDEX TESTS

Woro tho indox tost rosults

intorprotod without knowl-

odgo of tho rosults of tho rof-

oronco standard?

YES: if blinding was explicitly stated or index test was recorded before the results from the refer-
ence standard were available.

NO: if it was explicitly stated that the index test results were interpreted with knowledge of the re-
sults of the reference standard.

��(Contnnued)
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UNCLEAR: if blinding was unclearly reported.

If a throshold was usod, was

it prospocifiod?

YES: if the test was dichotomous by nature, or if the threshold was stated in the methods section,
or if study authors stated that the threshold as recommended by the manufacturer was used.

NO: if a receiver operating characteristic curve was drawn or multiple threshold reported in the re-
sults section; and the final result was based on one of these thresholds.

UNCLEAR: if threshold selection was not clearly reported.

Could tho conduct or intor-

protation of tho indox tost

havo introducod bias?

HIGH: if one or more signalling questions were answered with NO, as even in a laboratory situation
knowledge of the reference standard may lead to bias.

LOW: if all signalling questions were answered with YES.

UNCLEAR: all other instances.

Is thoro concorn that tho in-

dox tost, its conduct, or in-

torprotation diffor from tho

roviow quostion?

For evaluations of laboratory-based tests,

HIGH: if tests were built in-house, or if commercially available tests using SARS-Cov antigens in-
stead of SARS-CoV-2-specific antigens.

LOW: most other laboratory-evaluations

UNCLEAR: name of the test was withheld

For evaluations of lateral flow assays,

HIGH: if tests were built in-house; if only serum or plasma instead of fingerprick or whole blood
samples were used; if test evaluated in laboratory settings rather than at the point of care

LOW: commercially available tests, using whole blood or fingerprick samples, and that were con-
ducted in the intended setting for the test (i.e. point-of-care).

UNCLEAR: name of the test was withheld; mixed sample types; or did not report the evaluation set-
ting

DOMAIN: REFERENCE STANDARD

Is tho roforonco standard

likoly to corroctly classify

tho targot condition?

We will define acceptable reference standards using a consensus process once the list of reference
standards that have been used has been obtained from the eligible studies.

For COVID-19 cases

YES: RT-PCR; confirmed or suspected case using official criteria (WHO, CDC) or a clearly set out
combination of signs/symptoms/exposure.

NO: RT-PCR not used, or if inadequate combination of clinical characteristics used in PCR nega-
tives, e.g. computed tomography alone

UNCLEAR: if definition of COVID-19 was not reported

For absence of COVID-19
YES: if at least 2 negative RT-PCR results reported if suspected COVID-19 based on signs/symptoms;
single negative RT-PCR test for asymptomatic contacts or contemporaneous controls with no clini-
cal suspicion of COVID-19; only pre-pandemic sources of control samples used.

NO: single RT-PCR or number of negative RT-PCRs not reported for COVID-19 suspects; no RT-PCR
reported (untested) for asymptomatic contacts or contemporaneous controls
UNCLEAR: if timing of control samples (pre-pandemic or contemporaneous) was not reported

Woro tho roforonco standard

rosults intorprotod without

YES: if it was explicitly stated that the reference standard results were interpreted without knowl-
edge of the results of the index test, or if the result of the index test was obtained after the refer-
ence standard.

��(Contnnued)
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knowlodgo of tho rosults of

tho indox tost?

NO: if it was explicitly stated that the reference standard results were interpreted with knowledge
of the results of the index test or if the index test was used to make the final diagnosis.

UNCLEAR: if blinding was unclearly reported.

Did tho dofinition of tho rof-

oronco standard incorpo-

rato rosults from tho indox

tost(s)?

YES: if results from the index test were a component of the reference standard definition.

NO: if the reference standard did not incorporate the index standard test.

UNCLEAR: if it was unclear whether the results of the index test formed part of the reference stan-
dard.

Could tho conduct or intor-

protation of tho roforonco

standard havo introducod

bias?

HIGH: if one or more signalling questions were answered with NO.

LOW: if all signalling questions were answered with YES.

UNCLEAR: all other instances.

Is thoro concorn that tho tar-

got condition as dofinod by

tho roforonco standard doos

not match tho roviow quos-

tion?

Applicability was judged primarily on the definition of disease-positive.

HIGH: if RT-PCR alone used to define cases

LOW: if clinical criteria, including RT-PCR, were used to define cases, regardless of whether official
criteria were used, as long as the criteria were explicitly described.

UNCLEAR: if definition of COVID-19 cases was not provided, including if some clinically diagnosed
cases were included but the clinical criteria used were not described.

DOMAIN: FLOW AND TIMING

Did all participants rocoivo

tho samo roforonco stan-

dard?

YES: if all participants received the same reference standard (clearly no differential verification).

NO: if (part of) the index test-positives or index test-negatives received a different reference stan-
dard.

UNCLEAR: if it was not reported.

Woro all participants includ-

od in tho analysis?

YES: if it is clear that all eligible participants were included in the analyses.

NO: if after the inclusion/exclusion process, participants were removed from the analyses for dif-
ferent reasons: no reference standard done, no index test done, intermediate results of both index
test or reference standard, indeterminate results of both index test or reference standard, samples
unusable.

UNCLEAR: if it is not possible to determine whether all participants were included (e.g. from a
STARD style participant flow diagram)

Did all participants rocoivo a

roforonco standard?

YES: if all participants received a reference standard (clearly no partial verification).

NO: if only (part of) the index test positives or index test negatives received the complete reference
standard.

UNCLEAR: if it was not reported.

Woro rosults prosontod por

participant?

YES: if either only one sample per participant (regardless of disaggregation of results over time), or
if multiple samples per participant but results are disaggregated by time period (at least week by
week)

NO: if multiple samples per participant and results are not disaggregated by time period

UNCLEAR: if it is not possible to tell whether results presented are per participant or per sample
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Could tho participantflow

havo introducod bias?

HIGH: if one or more signalling questions were answered with NO.

LOW: if all signalling questions were answered with YES.

UNCLEAR: all other instances.

CDC: Centers for Disease Control; ICU: intensive care unit; RT-PCR: real-time polymerase chain reaction; SARS-CoV-2: severe acute
respiratory syndrome coronavirus 2; WHO: World Health Organization

��(Contnnued)

�
Footnotos

Appondix 8. Summary dotails of study dosign and participants

This Appendix includes two tables. Please note that square brackets indicate different tests within one study.

1. Table A. Single-group studies estimating sensitivity (and specificity)

2. Table B. Two-group or more studies estimating sensitivity and specificity

Tablo A. Singlo-group studios ostimating sonsitivity (and spocificity)

�

Study 
(sourco)

Inclusion critoria

• mothod usod to rulo out COVID-19

Instititution

(rocruit-

mont datos)

Ago

(mo-

dian)

n, %

malo

Exposuro

history

Symp-

toms/sovor-

ity

Roforonco dotails

(casos)

Miss-

ing or

unin-

tor-

protablo

data

Singlo-group studios ostimating sonsitivity and spocificity

Cassaniti 2020
(B)

(published; let-
ter)

50 participants
(50 samples)

COVID-19-suspected cases presenting
at A&E with fever and respiratory syn-
drome (n = 50, including 38 RT-PCR-pos-
itive);

• 2 x RT-PCR-negative required to rule
out disease

(Additional groups reported in Cassaniti
2020 (A))

A&E; Pavia,
Italy (not
stated)

61.5
years

34,
68%

Not stated

Not stated

RT-PCR detecting
RNA polymerase and
E genes; nasal swab

(On presentation at
A&E)

Weak-
ly
pos-
itive
re-
sults
count-
ed as
test
posi-
tive

Liu 2020a

(preprint)

179 partici-
pants (179 sam-
ples)

Inpatients and outpatients attending
hospital during pandemic including
COVID-19-suspected cases (all inpa-
tient, n = 114) and outpatients (n = 64)
with 'other disease'. (n = 179, including
90 PCR-confirmed and 5 clinically con-
firmed cases)

• Negative PCR and insufficient evi-
dence for clinical confirmation re-
quired to rule out disease

Inpatient
and out-
patient;
Wuhan, Chi-
na (1 Janu-
ary-12 March
2020)

[1]
mean
76
years

[2+3]
mean
56
years

[1] 60,
67%
[2+3]
38,
43%

Not re-
ported

Of 90 RT-
PCR+, 44,
49% se-
vere/criti-
cal cases

Clinical criteria (not
clearly described) ≤
RT-PCR; nasal and
pharyngeal swabs

(NR)

Per
sam-
ple
da-
ta by
time
peri-
od is
based
on

�
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Long 2020 (A)

(preprint)

164 partici-
pants (164 sam-
ples)

Cohort of close contacts of 2 index cases
(n = 164, 16 PCR-positive cases)

• 1 x RT-PCR-negative required to rule
out disease

Close con-
tacts;
Wanzhou,
China (31
January-9
February)

Not
stated

Not
stated

All ex-
posed

151 (92%)
asympto-
matic

RT-PCR; NP

(within 17 days of
contact with con-
firmed cases)

None
stated

Paradiso 2020a

(preprint)

191 partici-
pants (191 sam-
ples)

Symptomatic patients accessing A&E (n
= 191, including 70 PCR-positive)

• 1 x RT-PCR-negative required to rule
out disease

A&E; Bari,
Italy (23-29
March)

58.5
years

116,
61%

Not stated

14, 9%
asympto-
matic

RT-PCR (Allplex 2019-
nCoV Assay; See-
gene, Seoul, Repub-
lic of Korea); NP, OP

(Simultaneous)

1 D+
miss-
ing
from
re-
sults

Zhang 2020b

(preprint)

228 partici-
pants (228 sam-
ples)

Suspected COVID-19 cases admitted to
fever clinic (n = 228, including 3 PCR-
positive)

• 1 x RT-PCR negative required to rule
out disease

(review team excluded additional re-
ported groups)

Inpatients,
Shengjing,
China (21
January-16
February)

Mean
51
years
(cases
only)

Not
stated

1, 33%
Wuhan
contact
history
(cases on-
ly)

Not stated

RT-PCR (required
presence of ORF1ab
and N gene for posi-
tive result); NP, OP

(Timing not stated)

Not
stated

Zhang 2020d

(preprint)

814 partici-
pants (814 sam-
ples)

Participants suspected of harbouring
COVID-19 (n = 814, including 154 cases;
122 RT-PCR-positive and 32 clinically di-
agnosed by CT)

• 1 x RT-PCR negative required to rule
out disease; unclear if CT used in all D-
(n = 663)

Samples
from 5 hospi-
tals (in/out-
patient not
stated); cen-
tres includ-
ing Wuhan,
Shenyang
and Beijing,
China (Not
stated)

Not
stated

Not stated Real-time PCR kit (no
details on threshold);
CT used in at least
some PCR-negative
NP swabs. (Timing
not stated)

None
stated

Singlo group studios ostimating sonsitivity alono

Du 2020

(published; let-
ter)

60 participants
(60 samples)

Single group of convalescent inpatients
6-7 weeks after symptom onset (n = 60)

• Non-COVID-19 cases not included

Hospital in-
patients;
Wuhan, Chi-
na (12 Janu-
ary-5 Febru-
ary 2020)

Not
stated

Not stated Not described; not
stated

(During hospital stay)

None
de-
scribed

Gao 2020a

(published; let-
ter)

38 participants

(38 samples)

Inpatient cohort of COVID-19 patients
confirmed by Chinese Government-is-
sued guidelines (5th edition)

• non-COVID-19 cases not included

Inpatient;
Fuyang, Chi-
na (22 Janu-
ary-28 Feb-
ruary 2020)

40.5
years

21,
55.3%

Not stated

3, 8% se-
vere or
critical, 35
mild

Chinese guideline
(5th edition)

Not
re-
port-
ed

Gao 2020b [A]

(accepted man-
uscript

Confirmed COVID-19 cases (n = 22)

• non-COVID-19 cases not included

Hospital in-
patient; Shi-
jiazhuang,
Hebei, Chi-
na (21 Janu-

40
years

14,
64%

11 (50%)
recent
travel to
epidem-
ic areas,

RT-PCR assay (2019-
nCoV RNA Test Kit,
Daan Gene Compa-
ny, China); Nasal and

None
de-
scribed
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(peer reviewed;
pre-proof)

22 participants

(37 samples)

ary-24 Feb-
ruary 2020)

10 (45%)
close con-
tacts with
confirmed
COVID-19
cases

22 (100%)
typical CT
findings;
'most' re-
ceived
oxygen
therapy

pharyngeal swab
specimens

Garcia 2020 (B)

(preprint)

63 participants

(63 samples)

Patients admitted with a clinical and ra-
diological diagnosis of pneumonia of
unknown aetiology but RT-PCR-negative
(n = 63)

• non-COVID-19 cases not included

Addional reported cohort extracted as
Garcia 2020 (A)

Inpatient
hospital (9
February-2
April)

67
years

47,
74%

Not stated Clinical diagnosis of
COVID-19 (no further
detail); all PCR-nega-
tive

None
re-
port-
ed

Hu 2020a

(preprint)

211 partici-
pants

(993 samples)

Confirmed COVID-19 patients (221)

• non-COVID-19 cases not included

Inpatient;
Chongqing,
China (23
January-3
March)

Mean
47.8
years

135,
64%

Not stated

137, 62%
with fever;
40, 19%
severe

Chinese Government
guidelines (version
6); included RT-PCR

None
de-
scribed;
text
states
993
sam-
ples
but
only
409
re-
port-
ed for
IgM
and
507
for
IgG

Jia 2020

(preprint)

57 participants

(57 samples)

1. RT-PCR confirmed (24)
2. Clinical diagnosis for RT-PCR negative
(2 x negative results) according to Chi-
nese Government guideline (6th ed) (33)

• non-COVID-19 cases not included

Inpatients;
Shenzhen,
China (Not
stated)

Not
stated

Not stated 1. RT-PCR
2. Chinese CDC
guideline (6th ed). (1
to 34 days from ex-
posure to first PCR
test)

None
de-
scribed

Li 2020a

(accepted for
publication and
undergone full
peer review)

525 partici-
pants

COVID-19 according to Chinese CDC
guideline (5th ed) (525; 397 PCR-posi-
tive))

• non-COVID-19 cases not included

Potential-
ly inpatient
and out-
patient; 6
provinces,
China

(Not stated)

Not
stated

Not stated Chinese CDC guide-
line (6th ed), includ-
ing PCR; pharyngeal,
sputum

(Not stated)

None
stated

��(Contnnued)
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(525 samples)

Lippi 2020 [A]

(published; let-
ter)

48 participants

(48 samples)

Participants with suspected COVID-19;
subgroup of cases (48/131 patients) with
available data on days post-symptom
onset data can be included

• non-COVID-19 cases not included

Inpatients;
Verona, Italy
(Not stated)

Totlal
sam-
ple of
131:
mean
56
years

60/131,
46%

Not stated RT-PCR (Seegene
Allplex 2019-nCoV
Assay. OP, NP swabs
(During hospitalisa-
tion)

Ex-
clud-
ed 83
pa-
tients
with
no
time
pso
data

Liu 2020c

(preprint)

133 partici-
pants

(133 samples)

Patients diagnosed with SARS-Cov-2 ac-
cording to Chinese CDC guideline (5th
ed) (133)

• non-COVID-19 cases not included

Inpatients;
Wuhan,
China ( 17
February-1
March)

Mod-
erate
67.5
years;
se-
vere
68
years;
criti-
cal 70
years

70,
53%

Not stated

moderate
44, 33%;
severe 52,
39%; crit-
ical 37,
29%

Clinical diagnosis
(seems to be Chinese
CDC guideline, 5th
ed)
Includes RT-PCR
(GeneoDx Biotech,
Shanghai, China); 2
tests per participant;
Table 2 refers to NP.

None
de-
scribed

Long 2020 (B)

(preprint)

262 partici-
pants

(363 samples)

RT-PCR-positive confirmed cases (n =
285). No further detail of inclusion or ex-
clusion criteria.

Additional cohort extracted as Long
2020 (A); some additional cohorts ex-
cluded (see Characteristics of included
studies)

• non-COVID-19 cases not included

Inpatients;
Chongqing,
China
(38384)

47
years

158,
55.4%

103, 36%
exposure
to trans-
mission
sources

39, 14%
severe or
critical in
ICU

RT-PCR; nasal and
pharyngeal swabs
(during hospital stay)

23 pa-
tients
with
no in-
for-
ma-
tion
on
time
pso
were
ex-
clud-
ed
leav-
ing
363
sam-
ples
from
262
pa-
tients

Padoan 2020

(peer reviewed;
published)

37 participants

(87 samples)

Hospitalised patients with confirmed
COVID-19 (n = 37)

• non-COVID-19 cases not included

Inpatients;
Padova, Italy
(18 March-26
March 2020)

Not
stated

Not stated RT-PCR; NP

(Not stated)

None
de-
scribed
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Pan 2020a

(peer reviewed;
published)

105 partici-
pants

(134 samples)

COVID-19 patients according to CDC
guideline (5th ed); confirmed by PCR
(67) or clinical diagnosis (37)

• non-COVID-19 cases not included

Inpatients;
Wuhan, Chi-
na (Not stat-
ed (symptom
onset 7 Jan-
uary-18 Feb-
ruary))

58
years

48,
46%

Not stated RT-PCR following
WHO guidelines
(BioGerm, Shanghai,
China),
Clinical diagnosis
according to CDC
guideline (5th ed);
throat swabs

(Not stated)

Da-
ta re-
port-
ed on-
ly for
those
with
symp-
tom
onset
infor-
ma-
tion;
26
sam-
ples
ex-
clud-
ed

To 2020a [A]

(peer reviewed;
published)

23 participants

(108 serum
samples)

Confirmed COVID-19 patients from 2
hospitals (n = 23, can only extract data
for 16 with > 14-day pso data)

• non-COVID-19 cases not included

Hospital
inpatient,
Hong Kong
(22 Janu-
ary-12 Feb-
ruary)

Not
stated

13/23
(57%)
age:
medi-
an 62
years
(range
37–
75)

Not stated

10/23
(43%)
severe;
5/23(22%)
admitted
to ICU,
3/23(13%)
required
intu-
bation,
2/23(9%)
died

Fever in
22/23
(96%) pa-
tients,
cough
in 5/23
(22%),
chills
in 4/23
(17%),
dyspnoea
in 4/23
(17%)

Laboratory-con-
firmed - not further
described; NP or spu-
tum

(Unclear)

7/23
(30%)
were
not
test-
ed be-
tween
days
14
and
30

Xiao 2020a

(accepted man-
uscript; pre-
proof)

34 participants

(34 samples)

Confirmed cases of COVID-19 according
to Chinese CDC (5th ed) (34)

• non-COVID-19 cases not included

Inpatients;
Wuhan, Chi-
na (1-29 Feb-
ruary)

49
years
(re-
view
team
esti-
mat-
ed)

22,
65%

Not stated

Not de-
scribed

COVID-19 according
to CDC diagnosis and
treatment guideline
(5th ed)

None
re-
port-
ed
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Xie 2020a

(accepted man-
uscript; pre-
proof)

56 participants

(56 samples)

Participants with suspected COVID-19
based on Chinese CDC (5th ed) criteria
(n = 56, including 16 PCR confirmed)

• non-COVID-19 cases not included

Inpatients;
Wuhan, Chi-
na (15-25
February
2020)

56.5
years

24,
43%

Not stated

34, 61%
severe

[1] RT-PCR QIAamp
RNA virus kit (Qia-
gen, Heiden, Ger-
many); NP and throat
[2] clinical diagnosis
(guideline, 5th edi-
tion

None
re-
port-
ed

Xu 2020a

(preprint)

10 participants

(10 samples)

Confirmed (PCR) COVID-19 cases (n = 10)

• non-COVID-19 cases not included

Hospital in-
patients;
Shanghai,
China

(Not stated)

Not
stated

6,
60%

Not stated

10, 100%
required
oxygen

RT-PCR (cycle thresh-
old value (Ct) < 37
defined as positive
and Ct ≥ 40 defined
as negative; pharyn-
geal swab

(Not stated)

None
re-
port-
ed

Yongchen 2020

(peer reviewed;
published)

21 participants

(≥ 42 samples)

Participants with COVID-19 (n = 16) and
asymptomatic carriers (n = 5)

• non-COVID-19 cases not included

Mixed; Jiang-
su, China (25
January-18
March 2020)

37
years

13,
62%

Not stated

5, 24%
severe;
5, 24%
asympto-
matic cas-
es

Illness
severity
defined
according
to the Chi-
nese man-
agement
guideline
for COV-
ID-19 (ver-
sion 6.0).

RT-PCR, confirmed
after 2 sequential
positive respiratory
tract sample results;
throat swabs

None
de-
scribed

Zhang 2020a

(preprint)

222 partici-
pants

(222 samples)

Confirmed COVID-19 patients (RT-PCR
detection or antibody assay) (n = 222)

• non-COVID-19 cases not included

Inpatients;
Wuhan, Chi-
na (admitted
13 January
13-1 March)

62
years

Not
stated

Not stated

87, 39%
severe

RT-PCR or anti-SARS-
CoV-2 assay ; nasal or
pharyngeal swabs

(Not stated)

None
re-
port-
ed

Zhang 2020c

(peer reviewed;
published)

16 participants

(16 samples)

RT-PCR-confirmed COVID-19 patients (n
= 139); included those with around 10
days of medical treatment after admis-
sion (n = 16)

• non-COVID-19 cases not included

Inpatients;
Wuhan, Chi-
na (Not stat-
ed)

Not
stated

Not stated RT-PCR < 10
days'
med-
ical
treat-
ment
(n =
123)

A&E: Accident and Emergency Department; CDC: Center for Disease Control; CT: computed tomography; CGIA: colloidal gold im-
munoassay; D+: disease positive: D-: disease negative; od: edition; ELISA: enzyme-linked immunosorbent assay; HCW: healthcare
worker; ICU: intensive care unit; LFA: lateral flow assay; n: number; NP: nasopharyngeal; NR: not reported; OP: oropharyngeal; PCR:
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polymerase chain reaction; pso: post-symptom onset; RNA: ribonucleic acid; RT-PCR: reverse transcriptase polymerase chain reac-
tion; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; suppl: supplementary; TB: tuberculosis
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2
8

0

Study 
(sourco)

COVID-19 casos (n) Non-COVID casos (n) 
(including mothod of vori-

fication)

Institution

(Rocruitmont

datos)

Ago (modian)

n, % malo

Exposuro his-

tory

Symp-

toms/sovori-

ty

Roforonco dotails

(casos)

Missing or

unintor-

protablo data

Adams 2020 [A]

(preprint)

182 participants

(40 samples)

RT-PCR confirmed COV-
ID-19 cases (n = 40)

Pre-pandemic controls (n
= 142); prior to December
2019

Acute hospital
(n = 16), recov-
ering HCWs (n
= 6), convales-
cent (n = 18);
UK

(Not stated)

57y

Not stated

Not stated

Asympto-
matic (n = 1);
mild (n = 26);
severe (n = 4);
critical (n = 9)

RT-PCR; nose/
throat swabs

(Not stated )

[B]–[J] tests
evaluated
in different
numbers

Bendavid 2020

(preprint)

3481 samples
participants

(3324 samples)

COVID-19 cases were ob-
tained from 3 different
sources (n = 157 speci-
mens)

Confirmed cases from
manufacturer data (n
= 85); local cases (PCR-
and ELISA-confirmed) (n
= 37) or PCR-confirmed
(6-10 days pso) (n = 35)

Non-COVID-19 cases were
obtained from 13 differ-
ent sources (n = 3324 speci-
mens),

Pre-pandemic (10 sources; n
= 2811); pandemic era PCR-
negative (n = 202); not stat-
ed (n = 311)

Multiple
sources;

USA, China, un-
clear
(Not described)

Not stated Not stated PCR-positive only
(n = 35); PCR and
IgG or IgM con-
firmed by ELISA (n
= 37); not stated (n
= 85)

None de-
scribed

Burbelo 2020 [A]

(preprint)

67 participants

(140 samples)

SARS-CoV-2 cases con-
firmed by PCR (n = 35 in
results, n = 39 in meth-
ods)

Pre-pandemic blood donors
(n = 32); prior to 2018
[Review authors excluded
3rd group with no reference
standard reported (n = 10)]

Hospital (un-
clear whether
inpatient or
outpatient);
San Diego,
Seattle, Wash-
ington, USA

(Not stated)

44 years

0.87

Not stated

13, 37% on a
ventilator

RT-PCR; nasal and/
or throat swabs

(No information)

none de-
scribed

Cai 2020

(preprint)

443 participants

(443 samples)

RT-PCR confirmed (276) Healthy, other controls; pre-
December 2019 (167)

Inpatient
(cases only);
Chongqing, Chi-
na (Not stated)

48 years

151, 55%

99, 36%
known expo-
sure

RT-PCR; no further
details

None de-
scribed
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1

Cassaniti 2020 (A)

(published; let-
ter)

60 participants

(60 samples)

COVID-19-positive pa-
tients in ICU (n = 30)

[Additional cohort re-
ported in Cassaniti 2020
(B)]

Healthy volunteers with
negative RT-PCR results (n =
30)

Infectious Dis-
eases Unit or
ICU, Tertiary
hospital; Pavia,
Italy

(Not stated)

73.5 years

25, 42%

Not stated RT-PCR detecting
RNA polymerase
and E genes; Respi-
ratory samples

(During patient
care)

Weakly pos-
itive results
counted as
test positive

Chen 2020a

(Accepted man-
uscript; peer
reviewed, pre-
proof)

19 participants

(19 samples)

RT–PCR positive sam-
ples (n = 7)

RT–PCR-negative samples,
but clinically suspicious for
COVID-19 (n = 12)
[Additional group of 'nor-
mal' samples (n = 51) used
to derive threshold]

Unclear, pre-
sumably in-
patients;
Guangzhou,
China (Not de-
scribed)

Not stated Not stated RT–PCR; not stated

(Not stated; prior
to LFA)

None report-
ed

Dohla 2020

(peer reviewed;
published)

49 participants

(49 samples)

[1] Attendees at commu-
nity screening centre for
COVID-19 (n = 12 PCR-
positive),
[2] Stored samples from
10 patients with con-
firmed diagnosis of COV-
ID-19

[1] Attendees at communi-
ty screening centre for COV-
ID-19 (n = 27 PCR-negative)

Community
screening cen-
tre [1] and un-
clear setting [2];
author institu-
tions Bonn, Ger-
many

(Not stated)

46 years

25, 51%

Probable date
of exposure
identified in
22, 45%

5/49 (10%)
asympto-
matic.
71% dry
cough; 65%
fatigue; 46%
runny nose
(only %s re-
ported)

[1] RT–qPCR (Al-
tona Diagnostics)
[2] RT–qPCR (un-
known if same kit);
throat swabs group
[1]; not stated for
group [2]. ([1] same
time as index test.
[2] not stated)

Weak signals
counted as
positive; no
missing data
reported

Freeman 2020

(preprint)

618 participants

(618 samples)

Confirmed COVID-19
cases (n = 99)

Pre-pandemic healthy (n =
377) + other infection (n =
142)

Convalescent;
USA (reference
to CDC Nation-
al Center for Im-
munization and
Respiratory Dis-
eases)

(Not stated)

Not stated Not stated PCR; no further de-
tail

None men-
tioned
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2

Garcia 2020 (A)

(preprint)

100 participants

(100 samples)

Suspected COVID-19 pa-
tients admitted to A&E;
all RT-PCR-positive (n =
55)

[Third cohort reported
as Garcia 2020 (B)]

Pre-pandemic healthy con-
trols (n = 45); 1 October-30
November, 2019

Inpatient;
Madrid, Spain
(1 March-6 April
2020)

63 years

33, 60%

Not stated RT-PCR None de-
scribed

Grzelak 2020 [A]

(preprint)

542 participants

(652 samples)

Hospitalized COVID-19
patients (51)
Review team excluded 2
additional cohorts with
no reference standard
(See COIS)

Pre-pandemic sera from
healthy individuals (491)

Inpatient; Paris,
France

(Not stated)

Not described

47, 74%

Not stated Not stated None report-
ed

Guo 2020a

(accepted manu-
script; corrected
proof now avail-
able online)

275 participants

(343 samples)

Confirmed (82) or proba-
ble (58) COVID-19 cases
(provided 208 samples)

Pre-pandemic acute lower
respiratory tract infection
(135)
Healthy individuals (150)
used to define threshold

Inpatients;
Wuhan and Bei-
jing, China (cas-
es) (43,831)

Not stated Not stated

Confirmed
cases - 28,
34% severe

Pobable cases
- 5, 9% severe

Confirmed: deep
sequencing or
qPCR assay
Probable: cases -
clinical manifes-
tation, chest X-ray
and epidemiolo-
gy but no virus de-
tected by deep se-
quencing or qPCR;
throat

(Not stated)

None report-
ed

Infantino 2020

(accepted pub-
lication; peer
reviewed; pre-
proof)

125 participants

(125 samples)

[1] confirmed COVID-19
cases (n = 61)

[2] pre-pandemic (2018-19)
control group with
rheumatic and infectious
diseases (n = 44)
[3] blood donors (winter
2019) (n = 20)

Inpatient; Flo-
rence, Italy

(Not stated)

mean 59 years

26, 43%

Not stated

30, 49% mild
to moderate
symptoms
31, 51% se-
vere pneumo-
nia requiring
admission to
ICU

RT-PCR (2 positive
results required for
confirmation); OP
and NP swabs

(Not stated)

None report-
ed

Jin 2020

(peer reviewed;
published)

Laboratory confirmed
COVID-19 patients (n =
43)

COVID-19 suspects, dis-
charged with 2 x RT-PCR-
negative results with an in-
terval of 24 h and who quar-
antined at home (n = 33)

Hospital in-
patients;
Hangzhou, Chi-
na (January to 4
Mar 2020)

47 years

17, 40%

Not stated

[1] COVID-19
patients: 27
(63%) fever;

RT-PCR; oral swab
or sputum speci-
mens

No data re-
ported for 16
patients while
PCR positive.
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76 participants

(98 samples from
43 cases samples)

[Review team exclud-
ed results for 34 partic-
ipants after becoming
PCR-negative]

26 (61%)
cough
[2] Non-COV-
ID-19 pa-
tients: 24/43
(73%) fever;
15/33 (46%)
cough

(During hospital
stay)

Lassauniere 2020
[A]

(preprint)

112 participants

(112 samples)

COVID-19 PCR-positive
patients (n = 30) admit-
ted to intensive care

Pre-pandemic (n = 82) in-
cluding blood donors (n =
10) and other infections (n =
72)

Intensive care;
Hillerod, Den-
mark (Not stat-
ed)

Not stated Not stated Viral nucleic acid
detection (no fur-
ther detail)

Borderline re-
sults for tests
[B] and [C]
were consid-
ered test neg-
ative; for POC
tests weak
signals for IgM
and IgG were
considered
positive.
Some sam-
ples not test-
ed with all as-
says.

Lin 2020a [A]

(preprint)

159 participants

(159 samples)

[1] Suspected COVID-19
cases (epidemiological
risk, clinical features
and RT-PCR respiratory
specimen positive) from
inpatient setting (spe-
cialised COVID-19 hospi-
tal) (n = 79)

RT-PCR negative controls
(reportedly at least 3 x nega-
tive), including:
[2] healthy volunteers; tim-
ing not reported, presumed
contemporaneous (n = 29)
[3] TB patients; timing not
reported, presumed con-
temporaneous (n = 51)

Inpatients (spe-
cialised COVID
hospital); Shen-
zhen, China
(Not stated)

Not stated Not stated Epidemiological
risk, clinical fea-
tures and RT-PCR
respiratory speci-
men positive' 'Ge-
neoDX kit (Taqman
RT-PCR method)

Only 65/79 D
+ and 64/80 D-
serum sam-
ples available
for ELISA; rea-
son not given.

Liu 2020b

(preprint)

358 participants

(358 samples)

Confirmed (153) or sus-
pected (85) COVID-19

Ordinary patients (70) and
randomly sampled healthy
blood donors (50); timing
not reported, presumed to
be contemporaneous

Inpatients;
Hubei, China (6
-14 February)

55 years

138, 58%

Not stated

Fever (87%);
dry cough
(54%); fa-
tigue (33%).
235/238
(99%) had
CT ground
glass opac-

RT-PCR (Daan
Gene) targeting
ORF1ab and N gene
(≤ 40 Ct);
Clinical diagno-
sis according to
Chinese Govern-
ment-issued guide-
line (5th ed); pha-
ryngeal swabs

None report-
ed
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ity/patchy
shadowing

RT-PCR sampling
throughout inpa-
tient stay

Liu 2020d [A]

(evaluation; ac-
cepted manu-
script)

314 participants

(314 samples)

RT-PCR-confirmed COV-
ID-19 cases (n = 214)

Healthy blood donors, pre-
sumed to be contempora-
neous (n = 100)

Inpatient,
Hubei, China
(18 January-26
February)

Not stated Not stated RT-PCR; pharyn-
geal swabs. Median
15 days pso (range
0–55 days)

None de-
scribed

Lou 2020 [A]

(preprint)

380 participants

(380 samples)

Confirmed COVID-19
cases according to Chi-
nese Government-issued
guidelines (6th edition)
(n = 80)

Healthy people enrolled
from the community, pre-
sumed contemporaneous
selection (n = 300)

inpatient;
Hangzhou, Chi-
na (19 Janu-
ary-9 February
2020)

Mean 55 years

0.61

26, 33% criti-
cal

CDC guideline (6th
ed); criteria de-
scribed including
PCR; deep sputum
samples'

(On admission)

Not all con-
trol group
participants
were tested
by all index
tests (range
100-300/300)

Ma 2020a

(preprint)

570 participants

(216 samples
from 87 cases
samples)

Confirmed (PCR-posi-
tive) COVID-19 patients
(n = 87)

[2] Pre-pandemic healthy
donors (n = 330)
[3] Contemporaneous 'oth-
er diseases' (no mention of
PCR) (n = 138)
[4] Suspected COVID pneu-
monia but negative PCR (n
= 15)

Inpatient; Hefei,
China (26 Jan-
uary-5 March
2020)

Not stated Not stated

56, 67% clin-
ically moder-
ate
17 severe
5 critical
"few
mild" [page 7]

Chinese Govern-
ment-issued guide-
lines (7th edition)
including RT-qPCR;
serum

(During hospital
admission as part
of "routine clini-
cal testing". Per-
formed before in-
dex test)

For compar-
ison of sen-
sitivity and
specificity of
2 antigens
only 20/total
of 479 con-
trol sera were
used (20/138
from 'oth-
er disease'
group)

Okba 2020c

(accepted man-
uscript; early re-
lease)

54 participants

(76 samples)

RT-PCR-confirmed SARS-
CoV-2 cases (n = 9, 31
samples)

Contemporaneous healthy
blood donors (n = 45)

Inpatient; Mu-
nich, Germany
(occurred after
23 January, dis-
covered (pre-
sume PCR-posi-
tive) on 27 Jan-
uary 27)

Not stated All identified
through expo-
sure to known
cases

Not stated

RT-PCR; OP, NP
(day 1-5 of symp-
toms)

Indeterminate
or unclear in-
dex results on
graphs con-
sidered nega-
tive by review
team
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Qian 2020

(preprint)

2113 participants

(2113 samples)

[1] Confirmed COVID-19
cases (RT-PCR-positive)
(n = 503) and
[2] suspected COVID-19
cases based on epidemi-
ological history, clinical
symptoms and chest X-
ray but 3 x PCR-negative
(n = 52)

Apparently contemporane-
ous controls, including:
[3] hospitalised with non-
COVID-19 conditions (PCR
testing not described) (n =
972)
[4] healthy controls (n = 586)

Hospital inpa-
tients; Hubei
and other
provinces, Chi-
na (Unclear)

Not stated Not stated RT-PCR; NP ("early
onset of the symp-
toms of COVID-19")

None de-
scribed

Wan 2020 [A]

(preprint)

17 participants

(36 samples)

SARS-Cov-2 positive cas-
es confirmed by RT-PCR
(n = 7, 26 samples)

Prepandemic sera (n = 5);
plus controls SARS-Cov-2
negative on two occasions
(n = 5)

Inpatients; Sin-
gapore (Not
stated)

Not stated Not stated RT-PCR not stated

Wang 2020a [A]

(accepted manu-
script)

86 participants

(86 samples)

COVID-19 patients,
meeting Chinese Gov-
ernment guideline crite-
ria (14)

Contemporaneous patients
with different pathogen in-
fections and related chron-
ic diseases with no clinical
symptoms or imaging evi-
dence of COVID-19 (no PCR
testing reported) (72)

Inpatient; Nan-
chong, China
(25 January-15
February)

Not stated Not stated Chinese CDC guide-
line (5th ed)

none de-
scribed

Xiang 2020a [A]

(preprint)

98 participants

(ELISA samples)

, 126 participants

(LFA samples)

, 81 participants

(PCR samples)

COVID-19 patients ac-
cording to WHO inter-
im guidance (suppl data
reports PCR results for
a subgroup); (n = 63 for
ELISA, n = 91 for GICA,
some overlap of cases)

Contemporaneous healthy
individuals (n = 35)

Inpatient;
Wuhan, China
(admitted 1-28
January; sam-
pled 2-4 Febru-
ary)

ELISA 65
years; LFA 61
years

ELISA 35, 56%
male
LFA 49, 54%
male

Not stated

ELISA 4, 6%
severe
LFA 4, 4%

WHO interim guid-
ance (subgroup of
82 also have PCR
results); (PCR using
throat swabs)

(Not stated (PCR at
6-37 days post-ad-
mission))

Not stated

Xiang 2020b

(peer reviewed;
published)

[1] RT-PCR confirmed
cases (n = 85)
[2] Suspected cases with
COVID-19 pneumonia

[3] Contemporaneous con-
trol group of healthy blood
donors (hospital staff) or
patients with other diseases

Hospital pa-
tients (likely
inpatients but
not explicit);

51 years

31, 26%

Not stated

18/85 (21%)
severe

[1] RT-PCR
[2] Clinical mani-
festations and PCR
; NP and/or OP

Not stated
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150 participants

(216 samples
from 85 cases
samples)

manifestations and ≥ 2
negative RT-PCR (n = 24)
classed as D+ for review
purposes

in the same hospital (all
PCR-negative) (n = 60)

Wuhan, China
(19 January-2
March 2020)

(Unclear)

Zeng 2020a

(accepted manu-
script; pre-proof)

63 participants

(63 samples)

COVID-19 cases (n = 27);
no details of confirma-
tion process

Healthy controls, presume
contemporaneous but not
stated (n = 36)

Hospital inpa-
tient; Wuhan,
China (Not stat-
ed)

62 years

14, 52%

Not stated

17, 63% se-
vere

No information;
'confirmed'; No in-
formation

(No information)

None report-
ed

Zhao 2020a

(accepted manu-
script; pre-proof)

386 participants

(386 samples)

Confirmed RT-PCR pos-
itive COVID-19 cases
(173)

Pre-pandemic healthy indi-
viduals (213)

Inpatients;
Shenzhen, Chi-
na (11 Janu-
ary-9 February)

48 years

84, 49%

126, 73% clear
exposure

32, 18% criti-
cal

RT-PCR; respiratory

(Not stated)

inadequate
plasma sam-
ples for 2 IgM
tests and 1
IgG test

Zhao 2020b

(preprint)

481 participants

(481 samples)

Hospitalised and/or re-
covered COVID-19 pa-
tients (n = 69)

Pre-pandemic 'normal'
samples ("strong nega-
tives"); presumed healthy (n
= 257)

Contemporaneous 'normal'
samples ("negatives"); pre-
sumed healthy (n = 155)

Hospital (no
detail); multi-
ple author insti-
tutions, China
(Not stated)

Not stated Not stated Not described;
"hospitalized and/
or recovered pa-
tients confirmed
SARS-CoV-2 virus
infection."

None report-
ed

Zhong 2020 [A]

(published; let-
ter)

347 participants

(347 samples)

PCR-positive COVID-19
patients (n = 47)

Pre-pandemic healthy con-
trols (n = 300)

Not stated; Chi-
na

(Not described

(symptom on-
set 15 Janu-
ary-13 Febru-
ary))

48 years

16, 34%

Not stated

11, 24% se-
vere (6) or
critical (5)

PCR None report-
ed

A&E: Accident and Emergency Department; CDC: Center for Disease Control; COIS: Characteristics of included studies table; CT: computed tomography; CGIA: colloidal
gold immunoassay; D+: disease positive: D-: disease negative; od: edition; ELISA: enzyme-linked immunosorbent assay; HCW: healthcare worker; ICU: intensive care unit;
LFA: lateral flow assay; n: number; NP: nasopharyngeal; NR: not reported; OP: oropharyngeal; PCR: polymerase chain reaction; pso: post-symptom onset; RNA: ribonucleic

��(Contnnued)

C
o

ch
ra

n
o

L
ib

ra
ry

T
ru

sto
d

 o
v

id
o

n
co

.

In
fo

rm
o

d
 d

o
cisio

n
s.

B
o

tto
r h

o
a

lth
.

��

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
eview

s



Antibody tosts for idontification of curront and past infoction with SARS-CoV-2 (Roviow)

Copyright © 2020 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

287

a
ci

d
; R

T
-P

C
R

: r
ev

er
se

 t
ra

n
sc

ri
p

ta
se

 p
o

ly
m

er
a

se
 c

h
a

in
 r

ea
ct

io
n

; R
T

-q
P

C
R

: r
ev

er
se

 t
ra

n
sc

ri
p

ta
se

 q
u

a
n

ti
ta

ti
ve

 p
o

ly
m

er
a

se
 c

h
a

in
 r

ea
ct

io
n

; S
A

R
S

-C
o

V
-2

: s
ev

er
e 

a
cu

te
 r

es
p

ir
a

-
to

ry
 s

yn
d

ro
m

e 
co

ro
n

a
vi

ru
s 

2;
 s

u
p

p
l:

 s
u

p
p

le
m

en
ta

ry
; T

B
: t

u
b

er
cu

lo
si

s;

��(
C

o
n

tn
n

u
e

d
)

�

Cochrano
Library

Trustod ovidonco.

Informod docisions.

Bottor hoalth.

�

�

Cochrane Database of Systematic Reviews



Cochrano
Library

Trustod ovidonco.

Informod docisions.

Bottor hoalth.

�

�

Cochrane Database of Systematic Reviews

Appondix 9. Summary dotails of indox tosts por study

Antibody tosts for idontification of curront and past infoction with SARS-CoV-2 (Roviow)

Copyright © 2020 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

288



A
n

tib
o

d
y

 to
sts fo

r id
o

n
tifica

tio
n

 o
f cu

rro
n

t a
n

d
 p

a
st in

fo
ctio

n
 w

ith
 S

A
R

S
-C

o
V

-2
 (R

o
v

io
w

)

C
o

p
yrig

h
t ©

 2020 T
h

e A
u

th
o

rs. C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
eview

s p
u

b
lish

ed
 b

y Jo
h

n
 W

iley &
 S

o
n

s, Ltd
. o

n
 b

eh
a

lf o
f T

h
e C

o
ch

ra
n

e
C

o
lla

b
o

ra
tio

n
.

2
8

9

Study Tost typo Indox tost (manufacturor) Antigon Antibodios moasurod

(throshold)

Samplo usod Indox samplo

timing (days

pso)

Data by timo

pso

Adams 2020
[A]

[A]a Laborato-
ry
[B] to [J] LFAs

[A] ELISA (In-house)
[B] to [J] name withheld

[A] tri S-based
[B] to [J] de-
tails withheld

[A] IgG (> 0.4) and IgM (IgM >
0.07) (set in study)
[B] and [C] not known
[D] to [J] IgG and IgM (pre-
sumed from reported results)

Plasma Day 4-62 (me-
dian and
range per
group: acute
10 (4 to 27);
recovering
HCW 13 (8 to
19); convales-
cent 48 (31 to
62))

Yes; per week

Bendavid
2020

LFA No details (Premier Biotech, Min-
neapolis, MN))

Not specified IgG, IgM (threshold not speci-
fied)

Serum, plas-
ma, finger-
stick blood,
venous whole
blood

Not described No

Burbelo 2020
[A]

Laboratory LIPS (in-house) [A] N-based
[B] S-based

Appears to be total Ab
(threshold set in healthy con-
trol sample)

plasma or
serum

Day 2-50 Yes; ≤ 14 d,
and > 14 d

Cai 2020 Laboratory CLIA (in-house) S-based IgM, IgG (both ≥ 0.7 CL) Serum (day
2-27 pso)

Day 2-27 No

Cassaniti 2020
(A)

LFA CGIA: VivaDiag COVID-19 IgM/IgG
(VivaChek)

Not stated IgM, IgG (visible line) Serum or
whole blood

On presenta-
tion at A&E

No

Cassaniti 2020
(B)

LFA CGIA: VivaDiag COVID-19 IgM/IgG
(VivaChek)

Not stated IgM, IgG (visible line) Serum or
blood

Median 7 days
(IQR 4 to 11)
after first test

No

Chen 2020a LFA FIA (in-house; using lan-
thanide-doped polystyrene
nanoparticles)

N-based IgG (threshold: At (florescence
peak of test line)/Ac (flores-
cence peak of control line) ra-
tio (R) > 0.0666 )

Serum Not stated No

Dohla 2020 LFA CGIA (suspect this is a description
of an anonymised test; no manu-
facturer stated)

SARS-CoV-2
antigen

IgG/IgM (weakly visible or
clearly visible (strong posi-
tive) test line)

Fingerprick
blood (n = 39
in cohort [1]);

Median time
from expo-
sure–to–test

No
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2
9

0

stored serum
for cohort [2]

18.5 d (IQR 15
to 24)

Du 2020 Laboratory Not stated; coded as CLIA based
on reported threshold in AU/mL
(Manufacturer not reported)

Not stated IgM, IgG (threshold > 10 AU/
mL)

Not stated day 22 to > 35 Yes; by week
from day 22

Freeman 2020 Laboratory ELISA (in-house) S-based IgG and IgM (based on optical
density signal)

Serum All day ≥ 10 No

Gao 2020a LFA CGIA (Innovita Biological Tech-
nology Co)

Not reported IgG, IgM (coloured line) Serum day 0 to > 14 Yes; by week
from day 22

Gao 2020b [A] [A] Laboratory
[B] CGIA
[C] Laboratory

[A] CLIA
[B] CGIA
[C] ELISA (all Beier Bioengineer-
ing Company, Beijing)

[A], [B], and
[C] all S- and
N-based

IgG and IgM
([A] ≥ 8 arbitrary unit (AU)/mL;
[B] visible line; [C] method to
calculate threshold reported )

Serum Day 1-24 Yes; by week

Garcia 2020
(A)

LFA CGIA, AllTest COV-19 IgG/IgM kit
(AllTest Biotech, Hangzhou, Chi-
na)

Not reported IgG, IgM (visible line for ei-
ther)

Serum Day 0 to ≥ 14 Yes; by week

Garcia 2020
(B)

LFA CGIA, AllTest COV-19 IgG / IgM kit
(AllTest Biotech, Hangzhou, Chi-
na))

Not reported IgG and IgM (visible line for ei-
ther)

Serum Day 8 to ≥ 14 Yes; by week

Grzelak 2020
[A]

[A] to [E] all
Laboratory

5 tests evaluated:
[A] and [B] LIPS (in-house)
[C] and [E] ELISA
[D] S-flow

[A] S1-based
[B] and [C] N-
based
[D] S-based
[E] tri-S-based

a. IgG
b. total Ab
c. IgM or IgG
d. total Ab

(Not clearly stated, plotted on
Figure 1)

Serum Not stated;
day 2-18 for 5
patients

No

Guo 2020a Laboratory In-house ELISA N-based IgM, IgG, IgA (threshold set in
healthy control sample)

Blood/plasma Day 1-39 Yes; week 1
only

Hu 2020a Laboratory Magnetic MCLIA kit (Bioscience
Co., Ltd (Chongqing, China))

N- and S-
based

IgM, IgG (S/CO ≥ 1.0 consid-
ered positive (ratio of the
chemiluminescence signal to
the cut-off value)

Serum Day 1 to > 37 Yes; by week

Infantino 2020 Laboratory SARS CoV-2 IgM and IgG CLIA kits
(Shenzhen YHLO Biotech Co)

N- and S-
based

IgM, IgG (multiple thresholds
reported, including manufac-

Blood (discus-
sion mentions
serum)

Day 8-19 No
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1

turer recommended thresh-
old ≥ 10 AU/mL )

Jia 2020 LFA FIA method (Beijing Diagreat
Biotechnologies)

Not described IgM (≥ 0.88 Flu)
IgG (≥ 1.02 Flu)
(threshold set in healthy con-
trol sample)

Not stated Not stated No

Jin 2020 Laboratory SARS CoV-2 IgM and IgG CLIA kits
(Shenzhen YHLO Biotech Co)

N- and S-
based

IgM, IgG (> 10 AU/mL) Serum Day 1-55 Yes; by week

Lassauniere
2020 [A]

[A] to [C] labo-
ratory,
[D] to [I] LFA

[A] ELISA (Beijing Wantai)
[B] IgG ELISA (EUROIMMUN)
[C] IgA ELISA ELISA (EUROIMMUN)
[D] to [F] all presumed to be CGIA
[D] Dynamiker Biotech 2019-
nCOV IgG/IgM Rapid Test
[E] CTK Biotech - OnSiteTM COV-
ID-19 IgG/IgM Rapid Test
[F] Autobio Diagnostics An-
ti-SARS-CoV-2 Rapid Test
[G] Artron Labs Coronavirus Dis-
eases 2019 (COVID-19) IgM/IgG
Antibody Test
[H] Acro Biotech 2019-nCoV IgG/
IgM Rapid Test Cassette
[I] Hangzhou All test 2019-nCoV
IgG/IgM Rapid Test Cassette

[A] S-based
[B] and [C] S1-
based
[D] to [I] not
stated

[A] Total Ab (calculated nega-
tive control value to 0.160)
[B] IgG and [C] IgM (ratio < 0.8
is considered negative, ≥ 0.8
and < 1.1 borderline, and ≥ 1.1
positive)
[D] to [I] IgG/IgM (Visual line
change)

Serum Day 7 to ≥ 21 Yes

Li 2020a LFA CGIA (Jiangsu Medomics Medical
Technologies)

S-based IgM, IgG (coloured line) Serum, plas-
ma

Not stated; for
1 site (n = 58),
sampling day
8-33

No

Lin 2020a [A] [A] and [B]
laboratory

[A] In-house CLIA
[B] ELISA (Darui Biotech, China)

[A] and [B] N-
based

[A] IgM (RLU 162296); IgG (RLU
336697) (threshold set using
ROC analysis)
[B] IgM, IgG

Serum Day 0 to ≥ 14 Yes; by week

Lippi 2020 [A] [A] and [B]
laboratory

[A] MAGLUMI 2019-nCoV CLIAs
(Snibe Diagnostics -Shenzhen
New Industries Biomedical Engi-
neering Co., Ltd, )

[A] N- and S-
based
[B] Not stated

[A] IgM or IgG (≥ 1.10 AU/mL)
[B] IgA or IgG (≥ 1.1 (ab-
sorbance of patient sam-
ple/absorbance of calibrator))

[A] Serum or
plasma
[B] Not stated

Day < 5-21 Yes; 5 day in-
tervals

��(Contnnued)

C
o

ch
ra

n
o

L
ib

ra
ry

T
ru

sto
d

 o
v

id
o

n
co

.

In
fo

rm
o

d
 d

o
cisio

n
s.

B
o

tto
r h

o
a

lth
.

��

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
eview

s



A
n

tib
o

d
y

 to
sts fo

r id
o

n
tifica

tio
n

 o
f cu

rro
n

t a
n

d
 p

a
st in

fo
ctio

n
 w

ith
 S

A
R

S
-C

o
V

-2
 (R

o
v

io
w

)

C
o

p
yrig

h
t ©

 2020 T
h

e A
u

th
o

rs. C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
eview

s p
u

b
lish

ed
 b

y Jo
h

n
 W

iley &
 S

o
n

s, Ltd
. o

n
 b

eh
a

lf o
f T

h
e C

o
ch

ra
n

e
C

o
lla

b
o

ra
tio

n
.

2
9

2

[B] ELISAs (Euroimmun AG,
Lübeck, Germany)

Liu 2020a LFA CGIA (Not stated: 'Chinese
biotechnology company')

Not stated IgG, IgM (visible line) Serum Day 0 to ≥ 14 Yes; by week

Liu 2020b Laboratory ELISA kit (Lizhu, Zhuhai, China) N-based IgM, IgG (threshold set in
healthy control sample)

Serum Day 0 to ≥ 16 Yes; 5-day in-
tervals

Liu 2020c Laboratory iFLash-SARS-CoV-2 CLIA (Shen-
zhen YHLO Biotech) [based on
company contact]

Not described IgM, IgG (not stated) Serum Not stated No

Liu 2020d [A] Laboratory [A] ELISA (Hotgen, Beijing, China)
[B] ELISA (Lizhu, Zhuhai, China)

[A] S-based
[B] N-based

IgM, IgG (threshold not stated
but method of calculation re-
ported)

Serum Day 0-30 Yes; unequal
intervals

Long 2020 (A) Laboratory Magnetic CLIA (Bioscience
(Chongqing) Co., Ltd)

N- and S-
based

IgM, IgG (threshold not stat-
ed)

Serum Not stated;
21-31 days af-
ter PCR test

No

Long 2020 (B) Laboratory Magnetic CLIA (Bioscience
(Chongqing) Co., Ltd)

N- and S-
based

IgM, IgG (threshold not de-
scribed)

Serum Day 2 to ≥ 23 Yes; by week

Lou 2020 [A] [A] and [C]
laboratory
[B] LFA

[A] ELISA (Beijing Wantai)
[B] CGIA (Beijing Wantai)
[C] CLIA (Xiamen InnoDx)

[A] N- and S-
based
[B] and [C] not
stated

IgG, IgM, Ab (thresholds as per
manufacturer; NR)

Serum Day 0-29 Yes; by week

Ma 2020a Laboratory CLIA (in-house) S-based (RBD) IgM, IgG, IgA (ROC analysis to
determine optimal cut-off in
RLU, which is not stated

Serum Day 4-41 Yes; 5-day in-
tervals

Okba 2020a Laboratory ELISA, beta version (EUROIM-
MUN)

Not stated IgA, IgG IgM, IgG (threshold
not stated but method of cal-
culation reported)

Serum Day 3 to > 23 Yes; by week

Padoan 2020 Laboratory CLIA - MAGLUMI 2000 Plus nCoV
(Snibe Diagnostics)

Not stated IgM (1.0 AU/mL); IgG (1.1 AU/
mL)

Serum Day 0 to ≥ 13 Yes; by week

Pan 2020a LFA CGIA (Zhuhai Livzon Diagnositic
Inc)

Not described IgM, IgG (appearance of T
line)

Serum or
plasma

Day 1 to ≥ 15 Yes; by week

��(Contnnued)

C
o

ch
ra

n
o

L
ib

ra
ry

T
ru

sto
d

 o
v

id
o

n
co

.

In
fo

rm
o

d
 d

o
cisio

n
s.

B
o

tto
r h

o
a

lth
.

��

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
eview

s



A
n

tib
o

d
y

 to
sts fo

r id
o

n
tifica

tio
n

 o
f cu

rro
n

t a
n

d
 p

a
st in

fo
ctio

n
 w

ith
 S

A
R

S
-C

o
V

-2
 (R

o
v

io
w

)

C
o

p
yrig

h
t ©

 2020 T
h

e A
u

th
o

rs. C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
eview

s p
u

b
lish

ed
 b

y Jo
h

n
 W

iley &
 S

o
n

s, Ltd
. o

n
 b

eh
a

lf o
f T

h
e C

o
ch

ra
n

e
C

o
lla

b
o

ra
tio

n
.

2
9

3

Paradiso
2020a

LFA VivaDiag (Jiangsu Medomics
Medical Technologies) [Vi-
vaChek?]

S-based IgM, IgG (both indicated by
presence of red/purple line)

Venous blood Day 0 to > 15 No

Qian 2020 Laboratory CLIA (states analysed using ful-
ly automated immune analyser
from Shenzhen YHLO Biotech Co)

N- and S-
based

IgM and IgG (RLU ≥ 10 AU/mL) Serum Not stated Patients

To 2020a [A] Laboratory EIAs (in-house, considered with
ELISA tests for analysis purposes)

[A] N-based
[B] S-based

IgG, IgM (set as the mean val-
ue of 93 anonymous archived
serum specimens from 2018,
plus 3 SDs)

Used serum
remnant from
blood sam-
ples taken for
routine bio-
chemical test-
ing

Day ≥ 14 (for
subgroup
with 2x2 data)

Samples

Wan 2020 [A] [A] and [B]

laboratory

[A] IIFT (EUROIMMUN)
[B] In-house ELISA

[A] and [B]
both SARS-
CoV

a. Total antibody (≥ 400)
b. IgM, IgG (threshold not
stated)

Serum Day 3-24 Yes; per week

Wang 2020a
[A]

[A] Laboratory
[B] LFA

[A] ELISA (Beijing Hotgen
Biotechnology Co)
[B] CGIA (Beijing Hotgen Biotech-
nology Co)

Not stated IgM ([A] not stated; [B]
coloured line)

Serum Day 3-7 Yes (week 1
only)

Xiang 2020a
[A]

[A] Laboratory
[B] LFA

[A] ELISA (Zhu Hai Livzon Diag-
nostics)
[B] CGIA (Zhu Hai Livzon Diagnos-
tics)

Not stated IgM, IgG ([A] threshold not
stated; [B] coloured line)

[A] Serum, [B]
Plasma

Not stated
(can be esti-
mated as 5-35
days post-ad-
mission)

No

Xiang 2020b Laboratory ELISA (ELISA kits, Zuhai Livzon
Inc)

N-based IgG, IgM (method to calculate
threshold reported

Serum day 0 to > 21 Yes; per week

Xiao 2020a Laboratory CLIA (Shenzhen YHLO Biotech-
nology Co. Ltd)

Not described IgM, IgG (≤ 10 AU/mL) Blood Day 1-49 Yes; per week

Xie 2020a Laboratory CLIA (Shenzhen YHLO Biological
Technology)

N- and S-
based

IgG, IgM (≥ 10 AU/mL) Serum Day 0-41 No

Xu 2020a LFA CGIA (in-house) S-based IgG, IgM (coloured line) Not stated Day 15-30 of
observation

No
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4

Yongchen
2020

LFA CGIA (Innovita Co. Ltd, China) N- and S-
based

IgG, IgM (coloured line) Serum Day 8-42 Yes; by week

Zeng 2020a Laboratory ELISA (Zhuhai Livzon Diagnos-
tics)

Not stated IgG and IgM (OD = 0.105) Serum Day 3-39; can
extract for
day 6 only

Yes; week 1
only

Zhang 2020a Laboratory CLIA - iFlash-SARS-CoV-2 IgG and
iFlash-SARS-CoV-2 (Shenzhen YH-
LO Biotech Co. Ltd.)

Not described IgM, IgG (threshold not de-
scribed)

Serum Day 1-35 No

Zhang 2020b Laboratory CLIA - iFlash-SARS-CoV-2 (Shen-
zhen YHLO Biotechnology Co Ltd)
[derived from company contact]

N- and S-
based

IgM, IgG (> 10.0 AU/mL); AU -
antibody concentration per
mL

Serum (frozen
until analysis)

Day 4-18 No

Zhang 2020c Laboratory ELISA (in-house; anti-SARSr-CoV) N-based
(SARS-CoV)

IgM, IgG (threshold not de-
scribed)

Serum Day 0 and day
5

Yes; week 1
only

Zhang 2020d LFA CGIA (in-house) S-based Total antibodies (IgM, IgG)
(Visible test and control lines)

Serum Not stated No

Zhao 2020a Laboratory ELISA (Shenzhen YHLO Biotech
Co)

N- and S-
based

Ab, IgM, IgG (Not stated) Plasma Day 1-39 Yes; week 1, 2
and 3+

Zhao 2020b Laboratory ELISA (in-house) S1-based Total antibodies (IgG or
IgM) (threshold calculation
method reported)

Plasma Not stated; n
= 45 during
week 1

No

Zhong 2020
[A]

Laboratory [A] and [B] in-house ELISA
[C] CLIA (author institution is
Maccura Biotech)

[A] N-based
[B] S-based
[C] N- and S-
based (un-
clear)

IgM, IgG (optimal cut-off
based on ROC analysis)

Serum Day 1-29 No

A&E: Accident and Emergency Department; Ab: antibody; AU: arbitrary units; CGIA: colloidal gold immunoassay; CL: chemilumonescence units; CLIA: chemiluminescence
immunoassay; d: days; ELISA: enzyme-linked immunosorbent assay; FIA: fluorescence immunoassay; Flu: fluorescence units; HCW: healthcare workers; IIFT: indirect im-
munofluorescence assay; IQR: interquartile range; LFA: lateral flow assay; LIPS: luciferase Immunoprecipitation System; mL: millilitre; N-basod: nucleocapsid protein; NR:

not reported; OD: Optical density; pso: post-symptom onset; RBD: receptor binding domain; RLU: relative light units; ROC: receiver operating characteristics; S-basod:

spike protein; SD: standard deviation; S-flow: flow-cytometry based test; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; SD: standard deviation
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Figure 11

�
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�
Figure 13

�

Figuro 13. � Forost plot of studios ovaluating tosts for dotoction of IgG/IgM at all timo post-symptom onsot.
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Figure 14

�

Figuro 14. � Forost plot of tosts: 19 IgA (all timo points), 25 Total antibodios (Ab) (all timo points), 38 IgA/IgM (all timo

points).

�

Appondix 12. Manufacturor product codo dotails idontifiod

�

Tost Study From papor From company documonta-

tion/wobsito

ELISA: Enzyme-linked immunosorbent assay

Beijing Beier
Bioengineering

Gao 2020b [C] No product codes provided

(Study author contacted 29 May 2020)

No IFU and not on compa-
ny website, no product code
identified

Wang 2020a [A] ELISA (20200101 and 20200201)Beijing Hotgen

Liu 2020d [A] No product code provided ; “The rS-based ELISA kit (Hotgen,
Beijing, China)”

Study author contacted 1 June 2020

No IFU, no product code iden-
tified

www.hotgen.com.cn/ky/up-
t.html

Unclear if test on website is
ELISA although the company
do produce ELISAs

Lassauniere
2020 [A]

SARS-CoV-2 Ab ELISA (CE-IVD) (WS-1096)Beijing Wantai

Lou 2020 [A] IgM, IgG; no product code reported in paper

Study author responded:

ELISA-Ab lot number NCOA20200201B

ELISA-IgM lot number NCOM20200202B

www.sanbio.nl/ws-1096

�

Antibody tosts for idontification of curront and past infoction with SARS-CoV-2 (Roviow)
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ELISA-IgG lot number NCOnG20200201B

Zhao 2020a No product code reported; “(ELISA) kits supplied by Beijing
Wantai Biological Pharmacy Enterprise Co”

Study author contacted 1 June 2020

Darui Biotech-
nology

Lin 2020a [A] No product code reported; “commercial enzyme-linked im-
munosorbent assay kit (Darui Biotech, CHINA)”

Study author contacted 1 June 2020

No IFU, no prod-
uct code on website
(www.daruibiotech.com/
eproduct/index_33.html)

Lassauniere
2020 [B]; Las-
sauniere 2020
[C]

Anti-SARS-CoV-2 IgG (EI 2668-9601 G)

Anti-SARS-CoV-2 IgA (EI 2606-9601 A)

Lippi 2020 [B] No product code reported; “Anti-SARS-CoV-2 IgA and IgG …
ELISAs; Euroimmun AG, Lübeck, Germany”

Study author replied but could not supply product code

IFU: Anti-SARS-CoV-2 ELISA
(IgG) (EI 2606-9601 G)

IFU: Anti-SARS-CoV-2 ELISA
(IgA) (EI 2606-9601 A)

EUROIMMUN

Okba 2020a No product code reported; “β-versions of 2 commercial kits
(EUROIMMUN)”

(These are Beta versions)

Not available

Xiang 2020a [A] IgG/IgM antibody ELISA kits (lot number 2020010108)

Xiang 2020b ELISA kits (lot numbers IgM 20200308, IgG 20200308)

Zhuhai Livzon

Zeng 2020a No product code reported: ELISA “assay kits (Zhuhai Livzon
Diagnostics INC.)”

Study author contacted 1 June 2020

No IFU identified; website only
has the lateral flow assay

en.livzon.com.cn/produc-
t/98.html

No product code identified

Liu 2020b No product code reported: ELISA kit “(Lizhu, Zhuhai, China )”

Study author contacted 1 June 2020

Zhuhai Lizhu

Liu 2020d [B] No product code reported: ELISA kit (Lizhu, Zhuhai, China)

Study author contacted 1 June 2020

Presumed to be same as
above, following contact with
FIND

CLIA: chemiluminescence immunoassay

Beijing Beier
Bioengineering

Gao 2020b [A] No product codes provided

(Study author contacted 29 May 2020)

No IFU, not on website; no
product code identified

Hu 2020a No product code reported; “(MCLIA) kit supplied by Bio-
science Co., Ltd (Chongqing, China)“

Study author contacted 1 June 2020

Bioscience Co
(Chongqing)

Long 2020 (A);
Long 2020 (B)

No product code reported; “(MCLIA) kit supplied by Bio-
science Co., Ltd China)“

Study author supplied NMA approval numbers only:

Review authors unable to find
this company; no product
code identified
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MCLA IgG: China National Medical Products Administra-
tion approval number 20203400183; MCLA IgM: China Na-
tional Medical Products Administration approval num-
ber20203400182

Infantino 2020 No product code reported; “IgM and IgG CLIA kits were from
Shenzhen YHLO Biotech Co., Ltd (China),”

Study author provided details:

IgG anti-SARS Cov2 C86095G; IgM C86095M

LOT NUMBER 207

Jin 2020 No product code reported; “(CLIA) kits used in this study
were supplied by Shenzhen YHLO Biotech Co., Ltd (China)”

Study author contacted 1 June 2020

Liu 2020c No product code reported; “SARS-CoV-2 antibody detection
kit (YHLO Biotech, Shenzhen, China”

Study author contacted 1 June 2020

Xiao 2020a No product code reported; “IgM and IgG were analyzed by …
CLIA … (Shenzhen Yahuilong Biotechnology Co., Ltd).

Study author contacted 1 June 2020

Xie 2020a No product code reported; “IgG and IgM assays were pur-
chased from YHLO Biological Technology Co., Ltd., Shen-
zhen, China”

Study author contacted 1 June 2020

Zhang 2020a No product code reported; “(CLIA) Assays panel (Shenzhen
YHLO Biotech Co., Ltd., Shenzhen, China)”

Study author contacted 1 June 2020

Shenzhen YHLO

Zhang 2020b No product code reported; “CLIA detection kit from Shen-
zhen Yahuilong Biotechnology Co Ltd”

Study author contacted 1 June 2020

Company flyer:

iFlash-SARS-CoV-2 IgG
(C86095G)

iFlash-SARS-CoV-2 IgM
(C86095G)

Lippi 2020 [A] No product code reported; “MAGLUMI 2019-nCoV IgG and
IgM”. (IgM - 130219016M; IgG – 130219015M)

Study author contacted 1 June 2020

Study author replied 1 June 2020 with IFU (no lot numbers
provided; code from IFU added above)

Snibe Diagnos-
tic - MAGLUMI

Padoan 2020 No product code reported; “MAGLUMI 2000 Plus (New Indus-
tries Biomedical Engineering Co., Ltd [Snibe], Shenzhen, Chi-
na)”

Study author supplied details:

- for SARS-CoV-2 IgG lot number used for all the 87 measure-
ments:

2722000102, kit number 8131;

From image on website:

IgM - Ref 130219016M; Lot
2712000501

IgG - Ref 130219016M; Lot
2722000501

(www.snibe.com/zh_en/
en_newsView.aspx?id=576)
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- for SARS-CoV-2 IgM lot number used for all the 87 measure-
ments:

2712000201, kit number 5122

Xiamen InnoDx
Biotech

Lou 2020 [C] No product code reported; “CMIA reagents were supplied by
Xiamen InnoDx Biotech Co., Ltd., China

Study author supplied following details:

CMIA-Ab product code CT0669 lot number 20200201

CMIA-IgM product code CT0667 lot number 20200201

Review authors unable to find
website for this company

Othor laboratory-basod tosts

EUROIMMUN Wan 2020 [A] No product code reported; “Anti-SARS CoV Indirect 62 Im-
munofluorescence test (IIFT) (IgM & IgG) by Euroimmun (Ger-
many)”

(Test uses SARS-Cov not SARS-CoV-2)

�

Latoral flow assays

Acro Biotech Lassauniere
2020 [H]

2019-nCoV IgG/IgM Rapid Test Cassette (INCP-402) Code from IFU and Assay Ge-
nie website: INCP-402

Artron Labora-
tories

Lassauniere
2020 [G]

Coronavirus Diseases 2019 (COVID-19) IgM/IgG Antibody Test
(A03-51-322),

Brochure only; but no product
code

www.artronlab.com/prod-
ucts/CoVBrochure-ver3.pdf

Autobio Diag-
nostics

Lassauniere
2020 [F]

Anti-SARS-CoV-2 Rapid Test (RTA0204) Code from IFU:

Anti-SARS-CoV-2 Rapid Test
(RTA0203)

Beijing Beier
Bioengineering

Gao 2020b [B] No product codes provided

(Study author contacted 29 May 2020)

No IFU and not on company
website;

Distributor: www.unifi-
er.one/en/beier-new-2019-
coronavirus-covid-19-rapid-
test.html

2019- New Coronavirus IgM/
IgG Rapid Test Casette (WB/S/
P) No product code

Beijing Diagreat Jia 2020 COVID IgM/IgG antibodies kit, which have sent to Beijing In-
stitute of Medical Device Testing (BIMT) for product verifica-
tion (lot: 20200214)

Manual from

2019-nCoV IgM Antibody De-
termination Kit (immunochro-
matographic Assay) Product
No. P11802

2019-nCoV IgG Antibody De-
termination Kit (Immunochro-
matographic Assay) Product
No. P11801
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Beijing Hotgen Wang 2020a [B] Kit provided by Beijing Hotgen Biotechnology Co., Beijing,
China: (lot number 20200208 and

105 20200229 for GICA)

No IFU, on website but no
product code

www.hotgen.com.cn/ky/up-
t.html

Coronavirus disease (COV-
ID-19) Antibody Test (Colloidal
Gold)

Beijing Wantai Lou 2020 [B] No product code reported

Study author provided:

LFIA-Ab lot number JNB20200202F

LFIA-IgM lot number JNM20200203F

LFIA-IgG lot number JNG20200201F

Code from IFU: WJ-2701,
WJ-2710, WJ-2750

Website: Rapid test for coro-
navirus Ab (CE-IVD) (WJ-2750
www.sanbio.nl/wj-2750)

CTK Biotech -
OnSite

Lassauniere
2020 [E]

OnSite COVID-19 IgG/IgM Rapid Test (R0180C) IFU: OnSite COVID-19 IgG/IgM
Rapid Test

R0180C

Dynamiker
Biotechnology

Lassauniere
2020 [D]

2019-nCOV IgG/IgM Rapid Test (DNK-1419-1) IFU: 2019-nCOV IgG/IgM Rapid
Test

Catalogue No: DNK-1419-1

Lassauniere
2020 [I]

2019-nCoV IgG/IgM Rapid Test Cassette (INCP-402)Hangzhou All-
test

Garcia 2020 (A)

Garcia 2020 (B)

AllTest COV-19 IgG / IgM kit (no product code)

Study author provided IFU (product code NCP-402)

IFU; 2019-nCoV IgG/IgM Rapid
Test Cassette

(Whole blood/serum/plasma)

Package Insert INCP-402

Gao 2020a No product code reported

Study author contacted 1 June 2020

Innovita Biolog-
ical

Yongchen 2020 No product code reported

Study author provided lot number: 20200205

IFU: 2019-nCoV Ab Test

(Colloidal gold); Catalogue No.
YF 319C

Jiangsu
Medomics

Li 2020a No product code reported “SARS-CoV-2 rapid IgG-IgM com-
bined antibody test kit”

Study author contacted 1 June 2020

Review authors were unable
to find this company; study
was also provided to review
authors by Lomina (www.test-
covid19.com/); no product
code identified

Vivachek - Viva-
Diag

Paradiso 2020a No product code reported; “Viva-DiagTM kit produced by

Jnangsu Medomncs Medical Technologies kit (https://www.vi-
vachek.com/vivachek/English/prods/prod-covid19.html)”;
link no longer active. test considered to be Vivachek test

Study author contacted 1 June 2020

Package insert VivaDiag SARS-
CoV-2 IgM/IgG Rapid Test
(VID35-08-011 / VID35-08-012 /
VID35-08-013 / VID35-08-014 /
VID35-08-015)
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Cassaniti 2020
(A)

Cassaniti 2020
(B)

No product code reported; “VivaDiag COVID-19 IgM/IgG from
VivaChek”; study also provided by Vivachek following com-
pany contact

Study author provided lot number E2002002, REF
VID35-08-011

Zhuhai Livzon Pan 2020a No product code reported

Study author contacted 1 June 2020

� Xiang 2020a [B] IgG/IgM antibody GICA kits (lot number 2001010220)

Product flyer; Diagnostic Kit
for IgM/IgG Antibody to Coro-
navirus (SARS-CoV-2); Cata-
logue number: 01040048

FIND: Foundation for Innovative Diagnostics; IFU: instructions for use; NMA: China National Medical Products Administration
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As we explained in the review, due to poor reporting, we were unable to identify studies that evaluated the test in patients who were
symptomatic (active disease) separately from those who had recovered from their symptoms (convalescent). Our stratification of results
according to days since onset of symptoms will in part be related to these categorisations.

We planned to check the following websites for eligible index tests, however these did not prove to be very accessible or easy to use and,
a.er initial review, were not further considered:

• National Institute for Health Research (NIHR) Innovation Observatory (www.io.nihr.ac.uk/)

• www.rapidmicrobiology.com/test-method/testing-for-the-wuhan-coronavirus-a-k-a-covid-19-sars-cov-2-and-2019-ncov

We planned to check the following evidence repository for additional eligible studies however, the EPPI-Centre and Norwegian Institute
of Public Health resources proved to be more accessible therefore we decided to prioritise our other sources of evidence.

• Meta-evidence (meta-evidence.co.uk/the-role-of-evidence-synthesis-in-covid19/)

QUADAS-2 (Whiting 2011), item "Was there an appropriate interval between index test(s) and reference standard?" was dropped from
assessment because for antibody tests, the body's immune response to SARS-CoV-2 infection tends to increase over time such that the
time between confirmation of the presence of SARS-CoV-2 an the index test is less relevant than the time from symptom onset to the
application of the index test.

Antibody tosts for idontification of curront and past infoction with SARS-CoV-2 (Roviow)

Copyright © 2020 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

306

http://www.io.nihr.ac.uk/
https://www.rapidmicrobiology.com/test-method/testing-for-the-wuhan-coronavirus-a-k-a-covid-19-sars-cov-2-and-2019-ncov
http://meta-evidence.co.uk/the-role-of-evidence-synthesis-in-covid19/


Short Communication

Test, test, test for COVID-19 antibodies: the importance of sensitivity,

specificity and predictive powers

N. Kumleben a, R. Bhopal b, T. Czypionka c, d, L. Gruer b, e, *, R. Kock f, J. Stebbing g,
F.L. Stigler h

a Greenmantle LLC, New York City, NY 10010, USA
b Usher Institute, University of Edinburgh, Edinburgh, EH8 9AG, UK
c Institute for Advanced Studies, 1080 Vienna, Austria
d London School of Economics and Political Science, London, UK
e Institute of Health and Wellbeing, University of Glasgow, G12 8RZ, UK
f Department of Pathobiology and Population Science, Royal Veterinary College, Hawkshead Lane, Hatfield, AL9 7TA, UK
g Imperial College, Hammersmith Hospital, London, W12 0HS, UK
h €Osterreichische Gesundheitskasse, 8010 Graz, Austria

a r t i c l e i n f o

Article history:

Received 3 June 2020

Accepted 3 June 2020

Available online 11 June 2020

Keywords:

COVID-19

Antibody tests

Specificity

Sensitivity

a b s t r a c t

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) antibody tests of varying specificity and

sensitivity are now available. For informing individuals whether they have had coronavirus disease 2019

(COVID-19), they need to be very accurate. For measuring population prevalence of past infection, the

numbers of false positives and negatives need to be roughly equal.

With a series of worked examples for a notional population of 100,000 people, we show that even test

systems with a high specificity can yield a large number of false positive results, especially where the

population prevalence is low. For example, at a true population prevalence of 5%, using a test with 99%

sensitivity and specificity, 16% of positive results will be false and thus 950 people will be incorrectly

informed they have had the infection. Further confirmatory testing may be needed.

Giving false reassurance on which personal or societal decisions might be based could be harmful for

individuals, undermine public confidence and foster further outbreaks.

© 2020 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

To help reverse the current lockdowns while suppressing

COVID-19 rates, we need to identify who currently has the infection

and who has had it and recovered. As reverse transcriptase poly-

merase chain reaction (RT-PCR) testing to detect current infection

has been recently discussed in detail,1 we focus in this article on

antibody tests. The presence or absence of antibodies can inform

individuals if they have had the infection or not and guide personal

and societal decisions about if and when they can return to normal

activities. Antibody testing thus needs to be particularly accurate. It

can also be used to provide an estimate of the population preva-

lence of previous infection. We demonstrate that for this purpose

high accuracy is not required, but the numbers of false positives and

false negatives need to be approximately equal.

Antibody tests are increasingly available but with variable ac-

curacy. It is hoped they can be used to identify people who are at

least partially immune. Immunity certificates, a more appropriate

phrase than immunity passports that promises too much, for in-

dividuals thought to have recovered from COVID-19, are being

discussed internationally.2e4 Whether tests are carried out for

clinical diagnosis, screening or immunity certificates, we need to

have sufficient confidence they are accurate.

A sensitive test will detect the presence of antibodies to SARS-

CoV-2 (the virus that causes COVID-19), and a specific test will

not react to other antibodies e.g. to other coronaviruses. No diag-

nostic or screening test is perfect and incorrect results are inevi-

table, not least because the timing of the test is critical.

Seroconversion takes time, with IgM, IgG and IgA antibodies usu-

ally developing in that order, and can be variable and dependent

upon the severity of the illness and the individual's immune
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system. Antibody levels subsequently decline with time. Antibody

test systems may perform less well than the manufacturers' results

suggest. For example, both Roche and Abbott reported their anti-

body test had 100% sensitivity for samples taken 14 days or more

after the onset of symptoms, yet Public Health England found

sensitivity at 14 or more days of only 87% and 93.4%, respectively.5,6

We show here how to measure the test's accuracy and how this

changes along with the prevalence of disease (12 tables showing

the results with varying sensitivity, specificity and population

prevalence of 1%, 5%, 10% and 20% are available in the Supple-

mentary File). The two key measures of its accuracy are sensitivity

and specificity, set out in Table 1, with the cells identified as A (true

positives), B (false positives), C (false negatives) and D (true nega-

tives). Sensitivity (A/A þ C) is the proportion of people with a dis-

ease who, when tested, receive a positive test result. It is also

known as the true positive rate. Specificity (D/D þ B) is the pro-

portion of individuals without a disease who, when tested, receive

a negative test result. It is also known as the true negative rate.

To establish sensitivity and specificity, we could test a sample

of patients with proven disease (in this case laboratory detection

of SARS-CoV-2), and a sample of people known to be free of dis-

ease (for example, using stored blood samples taken before

COVID-19 existed in humans). In practice, a test's performance will

usually be poorer than the values established due, for example, to

problems in storing or transporting specimens or the variable time

lag from the onset of infection until antibodies appear in the blood

(seroconversion) and then decline. The proportion of test results

that are false partly depends on the prevalence of the disease in

the population. With a low prevalence, even a test with high

sensitivity and specificity will produce a high proportion of false

positives. In this article, we focus on the outcomes of tests of

variable accuracy with 5% population prevalence in a hypothetical

group of 100,000 people, of whom 5000 have had the infection

and 95,000 have not. This is a plausible current prevalence of past

COVID-19 in many countries7e9 although it could be a lot higher in

some areas.

Table 1 shows that if the sensitivity is 90%, 4500 people will

correctly test positive, but 500 will incorrectly test negative and be

wrongly told they have no antibody evidence of the disease. If the

specificity is 90%, 85,500 people will correctly test negative, but

9500 will incorrectly test positive and be wrongly told they have

antibody evidence of previous infection. Thus, of the 14,000 people

who received positive test results, only 32% (4500/14,000; A/A þ B)

had the disease. This is referred to as the predictive value (or po-

wer) of a positive test. The other 68% would be given wrong in-

formation. Of the 86,000 people who received negative tests, 99%

(85,500/86,000; D/C þ D) would receive a correct result. This is

called the predictive value (or power) of a negative test.

Sensitivity and specificity vary with different tests but, for any

particular antibody test, these can be adjusted by altering the level

of antibody required to determine a positive result. Requiring a

higher level of antibody for a positive result would increase the

specificity but lower the sensitivity. This would reduce the false

positives (C) but increase the false negatives (B). Choosing a test

that has 80% sensitivity and 99% specificity, as shown in Table 2, 81%

of people who test positive have had the disease, an increase from

32%. Now, about one in five people who test positive will not have

had the disease. This shows that when the prevalence of the disease

is low, antibody testing, even with a specificity as high as 99%, still

produces many false positives so the predictive power of a positive

test is far from 100%.

If a test is extremely accurate, as is claimed for the Roche and

Abbott systems, say 99% sensitivity and specificity, the results are

shown in Table 3. Even now, the predictive power of a positive test

has only risen from 81% with a sensitivity of 90%, to 83.8%. If the

prevalence rises to 20% then the predictive power of a positive test

is 96.1% and of a negative test 99.7% (Supplementary File

Table A12).

If immunity certificates, or personal or societal decisions about

returning to normality, are based on these results, a significant

proportion will be incorrect. Where the disease has become highly

prevalent, for example, among health care and care home workers,

Table 1

Predictive powers of a test with 90% sensitivity and specificity (5% prevalence).

Test result (90% sensitivity and 90% specificity) People truly with disease People truly without disease Totals

Positive 4500 (A) 9500 (B) 14,000

Negative 500 (C) 85,500 (D) 86,000

Total 5000 95,000 100,000

Predictive value of a positive test: A/A þ B ¼ 32.1%.

Predictive value of a negative test: D/D þ C ¼ 99.4%.

Table 2

Predictive powers of a test with 80% sensitivity and 99% specificity (5% prevalence).

Test result (80% sensitivity and 99% specificity) People truly with disease People truly without disease Totals

Positive 4000 (A) 950 (B) 4950

Negative 1000 (C) 94,050 (D) 95,050

Total 5000 95,000 100,000

Predictive value of a positive test: A/A þ B ¼ 80.8%.

Predictive value of a negative test: D/D þ C ¼ 98.9%.

Table 3

Predictive powers of a test with 99% sensitivity and 99% specificity (5% prevalence).

Test result (99% sensitivity and 99% specificity) People truly with disease People truly without disease Totals

Positive 4950 (A) 950 (B) 5900

Negative 50 (C) 94,050 (D) 94,100

Total 5000 95,000 100,000

Predictive value of a positive test: A/A þ B ¼ 83.8%.

Predictive value of a negative test: D/D þ C ¼ 99.9%.
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the power of a positive test would be higher, therefore more reli-

ance could be placed on it. Even with a prevalence of 20% and 99%

sensitivity and specificity, the test itself does not give a guarantee at

the individual level, and personal and clinical judgements are

required in applying the findings. A major hope of antibody testing

is that thosewho test positive can resumework and social activities

more fully and confidently than those who test negative. The

presence of antibodies should signify the same illness will not

recur, the person is not contagious and there is at least partial

immunity to future COVID-19 infections. We need to establish

whether this is true.10

If the purpose of antibody testing is to assess the prevalence of

COVID-19 in a representative sample of the population, these

clinical issues do not apply. The veracity of the prevalence derived

by such measurements will depend upon achieving equal false

positives and false negatives. For example, although the true

prevalence is 5%, Tables 1e3 give a prevalence in the hypothetical

population of 100,000 people of 14% (14,000 positives), 4.95% (4950

positives), and 5.9% (5900 positives), respectively. Perhaps sur-

prisingly, the test with 80% sensitivity and 99% specificity (Table 2)

gives the most accurate estimate at this level of population

prevalence.

In conclusion, at currently reasonable estimates of the general

population prevalence, even high sensitivity and specificity will

produce an important number of false positives. People testing

positive, especially those without indicative case histories, may

need further testing to confirm the result. Given the current un-

certainty about the level of immunity signalled by antibodies, all

those testing positive for antibodies would be well advised to

maintain protective measures. More information is also urgently

needed to ascertain the strength and duration of immunity in

people who have recovered from COVID-19, and whether some can

still be infectious or become reinfected. Giving false security and

reassurance could be harmful for individuals, undermine public

confidence and foster further outbreaks.
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INDIZIONE DI GARA IN PROCEDURA SEMPLIFICATA E DI MASSIMA URGENZA  

PER L’ACQUISIZIONE E DISTRIBUZION DI 2.000.000 KIT RAPIDI QUALITATIVI PER L’EFFETTUAZIONE DI TEST 
SIEROLOGICI SULL’INTERO TERRITORIO NAZIONALE PRIORITARIAMENTE DESTINATI AGLI OPERATORI SCOLASTICI 

 

1. I for azio i co cer e ti l’A i istrazio e aggiudicatrice e la procedura di aggiudicazione 

La procedura competitiva semplificata è indetta dal Commissario straordinario pe  l’attuazio e e il 
oo di a e to delle isu e o o e ti pe  il o te i e to e il o t asto dell’e e ge za 

epidemiologica COVID – 19 (di seguito: Commissario straordinario pe  l’e e ge za COVID –  
oppu e e te aggiudi ato e ), ai se si dell’a t.  del de eto-legge 17 marzo 2020, n. 18, con le 

modalità qui di seguito definite: 

• Procedura competitiva, aperta alle aziende produttrici e relativi agenti o distributori per 

l’Italia dei materiali sanitari richiesti, mediante la presente i dizio e di ga a  all  

postata sui siti istituzionali del Ministero della Salute, del Mi iste o dell’Ist uzio e e della 

Presidenza del Consiglio dei Ministri - Dipartimento della protezione civile, valida per la 

durata di sette giorni e comunque non oltre il 15 luglio 2020; 

• Presentazione delle offerte, con modalità telematica, entro la stessa data; 

• Valutazione delle offerte da parte della Commissione esaminatrice, con le modalità e la 

tempistica indicata al punto n. 8 e sulla base dei criteri di valutazione di cui al punto n. 7; 

• Successiva sottoscrizione del contratto di fornitura, entro il 28 luglio 2020. 

Per quanto concerne la presente procedura i riferimenti essenziali sono i seguenti: 

• Referente e responsabile del procedimento: Roberto Rizzardo; 

• Modalità di trasmissione delle offerte: piattaforma di e-procurement Invitalia; 

• Recapiti per comunicazioni o richieste di chiarimenti: piattaforma e-procurement Invitalia. 

 

2. Tipo e oggetto della procedura 

La procedura è una procedura competitiva semplificata di massima urgenza, predisposta in deroga 

alle disposizioni del Codice dei contratti pubblici (D. Lgs. 18 aprile 2016, n. 50), e concerne la 

fornitura urgente di 2.000.000 di Kit sierologici rapidi per la rilevazione di  specifiche per SARS CoV 

2 , o p e sivi di tutte le o po e ti e essa ie a ga a ti e utilizzo e isultato dell’a alisi, aventi 

elevate caratteristiche di qualità, funzionalità e rapidità, adeguatamente validate da parte di 

laboratori qualificati o agenzie regolatorie a valenza nazionale o internazionale, con possibile 

successiva estensione della fornitura nelle circostanze e con le modalità di cui al punto 10. 

3. Requisiti qualitativi dei beni oggetto della procedura 

le caratteristiche essenziali dei prodotti oggetto della procedura sono: 

a) La tipologia di Kit qualitativo rapido, per la rilevazione di IgG e IgM specifiche per SARS CoV-

2, completo di relativi accessori perché sia immediatamente utilizzabile e che abbia tempi di 

ottenimento del risultato quanto più celeri possibile; 

b) L’avve uta validazio e dei test da pa te di la o ato i ualifi ati o age zie egolato ie ope a ti 
a livello nazionale o internazionale; 
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c) Una specificità dei test non inferiore al 95%; 

d) Una sensibilità dei test non inferiore al 92 %; 

e) La rapidità di trasporto e consegna della fornitura almeno nei capoluoghi di provincia di tutto 

il territorio nazionale secondo le indicazioni del committente e comunque entro e non oltre 

il 10 agosto 2020; 

f) La capacità di assicurare la fornitura di un numero minimo di test pari a 500.000 

L’asse za dei requisiti minimi descritti è condizione espressa di esclusione dalla gara. 

4. Requisiti soggettivi degli operatori economici interessati 

Sono richiesti i medesimi requisiti di onorabilità e affidabilità previsti dal Codice dei contratti pubblici 

(D. Lgs.  ap ile , . , o p ova ili, i  o side azio e dell’u ge za, a he edia te 
autocertificazioni.  

Il a ato possesso dei e uisiti p evisti dall’a t. 80 del predetto Codice è a h’esso motivo di 

esclusione dalla gara. 

5. Modalità di inoltro delle offerte 

Le offerte, corredate della documentazione occorrente, in formato PDF, andranno presentate 

tramite la piattaforma di e-procurement di Invitalia. 

Il do u e to e a te l’offe ta ualitativa des izio e dei p odotti e dei lo o e uisiti ualitativi 
come previsti al punto 3  e uello e a te l’offe ta e o o i a dov a o esse e sottos itti 
digitalmente. 

I  pa ti ola e l’offe ta e o o i a dov à i di a e il prezzo unitario richiesto per ciascun Kit. 

6. Commissione di gara 

Le offerte saranno valutate da una Commissione di gara nominata dal Commissario straordinario 

pe  l’e e ge za COVID – 19 e composta da: 

a) due esperti designati del Comitato tecnico-scientifico istituito presso il Dipartimento della 

p otezio e ivile pe  l’e e ge za COVID-19 

b) un rappresentante del Ministero della Salute (appartenente alla struttura ministeriale); 

c) u  app ese ta te del Mi iste o dell’Ist uzio e appartenente alla struttura ministeriale); 

d) un esperto in materie giuridiche con funzioni di Presidente; 

e) un componente della struttura alle dipendenze del Commissario Straordinario per 

l’e e ge za da COVID – 19, con funzioni di segretario e senza diritto di voto. 

Nell’espleta e to delle p o edu e di ga a, ove e essa io, la Co issio e pot à avvale si del 
Co itato Te i o S ie tifi o istituito p esso il Dipa ti e to della p otezio e ivile pe  l’e e ge za 
COVID-19. 

Tutti lavori della Commissione di gara possono svolgersi in videoconferenza o avvalendosi di altri 

collegamenti da remoto. 
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7. Criteri di valutazione delle offerte 

L’appalto sa à aggiudi ato se o do il ite io dell’offe ta e o o i a e te più va taggiosa sulla 
base del miglior rapporto qualità/prezzo, secondo gli elementi di valutazione e le modalità di 

seguito indicati.   

Il pu teggio o plessivo sa à dato dalla so a t a il pu teggio o seguito pe  l’offe ta te i a 
ed il pu teggio o seguito pe  l’offe ta e o o i a. Il pu teggio assi o o plessivo è pa i a 

100 punti, come di seguito distribuiti: 

 

ID ELEMENTI DI VALUTAZIONE PUNTEGGIO MASSIMO 

1 OFFERTA TECNICA 90 

2 OFFERTA ECONOMICA 10 

TOTALE 100 

 

La valutazione delle offerte pervenute sarà svolta in base ai criteri e sub-criteri di seguito indicati: 

 

SUB CRITERI Sub punteggi 

A a. Percentuale di specificità, oltre quelle minime richieste (95%) 38 

B b. Percentuale di sensibilità, oltre quelle minime richieste (92%) 37 

C c. Quantità di prodotti disponibili  10 

D d. Tempi di ottenimento del risultato del test 5 

TOTALE OFFERTA TECNICA 90 

E Prezzo 10 

TOTALE 100 

 

L’i dividuazio e dell’offe ta e o o i a e te più va taggiosa sa à dete i ata i  ase alla 
seguente formula:  

P= (a*38+b*37+c*10 + d*5+e*10) 

I coefficienti a e b di natura quantitativa dei criteri A e B: 

• saranno determinati mediante l’appli azio e della segue te fo ula, att i ue do il 
oeffi ie te ze o all’offe ta e o o ve ie te pe  la Stazio e Appalta te ossia a uella 

che prevede la percentuale minima con riferimento a ciascun criterio – (95% per il 
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subcriterio A e 92% per il Su ite io B  e il oeffi ie te u o all’offe ta e o o i a più 
conveniente (ossia a quella che offre la percentuale + alta): 

𝑷 = [% 𝒓 𝒂 𝑪 𝒄 𝒓  𝑨 −  % 𝒊 𝒊 𝒂][% +  𝒂 𝒂 𝒂 𝒊  𝒂𝒓𝒂 − % 𝒊 𝒊 𝒂] ∗ 𝒊 𝒄𝒓𝒊 𝒓𝒊  

I coefficienti c di natura quantitativa del criterio c 

sarà determinato con la seguente formula, adoperando il metodo 

dell’i te polazio e lineare, attribuendo il coefficiente zero all’offe ta i i a possibile (ossia 

quantità pari a 500.000) e  il  coefficiente  uno  alla quantità più elevata offerta in sede di 

gara:     𝑷 = Qa/Qmax *punti criterio 

I coefficienti d di natura quantitativa del criterio D 

sarà applicata la formula del Minor Tempo:     

P= punti criterio* Tempominimo/Tempoi-esimo 

Coefficienti di natura quantitativa del criterio D 

sarà applicata la formula del Minor Prezzo: 

P= punti criterio* Prezzominimo/Prezzoi-esimo 

Tutte le operazioni di moltiplicazione per il punteggio massimo attribuibile in relazione a ciascun 

criterio sarà effettuata troncando prima della terza cifra decimale, senza eseguire arrotondamenti.  

8. Modalità di espletamento della gara 

La valutazione delle offerte si svilupperà in tre fasi sequenziali, da concludersi, comunque entro il 

25 luglio: 

- Valutazione dei requisiti generali di ammissibilità sulla base della sola documentazione 

prodotta, entro il 16 luglio; 

- Verifica della coerenza delle offe te ispetto all’oggetto della ga a, da effettua si a u a del 
Comitato Tecnico Scientifico, con immediata esclusione delle offerte inammissibili perché 

non coerenti o comunque inferiori ai requisiti minimi richiesti, entro il 19 luglio; 

- Valutazione delle offerte ammissibili, secondo i criteri di cui al punto 7, entro il 24 luglio; 

- Aggiudicazione e definizione della graduatoria, entro il 25 luglio. 

9 – Aggiudicazione a più operatori economici: 

Nel caso di posizioni apicali di pari merito nella graduatoria finale, la fornitura sarà aggiudicata pro 

uota agli ope ato i e o o i i i te essati. Nel aso he l’offe ta posizio atasi al primo posto nella 

graduatoria finale non sia sufficiente al completo soddisfacimento delle esigenze, quantificate in 

2.000.000 di kit da acquisire entro il 10 agosto 2020, o di ritardo o inadempimento parziale delle 

consegne, i quantitativi restanti necessari a soddisfare il fabbisogno di 2.000.000 di Kit potranno 

esse e fo iti dall’ope ato e se o do lassifi ato e, el aso di ulte io e insufficienza, ritardo o 

inadempimento parziale delle consegne, da quelli successivi. 
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10 – Ripetibilità della prestazione 

Nel caso che, nel corso dell’e e ge za epide iologi a i  atto, si ve ifi hi l’u ge te e essità di 
ulteriori somministrazioni del test sierologico al personale docente e non docente della scuola 

o p eso uello addetto alla s uola pe  l’i fa zia e agli istituti pe  disa ili , agli aggiudicatari della 

presente procedura possono essere richieste, per non più di due volte, ulteriori forniture del kit 

oggetto della gara, per quantitativi calcolati in proporzione a quelli aggiudicati, con un preavviso 

massimo di 15 giorni, salvo il sopraggiungere di cause di esclusione dalla gara o di risoluzione del 

contratto. 

 

11 – Ulteriori fabbisogni 

Nel aso he, el o so dell’e e ge za epide iologi a i  atto, si ve ifi hi l’u ge te e essità di 
ulteriori somministrazioni del test sierologico si potrà provvedere con una procedura a negoziazione 

ristretta cui avranno diritto a partecipare gli operatori economici che siano stati inseriti nella 

graduatoria di cui al punto 8 del presento bando. 

 

12 - Clausola di risoluzione immediata 

La fornitura di prodotti che, per ogni 100 kit, dovessero risultare non rispondenti ai requisiti di 

qualità richiesti e/o dichiarati, comporta la immediata risoluzione del contratto, con oneri a carico 

del fo ito e, fatto salvo l’eve tuale isa i e to del danno. 
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Scope of this document 
This document provides guidance on the application of non-pharmaceutical countermeasures to minimise the 

spread of the 2019 novel coronavirus (2019-nCoV) in the population. Some of the measures proposed refer 
specifically to certain phases of the epidemic (containment or mitigation phases), and can be adapted depending 

on the assessed severity/impact of the infection. Other measures are valid for all phases of an epidemic.  

The guidance is based on the current knowledge of the 2019-nCoV and evidence available on other viral 
respiratory pathogens, mainly the Severe Acute Respiratory Syndrome coronavirus (SARS-CoV), the Middle East 

Respiratory Syndrome-related coronavirus (MERS-CoV) and seasonal or pandemic influenza viruses.  

ECDC will update this guidance as and when new relevant information becomes available or as required by the 

epidemiological situation. 

Target audience 
Public health authorities in the EU/EEA Member States (MS) and the UK.  

Background 
Since it was first identified in Wuhan, Hubei province, thousands of cases of the 2019-novel coronavirus (2019-

nCoV) infection have been reported in China. Several cases have also been reported in other countries across the 
continents of Asia, Europe, America, and Oceania, either as imported cases from China or as result of 

autochthonous transmission.  

Coronaviruses are usually transmitted by direct contact through large respiratory droplets, but other modes of 

transmission have been identified. To date, human-to-human transmission through direct contact is the most 
common transmission mode for 2019-nCoV [1]. Although there is no evidence of airborne transmission, a 

precautionary approach is recommended due to uncertainties surrounding the potential for aerosol-mediated 
transmission of the virus. Other routes of transmission, such as contact with contaminated fomites and inhalation 

of aerosols during aerosol-generating procedures, may have occurred in some cases [2]. The RNA of the virus has 
been detected in the faeces of a confirmed patient with gastrointestinal symptoms, hence faecal–oral transmission 

cannot be ruled out [3]. The current estimated basic reproductive number (R0) is 2.2 (95% CI, 1.4 to 3.9) [4]. 

This document is based on an ECDC Expert Opinion on non-pharmaceutical countermeasures currently under 

development for use against pandemic influenza. Since there are uncertainties concerning the infectious period of 
the 2019-nCoV and its R0 and how these differ from influenza [4,5], this document should be interpreted with 

caution. However, it is plausible that measures effective against influenza would also work against 2019-nCoV.The 
primary objective of non-pharmaceutical countermeasures is to reduce the impact of an outbreak by reducing the 

number of contacts that result in disease transmission. Depending on the extent to which they are implemented, 

non-pharmaceutical countermeasures can delay the time to epidemic peak and reduce the overall number of cases, 
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the number of cases at epidemic peak, and the total number of severe cases and deaths. Reducing the number of 
cases during the epidemic peak and the subsequent spread of cases over a longer time-period would play a crucial 

role in reducing the burden on the healthcare and other sectors, thus allowing more effective treatment of infected 
patients. This is an important goal of the current 2019-vCoV containment strategy in Europe (i.e. to delay the 

possible spread of 2019-nCoV until the end of the ongoing influenza season, hence reducing the strain on 

healthcare systems). Furthermore, delaying the introduction of 2019-nCoV into Europe would allow for more surge 
capacity in public health and healthcare services (including laboratories) while also minimising the need for 

differential diagnoses. Finally, this would also gain time for the development, production and distribution of 

effective and safe pharmaceuticals (i.e. vaccines and antiviral drugs). 

Non-pharmaceutical countermeasures may be implemented at all stages of an epidemic but the choice of the most 
suitable measures may differ during the containment and mitigation phases. These measures range from standard 

precautions, such as hand, respiratory and environmental hygiene, in the form of personal protective action taken 
by individuals, to actions requiring the engagement of communities and the involvement of local, regional or 

national authorities (i.e. social distancing and travel-related measures).  

Therefore, one of the key factors for the effective application of non-pharmaceutical measures is the correct 

identification and definition of triggers for their activation/deactivation during the various epidemic phases (e.g. 
school closures or travel restrictions). Non-pharmaceutical measures should ideally be combined with other 

approaches, as individual measures may not be so effective when implemented alone [6,7]. In the early epidemic 
phases, a combined approach may contain the pathogen or delay its spread, thus allowing for unaffected areas to 

activate their preventive measures in the meantime. During a widespread epidemic, a synergistic effect may 
increase the effectiveness of individual non-pharmaceutical measures and mitigate the disease impact, whilst 

reducing costs to society and the economy [7]. Despite the anticipated effectiveness of each measure, non-
pharmaceutical countermeasures need to be evaluated in terms of their necessity, acceptability and feasibility. 

National planning and public health action should therefore be tailored to the severity and impact of the epidemic 

and to the local epidemiological situation. EU decision no 1082/2013/EU on serious cross-border threats to health 
regulates the risk assessment, communication and coordination of responses in situations such as the current 

spread of 2019-nCoV, and ensures that EU/EEA Member States take risk management measures in consultation 

with one another and the European Commission (EC). 

Personal protective measures 
Personal protective measures refer to hand and respiratory hygiene, cough etiquette and use of respirators or 

facemasks. 

Hand hygiene 

The risk of transmitting or acquiring 2019-nCoV infection can be reduced by the correct application of hand 
hygiene. Hand hygiene refers to the frequent washing of hands with soap and water or cleaning of hands with 

alcoholic solutions, gels or tissues. Hands should be washed regularly using soap and water for 20−40 seconds [8]. 

Alcohol-based hand sanitisers provide limited added benefit over soap and water in community settings, and if 

used should contain 60−85% alcohol [8,9]. If hands are soiled, soap and water should precede the use of alcohol-

based hand sanitisers. Since the 2019-nCoV virus can be transmitted by direct contact through droplets or 

indirectly through hand-mediated transfer of respiratory or possibly other secretions, we recommend applying 
hand-hygiene measures in all community settings (home, schools, workplaces, etc.) during all phases of the 

epidemic. Proper hand hygiene would also prevent the transmission of other communicable diseases.  

In healthcare settings, proper hand hygiene will need to be performed immediately before and after contact with a 

patient, before wearing or removing personal protective equipment (PPE) and after contact with potentially 
infectious material, such as respiratory or other secretions. The same applies to patients or people caring for 

patients at home.  

Recommending hand hygiene is considered to be a rational precaution, involving limited costs and no significant 

associated risks. Its effectiveness is likely to increase in combination with other measures (e.g. facemasks used in 
healthcare settings). The effectiveness of hand hygiene depends on the ability to ensure that people comply, 

through appropriate and repeated training and an adequate and regular supply of soap, tissues and alcohol-based 

hand sanitisers.  

Cough etiquette  

Cough etiquette refers to covering the mouth and nose when coughing and sneezing (e.g. using a paper tissue or 
cloth handkerchief) with the aim of reducing person-to-person transmission through droplets which are a known 

mode of transmission for coronaviruses.  

Cough etiquette is widely recommended in public health guidelines for all community settings (home, schools, 

workplaces, healthcare settings, etc.) at all times. Supply of materials (e.g. tissues, no-touch waste bins, etc.) 
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needs to be ensured. It is important that tissues are properly disposed of immediately after the use and hands are 

then washed with soap and water, as described in the hand hygiene section of this document.  

Facemasks and respirators 

This measure refers to the use of facemasks or respirators. For optimal use of these non-pharmaceutical 
countermeasures, it is important to have a sound estimate of the duration of the infectious period - which is not as 

yet available for 2019-nCoV infection. 

Facemasks range from simple, even homemade masks, to cloth and surgical (medical) masks. They vary in 

thickness and permeability. They can protect against larger respiratory droplets but are not guaranteed to protect 
users from airborne infection. Cloth/gauze masks may induce moisture retention and poor filtration and it is 

unclear whether they confer clinical protection [10]. 

Respirators are specifically designed to protect users from small airborne particles, including aerosols [11,12]. They 
are usually available in three sizes (small, medium or large) to allow for differences in face contours. European 

standard (EN 149:2001+A1:2009) defines classes for respirators entirely or substantially constructed of filtering 
material [filtering face pieces (FFP) 1-3] [10]. Because the various respirators fit users differently, they need to be 

fitted individually in order to match each user with the appropriate respirator. 

Surgical masks or respirators should be changed frequently in order to maintain their effectiveness. The frequency 

of change depends on several factors. As a general rule, a mask should be changed as soon as it becomes moist 
and, in healthcare settings, whenever moving from one patient to another.  

Use of facemasks and respirators in healthcare settings 

In healthcare settings, facemasks or respirators are used to reduce transmission and protect healthcare workers, 

patients and visitors against infection. Suspected 2019-nCoV cases should be offered a surgical mask which they 
should wear correctly while in public areas or while visiting areas where other people are present. Suspected cases 

arriving in healthcare settings should, where possible, immediately be offered a surgical mask in order to mitigate 

the risk of droplet spread when in triage or waiting areas or during transportation within the facility. 

During the assessment of a suspected case or the management of a confirmed case, healthcare workers should 

use FFP respirators class 2 or 3 (FFP2 or FFP3) which protect both from droplet and aerosol transmission. In the 
absence of FFP respirators, a surgical mask should be worn that protects from droplet transmission. It is 

recommended that healthcare workers performing procedures that are likely generate aerosol should wear an FFP3 
respirator. If FFP2 or FFP3 respirators are not available, the use of a surgical facemask is recommended. When 

using this type of PPE, the limitations and risks connected to its use should be assessed on a case-by-case basis. 

Proper mask disposal and combined measures (e.g. proper hand hygiene) will probably increase the effectiveness 

of individual measures. For more information please consult the ECDC document on ‘Infection prevention and 
control for the care of patients with 2019-nCoV in healthcare settings’ [13]. ECDC has also published an adaptable 
template leaflet providing advice to healthcare workers on handling and caring for patients. 

Use of facemasks in other high-exposure situations 

It is still unclear whether the use of surgical facemasks by healthy people who might be exposed to 2019-nCoV will 

be beneficial. This uncertainty is mainly due to the low filtration efficiency of surgical masks, the risk of infection 
due to inappropriate use of the mask in high-risk community settings and the false sense of security offered by 

wearing a mask.  

The following groups at risk of high-exposure could consider the use of surgical masks: 

• care-providers for symptomatic suspected 2019-nCoV cases (before their hospitalisation); 

• people in occupations who have extensive face-to-face contact with the public where there is ongoing 

transmission. 

Furthermore, the wearing of a surgical mask can be considered for groups at risk of developing severe 

complications if infected (e.g. individuals in older age groups or having underlying conditions). 

Relevant documents for the management of cases on ships and aircraft have been published by EU Healthy 

Gateways Joint Action: ‘Interim advice for preparedness and response to cases of the 2019-nCoV acute 
respiratory disease at points of entry in the European Union (EU)/EEA Member States’ [14]. Proper use and 

disposal of masks and proper hand hygiene need to be ensured by training users before distributing masks. 

Use of facemasks in community settings 

Surgical masks may be used as an infection control measure or as a mitigation measure in community settings 
when worn by individuals with respiratory symptoms before seeking medical advice and while being assessed. In 

the event that a symptomatic person cannot wear a facemask, close contacts should consider wearing one instead. 
During the containment phase, suspected cases can be offered a facemask as a precautionary measure. 

There is no evidence on the usefulness of facemasks worn by persons who are not ill as a community mitigation 

measure. In the EU, it is not customary for health people to wear masks in the wider community. If masks are 

https://www.ecdc.europa.eu/en/publications-data/infection-prevention-and-control-care-patients-2019-ncov-healthcare-settings
https://www.ecdc.europa.eu/en/publications-data/advice-healthcare-workers-management-patients-2019-ncov-infection
https://www.ecdc.europa.eu/en/publications-data/advice-healthcare-workers-management-patients-2019-ncov-infection
https://www.healthygateways.eu/Novel-coronavirus
https://www.healthygateways.eu/Novel-coronavirus
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used, best practices for should be followed donning, doffing, and disposing of them. The hand hygiene measures 
detailed above should always be followed after removing a mask.  

Other personal protective equipment 

Other personal protective equipment (PPE), such as eye protection (goggles, face shield or procedural masks), 
body protection (long-sleeved water-resistant gowns), and hand protection (gloves), should be used by healthcare 
workers or those caring for a patient or suspected 2019-nCoV case, especially when performing aerosol-generating 
procedures or when the risk of exposure to body secretions is high. Although the most common route of 2019-
nCoV transmission is via respiratory droplets, it is not yet clear to what extent other secretions play a role. The use 
of PPE must be accompanied by appropriate training. Disposable PPE needs to be disinfected and disposed of 

immediately after use in accordance with routine safety procedures and used in combination with proper hand 

hygiene measures.  
 

There are separate ECDC documents on ‘Infection prevention and control for the care of patients with 2019-nCoV 
in health care settings’ [13] and ‘Personal protective equipment (PPE) needs in healthcare settings for the care of 
patients with suspected or confirmed novel coronavirus (2019-nCoV)‘ [15]. 

Environmental measures 
Environmental measures refer to: 

• routine cleaning of frequently used surfaces, clothes and objects;  
• minimising the sharing of objects;  

• ensuring appropriate ventilation.  

These measures aim to enhance protection and reduce the risk of infection for 2019-nCoV and other communicable 
diseases in various settings (healthcare settings, long-term care facilities, educational settings, workplaces, public places 

and homes).  

The survival time of 2019-nCoV in the environment is currently unknown. The survival of SARS-CoV is estimated to 
be several days and MERS-CoV >48 hours at an average room temperature (20°C) on different surfaces [16-18].  

Although available evidence on the effectiveness of environmental measures in mitigating the impact of respiratory 

virus epidemics is limited, it is plausible that these measures may reduce viral transmission and, as such, it is 
recommended that they are used at all times and in all settings during the containment and mitigation phases of 
the epidemic [19]. Such measures include the routine cleaning of frequently used surfaces and objects (such as 
phones, tablets, doorknobs, toilets and keyboards) with water and detergent (such as bleach solution), washing 
laundry according to the detergent manufacturer’s instructions at the warmest indicated temperature, and minimal 
sharing of objects (such as drinking glasses, eating utensils, towels and bed linen). Air ventilation in rooms is 

especially important in settings where people gather regularly. Lessons learnt from the SARS-CoV outbreaks show 
that it is possible for the virus to spread within a building through the mechanical ventilation system and therefore 
building maintenance measures should be taken into account [20].  

In healthcare settings, it is especially important that thorough cleaning and disinfection is consistently performed. 

Cleaning with water, detergent and common hospital disinfectants should be sufficient, although there is lack of 
specific evidence for their effectiveness against 2019-nCoV virus. Routine safety procedures for disinfection and/or 

disposal of PPE, medical equipment, utensils, laundry and contaminated waste should be applied in case of 2019-

nCoV suspected and confirmed cases. ECDC has published a document ’Interim guidance for environmental 
cleaning in non-healthcare facilities exposed to 2019-nCoV’ [21]. 

Social distancing measures 

Quarantine or self-isolation of 2019-nCoV cases and 
contacts during the containment phase 

Quarantine and self-isolation imply that a person should remain in a designated setting or at home for a defined 
period after exposure to a situation where transmission of 2019-nCoV virus may have occurred. Evidence relating 

to influenza pandemics indicates that quarantining exposed people may delay the peak of local epidemics during 
the early stages of an epidemic, thus helping to reduce the burden of disease and delay further spread [19]. 

Therefore, this option can be considered during the early stages of 2019-nCoV virus introduction into Europe, as 
part of the Member States’ containment efforts. When implementing quarantine measures, Member States should 

be aware of the disadvantages and possible compliance issues in order to weigh these against expected benefits. 

The duration of the quarantine depends on the estimated incubation period of the virus. Early estimates indicated 

that the mean incubation period for 2019-nCoV is 5.2 days (95% confidence interval [CI], 4.1 to 7.0), with the 
95th percentile of the distribution at 12.5 days [22]. A duration of 14 days is therefore considered sufficient for 

https://www.ecdc.europa.eu/en/publications-data/infection-prevention-and-control-care-patients-2019-ncov-healthcare-settings
https://www.ecdc.europa.eu/en/publications-data/infection-prevention-and-control-care-patients-2019-ncov-healthcare-settings
https://www.ecdc.europa.eu/en/publications-data/personal-protective-equipment-ppe-needs-healthcare-settings-care-patients
https://www.ecdc.europa.eu/en/publications-data/personal-protective-equipment-ppe-needs-healthcare-settings-care-patients
https://www.ecdc.europa.eu/en/publications-data/interim-guidance-environmental-cleaning-non-healthcare-facilities-exposed-2019
https://www.ecdc.europa.eu/en/publications-data/interim-guidance-environmental-cleaning-non-healthcare-facilities-exposed-2019
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monitoring persons having had contact with 2019-nCoV cases [4]. These guidelines will be updated if new data 
reveals different incubation and infectious periods. Rapid identification of cases enhances the effectiveness of 

quarantine measures.  

There are considerable logistical, social and communication challenges in implementing quarantine measures. 

Education on infection control using personal protective and environmental measures in the home or other 

quarantine setting would be necessary.  

The efficiency and resources needed to implement quarantine or self-isolation are dependent on the definition and, in 

particular, the scale of exposure in the target population. The more specifically the exposure is defined and confined, 
the more feasible such a measure will be. Implementing quarantine measures for subsets of healthy populations with 

unclearly defined exposure is unlikely to be an efficient use of resources. ECDC’s contact management technical report 
[23] should be used to assess the potential risk and plan the actions associated with visitors from areas with 

presumed community transmission of 2019-nCoV. Quarantine is unlikely to be effective as soon as multiple 

introductions start to occur into EU/EEA countries and the UK from places other than China. 

Suspected, probable or confirmed cases of 2019-nCov should be reported to the public health authorities and 
managed in accordance with national guidance and/or WHO’s patient management guidelines. Contacts should be 

isolated and/or monitored in accordance with national guidance and/or ECDC’s technical document ‘Public health 
management of persons having had contact with novel coronavirus cases in the European Union’ [23]. This 

document classifies contacts as ‘close’ or ‘casual’ and proposes actions, including self-isolation of close contacts 
and self-monitoring of casual contacts. If symptoms of illness occur, the quarantined persons should then self-

isolate and seek medical advice. 

Voluntary isolation of symptomatic 2019-nCoV cases not 
requiring hospitalisation during mitigation phase 

Self-isolation of individuals with symptoms of a respiratory infection is one of the most important measures for 
reducing disease transmission and limiting the spread of the virus in the community during an epidemic [19]. 
During a community mitigation phase, this measure refers to persons presenting with an acute respiratory infection 

and probable or confirmed 2019-nCoV virus infection, who do not need hospital care. These individuals would 
usually be requested to voluntarily remain at home or in a designated setting, in a single, dedicated, adequately 

ventilated room and preferably use a dedicated toilet while displaying symptoms or for a defined period of time. 

This recommendation will be revised if new information becomes available on the infectious period for 2019-nCoV.  

Early identification of cases to ensure rapid isolation is of paramount importance to prevent further spreading of 
the virus in the community. Based on current knowledge of 2019-nCoV clinical presentation, the most commonly 

observed symptoms are fever, cough, myalgia, fatigue and other non-specific respiratory symptoms, similar to 
those for other respiratory virus infections. This makes clinical suspicion particularly challenging during the 

influenza season [24]. Fever has been the most commonly reported symptom for 2019-nCoV but this may not be 

present in some patients, such as the very young, elderly or immunocompromised persons [24]. A small number of 
patients have reported gastrointestinal symptoms (such as vomiting and diarrhoea) [3,24]. The effectiveness of 

voluntary isolation would be reduced if there were transmission via asymptomatic or pre-symptomatic cases.  

A combination of personal protective and environmental measures during isolation will increase intervention 

effectiveness [19]. There are complicated logistical issues associated with this measure (e.g. food provision, 
medical supplies, medical care) and training and supplies will therefore be essential to ensure support and infection 

control (e.g. PPE, proper waste disposal) for household members caring for the person who is ill.  

In the absence of strong evidence on the infectious period, it is not possible to make evidence-based 

recommendations for isolation by case classification or stage of infection. These guidelines assume that infectiousness 
coincides with the symptomatic period, which is currently a reasonable assumption. Suggested non-pharmaceutical 

measures for cases and contacts during the containment and mitigation phases are summarised in Table 1.  

  

https://www.ecdc.europa.eu/sites/default/files/documents/Public-health-management-contact-novel-coronavirus-cases-EU_0.pdf
https://www.ecdc.europa.eu/en/areas-presumed-ongoing-community-transmission-2019-ncov
https://www.ecdc.europa.eu/en/areas-presumed-ongoing-community-transmission-2019-ncov
https://www.ecdc.europa.eu/en/case-definition-and-european-surveillance-human-infection-novel-coronavirus-2019-ncov
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/patient-management
https://www.ecdc.europa.eu/sites/default/files/documents/Public-health-management-contact-novel-coronavirus-cases-EU_0.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/Public-health-management-contact-novel-coronavirus-cases-EU_0.pdf
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Table 1. Non-pharmaceutical measures during containment and mitigation phases: quarantine, self-isolation 
and self-monitoring of confirmed, probable and suspected cases and close or casual contacts 

A. Containment phase 
Case Suggested measure 

Confirmed Isolation (at home or in healthcare setting depending on clinical conditions) and 
monitoring by public health authorities in accordance with national guidance 

Probable Isolation (at home or in healthcare setting depending on clinical conditions) and 
monitoring by public health authorities in accordance with national guidance 

Suspected Immediate testing for 2019-nCoV and application of non-pharmaceutical measures 
throughout the process.  

Contact of confirmed or probable case  

Close contacts Isolation at home or in dedicated settings and active daily monitoring by public health 
authorities in accordance with national guidance1 

Casual contacts Self-monitoring - seek public health and medical assistance if symptoms develop. 

B. M itigation phase 
Case Suggested measure 

Suspected Contact local healthcare services for advice on clinical management and on the 
need for testing. Suspected cases with mild clinical symptoms may be advised to 
self-isolate at home or to limit social contacts for the duration of symptoms.  

Confirmed (symptomatic) Follow the recommendations from the healthcare service that made the diagnosis 
and adhere to national guidelines for dealing with confirmed cases during the 
mitigation phase.  

Interventions in educational and child care settings 

Schoolchildren and children attending day-care facilities are considered to be one of the main drivers of respiratory 
virus spread in the community. However, it is not yet known how much 2019-nCoV transmission will occur among 

children.  

Proactive school and day care closures 

Proactive closures refer to the early and planned closure of schools and day-care facilities to limit local virus 

transmission and spread at schools and into the community. School closures can be associated with significant 

costs to society and the economy.  

During the containment phase, school closures are not justified. There are also no data to support informed 
decisions on proactive school closures in terms of their anticipated effectiveness in mitigating the 2019-nCoV 

epidemic, due to the unknown level of transmission of this virus among children.  

Given that the influenza virus is circulating in the community during the ongoing influenza season across the 

EU/EEA, in order to reduce the burden on healthcare systems, proactive school closures may be considered if there 
is ongoing transmission of 2019-nCoV in an area. The decision concerning school closures and their optimal timing 

and duration would need to be carefully considered on a case-by-case basis. Bearing in mind the impact of school 
closure, the decision should weigh the expected impact of the epidemic against the adverse effects of such 

closures on the community.  

Evidence originating from seasonal and pandemic influenza modelling studies have shown that proactive school 
closures before the peak of influenza virus activity have had a positive impact in reducing community transmission 

[19]. There will be a need to minimise contacts between children and the general population outside of schools to 
reduce opportunities for transmission. In the event of proactive school closures, plans for society in general and 

inter-sectorial collaboration should be considered to mitigate the significant secondary effects. Plans to help 
mitigate transmission within schools, while children continue to attend may include smaller school groups, physical 

distance of children in the class, promotion of other non-pharmaceutical countermeasures and outdoor classes. In 

the event of illness, voluntary isolation at home is advisable. 

Reactive school and day-care closures 

Reactive closures of schools may be necessary as a consequence of widespread virus transmission in the 

community and educational settings. Reactive school and day-care closures will probably not reduce the impact of 

the epidemic, but may be enforced, due to high absenteeism and operational issues, especially if the spread of 
2019-nCoV coincides with the ongoing influenza season in an EU/EEA country. Communities therefore need to 

prepare for this eventuality and consider plans for society in general and the inter-sectorial collaboration needed to 
mitigate secondary effects. As with proactive school closures, the timing and duration of the closures will need to 

be carefully considered on a case-by-case basis.  

                                                                        

1 There is no evidence directly comparing the effectiveness and cost-effectiveness of self-isolation at home versus isolation in 
dedicated settings. In both instances, effectiveness is expected to depend on compliance with recommended behaviour and 
procedures. 
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Measures in the workplace  

Based on studies on seasonal and pandemic influenza, measures at workplaces can be modestly effective in 

mitigating an epidemic and may be considered during the mitigation phase. 

The 2019-nCoV can transmit from person-to-person at workplaces and in other public settings where people gather 
in contained spaces for long periods. Viral transmission may therefore be reduced by decreasing the frequency and 

length of social interactions and the physical contacts between individuals. However, there are still insufficient data 

available to assess the extent of 2019-nCoV transmission in these settings. 

Workplace measures refer to a variety of actions to reduce the risk of transmission in the workplace and the 
community. These measures include: flexible working schedules/shifts for employees, the opportunity of distance 

working/teleworking, encouraging physical distancing measures within the workspace, increased use of email and 

teleconferences to reduce close contacts, reduced contact between employees and customers, reduced contact 
between employees, adoption of flexible leave policies and promoting the use of other personal protective 

countermeasures [7]. In the event of acute respiratory illness, self-isolation is advisable. 

The selection of measures will depend on the company and the type of work and some may have significant 

economic consequences. Personal protective and environmental measures should be applied in combination at 

workplaces.  

Workplace closures may be justified in exceptional circumstances, for example during pandemics of higher severity. 

Employees should be encouraged to self-isolate at home if experiencing respiratory symptoms. 

Measures related to mass gatherings 

Data originating from seasonal and pandemic influenza models indicate that during the mitigation phase, 

cancellations of mass gatherings before the peak of epidemics or pandemics may reduce virus transmission. 

Mass gatherings increase the number of close contacts between people for long periods, sometimes in contained 
spaces. Therefore mass gatherings may lead to the introduction of the virus into the community hosting the event 

and/or facilitate virus transmission and spread. 

Measures to reduce the risk posed by mass gatherings include interpersonal distancing measures to avoid crowding 

and organisational measures, such as cancellation, postponement or re-arrangement of an event. These measures 

include other non-pharmaceutical countermeasures, such as hand and respiratory hygiene.  

During the containment phase, the cancellation of mass gatherings in the EU/EEA may be justified in exceptional 
cases (e.g. large conferences with a significant number of participants from a highly-affected area). The decision to 

cancel will need to be coordinated by the organiser and the public health and other national authorities on a case-
by-case basis. ECDC’s contact management technical report [23] can be used to assess the potential risk 
associated with visitors to the event and to plan further public health actions. 

Due to the significant secondary effects of cancelling gatherings, the decision should be based on a risk 

assessment, taking into consideration the severity of the epidemic, the local epidemiological situation, the timing, 

duration, type of venue (indoor/outdoor), the size of the event and the area the attendees are coming from 

(affected or non-affected). Instead of cancellation, postponement or re-scheduling may be considered. 

The extent of transmission during mass gatherings may justify the application of other measures (e.g. web-casting, 
education campaigns on good hygiene, enhanced environmental measures) and a risk assessment, depending on 

the type of event. Individuals in high-risk groups with a possibility of severe complications may choose to refrain 
from attending mass gatherings during an epidemic. Individuals that experience respiratory symptoms should self-

isolate and seek medical advice. 

Travel-related measures 

International and domestic travel advice 

Travel advice (or travel recommendations) refers to official government advice, which has legal and economic 

implications, that travellers should consider in order to minimise their risk of infection. Travel and trade restrictions 
are regulated under the International Health Regulations (IHR) part III. ECDC has published a template leaflet for 

travel advice relating to 2019-nCoV. 

Travelling facilitates the spread of the 2019-nCoV from infected to uninfected areas. Although there is lack of 

evidence on the effectiveness of travel advice, close contact with people increases the risk of disease transmission 
and spread during travel [19]. Advising against travel during an epidemic aims to reduce the number of people 

who are infected during a trip to areas or countries where community transmission is ongoing; reduce the risk of 
importation from affected countries and reduce transmissions among travellers (e.g. in airport queues or on 

planes.)  

https://www.ecdc.europa.eu/en/publications-data/public-health-management-persons-having-had-contact-novel-coronavirus-cases
https://www.ecdc.europa.eu/en/publications-data/advice-travellers-outbreak-novel-coronavirus-2019-ncov
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In the context of travel recommendations, travellers should also be reminded to follow all the other appropriate 
preventive measures (environmental and personal protective measures) described in this document.  

EU/EEA countries should review their procedures for informing travellers to and from affected areas, providing 
updates on the situation concerning 2019-nCoV at their points of entry, advising on personal protective measures 

and, for persons who develop 2019-nCoV-compatible symptoms after their return, providing information on how to 

seek medical advice and assistance. Member States may consider directing these cases to a particular call centre or 

healthcare facility, depending on their planning. 

Screening at entry points 

This measure refers to entry screening at national borders, airports, or other places where travellers from affected 

areas may enter another country. Screening is usually undertaken using devices such as non-contact infrared 

thermometers to assess whether individuals have symptoms of infection. However, measures may also include 
proactive sharing of information on the infection, advice on how to seek medical assistance should symptoms 

develop and on how to reduce the risk of infecting others. Overall these measures aim to reduce the number of 
infectious people entering a country, focusing on those coming from countries that are experiencing an epidemic 

[25,26]. 

Although some imported 2019-nCoV cases have been detected through entry screening procedures at destination 

airports, the available evidence from peer-reviewed publications and unpublished modelling work undertaken at 
ECDC suggests that border control measures are not effective in delaying or mitigating a pandemic. This is due to 

the low sensitivity of the systems used to detect mildly symptomatic infections and their inability to detect cases 

during the incubation period [19,27]. 

EU Healthy Gateways has published a document entitled ‘Interim advice for preparedness and response to cases of 
the 2019-nCoV acute respiratory disease at points of entry in the European Union (EU)/EEA Member States’ on the 
management of 2019-nCoV at points of entry [14]. 

Domestic travel restrictions 

There is evidence that close contact of people increases transmission and spread of the virus during travel [1]. This 

measure refers to travel restrictions (e.g. airport and train station closures) implemented within a country or region 

to prevent or limit the geographical extent of virus transmission.  

Broad domestic travel restrictions may have a small positive impact in delaying an epidemic only if they are 
implemented during its early stages [19]. Such restrictions may be effective in specific, isolated settings, but are 

unlikely to have a substantial impact on transmission in modern, mainly urban, societies within the EU. They are 
expected to have significant economical, legal and ethical implications. Therefore, such restrictions may be 

considered only during the containment phase of epidemics of high severity. 

Border closures 

This measure refers to the closure of international borders due to an epidemic which is regulated under the IHR. 

Border closures aim to reduce the risk of importation from countries with high transmission by implementing travel 

restrictions to or from an affected area. 

Based on evidence from modelling studies, mainly relating to influenza pandemics, borders closures may delay the 
introduction of the virus into a country only if they are almost complete and when they are rapidly implemented 

during the early phases, which is feasible only in specific contexts (e.g. for small, isolated, island nations.) [19]. 

Available evidence therefore does not support recommending border closures which will cause significant 

secondary effects and societal and economic disruption in the EU.  

The ECDC contact management technical report can be used to assess the potential risk and plan public health 
actions relating to travellers who have recently been in areas with presumed community transmission of 2019-
nCoV, or elsewhere where they may have been exposed to a case of 2019-nCoV [23]. People with a travel history 
to areas with presumed community transmission of 2019-nCoV are classified as 'casual contacts', unless they meet 

any of the criteria for becoming a 'close contact' as a result of high-risk exposure either in the area with sustained 
community transmission or on board an aircraft. The management of these people would then differ depending on 

their classification.  

Due to public health risks, border closures are regulated internationally under the IHR. Within the EU, freedom of 

movement may be limited for public health reasons within the limits of the EU Treaties and in accordance with 

Directive 2004/38/EC (art. 29). 

Contributing ECDC experts (in alphabetical order) 

Orlando Cenciarelli, Angeliki Melidou, Pasi Penttinen 
  

https://www.healthygateways.eu/Novel-coronavirus
https://www.healthygateways.eu/Novel-coronavirus
https://www.ecdc.europa.eu/sites/default/files/documents/Public-health-management-contact-novel-coronavirus-cases-EU_0.pdf
https://www.ecdc.europa.eu/en/areas-presumed-ongoing-community-transmission-2019-ncov
https://www.ecdc.europa.eu/en/areas-presumed-ongoing-community-transmission-2019-ncov
https://www.ecdc.europa.eu/en/areas-presumed-ongoing-community-transmission-2019-ncov
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1. Introduction  

In January 2020 the EU HEALTHY GATEWAYS joint action switched from operating under the inter-

epidemic mode to operating in an emergency mode, at the request of the European Commission's 

Directorate-General for Health and Food Safety (DG SANTE). As stated in the Grant Agreement, the 

objective of the emergency mode is to support coherent response of EU MS according to Decision 

No 1082/2013/EU and the implementation of temporary recommendations issued by the World 

Health Organization (WHO). Under this emergency mode, EU HEALTHY GATEWAYS is available to 

respond to any specific requests from DG SANTE or EU MS to provide technical support, advice or 

ad-hoc training at points of entry as needed.   

An ad-hoc working group was established with members from the EU HEALTHY GATEWAYS joint 

action consortium. The names and affiliations of the working group members who prepared this 

document are listed at the end of the document. The working group produced the following 

guidance, considering the Communications issued by the Commission: a) A Eu opea  oad ap to 
lifti g o o a i us o tai e t easu es (1), b) To a ds a phased a d oo di ated app oa h fo  
esto i g f eedo  of o e e t a d lifti g i te al o de  o t ols (2), c) COVID-19: EU Guidance 

for the progressive resumption of tourism services and for health protocols in hospitality 

esta lish e ts (3), d) COVID-19: Guidelines on the progressive restoration of transport services 

a d o e ti it (4), e) Tou is  a d t a spo t i   a d e o d (5). Moreover, current 

evidence, the temporary recommendations from the WHO 

(https://www.who.int/emergencies/diseases/novel-coronavirus-2019) (6-28) and the technical 

reports of the European Centre for Disease Prevention and Control (29-46) (ECDC) 

(https://www.ecdc.europa.eu/en/coronavirus/guidance-and-technical-reports) on COVID-19 (as of 

30 June 2020) were taken into consideration. Lastly, this guidance has been prepared considering 

the evidence currently available about SARS-CoV-2 transmission (human-to-human transmission via 

respiratory droplets or contact), and also contains some proactive guidelines considering the lack of 

evidence to exclude other transmission modes (airborne or after touching contaminated 

environmental surfaces) (47). It should be noted that SARS-CoV-2 has been found in faecal samples 

without any further information on how this finding is implicated in the mode of transmission. The 

virus can be transmitted from both asymptomatic and symptomatic infected people, as well as from 

a person that is infected even two days before showing symptoms.  

The guidance provided in this document is based on the current situation of the pandemic, and will 

be revised as needed after considering the epidemiological situation.   

2. Purpose  

Cruise ships are semi-closed environments providing shared facilities for many people on board the 

ship. Since the beginning of the COVID-19 epidemic, outbreaks have been reported on board cruise 

ships affecting both passengers and crew. Unprecedented challenges were faced by both the cruise 

ship industry, the public health authorities and all related sectors in dealing with cruise ship 

evacuations and management of outbreaks of COVID-19. As on-going transmission is currently 

reported in many countries worldwide and considering that several cases are asymptomatic, it is 

expected that both asymptomatic and symptomatic COVID-19 cases will most likely occur on board 

https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.ecdc.europa.eu/en/coronavirus/guidance-and-technical-reports
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cruise ships, as in similar touristic venues ashore. In addition to measures aimed at excluding 

infected persons from boarding a cruise ship, early detection and isolation of the first case, 

disembarkation, and quarantine of close contacts2 in facilities ashore are all essential elements for 

effectively preventing future COVID-19 outbreaks on board cruise ships. Implementation of the 

International Health Regulations 2005 provisions by both the competent authorities at ports and the 

ship operators in regard to the availability of contingency plans at designated ports and on board 

ships and core capacities for health measures application, are imperative to prevent COVID-19 

outbreaks, as well as passengers and crew members from being stuck at sea in the future.   

The purpose of this document is to provide general guidance to EU/EEA MS and to cruise lines about 

options for measures on travel and tourism that could be applied after lifting the restrictive 

measures implemented in response to the COVID-19 pandemic.  

Public health risks for COVID-19 transmission are a new reality globally. Similar to other holiday-

makers, for cruise passengers, those exist not only while travelling on board cruise ships, but during 

the entire journey beginning from home to the cruise ship, including the sites of embarkation/ 

disembarkation, and at all destinations visited en route.  

The current guidance provides a list of measures to reduce the risk for introduction of COVID-19 

onto the ship, transmission during cruise ship voyage, embarkation and disembarkation, and further 

provides options for preparedness to respond to potential COVID-19 cases among travellers 

(passengers and crew).  

A strategy for reducing the risks for COVID-19 among cruise ship passengers and crew should cover 

the entire process, beginning at the time of booking and extending until passengers and crew have 

returned to their homes. National policies for accepting incoming tourists to cross borders and to 

board cruise ships at the turnaround ports should also be considered in cruise line plans.  

It is suggested that a gradual approach to restarting cruise ship operations should be considered. 

When resuming operations, cruise lines may initially consider using itineraries of a short duration 

(e.g. 3 to 7 days) and to perhaps limit the number of port visits in the itinerary. The willingness and 

capacity of countries included in the itinerary should be explored, and arrangements should be in 

place to accept possible or confirmed COVID-19 cases disembarking from cruise ships, as well as 

possible contacts and anyone else wishing to disembark.   

                                                           
2 

A contact of a COVID-19 case is any person who had contact with a COVID-19 case within a timeframe ranging from 48 
hours before the onset of symptoms of the case to 14 days after the onset of symptoms. If the case had no symptoms, a 
contact person is defined as someone who had contact with the case within a timeframe ranging from 48 hours before the 
sample which led to confirmation was taken to 14 days after the sample was taken. Furthermore, a contact is defined as:   
- a person who has stayed in the same cabin with a possible/confirmed COVID-19 case; 
- a cabin steward who cleaned the cabin of a possible/confirmed COVID-19 case; 
- a person who had face-to-face contact within two metres for more than 15 minutes, or physical contact, or unprotected 
direct contact with infectious secretions of a COVID-19 case or was in a closed environment with a possible/confirmed 
COVID-19 case for more than 15 minutes (for passengers this may include participating in common activities on board or 
ashore, participating in the same immediate travelling group, dining at the same table; for crew members this may include 
working together in close proximity in the same area of the ship or friends having face to face contact); 
- a healthcare worker or other person providing care for a COVID-19 case, without recommended PPE or with a possible 
breach of PPE 
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3. Essential prerequisites     

According to the International Health Regulations (IHR) 2005, designated ports must have the 

capacities to provide appropriate public health emergency response, by establishing and maintaining 

a public health emergency contingency plan. Interoperability of the port public health emergency 

contingency plan with the cruise ship contingency plan/outbreak management plan should be 

ensured. 

For each cruise ship operating in the waters of an EU MS, a ship contingency plan/outbreak 

management plan for responding to a COVID-19 event should be prepared by the operating cruise 

line and submitted to the competent authority of at least one of the ports of call (preferably the 

home port or another port which can provide sufficient facilities in the cruise ship itinerary), in order 

to be reviewed and ensure interoperability with the port public health emergency contingency plan. 

In particular, before cruise lines resume operations, competent authorities in the EU MS and ship 

operators should ensure that the following conditions are met and have been fully addressed in this 

cruise ship contingency plan/outbreak management plan: 

3.1. Monitoring of epidemiological situation, rules and restrictions worldwide 

Before starting journeys and throughout cruise ship operations, it is essential that cruise lines 

monitor the epidemiological situation worldwide and at the cruise ship destinations, as well as 

at the places of origin of incoming passengers and crew ECDC s COVID-19 Country Overview 

page: http://covid19-country-overviews.ecdc.europa.eu/#1_introduction). This will help assess 

the risk and adapt policies for screening and evaluating cruise ship passengers and crew 

members from countries with a high incidence of COVID-19, and furthermore to avoid 

destinations in countries with a high incidence of COVID-19. Cruise lines should have access to 

real-time information on the situation regarding borders, travel restrictions, travel advice, 

public health measures and safety measures at the destination ports (48). The European 

Commission has a dedicated website with an interactive map combining information from 

Member States and the tourism and travel industry, which is available at: 

https://ec.europa.eu/info/live-work-travel-eu/health/coronavirus-response/travel-and-

transportation-during-coronavirus-pandemic_en (48). 

3.2. Written contingency plan/outbreak management plan for COVID-19  

Each cruise ship should have in place a written contingency plan/outbreak management plan 

for the prevention and control of possible cases of COVID-19 as described and in paragraph 

5.1.2. 

3.3. Arrangements for medical treatment and ambulance services  

Before starting journeys, cruise ship operators should check and ensure with ports of call that, if 

needed, arrangements can be made for passengers and crew members to receive medical 

treatment (48) ashore (including possible air evacuation if needed). This should be clearly 

http://covid19-country-overviews.ecdc.europa.eu/#1_introduction
https://ec.europa.eu/info/live-work-travel-eu/health/coronavirus-response/travel-and-transportation-during-coronavirus-pandemic_en
https://ec.europa.eu/info/live-work-travel-eu/health/coronavirus-response/travel-and-transportation-during-coronavirus-pandemic_en
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described in both written contingency plans of cruise ships and at least of one of the ports of 

call (preferably the home port, with the possibility of also using other ports during the voyage).  

3.4. Arrangements for repatriation  

Before starting journeys, cruise ship operators should ensure with ports along the route that, if 

needed, repatriations and crew changes can be organised (48). It is suggested that cruise lines 

have in place repatriation plans for passengers and crew members, considering different 

scenarios for partial or complete ship evacuation in the event of a COVID-19 outbreak. Cruise 

ships  home ports (or at least one of the ports of call) should have airports operating 

international flights allowing repatriation of passengers and crew as necessary. Criteria for 

allowing repatriation and air travel based on exposure to COVID-19 cases and laboratory results 

of passengers and crew should also be considered in the planning process by the competent 

authorities at ports and the cruise ship operator. In addition, airline public health policies and 

public health policies of home countries should be considered in planning of repatriation 

processes.  

3.5. Arrangements for quarantine of close contacts (exposed passengers or crew 

members with negative RT-PCR test results for SARS-CoV-2) 

Before starting journeys, arrangements should be made between the cruise line and the local 

authorities of the home port (or at least one of the ports of call) for quarantine3 facilities and 

procedures to be followed for close contacts. The facilities should be agreed upon and pre-

specified (e.g. hotels), as well as the cost recovery for the health measures implementation. 

Residents of the country of disembarkation could be quarantined at home, according to local 

rules and procedures. Transport plans and hygiene protocols should be included in the 

contingency plan of the port, as well as the cruise ship contingency plan/outbreak management 

plan.  

The procedures for management of close contacts can be found in the EU HEALTHY GATEWAYS 

Interim advice for ship operators for preparedness and response to the outbreak of COVID-19, 

available at: https://www.healthygateways.eu/Novel-coronavirus.  

Close contacts that have been exposed to a confirmed case of COVID-19 should disembark as 

soon as possible, and be quarantined and monitored (self-monitored or otherwise according to 

the country procedures) for a period of 14 days in quarantine facilities ashore. Different 

scenarios with the expected numbers of persons to be quarantined should be considered and 

included in the planning and arrangements.  

 

                                                           
3
 Quarantine: the restriction of activities and/or separation from others of suspect persons who are not ill or of suspect 

baggage, containers, conveyances or goods in such a manner as to prevent the possible spread of infection or 
contamination.  

https://www.healthygateways.eu/Novel-coronavirus
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3.6. Arrangements for isolation of asymptomatic/ pre-symptomatic travellers 

(passengers or crew members with positive RT-PCR test results for SARS-CoV-2)  

Before starting journeys, arrangements should be made between the cruise line and the local 

authorities of the home port (or at least one of the ports of call) for isolation4 procedures and 

facilities for asymptomatic/ pre-symptomatic infected travellers (persons with positive RT-PCR 

test results for SARS-CoV-2). The facilities should be pre-specified (e.g. hospitals, hotels), as 

should the cost recovery for the health measure implementation. Any person who has tested 

positive for SARS-CoV-2 should disembark as soon as possible, be isolated in a facility ashore 

and monitored until the ECDC criteria for discharge are met (49). Different scenarios with the 

expected number of persons to be isolated should be considered and included in the planning 

and arrangements made between the cruise line and the local authority. 

3.7. Adequate testing capacity for SARS-CoV-2 infection on board or in cooperation 

with shore-based laboratories  

Before starting journeys, arrangements should be made to ensure that cruise ships have 

adequate laboratory testing capacity for SARS-CoV-2 on board or through arrangements with 

shore side laboratories, to be used when a passenger or crew member is suspected of being 

infected (48). Arrangements should be made between the cruise line and laboratories ashore to 

ensure that RT-PCR tests can be organised and conducted ashore. Medical staff should be 

trained in sample collection and the field laboratory testing performance on board the cruise 

ship would need to be verified, with their routine use quality assured in accordance with 

national regulations and international professional standards for medical laboratory services. 

The ECDC guidelines for clinical spe i e s  collection and testing should be followed (50).   

3.8. Training of crew about COVID-19  

All persons intending to work on board (ship officers, crew members) as well as external 

contractors who interact with passengers or crew on board or ashore should complete training 

about COVID-19, as described in paragraph 5.1.1. For external contractors, this training may be 

conducted internally, or they may be supplied with written guidance describing the symptoms 

and requesting them to report symptoms, perform hand hygiene frequently, practise physical 

distancing and wear face masks. 

Regular table-top exercises or drills should be conducted (e.g. before resuming operations and 

thereafter on a monthly basis) to test training of all staff on procedures related to prevention, 

surveillance and response to COVID-19, response time, department cooperation, procedures 

and equipment. A drill/table-top exercise normally includes participant instructions, scenario 

and evaluation tools.  

 

                                                           
4
 Isolation: separation of ill or contaminated persons or affected baggage, containers, conveyances, goods or postal parcels 

from others in such a manner as to prevent the spread of infection or contamination.  
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3.9. Commitment for immediate reporting to the next port of call of any possible case  

An essential pre-requisite for resuming cruise ship operations is the immediate reporting of any 

possible case of infection, including possible5 COVID-19 cases, to the next port of call by 

submitting the Maritime Declaration of Health (MDH). Early detection and immediate reporting 

are key factors for preventing outbreaks of COVID-19 on board ships. Before cruise ship 

operations begin, all involved parties (National Single Window, ship agents, port state control 

authorities, and health authorities at all levels) must ensure that written and clearly defined 

procedures are agreed upon and implemented for immediate reporting through the MDH of 

any possible case of infection, to the health authority at the next port of call.  

Any previous practice/policies for reporting of Influenza-Like Illness (ILI) aggregated data at the 

end of voyages should be stopped. This approach should be replaced by actively looking for any 

person on board meeting the definition of a possible COVID-19 case, immediately reporting to 

the next port of call, and activating a ship contingency plan/outbreak management plan for 

management of the case and contacts. 

It is suggested that EU MS competent authorities at the port level use the SHIPSAN Information 

System (SIS) to record health measures taken in response to possible or confirmed COVID-19 

cases on board cruise ships. In parallel, the authorities at central level must always be informed 

by the authorities at a local level.  

3.10. Estimation of the maximum number of passengers and crew on board cruise 

ships  

Cruise ship operators should reduce the number of passengers and crew on board to ensure 

that measures related to physical distancing on board ships can be maintained, and that 

temporary isolation and quarantine of passengers and crew can take place individually in 

cabins.  

When estimating the maximum number of passengers and crew on board except from ensuring 

physical distancing cruise ship operators are advised to ensure they are able to individually and 

temporarily isolate or quarantine (in a single cabin) possible COVID-19 cases/contacts:  

 5% of passengers and 5% of crew on board (until disembarkation and 

quarantine/isolation according to the contingency plan/outbreak management plan will 

take place), for ships where it will not be possible to disembark crew and passengers 

who need to be quarantined or isolated within 24 hours from detection of the first 

possible COVID-19 case, according to the ship contingency plan/outbreak management 

plan. 

                                                           
5
 Possible case: any person with at least one of the following symptoms: cough, fever, shortness of breath, sudden onset of 

anosmia, ageusia or dysgeusia. Additional less specific symptoms may include headache, chills, muscle pain, fatigue, 
vomiting and/or diarrhoea (source: Case definition for coronavirus disease 2019 (COVID-19), as of 29 May 2020. 
https://www.ecdc.europa.eu/en/covid-19/surveillance/case-definition).  
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 1% of passengers and 1% of crew for ships where it will be possible to disembark crew 

and passengers who need to be quarantined or isolated within 24 hours from detection 

of the first possible COVID-19 case. 

These proportions apply only to the initial phase of restarting operations, and will be re-

considered and revised as appropriate depending on the epidemiological situation. Moreover, 

as far as possible, it is advised that the maximum number of crew members living in the same 

cabin should be two persons.  

Consideration should be given to embarking a sufficient number of critical staff on board, in 

order to respect and maintain the Minimum Safe Manning requirements in case of a COVID-19 

outbreak on board. 

3.11. Focused inspection on COVID-19 prevention and control for resuming cruise ship 

voyages by EU HEALTHY GATEWAYS 

EU HEALTHY GATEWAYS will support the competent health authorities in EU MS to perform 

focused inspections on board each cruise ship and ashore, and review procedures and written 

plans of each cruise ship and cruise line, to ensure that the below mentioned measures are met 

by both the cruise ship operator and the port authority. The EU HEALTHY GATEWAYS joint 

action will support the inspections by providing: a checklist based on the advice document; 

training of inspectors working at local authorities (through webinars); scheduling at an EU level 

to avoid duplication of inspections; and the EU database to record inspections. The inspections 

will be scheduled in cooperation with the companies and the competent authorities. It will not 

be necessary to conduct the inspection before starting the cruise ship operations. This could be 

arranged at any date and at any port, in agreement with the company and the inspectors.   

4. Options for measures to prevent COVID-19 infectious 

passengers from starting holidays  

4.1. Exclusion policy    

Cruise lines should develop an exclusion policy with regard to COVID-19 and inform the 

travelling public about the policy through their travel agents, travel companies, cruise line 

operators and other businesses operating in the tourism sector. Harmonisation of this policy in 

the cruise industry, or consistent wording would facilitate acceptance and understanding by the 

public. Symptomatic and potentially exposed passengers should be discouraged from travelling, 

as is in place for air travel. In this respect, any person experiencing symptoms compatible with 

COVID-19, or if identified, anyone who has been in contact during the last 14 days with a 

confirmed case of COVID-19, or anyone who is tested positive for SARS-CoV-2 by RT-PCR would 

not be accepted on board cruise ships.  
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4.2. High risk groups  

As long as the pandemic continues, special precautions may be applied to passengers and crew 

belonging to high risk groups. Passengers in high risk groups including people over 65 years of 

age or people of any age with underlying medical conditions (chronic diseases including 

cardiovascular disease, diabetes, respiratory diseases and immunocompromised individuals) 

should be advised to visit a doctor for pre-travel medical consultation to assess if they are fit to 

travel. Activities and services on board cruise ships could be organized according to age group, 

so that older individuals are separated from other age groups. Crew members in high risk 

groups could work in positions where there is little or no interaction with other individuals. 

Moreover, advanced respiratory protection may be used specifically by crew members 

belonging to vulnerable groups. 

4.3. Exclusion policy information  

Cruise line operators and tour operators should provide all relevant information about the 

exclusion policy, as well as any pre-requisites and country specific rules on their websites and 

electronic reservation systems. Ideally, it should be obligatory to read the information in order 

to complete the reservation. These materials should be available in the national language, 

English and, where needed, other languages based on the most common language profiles of 

the passengers travelling on the respective cruise ship. Moreover, relevant information could be 

shared directly with passengers via email, text message, mail, website or other means of 

communication. 

5. Preparedness for responding to COVID-19 events on board 

cruise ships  

5.1. General principles   

5.1.1. Information, education and communication  

Communication strategy and training plans  

A communication strategy should be designed and implemented targeting the travelling 

public and the crew, defining the messages, the appropriate communication means and 

timing. The communication plan should cover processes related to ticketing, at pre-arrival, at 

the terminal, on board, as well as the procedures in case of a COVID-19 event.  

Each cruise ship operator should design a training plan for their employees, with regular and 

on-going training. For example, a short webinar covering the topics listed in the following 

paragraph could be conducted.    

Training content for crew  

Cruise line operators should provide training and instructions to their crew regarding the 

recognition of the signs and symptoms compatible with COVID-19. Attention should be given 

to crew well-being. 
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Cruise line crew should be reminded of the procedures that should be followed when a 

passenger or a crew member displays signs and symptoms indicative of COVID-19. Each 

member of the crew should be trained in their role and responsibilities to implement 

measures as per the contingency plan/outbreak management plan. It is suggested that 

training takes place every 30 days.  

Crew should also be instructed that if they develop symptoms compatible with COVID-19, 

they should not come to work. If symptoms develop while working, the crew should 

immediately self-isolate, wear appropriate personal protective equipment (PPE) and inform 

their designated supervisor/manager and medical crew immediately. Symptoms should be 

reported for both themselves and other crew members or passengers, if noted. 

The cruise ship operator should also reassure crew that those who report symptoms and are 

unable to work will continue to be paid. 

Cruise line operators should also provide training and instructions to crew regarding physical 

distancing measures, managing crowds, use of PPE, as well as protocols for cleaning and 

disinfection.  

Crew who visit or stay in local areas at the various destinations should be informed in a 

timely manner about any national or local preventive measures or laws established by local 

or national public health authorities regarding COVID-19.  

Medical crew on board should be trained in appropriate sample collection as well as storage 

and transport of the samples.   

Information and communication to passengers  

Cruise lines, travel companies and travel agencies should provide relevant pre-travel 

information about mitigating the risk of COVID-19 infection to their passengers and crew as 

a part of their travel information. In this context, information regarding the symptoms of 

COVID-19, the associated health risks especially for vulnerable groups, and the importance 

of preventive measures should be provided together with bookings. To support on board 

preventive measures, cruise lines may share details of recommended personal hygiene items 

to carry during their travel from home and during their time on board the ship (e.g. alcohol-

based hand rub solution, PPE etc.).   

Companies and travel agencies should inform travellers that they may be refused boarding if 

they have symptoms which are compatible with COVID-19, have had positive RT-PCR test 

results for SARS-CoV-2 or have been exposed to a COVID-19 confirmed case, as per the 

company s exclusion policy. The ticketing process should include information regarding the 

latest health and safety considerations, including those posed by COVID-19. During the 

ticketing process passengers should be informed about eligibility requirements. 
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Content of information and communication messages to crew and passengers  

Before travelling, and, if applicable, regularly during the voyage, information should be 

provided to passengers and crew members (e.g. through electronic posters, recorded 

messages etc.). The information should include:  

 boarding screening measures where applied; 

 any requirements for COVID-19 testing prior to travel/embarkation; 

 symptoms compatible with COVID-19, including sudden onset of at least one of the 

following: newly developed cough, fever, shortness of breath, sudden loss of 

taste/smell; 

 likelihood of being denied boarding if they have developed symptoms or have been 

in contact during the last 14 days with a COVID-19 patient; 

 advice on the risk of travelling for all individuals with chronic diseases 

(cardiovascular disease, diabetes, respiratory diseases) and immunocompromised 

individuals;  

 recommendation for passengers over 65 years of age to consult with their medical 

care provider to obtain advice on their ability to travel;   

 hygiene measures: hand washing with soap and water or hand hygiene with alcohol-

based hand rub solution (containing at least 60% ethanol or 70% isopropanol), 

respiratory (coughing and sneezing) etiquette, disposal of used tissues, physical 

distancing (including the elimination of handshaking), use of face masks, avoiding 

touching the nose, eyes and mouth without previously washing hands (38) etc.;  

 actions to take in case COVID-19 compatible symptoms develop; 

 rules and health measures implemented on board cruise ships at the destination 

(e.g. physical distancing, use of face masks6 (medical mask if available or non-

edi al community  ask), disembarkation); 

 the need to immediately report to cruise ship crew if they develop respiratory 

symptoms during travel, including means of reporting to crew (e.g. providing 

dedicated number or location to contact), crew will then inform the designated 

officer for the contingency plan/outbreak management plan implementation; 

 the need to self-isolate and seek immediate medical care (including how to seek 

medical care) if developing fever, cough, difficulty breathing, sudden loss of 

taste/smell, and to share previous travel history with the health care provider.  

 

                                                           
6
 Medical face mask (also known as surgical or procedure mask): medical device covering the mouth, nose and chin ensuring a barrier 

that limits the transition of an infective agent between the hospital staff and the patient. They are used by healthcare workers to prevent 
large respiratory droplets and splashes from reaching the mouth and the nose of the wearer and help reduce and/or control at the source 
the spread of large respiratory droplets from the person wearing the face mask. Medical face mask comply with requirements defined in 
European Standard EN 14683:2014. 
Non-medical face masks or co u ity  asks : include various forms of self-made or commercial masks or face covers made of cloth, 
other textiles or other materials such as paper. They are not standardized and are not intended for use in healthcare settings or by 
healthcare professionals (European Centre for Disease Prevention and Control. Using face masks in the community. Stockholm: ECDC; 
2020.) https://www.ecdc.europa.eu/sites/default/files/documents/COVID-19-use-face-masks-community.pdf 

https://www.ecdc.europa.eu/sites/default/files/documents/COVID-19-use-face-masks-community.pdf
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5.1.2. Contingency planning on board  

Operators of cruise ships should have in place written contingency plan/outbreak 

management plans for the prevention and control of COVID-19 transmission on board the 

ship. For the implementation and execution of the written plan, one dedicated 

position/named individual/coordinator (e.g. a ship officer with alternate) or an outbreak 

management committee should be appointed, who will be designated in the written plan. It 

is good practice to have a dedicated Public Health Officer or medical person who will 

oo di ate the e e utio  of the o pa s i fe tio  p e e tio  a d o t ol p og a . The 

contingency plan/outbreak management plan should include the following as applicable:  

Α. P e e ti e easu es  

 Physical distancing 

 Personal hygiene rules  

 PPE use  

 Health monitoring of symptoms for cruise ship crew, and when applicable passengers 

through daily contactless temperature measurements and record keeping 

 Procedures for responding to a -possible case (temporary isolation, arrangements for 

medical examination and laboratory testing) 

 Standard Operating Procedures (SOP) for cleaning and disinfection covering all types of 

surfaces and materials, defining the disinfectants and the methods to be used 

 SOP for laundry of linen and clothing  

 SOP for cleaning and disinfection of body fluid spills in the environment 

 Food safety management (e.g. dining and food service arrangements)  

 Potable water safety management  

 Recreational water safety management  

 Ventilation of indoor areas  

 Communication plan including reporting public health events to the competent 

authorities  

 Data management of health and screening documents (e.g. Passenger/Crew Locator 

Forms, Maritime Declaration of Health) 

Β. Measures for response and management of a possible case COVID-19 

 Isolation/quarantine plan of the possible case and their close contacts  

 Collaboration with the national competent authorities for contact tracing, quarantine of 

contacts and isolation of cases  

 Cleaning and disinfection procedures of contaminated spaces, objects and equipment 

(daily and final cleaning and disinfection) 

 Communication strategy for informing the contacts of a confirmed COVID-19 case 

among the passengers/crew, retrospectively  
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5.1.3. Supplies and equipment 

Adequate medical supplies and equipment should be available on board cruise ships to 

respond to a case or an outbreak. Adequate supplies of disinfectants and hand hygiene 

supplies should be carried on board cruise ships and also made available at the 

embarkation facilities. Supplies of PPE including gloves, long-sleeved impermeable gowns, 

goggles or face shields, medical face masks and filtering face-piece (FFP) respirators 

(prioritized for use during aerosol generating procedures) should also be carried on board.  

An adequate supply of RT-PCR diagnostic panel test kits and equipment for collecting 

specimens to be tested at ashore facilities or on board should be available.  
Adequate supplies of PPE for use by passengers and crew should also be available (please 

see Annex 1).  

Further recommendations for the type of PPE required according to the job position and 

the setting can be found here: https://www.healthygateways.eu/Novel-coronavirus  

Further details about supplies specific to COVID-19 can be found at: 

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance 

(please see disease commodity package). 

Additional medical crew should be considered to be available on board if required (e.g. 

based on passenger load/demographics etc.) in order to support surveillance, testing and 

case management. 

6. Options for measures to prevent COVID-19 infectious 

travellers (passengers and crew) from boarding cruise 

ships  

Pre-boarding screening aims at assessing the presence of symptoms and/or the exposure to 

COVID-19 cases of arriving travellers. Travellers identified as exposed to or potentially 

infected with COVID-19 will be quarantined or isolated and treated, respectively.  

Pre-boarding screening can identify symptomatic travellers and those who truthfully declare 

their past exposure. Screening measures may not identify mild symptoms, asymptomatic, 

incubating travellers or those concealing symptoms (e.g. by using antipyretics) (52-54). 

Those travellers may not be detected and therefore may still board the ship.  

Pre-boarding screening measures are generally conducted as a two-step process: primary 

screening and secondary screening (57, 58). Primary screening normally includes an initial 

assessment by personnel, who may not be public health or medically trained. This may 

include observing travellers for any signs of infectious disease and checking their body 

temperature. This can be supported by completion of a health screening questionnaire on 

the day of departure, asking about the presence of relevant symptoms and/or exposure to 

any COVID-19 cases. An example pre-boarding health declaration questionnaire is included 

in Annex 2. Where feasible, the use of electronic questionnaires is preferable to hard copy 

questionnaires, in order to help minimise crew contact. Requirements under the General 

https://www.healthygateways.eu/Novel-coronavirus
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance
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Data Protection Legislation (GDPR) must be followed for any personal data collected from 

individuals, in hard copy or electronically. 

Travellers who have COVID-19 compatible signs or symptoms, or have been potentially 

exposed to SARS-CoV-2, should be referred to secondary screening. Secondary screening 

should be carried out by personnel with public health or medical training. It includes an in-

depth interview, a focused medical (and if necessary laboratory) examination, and a second 

temperature measurement (56). Possible cases should not be allowed to embark, and a 

decision about allowing embarkation should be taken after considering the laboratory 

results, the symptoms and exposure. A standard policy should be implemented for denial of 

boarding to any exposed or symptomatic possible case among passengers and crew.  

As an additional layer of measures applied, cruise lines could consider performing laboratory 

molecular testing for SARS-CoV-2 to all incoming passengers, ideally before boarding to start 

a cruise. When the laboratory results become available, and if positive results are found, 

then the contingency plan/outbreak management plan for management of cases available 

on board should be activated and implemented. 

However, laboratory testing should not give a false sense of security, since it has several 

limitations: a) it cannot detect travellers with incubating infection, b) negative test results 

can be confounded by the stage of infection and the amount of viral RNA in clinical 

specimens collected, c) the diagnostic sensitivity is related with the characteristics of the RT-

PCR or equivalent test, d) the sensitivity is related with quality/adequacy of specimen 

sampling and specimen transport and storage conditions before testing e) practicalities 

arising due to large number of specimens collected and the availability of laboratory tests. 

Pooling of five samples from asymptomatic persons per pool before RNA extraction and RT-

PCR amplification could be considered (according to guidance provided from international 

organizations) after proper validation in the laboratory. This can increase testing capacity 

with existing equipment. If there is a positive result from a pooled sample, then RT-PCR 

needs to be repeated for the individual samples within this pool, to identify the infected 

person(s), thus potentially substantially reducing the number of tests needed (51).  

Testing passengers for antibodies as a condition for boarding ships is not supported by the 

current scientific knowledge. There are uncertainties about the immune response to SARS-

CoV-2 (e.g. duration of human antibodies), as well as the performance of available specific 

antibody testing methods (laboratory based and point-of-care); therefore, antibody tests 

cannot be used at this point for inclusion or exclusion of passengers. However, passengers or 

crew members that have recently recovered from COVID-19 and the ECDC criteria for 

discharge have been met, may avoid measures such as RT-PCR test for SARS-CoV-2. ECDC 

guidance for discharge and ending isolation in the context of widespread community 

transmission of COVID-19 can be found here: 

https://www.ecdc.europa.eu/sites/default/files/documents/covid-19-guidance-discharge-

and-ending-isolation-first%20update.pdf  

 

https://eur-lex.europa.eu/eli/reg/2016/679/oj
https://www.ecdc.europa.eu/sites/default/files/documents/covid-19-guidance-discharge-and-ending-isolation-first%20update.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/covid-19-guidance-discharge-and-ending-isolation-first%20update.pdf
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7. Measures for preventing and limiting transmission of 

COVID-19 on board cruise ships  

7.1. Health monitoring and laboratory testing  

Routine on board health monitoring for all crew can help with early detection of 

symptomatic COVID-19 cases. Daily contactless temperature measurement and immediately 

reporting to supervisors of any mild or severe symptoms compatible with COVID-19 is of 

high importance. Any crew with a temperature at or above 38°C should immediately self-

isolate, be provided with appropriate PPE and inform their designated supervisor/manager 

and medical crew. Salaries should continue to be paid in these cases. In the event of a 

possible COVID-19 case on board, the frequency of contactless temperature measurement 

of crew may be increased (e.g. to twice per day). However, body temperature measurement 

should be considered as an additional layer of measures applied, which has its own 

limitations: not all COVID-19 cases will have fever; incubating patients will not present with 

fever and fever can be masked with antipyretics. 

Before resuming operations, cruise lines should perform laboratory molecular testing for 

SARS-CoV-2 to all crew members that are already on board the cruise ships, as well as to the 

incoming crew members (new employments or crew returning to the ship from home leave). 

If positive results are found, then the contingency plan/outbreak management plan for 

management of cases available on board should be activated and implemented, as described 

in the EU HEALTHY GATEWAYS advice Ad i e fo  ship ope ato s fo  p epa ed ess a d 
response to the outbreak of COVID- 9  available here: 

https://www.healthygateways.eu/Novel-coronavirus.  

In addition to this, periodic testing for SARS-CoV-2 can be conducted for all crew members at 

regular intervals (e.g. every two weeks) using the pool sample methods described in 

paragraph 6. This practice should be considered as an additional layer of measures applied, 

and should not create a false sense of security. Other control measures should be 

implemented in addition to laboratory testing (e.g. hand hygiene, physical distancing, PPE, 

cleaning and disinfection etc.). 

Daily contactless temperature measures for all passengers may also be conducted to 

support early detection of symptomatic COVID-19 cases. Any passenger with a temperature 

at or above 38°C should immediately self-isolate, report symptoms to medical staff for 

further evaluation and be provided with appropriate PPE. In the event of a possible COVID-

19 case on board, the frequency of contactless temperature measurement may be increased 

(e.g. to twice per day). 

7.2. Protecting vulnerable groups  

Efforts should be made to protect passengers and crew that belong to vulnerable groups 

(see paragraph 4.2). For example, crew belonging to vulnerable groups could be assigned 

responsibilities that have no direct interaction with passengers if this is feasible. If it is not 

feasible, advanced respiratory protection could be used for daily work activities.  

https://www.healthygateways.eu/Novel-coronavirus
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Consideration should be given to passengers requiring assistance, and those with reduced 

mobility.  

7.3. Limiting interaction  

In order to limit interaction among passengers, among crew, and between crew and 

passengers, it may be possible to divide passengers and crew into cohorts with appropriate 

numbers of people. Each group could be given scheduled times for food service, embarking 

and disembarking and participating in some on board activities. If it is not possible to 

maintain separate cohorts/groups on board, cohorts/groups should be maintained for shore 

based activities. Interaction between each cohort should be avoided as much as possible. 

This will help in the management of any potential COVID-19 case and their contacts, and 

should help to limit the number of exposed persons, as well as tracing possible close 

contacts.  

This is particularly important for crew members where physical distancing and interaction 

cannot be avoided in the work place.  

In case cohorts cannot be guaranteed because of operational constraints, operators should 

implement ad hoc risk mitigation measures. 

All crew designated to work with identified possible/confirmed COVID-19 cases should 

ideally have cabins in similar locations and dine together as a group, which minimises their 

traversal of the ship through common areas. 

7.4. Physical distancing  

Physical distancing of at least 1.5 metres (or otherwise as per national/local health authority 

requirements of the home port or the port of call) should be maintained at waiting areas and 

during boarding at transport stations, by adopting special markings and controlled entry 

measures. When physical distancing cannot be maintained, the use of face masks should be 

required. 

Cruise ship crew could oversee the process and compliance with physical distancing 

measures. Operating procedures could be implemented to control the flow of passengers. 

Moreover, to decrease crowding and support physical distancing, outdoor spaces could be 

utilized for group events and procedures like muster drills could be staggered. 

Special floor markings could be considered at all possible traveller congestion points, such as 

ticket offices, passenger services, bars, restaurants, shops, entertainment areas and shared 

toilets to ensure physical distance is maintained. 

If appropriate physical distancing cannot be guaranteed, the use of protective transparent 

(e.g. glass or plastic) panels should be considered at places such as reception areas, at bars 

and restaurants.  
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Each port terminal should conduct an initial assessment and identify the areas where 

passengers and crew queue in order to implement measures ensuring physical distancing, 

including signage, audio announcements, floor markings, directional arrows for traveller 

flows and management by crew. This should include outdoor sunshades where travellers 

gather during the summer months to await boarding. During embarkation/disembarkation, 

several gangways should be used if possible to avoid crowding of passengers. 

Where there are permanent non-moving seats either indoors or outdoors, there should be 

special markings on where a passenger is and is not allowed to sit, in order to maintain 

physical distance.  

7.5. Personal hygiene measures  

Good hand hygiene should be maintained, with frequent and thorough hand washing 

conducted by passengers and crew using soap and water. If hands are not visibly soiled, then 

alcohol-based hand rub solutions may be used (these should contain at least 60% ethanol or 

70% isopropanol). The use of gloves should not replace good hand hygiene; gloves can 

provide a false sense of security.  

Stations with alcohol-based hand rub solutions (containing at least 60% ethanol or 70% 

isopropanol) should be available at all entrances/gangways to the ship and in other areas 

such as crew/work areas, check-in areas, entertainment venues, casinos, bars and 

restaurants.  

Cruise ship operators should provide information to passengers and cruise ship crew on 

hand hygiene related issues, and where necessary the appropriate facilities and equipment 

(59):  

- Hand washing techniques (use of soap and water, rubbing hands for at least 20 seconds 

etc.) 

- When hand washing is essential (frequent and meticulous hand washing must be 

performed and can be done for example before boarding and after disembarkation, 

after assisting an ill traveller or after contact with environmental surfaces they may have 

contaminated, prior to eating/drinking, after using restrooms etc.) 

- When hand rubbing with an alcohol-based solution can be used, instead of hand 

washing and how this can be performed  

- Respiratory etiquette during coughing and sneezing with disposable tissues or clothing 

- Avoid touching with hands the eyes, nose or mouth 

- Appropriate waste disposal 

- Use of face masks (medical masks and non- edi al o u it  asks   

- Avoiding close contact with people suffering from acute respiratory infections 

 

7.6. Respiratory etiquette 

Respiratory etiquette should be advised: the nose and mouth should be covered with 

disposable paper tissues when sneezing or coughing and then the tissue should be disposed 
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of immediately in a no touch bin, followed by meticulous hand hygiene using water and soap 

or an alcohol-based hand rub solution. It is important to have relevant supplies available in 

different areas around the cruise ship (e.g. tissues or paper towels and disposable gloves, no 

touch bins etc.). If disposable paper tissues are not available, coughing or sneezing into the 

elbow is recommended. 

Information about respiratory etiquette should be provided to passengers via recorded 

communications, leaflets, infographics, electronic posters etc. 

7.7. Preventing droplet transmission by the use of face masks  

Face masks (medical masks, or if not available non- edi al community  masks) should be 

used at the terminal stations and on board cruise ships while indoors by cruise ship crew and 

passengers, as described in Annex 1. If the passenger does not arrive with their own face 

mask, face masks could be made available for passengers at the terminal. Additional PPE 

could be provided upon request on board the ship.   

Information about the correct use of face masks should be provided to passengers via audio 

messages, leaflets, TV, infographics, websites or electronic posters etc. and at the terminal 

stations. Further advice for the use of face masks in the community is available in Annex 1 

and from the following: 

 ECDC: https://www.ecdc.europa.eu/en/publications-data/using-face-masks-

community-reducing-covid-19-transmission  

 WHO: https://www.who.int/publications/i/item/advice-on-the-use-of-masks-in-the-

community-during-home-care-and-in-healthcare-settings-in-the-context-of-the-

novel-coronavirus-(2019-ncov)-outbreak 

 EU HEALTHY GATEWAYS joint action: https://www.healthygateways.eu/Novel-

coronavirus 

 

7.8. Adequate ventilation  

The following recommendations are based o  the ECDC guida e: Heati g, e tilatio  a d 
air-conditioning systems in the context of COVID- 9  (available here: 

https://www.ecdc.europa.eu/en/publications-data/heating-ventilation-air-conditioning-

systems-covid-19) and o  the REHVA guida e: Ho  to operate and use building services in 

order to prevent the spread of the coronavirus disease (COVID-19) virus (SARS-CoV-2) in 

o kpla es . 

The ventilation of all occupied spaces of the ship should operate continuously; the 

ventilation rate should be such as to provide as much outside air as possible. The use of 

timers or CO2 detectors that control the ventilation rate (demand-control ventilation) should 

be avoided. The minimum required air changes per hour for each space on the ship should 

be respected, and if possible, the air changes per hour should be further increased in order 

to reduce the risk of transmission. When possible, direct air flow should be diverted from 

https://www.ecdc.europa.eu/en/publications-data/using-face-masks-community-reducing-covid-19-transmission
https://www.ecdc.europa.eu/en/publications-data/using-face-masks-community-reducing-covid-19-transmission
https://www.healthygateways.eu/Novel-coronavirus
https://www.healthygateways.eu/Novel-coronavirus
https://www.ecdc.europa.eu/en/publications-data/heating-ventilation-air-conditioning-systems-covid-19
https://www.ecdc.europa.eu/en/publications-data/heating-ventilation-air-conditioning-systems-covid-19
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groups of passengers. Exhaust fans of bathrooms should be functional and operate 

continuously. 

All of the air handling units (AHUs) should be switched from recirculation to 100% outside air 

by closing the recirculation dampers (via the Building Management System or manually) 

whenever possible. In case it is not possible to completely stop the recirculation of the air, 

the ship should explore improving air filtration as much as possible and using HEPA filters or 

Ultraviolet Germicidal Irradiation (UVGI).  

In case any of the AHUs have heat recovery equipment (such as enthalpy wheels or plate 

heat exchangers), they should be inspected in order to ensure that leakages between the 

supply and the exhaust air is avoided.   

All maintenance works related to the HVAC system, including changing the central outdoor 

air and extract air filters should be conducted according to the usual maintenance schedule. 

Duct cleaning should be avoided during the COVID-19 pandemic. Regular filter replacement 

and maintenance work shall be performed with common protective measures including 

adequate PPE. The medical facilities as well as the designated isolation spaces, should be 

connected to separate AHU s. If aerosol-generating procedures are performed in the medical 

facilities of the ship, then the area should be under negative pressure and achieve at least 10 

air changes per hour. The return air from the medical facilities and the isolation spaces 

should be either be HEPA-filtered or exhausted to the outside. 

7.9. Cleaning and disinfection  

Enhanced cleaning and disinfection should be implemented in accordance with the EU 

HEALTHY GATEWAYS guida e o  Suggested p o edu es fo  lea i g a d disi fe tio  of 
ships during the COVID-19 pandemic (Version 2 – / 4/  a d ith an increased 

frequency in shared public areas/facilities (dining rooms, entertainment venues etc.) and for 

surfaces that are frequently touched by crew and passengers (e.g. handrails, elevator 

buttons). Other items that are frequently touched in common areas such as 

magazines/brochures, should be removed and information provided in alternative ways, 

including through announcements, additional signage or directly to mobile devices. Special 

protocols for cleaning and disinfection should be implemented after a possible or confirmed 

COVID-19 case has been identified on board. There should be adequate PPE for the cleaning 

crew available on board (e.g. gloves, face masks, gowns). 

EU HEALTHY GATEWAYS guidance produced on suggested procedures for cleaning and 

disinfection of ships during the pandemic of COVID-19 (VERSION 2 - 20/04/2020) can be 

found here: 

https://www.healthygateways.eu/Portals/0/plcdocs/EU_HEALTHY_GATEWAYS_COVID-

19_Cleaning_Disinfection_ships_21_4_2020_F.pdf?ver=2020-04-21-154731-953      

This document includes advice about specifications for the training of cleaning crew and use 

of PPE, information about the cleaning equipment and materials to be used, and a summary 

https://www.healthygateways.eu/Portals/0/plcdocs/EU_HEALTHY_GATEWAYS_COVID-19_Cleaning_Disinfection_ships_21_4_2020_F.pdf?ver=2020-04-21-154731-953
https://www.healthygateways.eu/Portals/0/plcdocs/EU_HEALTHY_GATEWAYS_COVID-19_Cleaning_Disinfection_ships_21_4_2020_F.pdf?ver=2020-04-21-154731-953
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of antimicrobial agents effective against coronaviruses. It further outlines suggested 

procedures for cleaning and disinfection for different areas of the ships. 

7.10. Special considerations for cabins  

Between check out and check in, all cabins should be thoroughly cleaned and adequately 

ventilated (for at least one hour after cleaning and disinfection, and before the next 

passengers enter). It is advised that any item that cannot be cleaned and disinfected 

between cabin occupancies should be removed from the cabin (e.g. shared multiple use 

items such as menus, magazines and other objects that cannot be disinfected, coffee or tea 

packaging, mini bar products etc.). 

Moreover, it is recommended to remove coffee machines, kettles, and all mini bar products 

from the cabin, unless these products are offered from a dispenser or can be disinfected 

between occupancies. It is preferable that the above devices or mini bar products be made 

available upon a passe ge s request, so that their disinfection is ensured. The mini bar can 

be used as a refrigerator by passengers and should be disinfected after each check out.   

A disposable cover should be placed on the TV and the air-conditioning remote controls to 

facilitate proper disinfection, unless these items can be easily and adequately cleaned and 

disinfected.  

All types of surfaces and materials which may be touched, including textile surfaces (e.g. 

sofas, cushions, rugs, furniture, wallpaper) should be cleaned between occupancies.  

During occupancy of a cabin by the same passenger/passengers, clothing and towels should 

e ha ged upo  a passe ge s e uest o  outi el , ut it is e o e ded that outi e 
changes are made less frequent than normal (e.g. avoid changing of towels twice daily).  

For natural ventilation of spaces, doors and windows (if applicable) should be opened daily. 

It is recommended that individual alcohol-based hand rub solutions are placed in each cabin, 

which passengers can carry with them when moving outside of the cabin.  

Specific advice for cleaning and disinfection of affected cabins is given in the EU HEALTHY 

GATEWAYS guidance on suggested procedures for cleaning and disinfection of ships during 

the pandemic of COVID-19 (VERSION 2 - 20/04/2020), available here: 

https://www.healthygateways.eu/Portals/0/plcdocs/EU_HEALTHY_GATEWAYS_COVID-

19_Cleaning_Disinfection_ships_21_4_2020_F.pdf?ver=2020-04-21-154731-953.       

7.11. Food safety rules  

Food hygiene rules must be strictly followed as described in the European Manual for 

Hygiene Standards and Communicable Disease Surveillance on passenger ships  a aila le 
here: http://www.shipsan.eu/Home/EuropeanManual.aspx. The additional special 

provisions for preventing COVID-19 in food service areas and food operations should be 

https://www.healthygateways.eu/Portals/0/plcdocs/EU_HEALTHY_GATEWAYS_COVID-19_Cleaning_Disinfection_ships_21_4_2020_F.pdf?ver=2020-04-21-154731-953
https://www.healthygateways.eu/Portals/0/plcdocs/EU_HEALTHY_GATEWAYS_COVID-19_Cleaning_Disinfection_ships_21_4_2020_F.pdf?ver=2020-04-21-154731-953
http://www.shipsan.eu/Home/EuropeanManual.aspx
http://www.shipsan.eu/Home/EuropeanManual.aspx
http://www.shipsan.eu/Home/EuropeanManual.aspx
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described in a written plan, and crew should be trained on the procedures based on their 

specific duties.   

During food loading and storage, precautions such as physical distancing, use of PPE and 

hand hygiene should be applied. Crew should be reminded to avoid contact with potentially 

contaminated items/surfaces (e.g. packaging, invoices, products, equipment) and then touch 

their face, nose, mouth etc. Where necessary, external packaging may be disinfected or 

removed to avoid any potential contamination of environmental surfaces on board the ship 

food areas. 

It is recommended that self-service food operations are avoided, and if this is not feasible, 

these facilities can operate only if additional specific hygiene management precautions are 

implemented as described in the following paragraphs. It is preferable that food is delivered 

by crew to passengers in closed packages or wrapped when it is delivered.  

Disposable salt, pepper and other relevant containers should be used unless these 

containers can be disinfected between uses. Cutlery, plates, trays, napkins, soft drinks, 

straws etc. should be handed by crew to the passengers; the passengers should not collect 

these items themselves.  

Physical distance should be maintained by travellers at all food service areas, including à la 

carte restaurants, specialty restaurants, service areas/breakfast areas, indoor and outdoor 

bars etc. It is recommended to limit food service provided in public areas of the ship. It is 

also recommended that only persons staying in the same cabin and/or persons from the 

same household or same travelling unit dine at the same table. A distance of 1.5 metres (or 

otherwise as per national/local health authority requirements of the home port or the port 

of call) between chairs of different tables should be maintained.   

It is also recommended that crew and passengers are divided into cohorts (designated 

groups) and are served food at different times to limit interactions. In addition, limiting 

seating capacities in dining areas or using reservations to control passenger crowds could be 

implemented. The duration that restaurants are open could be extended to allow the 

rotating attendance of passengers in cohorts. The frequency of food service could also be 

increased to limit crowding and ensure physical distancing is maintained.  

Special care should be taken to keep physical distances of 1.5 metres (or otherwise as per 

national/local health authority requirements of the home port or the port of call) among 

crew working in the galley or other food areas.  

Any person entering/working in the galley should wash their hands and wear a face mask 

(see Annex 1). Only food handlers should be allowed to enter the galley. In case visitors (e.g. 

maintenance staff) must enter the galley, they should perform hand hygiene and be 

provided with the appropriate PPE (medical mask, hair covering, apron etc.), which will be 

available at the entrance of the galley. 
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Passengers should disinfect their hands (with an alcohol-based hand rub solution) upon 

entering and exiting the food service areas. Crew members could be present to monitor 

passenger compliance, especially during peak service times.  

Towels, tablecloths and utensils should be washed even if they have not been used. 

Restaurant linen should always be changed between passengers.  

If it is not possible to avoid buffet service (especially in the crew food service area), then the 

following precautions should be used:  

 If hand washing stations are not available, at the entrance of the buffet area 

passengers and crew should be provided with an alcohol-based hand rub solution, 

and crew should ensure that passengers or crew disinfect their hands. 

 The required physical distance should be maintained at all times in the service area. 

 Suitable protection (e.g. sneeze guards/transparent dividers) should be installed 

between passengers/crew who will be served and the food, in order for the food to 

be completely protected from all sides (except the side where the crew member can 

serve food).   

 Only the designated crew should be allowed to serve food. Crew serving food should 

wear appropriate PPE (face masks, disposable gloves) and should follow strict 

hygiene rules. Under no circumstances should crew or passengers who will be 

served food use any commonly shared utensils or other items. These should be 

removed from the service so that only a designated crew can distribute them.  

 Self-service of dispensed items, plates, cutlery, utensils by passengers or crew 

should not be allowed. Food handlers should serve any dispensed items (for 

example water, coffee, juice etc.). Food handlers should wear appropriate PPE (face 

masks, disposable gloves) and follow strict hygiene rules. 

Individual dining options, including room service, are recommended to provide food to 

passe ge s  cabins, in order to avoid overcrowding in restaurants and other food service 

areas. Room service crew should maintain appropriate physical distancing and use PPE. All 

normal food hygiene standards and precautions should be followed during the transport of 

food on board. Particular care should be taken with the safe collection and warewashing of 

room service items and utensils that have been used by passengers. 

Crew providing individual dining options, including room service, should endeavour to 

maintain physical distance and use PPE. It is preferable that crew not enter the cabin, but 

rather deliver food to the door. Likewise, used plates and utensils should be collected by 

crew from outside the door. 

7.12. Reducing face-to-face interactions  

On-line bookings, orders and purchases should be encouraged, as well as the use of 

contactless cards for payments. Forms that need to be completed may be made available 

on-line for electronic completion. 
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Where face-to-face interaction without physical distancing between crew and passengers 

cannot be avoided, then protective screens or barriers may be used instead, where feasible. 

7.13. Special considerations at reception  

Reception staff should be able to provide passengers with details about the on board 

communicable disease controls and policies, as well as measures that have been taken to 

address possible cases of COVID-19 on board. Furthermore, reception staff should inform 

passengers how to get medical advice on board, and may also be able to provide PPE when 

requested. 

It is recommended that written information, videos or electronic posters are made available 

to provide basic health instructions translated into English, and other languages based on 

the most common language(s) spoken by passengers and crew members on board. In 

addition where feasible, health advice may be provided through a mobile phone application.  

Special equipment should be available (e.g. disposable gloves, face masks, and alcohol-based 

hand rub solutions) in the event that a possible case is identified, or if a passenger seeks help 

at reception. 

Reception staff should be able to recognize the signs and symptoms of COVID-19 and report 

any issues directly to medical staff.  

The use of a sneeze guard/transparent screen at the reception and other service and 

information points is recommended.  

Alcohol-based hand rub solutions should be available for use by passengers at the reception 

desk. Crew should also monitor and encourage compliance with good hand hygiene in this 

area.  

Regular cleaning and disinfection of reception desks/counters is recommended. Key cards 

should be disinfected (see paragraph 7.9).  

In order to maintain appropriate physical distancing, the cruise ship should configure the 

reception desk, add deck markings at distances of at least 1.5 metres (or otherwise as per 

national/local health authority requirements of the home port or the port of call) where 

passengers will stand/proper distance marking in the waiting area, properly arrange 

furniture and manage the queue to reduce waiting times and avoid crowding. Overcrowding 

during check-in and check-out should be avoided and physical distances should be 

maintained. 

It is recommended to use electronic alternatives for check-in and check-out (e.g. mobile 

concierge or use of electronic devices that can be disinfected after each use). The possibility 

of using an outdoor based check-in may also be considered. It is recommended that 

passenger expenses are paid electronically where possible (cash should be accepted only in 

exceptional cases) and that bills, invoices and receipts are sent electronically, as well.  
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7.14. Nursery and play areas for children   

It is p efe a le to ope ate the outdoo  hild e s pla  a eas o l  or maximise their use. If 

this is not possible, the number of children using the indoor areas should be reduced to 

levels which help staff maintain physical distancing. The areas should be cleaned and 

disinfected according to the protocol on board and as required in the European Manual for 

Hygiene Standards and Communicable Disease Surveillance on Passenger Ships (available 

here: http://www.shipsan.eu/Home/EuropeanManual.aspx). 
The u e  of hild e  i  the outdoo  hild e s pla  a eas/pla g ou ds may also be limited 

at one time. Consideration may be given to cohorting groups of children for the duration of 

the voyage. The child centre staff should monitor children for any signs or symptoms 

compatible with COVID-19, and the child exclusion policy should include possible COVID-19 

cases. Child activities should be limited to those where physical distancing measures can be 

adhered to. 

 

7.15. Entertainment venues 

Overcrowding should be prevented in these areas (e.g. theatres) to maintain appropriate 

physical distancing, and the frequency of entertainment events may be increased to reduce 

numbers. The maximum allowable capacity of venues should be defined so that physical 

distancing of at least 1.5 metres (or otherwise as per national/local health authority 

requirements of the home port or the port of call) is maintained. 

Alcohol-based hand rub solutions should be made available to passengers at the entrance of 

entertainment venues, with crew members monitoring compliance of hand hygiene. 

Additional alcohol-based hand rub solution equipment (e.g. dispensers) may also be 

provided in entertainment venues. It is recommended that facilities are cleaned and 

disinfected after each use. 

7.16. Casinos 

Physical distancing of least 1.5 metres (or otherwise as per national/local health authority 

requirements of the home port or the port of call) should be applied in all casino areas. Face 

masks should be worn as described in Annex 1.   

Casino layouts should be reviewed so that physical distancing of least 1.5 metres (or 

otherwise as per national/local health authority requirements of the home port or the port 

of call) is respected and the maximum capacity of passengers allowed to enter the casino 

area should be determined to avoid overcrowding. At gaming tables, the number of players 

per table should also be estimated and defined to help ensure physical distancing measures 

are maintained.  

Staff should supervise all casino areas to ensure that the capacity limits and all other 

measures are respected.  

http://www.shipsan.eu/Home/EuropeanManual.aspx
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Floor markings should be placed in the entrance to the casino area to ensure physical 

distancing measures are respected in case lines or queues form, and if necessary seats may 

be removed or taken out of use from slot and electronic gaming machines, and from gaming 

tables where they are closer together than 1.5 metres.   

Appropriate signage should be displayed at the entrance of the casino area informing 

passengers of the maximum capacity limits in the casino, advising them to apply regularly 

alcohol-based hand rub solutions, not to touch their face and to respect physical distancing 

measures.  

Slot and electronic gaming machines and gaming tables should be positioned so as to 

maintain the physical distancing measures between passengers. Physical distancing at slot 

and electronic gaming machines and at gaming tables may be achieved by relocating the 

machines or tables, removing chairs, by disabling some slot and electronic gaming machines 

to create appropriate distances between them and by adding protective screens.  

Staff should ensure that passengers do not congregate around slot and electronic gaming 

machines and around gaming tables.  

It is recommended that food service is suspended in the casino area.  

Alcohol-based hand rub solutions should be placed at the casino entrances and passengers 

should be advised to use them when entering and exiting the area as well as throughout the 

casino area.  

Cleaning and disinfection should follow routine procedures, but with an increased frequency 

in the casino area.  

Slot and electronic gaming machines should be cleaned and disinfected between use. This 

should be done by staff where possible. Additionally, passengers may be provided with 

disinfectant wipes or solutions to wipe frequently touched hand contact surfaces.  

 

7.17. Hairdressers, beauty salons, gyms and shared facilities 

This paragraph applies to the following services and facilities: massage services, beauty 

salons, hairdressers, gyms, saunas, Hammams and spas. Hygiene rules on those facilities 

must be strictly followed as described in the European Manual for Hygiene Standards and 

Communicable Disease Surveillance on passenger ships  a aila le he e 

http://www.shipsan.eu/Home/EuropeanManual.aspx. 

All public spaces (e.g. reception spa, hairdresser, near public toilets) should have hand rub 

alcohol-based solution for the passengers. 

Where possible, the installation of sneeze guards/transparent screens or dividers at the 

spa s a d the hai d esse s  e eptio  is e o e ded. Crew and passengers should wear 

appropriate PPE as described in Annex 1. 

http://www.shipsan.eu/Home/EuropeanManual.aspx
http://www.shipsan.eu/Home/EuropeanManual.aspx
http://www.shipsan.eu/Home/EuropeanManual.aspx
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The operator should prevent overcrowding of the shared facilities.  

Crew should advise passengers to immediately stop using shared facilities if they start to feel 

unwell and report this to staff working in these areas. 

In the gym/fitness centre the following precautions are recommended:  

 a record of any persons using the gym should be maintained,  

 hand washing or disinfection using alcohol-based hand rubs should be required 

when entering and leaving the gym,  

 machines should be positioned so as to ensure physical distancing of at least 2 

metres, 

 all touched surfaces of equipment should be disinfected after each use.  

If classes are scheduled, it is advised to use same groups as far as possible and allow time for 

ventilation of the room (at least 30 minutes between classes).  

7.18. Potable water  

 
In case the potable water system of the cruise ship has not been operated as per the 

European Manual standards, or the cruise ship was in dry dock for more than a month, the 

steps des i ed i  ESGLI Guida e fo  a agi g Legio ella i  uildi g ate  s ste s du i g 
the COVID- 9 pa de i  should e follo ed.  

7.19. Sewage and grey water 

The ship should have standard well-maintained plumbing, such as sealed bathroom drains, 

and backflow valves on sprayers and faucets to prevent aerosolized faecal matter from 

entering the plumbing or ventilation system. 

Deck drains sanitary devices connected to the black water should always operate correctly 

and their water seals should not be left to dry out. In case the sanitary devices connected to 

them are not operated for long periods, water should be added to them in order for the 

water seal to work correctly. Water should be added regularly and dependent on the climate 

e.g. e e  th ee eeks . Τhe la k ate  holdi g ta ks should e t to the outside of the 
ships and ensure vented gases do not enter the ship through any air intakes. The vents of the 

black water holding tank should be located outside of the ship and away from air intake 

points of the ventilation system.  

7.20. Recreational water facilities 

The operation of indoor swimming pools is not recommended. However, the operation of 

indoor swimming pool venues that can be converted as outdoor after lifting/removing 
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walls/roofs facilities with natural ventilation could be allowed.  

The showers for the outdoor recreational water facilities should be separated, in order to 

ensure bather's privacy and to facilitate the efficient showering of the bathers before they 

enter the pool. Bathers should be strongly advised to shower before entering the pools and 

there should be relevant signs informing them to do so. The cruise ship should provide all 

necessary items for showering (e.g. soap, shower gel, etc.). Additionally, the entrances of 

showers should be equipped with hand rub alcohol-based solutions.  

Positioning of seats (sunbeds, chairs, poufs, lounge chairs, etc.) should be such that the 

distance between the edges of the seats of two passengers from different umbrellas or two 

passengers from different rooms is at least 1.5 metres (or otherwise as per national/local 

health authority requirements of the home port or the port of call) in any direction. 

It is recommended that the seats, tables, small safes, call buttons for the waiters and menus, 

are made, or covered with, materials that are suitable for cleaning and disinfection.  

After the change of passengers, the seats, tables, small safes, call buttons for the waiters 

and menus should be disinfected. 

It is recommended that the facility provides towels or other washable coverings that can 

cover the entire surface of the seat and that the seats are disinfected after each use. It is 

recommended that the textile surfaces of the sunbeds are removed. 

It is recommended that bathers are separated by a schedule or if possible, by different 

facilities for swimming and service for different groups.  

The maximum allowable number of bathers at any time in the swimming pools should be 

one bather per 4 m2 of water surface, regardless of the depth of the pool. Small hot tubs 

(with depth less than 1 m and tub volume less than 6 m3) should be used only by bathers of 

the same household or by bathers staying in the same cabin at a time. For larger 

spa/hydrotherapy pools (with depth more than 1 m and tub volume more than 6 m 3), the 

maximum bather load is one person per 20 L per minute of recirculation flow (as per the 

European Manual); in any case, the total number of co-bathers should not exceed one 

bather per 4 m2 of water surface. 

7.21. Decorative fountains 

The standards of the European Manual for Hygiene Standards and Communicable Diseases 

Surveillance on Passenger Ships (http://www.shipsan.eu/Home/EuropeanManual.aspx) for 

decorative fountains should be applied. In case the fountain remained out of operation for 

more than a month, the steps des i ed i  ESGLI Guida e fo  a agi g Legio ella i  
building water systems during the COVID- 9 pa de i  should e follo ed. 

7.22. Commercial stores inside the accommodation facility 

Physical distancing, electronic payments, cleaning and disinfection should be followed in 

http://www.shipsan.eu/Home/EuropeanManual.aspx
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commercial stores on board cruise ships. Clothes and other items should not be tried on 

(unless they can be laundered or disinfected afterwards) and shoppers should be 

encouraged not to handle items on display.   

7.23. Other public spaces (indoor and outdoor) 

Passengers should be advised to avoid the use of the elevators. It is recommended that the 

maximum capacity of elevators should be revised and reduced based on the physical 

distancing guidance. Moreover, it can be recommended that persons use face masks when 

using elevators as described in Annex 1. Hand rub alcohol-based solution should be placed at 

elevator entrances and crew should advise passengers to use upon entering and exiting the 

area. The elevators should be regularly cleaned and attention should be paid to frequently 

touched surfaces (buttons, knobs etc.). 

To help ensure physical distancing, other precautions such as floor markings, placement of 

cones etc. may be implemented. 

Other public spaces should be supplied with hand rub alcohol-based solution stations. 

Furniture should be arranged in such a way to help avoid overcrowding in shared spaces (4 

persons/10 m2). 

The use of business centres may be suspended or the operation changed to provide services 

to lie ts to a oid self-se i e . Alte ati el , a ess to Wi-Fi, printing services or other 

business centre services may be completed remotely using mobile phone apps etc. 

Public toilet use should be managed to try to avoid any overcrowding. Passengers should be 

advised to flush the toilets with the lid closed to help prevent possible transmission through 

aerosolised faeces. 

 

7.24. Interface between ship and shore-based personnel 

To protect both crew and shore-based personnel who temporarily board the ship, 

precautions should be taken to minimize exposure risks to both. Where it is necessary for 

shore-based personnel to come on board, only the minimum number of personnel required 

should be allowed to embark. Furthermore, everyone who comes on board should observe 

hygiene protocols, screening measures and the use of appropriate PPE where necessary (see 

Annex 1).   

 

7.25. Port visits, shore based activities and excursions 

Alcohol-based hand rub solutions should be made available at gangway exits, and all persons 

who disembark and re-embark the cruise ship should be requested to use them. Upon re-

boarding of the cruise ship health screening assessing the presence of COVID-19 symptoms 

or other relevant illnesses and contactless temperature measurements may be conducted. 

Shore excursion/tour staff should be trained in the procedures to be followed if possible 

cases are identified. Symptomatic passengers should immediately wear a medical face mask 

and be transferred to an isolation or medical area for evaluation. All close contacts of 

potential cases should also be identified.  

EU MS, cruise lines and terminal operators at destinations should ensure that appropriate 

measures are implemented to reduce overcrowding and maintain appropriate physical 

distancing when passengers disembark and re-board the ship.  
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Cruise lines should check that external excursion and tour providers offer similar precautions 

as on board, including physical distancing measures, use of PPE, and cleaning and 

disinfection protocols, while also following any local health regulations. Any external 

provider who interacts with passengers (such as tour guides) should follow cruise line 

protocols (e.g. for health screening). If tender boats or other means of transport are used to 

move passengers, physical distancing measures and protocols for frequent cleaning and 

disinfection should be implemented in line with on board procedures. Cleaning and 

disinfection of frequently touched surfaces of transport, including tender boats, should be 

conducted between each use. 

While travelling in groups, it should be ensured that passenger groups maintain physical 

distance from other tour groups.  

Cruise lines may consider making available appropriate PPE (e.g. face masks) to passengers 

on excursions and should refrain from organising visits to crowded areas during the 

pandemic.   

 

8. Managing COVID-19 cases on board cruise ships and at 

terminal stations    

8.1. Management of a possible case  

Following a preliminary medical examination, if the ship's designated officer determines that 

there is a possible case of COVID-19 on board7, the patient should be isolated in an isolation 

ward, cabin, room or quarters and infection control measures continued until they are 

disembarked and transferred to a hospital ashore. Cruise lines should designate single cabins 

to be used specifically for isolation of cases on board. The designated cabins should be 

lo ated ea  the ship s edi al fa ilit  fo  ease of a essi ilit   crew and if possible, have 

windows to promote appropriate air exchange. Contact with patients in isolation should be 

restricted to only those necessary, and crew in contact with the isolated patient (e.g. medical 

personnel) should wear appropriate PPE.  

Further advice, including the definition of a possible case, management of possible cases and 

use of the Passenger/Crew Locator Forms (PLFs) can be found in the EU HEALTHY GATEWAYS 

Interim advice for ship operators for preparedness and response to the outbreak of COVID-

19, available at: https://www.healthygateways.eu/Novel-coronavirus  

Surveillance for influenza like illness (ILI) should integrate COVID-19 surveillance, as 

symptoms compatible with COVID-19 include those for ILI (as currently cruise ships will be 

implementing measures for early detection of COVID-19 possible cases)8.  

                                                           
7
 ECDC, Case definition for coronavirus disease 2019 (COVID-19), as of 29 May 2020 

https://www.ecdc.europa.eu/en/covid-19/surveillance/case-definition  
8
 https://www.ecdc.europa.eu/en/publications-data/strategies-surveillance-covid-19 

https://www.healthygateways.eu/Novel-coronavirus
https://www.ecdc.europa.eu/en/covid-19/surveillance/case-definition
https://www.ecdc.europa.eu/en/publications-data/strategies-surveillance-covid-19
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Depending on the assessment of the COVID-19 event on board, it may be necessary to 

shorten or terminate the cruise as described in the EU HEALTHY GATEWAYS Ad i e fo  ship 
operators for preparedness and response to the outbreak of COVID- 9  do u e t, hi h 
can be downloaded here: 

https://www.healthygateways.eu/Portals/0/plcdocs/EU_HEALTHY_GATEWAYS_COVID-

19_MARITIME_20_2_2020_FINAL.pdf?ver=2020-02-21-123842-480  

When a possible case of COVID-19 is detected, laboratory testing should be performed 

according to the instructions provided by ECDC (https://www.ecdc.europa.eu/en/novel-

coronavirus/laboratory-support).  

Negative results do not rule out the possibility of a COVID-19 virus infection. A number of 

factors could lead to a negative result in an infected individual, including: 

• Poo  ualit  of the spe i e , o tai i g little patie t ate ial as a o t ol, o side  
determining whether there is adequate human DNA in the sample by including a human 

target in the PCR testing);  

• When the specimen was collected late or very early in the infection;  

• If the specimen was not handled or shipped appropriately;  

• Te h i al easo s i he e t i  the test, e.g. irus mutation or PCR inhibition. 

If a negative result is obtained from a patient with a high index of suspicion for COVID-19 

virus infection, particularly when only upper respiratory tract specimens were collected, 

additional specimens, including from the lower respiratory tract if possible (hospitalized in 

ashore facilities), should be collected and tested.  

Each Nucleic-acid Amplification Test (NAAT) run should include both external and internal 

controls, and laboratories are encouraged to participate in external quality assessment 

schemes when they become available. It is also recommended to laboratories that order 

their own primers and probes to perform entry testing/validation on functionality and 

potential contaminants. 

When it has been confirmed that the specimen collection and the testing for COVID-19 has 

been performed correctly, and as soon as the repeated results are negative for COVID-19 

according to the criteria by ECDC, then the case should be tested for influenza virus by 

means of viral detection through PCR techniques, not relying on rapid diagnostic tests. In the 

patie t is positi e fo  i flue za, the  the Guideli es fo  the p e e tio  a d o t ol of 
influenza-like ill ess o  passe ge  ship  of the Eu opea  Ma ual should e follo ed fo  the 
case management. 

8.2. Management of contacts  

Cruise lines should designate single cabins to be used specifically for quarantine of close 

contacts on board. Children should be quarantined in the cabin with one of their parents and 

similar consideration given to supporting those with special needs. The designated cabins 

should e lo ated ea  the ship s edi al fa ilit  fo  ease of a essi ilit   e , a d if 
possible have windows to promote appropriate air exchange.  

https://www.healthygateways.eu/Portals/0/plcdocs/EU_HEALTHY_GATEWAYS_COVID-19_MARITIME_20_2_2020_FINAL.pdf?ver=2020-02-21-123842-480
https://www.healthygateways.eu/Portals/0/plcdocs/EU_HEALTHY_GATEWAYS_COVID-19_MARITIME_20_2_2020_FINAL.pdf?ver=2020-02-21-123842-480
https://www.ecdc.europa.eu/en/novel-coronavirus/laboratory-support
https://www.ecdc.europa.eu/en/novel-coronavirus/laboratory-support
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Management of contacts should be in accordance with the national policies of the port of 

disembarkation and as detailed in the contingency plan/outbreak management plans of the 

cruise ship and the port. Advice for management of contacts and use of the Passenger/Crew 

Locator Forms (PLFs) in Annex 3 can be found in the EU HEALTHY GATEWAYS Interim advice 

for ship operators for preparedness and response to the outbreak of COVID-19, available at: 

https://www.healthygateways.eu/Novel-coronavirus     

8.3. Embarkation/disembarkation 

As soon as a possible case is detected on board and for the duration of the journey until 

arrival at the final destination, a risk assessment of the event should be conducted (in 

cooperation of the port health authority and the ship officers) in order to decide if new 

passengers should not be allowed to board at intermediate destinations. 

The competent authorities at the next port or destination will provide advice on the 

management of the possible case and their contacts.  

8.4. Reporting  

In accordance with the International Health Regulations (2005), the officer in charge of the 

ship must immediately inform the competent authority at the next port of call about any 

possible case of COVID-1921.  

For ships on international voyage, the MDH must be completed and sent to the competent 

authority in accordance with the local requirements at the port of call.   

Ship operators must facilitate application of the health measures and provide all relevant 

public health information requested by the competent authority at the port. The officer in 

charge of the ship should immediately contact the competent authority at the next port of 

call regarding the possible case, to determine if the necessary capacity for transportation, 

isolation, laboratory diagnosis and care of the possible case/cluster of cases of COVID-19 is 

available at the port. The ship may be asked to proceed to another port in close proximity if 

this capacity is not available, or if warranted by the medical status of the possible 

case/cluster of cases of COVID-19. It is important that all arrangements are conducted as 

quickly as is feasible to minimise the stay of symptomatic possible case/cases on board the 

ship. 

9. Responding to COVID-19 events retrospectively  

Contact tracing is one of the most important public health activities in the response to the 

COVID-19 pandemic, and is extremely important in this adjustment phase.9,10 It is 

                                                           
9 ECDC, Contact tracing: Public health management of persons, including healthcare workers, having had contact with COVID-19 cases in 
the European Union - second update at: https://www.ecdc.europa.eu/en/covid-19-contact-tracing-public-health-management  
10 ECDC, Mobile applications in support of contact tracing for COVID-19 - A guidance for EU EEA Member States at: 
https://www.ecdc.europa.eu/en/publications-data/covid-19-mobile-applications-support-contact-tracing 

https://www.healthygateways.eu/Novel-coronavirus
https://www.ecdc.europa.eu/en/covid-19-contact-tracing-public-health-management
https://www.ecdc.europa.eu/en/publications-data/covid-19-mobile-applications-support-contact-tracing
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recommended to use Passenger/Crew Locator Forms to ensure that contact information of 

passengers and crew is available, in order to facilitate contact tracing if a case of COVID-19 is 

detected. Contact tracing will be conducted as instructed by the competent public health 

authority.    

Passenger/Crew Locator Forms could be disseminated before boarding or during boarding 

and collected by cruise ship crew prior to disembarkation. Electronic completion of 

Passenger/Crew Locator Forms before boarding could be used in the future. If the company 

collects and keeps all information exactly as it is described in Annex 3 Passe ge /C e  
Lo ato  Fo s PLFs , then it will not be necessary to complete the PLF, provided that this 

information can be extracted and sent to the competent health authority in accordance with 

local rules. 

Annex 3 provides details of the Passenger/Crew Locator Forms for cruise ships, which are 

also available from the EU HEALTHY GATEWAYS joint action website here: 

https://www.healthygateways.eu/Translated-Passenger-Locator-Forms.  

It is suggested that the Passenger/Crew Locator Forms for ships also be completed by all 

crew members who disembark and are on rotation.  

Other means of contact tracing to identify and inform passengers of possible exposure may 

e e plo ed  uise li es, su h as i estigatio s  espo se tea s, a al sis of ship s 
CCTV, use of mobile contact tracing applications and analysis of passenger key card usage.  

10. Considerations for cruise terminals  

10.1. Physical distancing  

Physical distancing of at least 1.5 metres (or otherwise as per national/local health authority 

requirements of the home port or the port of call) should be maintained in combination with 

the use of face masks in all internal and external areas of the terminal.  

Competent authorities in EUMS and/or terminal operators may consider only allowing 

passengers, crew and other shore-based/terminal personnel, workers and contractors to 

enter indoor cruise facilities, in order to avoid overcrowding and maintain the physical 

distancing measures.  

The use of floor markers to ensure spacing, arrows to indicate directional flow, signage and 

audio announcements for travellers and optimizing layouts so as to restrict number of 

indoor cruise terminal users should be considered.  

Dedicated lanes or separation of different user flows and dividing of terminals into 

designated zones (e.g. arrival, screening, post-screening) through which travellers must pass 

through for arrival, any screening/testing and document processing (before being cleared for 

boarding and embarkation) may be considered.  

Check-in, disembarkation, luggage handling, passenger queuing (inside and outside the 

terminal), and provision handling should be adjusted to reduce overcrowding and maintain 

https://www.healthygateways.eu/Translated-Passenger-Locator-Forms
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physical distancing. Work and break schedules of crew who work in the terminal should be 

reviewed and adjusted to avoid overlap of crew.  

For the protection of cruise terminal staff and ship crew, the use of protective glass or plastic 

panels and provisions of appropriate PPE should be considered at locations where physical 

distancing cannot be maintained. 

Cruise terminal operators should consider removing facilities at the terminal that encourage 

crowding e.g. tables, benches etc. Where there are permanent, non-moving seats either 

indoors or outdoors, there should be a special marking on where a passenger is and is not 

allowed to sit in order to maintain physical distance. When conditions allow, terminal users 

should be encouraged to use outdoor spaces. Health promotion information material should 

be prominently displayed and provided to incoming and outgoing passengers.   

In public toilets, the minimum number of users should be managed to maintain physical 

distancing of 1.5 metres (or otherwise as per national/local health authority requirements of 

the home port or the port of call) between users (or otherwise in accordance with national 

policy).  

Digital methods should be used for as many processes as possible at the terminal, such as 

on-line purchasing, issuing of boarding passes, automatic passport and ID scanners, in order 

to help reduce the time that passengers spend in the terminal and to avoid congestion. 

Terminal operators may consider limiting the number of taxis, coaches, buses present on the 

terminal to control/limit overcrowding in waiting areas.  

Where physical distancing is more challenging to maintain, additional safeguards and 

measures to ensure equivalent levels of protection should be used.  

Designated terminal personnel should oversee the process and compliance with the physical 

distancing measures. 

10.2. Preventing droplet transmission by the use of face masks  

Competent authorities should consider advising passengers and other users of the cruise 

terminal, who are not ill or showing symptoms compatible with COVID-19 to wear a face 

mask, taking into consideration their national epidemiological aspects and the international 

spread of disease. In countries that have chosen to implement face mask or PPE policies, this 

should be communicated at the time of the ticket booking. Adequate PPE should be 

provided and distributed to all terminal staff, along with instructions for their proper use.  

10.3. Respiratory etiquette 

Good respiratory etiquette should be encouraged in terminals: the nose and mouth should 

be covered with disposable paper tissue when sneezing or coughing and then the tissue 

should be disposed of immediately in a no touch bin, and meticulous hand hygiene should 

be performed by using water and soap or an alcohol-based hand rub solution. It is important 
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to have relevant supplies available in different areas around the terminal (e.g. disposable 

tissues or paper towels and disposable gloves, no touch bins etc.). If disposable paper tissues 

are not available, coughing or sneezing into the elbow is recommended. Information about 

good respiratory etiquette should be provided to users of the terminal via announcements, 

TV, screens, leaflets, infographics, electronic posters etc. 

10.4. Hand hygiene 

Good hand hygiene should be encouraged by all terminal users. This may be achieved by 

hand washing using soap and water, or where hands are not visibly soiled, an alternative 

alcohol-based hand rub solution may be used. The use of gloves does not replace hand 

hygiene. Stations with alcohol-based hand-rub solutions (containing at least 60% ethanol or 

70% isopropanol) should be available at all entrances of the terminal and other areas such as 

toilets, counters, terminal zones and at embarkation etc. Designated terminal personnel may 

oversee the process and help encourage compliance with hand hygiene requirements.  

10.5. Cleaning and disinfection 

Cleaning and disinfection should take place in accordance with routine procedures and with 

an increased frequency for surfaces that are frequently touched by terminal staff and users. 

Cleaning of and disinfection of the terminal should be conducted before and after each 

embarkation. Cleaning and disinfection should follow the same protocols to those used on 

board cruise ships as described in paragraph 7.9. Special protocols for cleaning and 

disinfection should be available and implemented after a possible or confirmed case has 

been identified, either at the terminal or on board a ship, if they used the terminal facilities.  

10.6. Ventilation 

Indoor areas at cruise terminals should be adequately ventilated. Natural ventilation is 

preferable where possible. In case of mechanical ventilation, the number of air exchanges 

per hour should be maximised together with the fresh air supply as much as possible. 

However, draughts should be avoided since these could create a risk of spreading any 

aerosolized droplets further. 

10.7. Health monitoring of terminal staff  

Terminal staff should practice frequent hand hygiene and wear appropriate PPE based on 

their specific work duties. It is recommended that terminal staff follow the same screening 

protocols as travellers for entry to the terminal. Laboratory testing for COVID-19 of terminal 

workers could be conducted on a regular basis.     
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10.8. Management of possible cases and their contacts at the cruise terminal  

Once a possible case is detected a contingency plan/outbreak management plan should be 

activated.  

The possible case should be asked to wear a medical face mask as soon as they are 

identified.  

An appropriate isolation space/room should be designated for isolating possible cases of 

COVID-19. The isolation room should be equipped with appropriate supplies (medical face 

mask, tissues and appropriate waste disposal bins etc.). The door should be kept closed at all 

times and entrance should be restricted only to personnel trained for responding to possible 

cases of COVID-19.   

As soon as a possible case is detected, the public health competent authorities should be 

informed immediately in order to conduct any preliminary interviews and to manage the 

possible case and close contacts in accordance with the national protocols. 

 

10.9. Baggage handling  

Baggage handlers should perform frequent hand hygiene. Gloves are not required unless 

used for protection against mechanical hazards. Disinfection of luggage and especially the 

hand contact parts may be considered before loading luggage on board.  
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Annexes 

Annex 1: Overview of suggested personal protective equipment (PPE) on 

cruise ships  

This annex provides an overview of recommended PPE to be used on board cruise ships in the 

context of lifting restrictive measures in response to the COVID-19 pandemic. The following tables 

list recommended PPE for crew members and passengers based on specific settings, situations and 

levels of interaction with others on board.  

 

Cruise ships are workplace settings for crew members employed on board. Specific measures can be 

implemented in these settings in the context of COVID-19 as operations gradually restart, to prevent 

and minimize the risk of virus transmission and protect the health of both crew members and 

passengers. Personal protective measures and environmental measures should be implemented 

together in workplaces, in this case on board cruise ships (60).  

 

Examples of measures that can be applied in all workplace settings include (61, 62):  

 Encouragement of frequent and proper hand hygiene by all crew members and passengers 

 Promotion of proper respiratory etiquette and ensuring medical face masks are available in 
case a crew member or passenger develops symptoms compatible with COVID-19 

 For use of face masks to prevent droplet transmission, providing information on proper face 
mask use (e.g. how to wear, remove and dispose of)  

 Encouragement of physical distancing of at least 1.5 metres (or otherwise as per 
national/local health authority requirements of the home port or the port of call). If physical 
distancing cannot be maintained, additional mitigation measures can be implemented to 
limit contact/interaction between crew members and between crew members and 
passengers (e.g. sneeze guards/transparent dividers or staggering of workspaces to provide 
separation) 

 Ensuring cleaning and disinfection of surfaces and objects according to routine procedures 
and with increased frequency in the areas and on surfaces that are touched frequently by 
crew members and passengers 

 Education, training and risk communication on personal protective measures and 
environmental measures 

 Ensuring appropriate ventilation of closed environments 

 
 
General considerations for use of face masks (including non- edical co u ity  asks  

 It is important that face masks fit against the face snugly but comfortably, entirely covering 
a  i di idual s fa e f o  thei  ose to thei  hi . 

 Non-medical cloth coverings should include several layers of fabric while allowing the 
wearer to breathe comfortably without restriction. 

 Proper wearing (donning) and removing (doffing) procedures/best practices for face masks 
should be followed. Face masks (including cloth coverings) should be secured with ties or ear 
loops. Face masks should be removed from behind and the wearer should be careful to 
avoid touching the mask (front side) or their mouth/nose/eyes.  

 Perform frequent hand hygiene with an alcohol-based rub or soap and water, including 
before wearing and after removing a face mask. Hand hygiene must be performed 
immediately after removing the mask and disposing of it. 
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 A face mask should be changed whenever it gets moist. 

 Ensure safe disposal of disposable face masks (e.g. in a closed bin or in a closed bag) and 
perform hand hygiene immediately after disposal.  

 Reusable face masks should be laundered after each use, as soon as possible, using common 
detergent at 60°C. It is important that laundering face masks does not change the fit or 
damage the face mask. 

 Maintain a distance of at least 1.5 metres (or otherwise as per national/local health 
authority requirements of the home port or the port of call) from others at all times as far as 
practicable. 

 Face masks should not be worn by children under the age of 2 years, individuals with 
breathing difficulties or those who are unconscious or unable to remove a mask on their 
own.  

 

Advice for the use of face masks by passengers and crew  

In situations where no interaction between crew members will occur, there is no need for the use of 

a face mask. Specific situations as outlined in Table 1 include when crew members are working on 

their own or at times when they are alone in their cabin. In these situations, crew members should 

still observe proper and frequent hand hygiene (e.g. washing hands with soap and water or with an 

alcohol-based hand rub solution).  

Table 1: Crew - no interaction 

WHO   WHEN   WHAT  

Crew 
members  

 Working independently (no contact with other 
crew members) 

 Located in their own individual cabin on board  

No PPE recommended  

Perform frequent hand hygiene  

 
 
When there is interaction among crew members (settings or situations where crew members work 

together), there is no need for the use of a face mask as long as physical distancing of at least 1.5 

metres (or otherwise as per national/local health authority requirements of the home port or the 

port of call) between crew members can be maintained at all times. 

In the event that physical distancing measures between crew members cannot be maintained, crew 

are recommended to use a face mask (please see Table 2 below).  

Crew members should also observe proper and frequent hand hygiene (e.g. washing hands with 

soap and water or with an alcohol-based hand rub solution).  

Table 2: Crew - interaction with other crew
11

 

WHO   WHEN   WHAT  

Crew members  

 Working with other crew members 
AND 

 Physical distance of 1.5 meters
12

 maintained  
AND 

 Working in areas in which appropriate 
ventilation can be maintained (See section 7.8) 

No PPE recommended 

Perform frequent hand hygiene 

                                                           
11 This table does not refer to crew working in the galley. Any person entering/working in the galley should wash hands and wear a face 
mask. 
12 or otherwise as per national/local health authority requirements of the home port or the port of call 
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 Working with other crew members 
BUT 

 Physical distance of 1.5 metres cannot be 

maintained 

Medical face 

mask
13

  
If not available, a 
non-medical 

o u it  fa e 
mask

14 

 
©ECDC 

OR 

 
Perform frequent hand hygiene 

 
 

Where passengers may interact with one another but appropriate physical distancing can be 

maintained (at least 1.5 metres), there is no need for the use of PPE. However, as seen in Table 3 

proper and frequent hand hygiene should be performed.  

**For passengers who are travelling together such as a family unit or travelling unit (e.g. 

cohabitants, friends etc.), no PPE are required when they are interacting, and physical distancing 

between them is not required. 

When passengers are interacting with others outside of their family unit or travelling unit and a 

physical distance of 1.5 metres cannot be maintained, it is suggested that passengers use a face 

mask.  

At all times frequent and proper hand hygiene should be observed.  

Table 3: Passengers – interaction with other passengers 

WHO   WHEN   WHAT  

Passengers  

 Interacting with other passengers  
AND 

 Physical distance of 1.5 metres maintained  

No PPE recommended 

Perform frequent hand hygiene 

 Interacting with other passengers 
BUT 

 Physical distance of 1.5 metres cannot be 

maintained** 

Medical face mask  

If not available, a 
non-medical 

o u it  face 
mask 

 
©ECDC 

OR 

 
Perform frequent hand hygiene 

 
 
 

                                                           
13

 Medical face mask (also known as surgical or procedure mask): medical device covering the mouth, nose and chin ensuring a barrier 

that limits the transition of an infective agent between the hospital staff and the patient. They are used by healthcare workers to prevent 
large respiratory droplets and splashes from reaching the mouth and the nose of the wearer and help reduce and/or control at the source 
the spread of large respiratory droplets from the person wearing the face mask. Medical face mask comply with requirements defined in 
European Standard EN 14683:2014.  
14

 Non-medical face masks or co u ity  asks : include various forms of self-made or commercial masks or face covers made of 

cloth, other textiles or other materials such as paper. They are not standardized and are not intended for use in healthcare settings or by 
healthcare professionals (European Centre for Disease Prevention and Control. Using face masks in the community. Stockholm: ECDC; 
2020.) https://www.ecdc.europa.eu/sites/default/files/documents/COVID-19-use-face-masks-community.pdf 

https://www.ecdc.europa.eu/sites/default/files/documents/COVID-19-use-face-masks-community.pdf
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In settings where crew members are in contact with passengers on board, a face mask should be 

used by crew members. As listed in Table 4 below, examples of contact between crew members and 

passengers include food handlers and crew members cleaning cabins on board.  

Table 4: Crew members - interaction with passengers 

WHO   WHEN   WHAT  

Crew members  

 Crew members are in contact/interacting with 
passengers including when:  

 Handling food  

 Cleaning cabins  

 

Medical face mask  

If not available, a 
non-medical 

o u it  fa e 
mask 

 
©ECDC 

OR 

 
Perform frequent hand hygiene 

 
 
There are certain settings outlined in Table 5 where the use of face masks is strongly recommended 
for both crew members and passengers.  

Face masks should be used in any situation where contact or interaction with others will occur and 

maintaining a physical distance of 1.5 metres is challenging or not possible. On board cruise ships, 

such settings include walking through or passing others in narrow corridors, taking an elevator etc. 

Furthermore, a face mask should be used when visiting a medical facility on board for any purpose. 

In the event that a possible COVID-19 case is being cared for in the medical facility on board, 

entering the isolation area requires the use of a medical face mask and other appropriate PPE (e.g. 

gloves, goggles or face shield and long-sleeved impermeable gown) (63). Only crew providing care 

should be admitted to the isolation area.     

 
Face masks should also be used in areas outside the cruise ship where a high density of people may 
congregate and physical distancing is challenging, including during embarkation at the terminal, 
during transfers on buses (46), on board lifeboats and when walking in the corridors in the various 
decks. 
As in all cases passengers and crew members should observe frequent and proper hand hygiene in 
these settings. 

Table 5: Settings where face mask use is strongly recommended 

WHO   WHEN   WHAT  

Crew members 
and  
Passengers  

 Any area where interaction with others occurs 
and maintaining physical distancing measures 
(1.5 metres) cannot be guaranteed 
 
AND  

 

 Specific settings including:  
 During embarkation at the terminal 

 On buses during transport  

 Walking/passing in narrow corridors on board  

 In elevators on board  

 Visiting the medical facility on board  

 On board lifeboats 

 

 Medical face 

mask  

  
©ECDC 

 

Perform frequent hand hygiene 
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Annex 2: Pre-boarding health declaration questionnaire 

 (The questionnaire is to be completed by all adults before embarkation) 

NAME OF VESSEL  CRUISE LINE 
DATE AND TIME OF 

ITINERARY 
PORT OF DISEMBARKATION 

  
 

 
 

Contact telephone number for the next 14 days after 

disembarkation: 

 

First Name  

as shown in the 

Identification 

Card/Passport: 

Surname as shown in the 

Identification 

Card/Passport: 

Father’s a e: 

CABIN NUMBER: 

 

    

First Name of all 

children travelling 

with you who are 

under 18 years old: 

Surname of all children 

travelling with you who are 

under 18 years old: 
Father’s a e: 

CABIN NUMBER: 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 

Questions 

Within the past 14 days YES NO 

1. Have you or has any person listed above, presented sudden onset of symptoms of fever or 
cough or difficulty in breathing? 

 

  

2. Have you, or has any person listed above, had close contact with anyone diagnosed as 
having coronavirus COVID-19? 

  

3. Have you, or has any person listed above, provided care for someone with COVID-19 or 
worked with a health care worker infected with COVID-19? 

  

4. Have you, or has any person listed above, visited or stayed in close proximity to anyone with 
COVID-19? 

  

5. Have you, or has any person listed above, worked in close proximity to or shared the same 
classroom environment with someone with COVID-19? 

  

6. Have you, or has any person listed above, travelled with a patient with COVID-19 in any kind 
of conveyance? 

  

7. Have you, or has any person listed above, lived in the same household as a patient with 
COVID-19? 
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Annex 3: Passenger/Crew Locator Form (PLF) for cruise ships 

The form is available in Word format from the following link:  

https://www.healthygateways.eu/Translated-Passenger-Locator-Forms 

Considerations on passenger locator data can be found here: 

https://www.ecdc.europa.eu/en/publications-data/passenger-locator-data-entry-exit-screening-

health-declaration  

 

 

 

https://www.healthygateways.eu/Translated-Passenger-Locator-Forms
https://www.ecdc.europa.eu/en/publications-data/passenger-locator-data-entry-exit-screening-health-declaration
https://www.ecdc.europa.eu/en/publications-data/passenger-locator-data-entry-exit-screening-health-declaration
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Prot. PG/2020/196697 
Inoltro a mezzo di posta certificata 

 

 

Gentilissima  

Ministro delle Infrastrutture e dei Trasporti 

On.le Paola De Micheli 

 

Gentilissima Ministro, 

 

alla luce di questa nuova fase di ripresa delle attività economiche del Paese e, con esse, della 

normale mobilità delle persone, sia per esigenze di lavoro che di turismo, appare necessario rivedere 

le misure organizzative per il contenimento della diffusione del Covid-19 in materia di trasporto 

pubblico, disposte con il DPCM del 26 aprile 2020 e riprese dal DPCM dell’11 giugno 2020. 

Infatti tali misure, che impongono il distanziamento sociale tra gli occupanti dei mezzi 

pubblici, confliggono con la necessità di garantire il diritto alla mobilità dei cittadini che, dopo aver 

pagato il biglietto, si vedono negata la possibilità di accedere al servizio a causa della limitazione alla 

capacità di carico dei mezzi. 

Purtroppo nell’immediato non è possibile, a causa della carenza di risorse e di materiale 

rotabile, garantire un servizio sufficiente a soddisfare la domanda alle attuali condizioni. 

Sicuramente prima di tutto occorre garantire la salute e le misure organizzative hanno tale 

scopo, tuttavia le disposizioni consentono una specifica deroga al distanziamento interpersonale a 

bordo degli aeromobili. 

Senza voler entrare nel merito di tali disposizioni, si chiede di riconsiderare quanto previsto 

per il trasporto terrestre, e tenuto conto delle misure precauzionali adottate, tra cui l’obbligo 

all’utilizzo di mascherina chirurgica per la protezione del naso e della bocca, l’utilizzo delle porte 

dedicate per la salita e la discesa e l’aereazione dei mezzi, rivedere le linee guida al fine di consentire 

il riempimento fino alla capienza massima, considerato il notevole incremento della domanda 

registrato in questi ultimi giorni, in analogia a quanto già previsto per altri sistemi di mobilità. 

Certi di un Suo cortese riscontro Le porgiamo i nostri più cordiali saluti 

 

 
 

Assessore 

Giovanni Berrino 

Assessore 

Marco Gabusi 

Assessore 

Claudia MariaTerzi 

Assessore 

Elisa De Berti 

Assessore 

Graziano Pizzimenti 
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Stimato Signor Prefetto, 

il percorso nelle varie fasi di riapertura che il Governo sta autorizzando fa emergere 

sempre di più anche nella vita ecclesiale l’urgenza di ritornare all’esercizio della prassi 

pastorale, a partire dall ’esperienza liturgica, perché sempre più consona con l’incontro 

con il Signore e con la Comunità. 

Facendosi interprete delle segnalazioni che giungono dai Pastori di numerose Diocesi, 

codesta Segreteria Generale sottopone la richiesta di superare il limite del numero di 

200 partecipanti alle celebrazioni che si svolgono nelle chiese. La richiesta, se diventa 

impellente in occasione di ordinazioni sacerdotali ed episcopali, è veicolata pure da 

Vescovi e parroci che nella quotidianità hanno responsabilità ministeriali di edifici 

religiosi di ampie dimensioni, dove il rispetto per il distanziamento personale – oltre che 

per tutte le altre misure di carattere sanitario – è comunque assicurato senza difficoltà. 

A tal proposito, una soluzione potrebbe forse essere quella di garantire a sua volta una 

congrua distanza tra insiemi – gruppi di 200 persone – cercando contestualmente di 

evitare assembramenti sia al momento dell’ingresso in chiesa che in quello del congedo. 

Un altro quesito concerne la possibilità per i familiari che già vivono quotidianamente 

tra le stesse pareti di casa: per queste persone si chiede che possano partecipare alle 

celebrazioni evitando tra loro il criterio del distanziamento. 

Infine, ma non meno rilevante per la qualità delle celebrazioni, si sottopone anche 

l’urgenza di tornare ad ammettere la figura dei cantori: a quali condizioni è proponibile? 

Grati per l’attenzione, 

 
 

 
 Stefano Russo 

Segretario Generale 
 
 

Roma, 29 giugno 2020 
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IDENTIFICAZIONE DELLA SPERIMENTAZIONE CLINICA  

TITOLO STUDIO: 
Studio a do izzato di Fase II sull’effi a ia e la si u ezza di Acalabrutinib in aggiunta alle migliori terapie di 
supporto verso le migliori terapie di supporto in soggetti ricoverati con COVID-19. 
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Acerta Pharma BV 
 

SPONSOR:  
Acerta Pharma BV 
 

SPERIMENTATORE RESPONSABILE DELLO STUDIO (richiedente) 
Nome e Cognome:  
Wyndham Wilson, MD PhD, Center for Cancer Research, National Cancer Institute, Building 10, Room 12C-
442, Bethesda, MD 20892  
 

CENTRO COORDINATORE (solo per studi multicentrici):  
CON IL NUOVO PROTOCOLLO VIENE PROPOSTO 
Comitato etico dell'INMI Spallanzani 
 

CENTRI COINVOLTI NELLA SPERIMENTAZIONE: 
CON IL NUOVO PROTOCOLLO VENGONO PROPOSTI 

- INMI Spallanzani - Roma (prof. Antinori) 
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FARMACO/I O INTERVENTO TERAPEUTICO 
eve des izio e del azio ale, delle a atte isti he del/i fa a o/i e del e a is o d’azio e/fu zio a e to 

 
A ala uti i   u a pi ola ole ola , pote te i i ito e della ti osi  hi asi di B uto  BTK . 
Acalabrutinib e il suo metabolita attivo ACP-5862, formano un legame covalente con un residuo di cisteina 
nel sito attivo di BTK, portando ad una inibizione dell’attività e zi ati a di BTK. La BTK, e o della 
fa iglia delle hi asi Te ,  u ’i po ta te ole ola delle vie del seg ale del e etto e pe  l'a tige e dei 
linfociti B (BCR) e del recettore per le citochine. Il ruolo centrale della BTK nella trasmissione del segnale 
dai e etto i di supe fi ie delle ellule B p ovo a l’attivazio e delle vie e essa ie pe  il t affi ki g, la 
he iotassi e l’adesio e delle ellule B.  

Btk  a he oi volta ei segue ti p o essi iologi i: t asduzio e del seg ale F γR elle cellule mieloidi, 
degranulazione dei mastociti,differenziazione degli osteoclasti,e trasduzione del segnale attraverso i 
recettoriToll-like TLRs  ei a ofagi e ei eut ofili. L’ i i izio e di Btk  asso iata ad u a iduzio e delle 
citochine proinfiammatorie in pazienti con neoplasie ematologiche. 
I pazienti con neoplasie ematologiche trattati con acalabrutinib hanno mostrato riduzioni statisticamente 
sig ifi ative delle segue ti ito hi e:  TNFα p< . , IL-10 (p<0.001), eMCP-1 (p<0.01) (Byrd et al, 2016) 
e IL-  p< .  dati o  dispo i ili, di hia ati dall’azie da o  file . La iduzio e di ueste ito hi e 
immunomodulanti potrebbe mitigare la risposta fisiopatologica che porta alle morbidità più gravi e 

o talità asso iate all’i fezio e vi ale. 
Acalabrutinib non è attualmente approvato in Europa, ma è approvato negli Stati Uniti per il trattamento 
dei pazienti con linfoma a cellule mantellari e leucemia linfocitica cronica/linfoma linfocitico a piccole 
cellule. 
 
CON IL NUOVO PROTOCOLLO VIENE TRASMESSO 
Il manoscritto di un lavoro in valutazione per la pubblicazione che riporta un piccolo studio preliminare con 
acalabrutinib effettuato presso 5 ospedali statunitensi che ha coinvolto 19 pazienti che necessitavano di 
ossigeno e di cui il 42% (8) era in ventilazione meccanica. Lo studio è stato finanziato dall'NIH e il farmaco 
fornito dal Walter Reed National Military Medical Center.  Ad eccezione di un paziente tutti presentavano 
elevati livelli di proteina C reattiva e, ad eccezione di tre, una linfocitopenia. In 15 pazienti (79%) è stato 
osservato un miglioramento dell'ossigenazione che ha comportato la riduzione dei flussi di ossigeno, fino 
alla sua cessazione in 4,  e in 1/4 dei pazienti intubati l'estubazione. Nessuno dei pazienti arruolati ha 
avuto un esito fatale. Due degli 11 pazienti (18%) che hanno iniziato acalabrutinib senza ossigenoterapia 
invasiva sono stati successivamente intubati tra il 3° e il 4° giorno di trattamento, uno di questi è stato 
estubato dopo 3 giorni. Non sono state osservate tossicità riferibili ad acalabrutinib. 
L'ipotesi degli autori è che l'azione di acalabrutinib interferisca con la "sindrome da attivazione 
macrofagica" e quindi con l'intera tempesta citochinica che caratterizza i casi gravi di CoViD-19. 
 

TIPO DI STUDIO 
Indicare se lo studio è osservazionale (prospettico o retrospettivo) o sperimentale. Nel caso si tratti di uno studio sperimentale 
indicarne brevemente le caratteristiche (se randomizzato, se in cieco ecc.), la fase (1-2-3-4), si dovrà poi indicare se si tratta di uno 
studio di superiorità, di equivalenza o di non inferiorità. 

 
Il promotore propone uno studio multricentrico, globale, di fase 2, in aperto, di 2 parti che arruoleranno 
contemporaneamente.   
 
La Parte 1 dello studio  a do izzata :  e valuta l’aggiu ta di a ala uti i  all’attuale BSC pe  COVID -
19 in soggetti ospedalizzati verso BSC..   
Assumendo una perdita del 5%, la dimensione del campione di 408 pazienti per la Parte 1 produce una 
dimensione effettiva del campione di 387 che permette con il 90% di potenza ed un errore di tipo 1 a 2 
code di  0.05, di rilevare una differenza del 15% (cioè, una riduzione del 50% del rischio relativo) nel 
fallimento della terapia tra acalabrutinib + BSC e BSC, assumendo il 30% di fallimenti nel braccio BSC vs 
15% nel braccio acalabrutinib + BSC. 
 



La Parte 2 di questo protocollo include una coorte di soggetti nell'unità di terapia intensiva (ICU). La parte 
2 non è randomizzata. I soggetti nella coorte di terapia intensiva sono soggetti ammessi nella terapia 

intensiva per il trattamento dei sintomi della COVID-19 (non si possono includere soggetti della Parte 1).  

 

POPOLAZIONE IN STUDIO  
breve descrizione delle caratteristiche della popolazione proposta per lo studio che comprenda solo i più rilevanti criteri di 
inclusione/esclusione 

 
Principali criteri di inclusione per la Parte 1 (bracci 1 e 2) 

1. Possibilità di dare un valido consenso informato scritto 
2. Pazienti maggiorenni 
3. Infezione COVID- 9 o fe ata o  sospetta  polmonite che richiede ospedalizzazione, SpO2<94% 

in aria ambiente o che richiede 2-5 L/min di ossigeno, con almeno 1 dei seguenti parametri di 
laboratorio:  

a. ferritina > 300 ng/mL per gli uomini e > 150 ng/mL per le donne 
b. PCR   mg/L 
c. D-dimero > 1 mg/L  
d. co ta assoluta dei li fo iti <  ellule/μL 

4. Capacità di deglutire capsule o ricevere il contenuto delle capsule mediante sondino naso gastrico o 
tubo di nutrizione enterale 
 

Principali criteri di inclusione per la Parte 2 

1. Possibilità di dare un valido consenso informato scritto  
2. Pazienti maggiorenni 
3. Infezione COVID-19 confermata che richiede ricovero in terapia intensiva e che richiede   L/ i  di 

ossigeno o PaO2/FiO2   Hg 
4. In grado di ingoiare capsule o ricevere il contenuto delle capsule mediante sondino naso gastrico o 

tubo di nutrizione enterale 
 

Principali criteri di esclusione per la Parte 1 e per la Parte 2 (tutti i soggetti) 

1. Gravidanza o allattamento 
2. Sospetta infezione attiva non controllata batterica, fungina o virale (ad eccezione del COVID-19) 
3. Sopravvivenza stimata inferiore a 28 giorni a causa di altre patologie 
4. ALT o AST >5 volte la norma misurate entro 24 ore dallo screening 
5. Conta assoluta dei neutrofili<500/μL allo s ee i g  
6. Co ta piast i i a < , /μL allo s ee i g  
7. Cardiopatia non controllata e sintomatica 
8. HBV o HCV attiva che richiede terapia 
9. Partecipazione in altri trial clinici (la partecipazione ai trial degli antivirali per il COVID-19 può essere 

permessa se approvata dal Medical Monitor) 
10. I pazienti hanno ricevuto agenti antirigetto o immunomodulanti (incluso tocilizumab) negli ultimi 30 

giorni 
11. Utilizzo concomitante di corticosteroidi sistemici o inalatori 
12. Utilizzo di anticoagulanti (warfarin o altri antagonisti della vitamina K) entro 7 giorni dalla prima dose 

di acalabrutinib 
13. Utilizzo concomitante di altri inibitori JAK, PI3K, o Btk (oltre acalabrutinib) 

 

INTERVENTO 
Specificare trattamento e n. pazienti 

 
Il numero totale di soggetti in questo studio è 428.   
Nella Parte 1  

Acalabrutinib 100 mg 2 volte al giorno (bid) x 10 giorni + BSC (n=272)  



I soggetti saranno randomizzati sulla base dei seguenti fattori di stratificazione, che sono considerati 
fattori prognostici per scarso risultato: 

- Età  ve so<  a i  
- Comorbidità (presenti o assenti).  

Le comorbidità considerate sono: Malattie cardiovascolari definite sia come insufficienza cardiaca di classe 
NYHA  o ipe te sio e he i hiede t atta e to; Dia ete ellito he i hiede t atta e to; BPCO o as a 
che richiede trattamento; Presenza di tumore solido attivo o neoplasie ematologiche. 
   
Nella Parte 2  
20 soggetti saranno arruolati nella Coorte ICU (Intensive Care Unit). e riceveranno acalabrutinib 100 mg 2 
volte al giorno per 10 giorni più BSC. Le informazioni sulla sicurezza e sull'efficacia della coorte ICU saranno 
confrontate con i dati dei controlli storici per determinare se uno studio formale randomizzato debba 
essere condotto in questa popolazione di pazienti. 
 

CONTROLLO  
Specificare trattamento e n. pazienti 

 

Il controllo è previsto esclusivamente nella Parte 1 dello studio e consiste in Best Supportive Care, che sarà 
a dis ezio e dello spe i e tato e e se o do le li ee guida dell’ospedale n=136). 
I soggetti del braccio di controllo sottoposti a ventilazione assistita (ad esempio, considerati fallimenti del 
trattamento) possono ricevere acalabrutinib 100 mg 2 volte al giorno per un massimo di 10 giorni a 
discrezione dello sperimentatore. 
 

TERAPIE CONCOMITANTI  

consentite e non consentite  

 

ESITI 

 
Obiettivo primario:  

L'obiettivo generale dello studio è valutare l'efficacia dell'aggiunta di acalabrutinib a BSC per il trattamento 
di COVID-19 
 

Endpoint primario:  

L'endpoint primario è il tasso di fallimento del trattamento, in cui il fallimento del trattamento è definito 
come l'uso della ventilazione assistita o la morte.  
 

Endpoint secondari:  

- Numero di giorni in vita liberi da ventilazione assistita a 30 giorni dopo la randomizzazione 
/arruolamento  

- Numero di giorni con utilizzo del ventilatore a 30 giorni dopo la randomizzazione/arruolamento  
- Numero di giorni ospedalizzati a 30 giorni dopo la randomizzazione /arruolamento  
- Numero di giorni in terapia intensiva a 30 giorni dopo la randomizzazione /arruolamento  
- Numero di giorni in vita al di fuori dell'ospedale a 30 giorni dopo la randomizzazione / 

arruolamento  
- Numero di giorni in vita al di fuori dell'ospedale a 90 giorni dopo la randomizzazione / 

arruolamento  
 

Endpoint secondari di sicurezza 

Tipo, frequenza, gravità e correlazione con il trattamento in studio di eventuali eventi avversi emergenti 
dal trattamento (TEAE) o anomalie degli esami di laboratorio, eventi avversi seri (SAE) o eventi avversi 
(AEs) che portano alla sospensione del trattamento in studio  
 



Endpoint esplorativi 

- Modifica di INF-ɣ, TNF-α, IL- β, IL-6, IL-8, IL-10, IL-18, MCP-1; marker infiammatori associati 
proteina C-reattiva (CRP), D-dimero, procalcitonina (se disponibile), fibrinogeno e ferritina; e conta 
linfocitaria assoluta dal basale  

- Modifica dei livelli e della sierologia del virus SARS-CoV-2 rispetto al basale  

- Occupazione BTK e alterazioni delle cellule linfoidi e mieloidi rispetto al basale  
- Analisi correlativa con effetti del trattamento per determinare se eventuali biomarcatori possono 

prevedere la risposta, nonché qualsiasi correlazione ai livelli di esposizione al farmaco  

 

Durata dello studio:  
 
Periodo di arruolamento (ove applicabile): La data stimata del primo paziente arruolato è il Q2 2020. La data 
sti ata dell’ulti o paziente completato è il Q3 2020. 
 
Periodo di Follow-up (ove applicabile):  
 



COMMENTI/RIFLESSIONI SULLO STUDIO 
(deve contenere oltre ai commenti specifici sullo studio in esame, osservazioni sulla rilevanza dello studio, sull'adeguatezza del 
disegno relativamente agli obiettivi prefissati e sulla pubblicazione dei risultati)  

 
COMMENTI SULLA PRIMA PRESENTAZIONE DEL PROTOCOLLO 
Generale 

Non sono indicati il centro coordinatore né i centri italiani coinvolti nella sperimentazione.  
Razionale biologico 

L’inibizione di BTK è anche associata ad una riduzione delle citochine proinfiammatorie in pazienti con 
neoplasie ematologiche. La riduzione di queste citochine immunomodulanti potrebbe mitigare la 
isposta fisiopatologi a he po ta alle o idità più g avi e o talità asso iate all’i fezio e vi ale.  

L’ipotesi di studio p ese ta u a e ta plausi ilità iologi a, a on esiste alcuna evidenza clinica 
dell’effetto della so i ist azio e di a ala uti i  i  pazie ti se za eoplasie e atologi he e del uolo 
he pot e e ave e sui li fo iti B o  eoplasti i, o  is hio di iduzio e dell’attivazio e dei li fo iti B 

nei confronti delle infezioni virali. 
Posologia e durata trattamento 

Acalabrutinib non è attualmente approvato in Europa, ma è approvato negli Stati Uniti per il trattamento 
dei pazienti con linfoma a cellule mantellari o leucemia linfocitica cronica/linfoma linfocitico a piccole 
cellule. 
Il dosaggio proposto è 100 mg 2 volte al giorno per 10 giorni.  
Si sottoli ea he o  esiste al u  dato li i o igua da te l’attività a tii fia ato ia di a ala uti i  
quando somministrato per 10 giorni (i pazienti ematologici assumono il trattamento anche per diversi 
anni). 
Disegno dello studio. 

Nella Parte 1 408 soggetti saranno randomizzati 2:1 nel Braccio 1 (acalabrutinib + BSC) o 2 (BSC).  Nella 
Parte 2 20 soggetti saranno arruolati nella Coorte ICU (Intensive Care Unit). Le Parti 1 e 2 arruoleranno 
contemporaneamente. 
Al o t a io della pa te , he p ese ta u a a do izzazio e e u ’ipotesi statisti a, la Parte 2 di questo 
protocollo include esclusivamente una coorte di soggetti nell'unità di terapia intensiva (ICU). La parte 2 
non è randomizzata e senza alcuna ipotesi formale statistica. Pertanto i risultati ottenibili da questa 
coorte sono puramente descrittivi. 
Criteri di inclusione 

I criteri di inclusione dello studio comportano una grande eterogeneità clinica nella Parte 1. È richiesto 
es lusiva e te he i pazie ti sia o ospedalizzati , o  sospetta  pol o ite da COVID -19. I pazienti 
ricoverati possono avere caratteristiche estremamente eterogenee e sarebbe più appropriato includere 
es lusiva e te pazie ti o  pol o ite do u e tata . I pazie ti ve a o st atifi ati i  ase ad età Età 

 ve so<  a i  e o o idità p ese ti o asse ti . Pe  ua to igua da le omorbidità sarebbe utile 
stratificare non solo per la presenza, ma anche per il numero di comorbidità, che porta a un rischio 
prognostico notevolmente diverso. 
Terapie concomitanti 

Non viene specificata la tipologia di trattamento concomitante, anzi viene riportato che essa sarà a 
dis ezio e dello spe i e tato e e delle li ee guida dell’ospedale. È o t oi di ato l’utilizzo di 
to ilizu a  e JAK i i ito i, e t e  pe esso l’a uola e to i  t ial he testa o te apie a tivi ali pe  il 
COVID-19. Essendo questo uno studio multicentrico internazionale, inevitabilmente le terapie 
concomitanti potrebbero essere diverse tra i pazienti arruolati, con rischio di confondimento per quanto 
riguarda i risultati finali. 
End-point dello studio 

L'endpoint primario è il tasso di fallimento del trattamento, in cui il fallimento del trattamento è definito 
come l'uso della ventilazione assistita o la morte. Tale end-point quindi va a valutare esclusivamente 
l’asse za di peggio a e to, o  il iglio a e to, he  l’o iettivo p i cipale dei pazienti meno gravi 
affetti da COVID- 9, he t a l’alt o app ese ta la sto ia atu ale di alattia i  u ’alta pe e tuale di 
pazienti. Non vengono inoltre specificati i timepoints di valutazione. 
Per quanto riguarda gli endpoints secondari, vengono valutati molteplici parametri clinici a 28 giorni, 



sarebbe utile avere anche una valutazione intermedia a 14 giorni, che permetterebbe di capire 
l’evoluzio e li i a dei pazie ti. 
Sicurezza/interazioni farmacologiche 

L’i pego di a ala uti i   a atterizzato da molteplici eventi avversi (emorragie, infezioni, riattivazione 
epatite B, nausea, vomito, diarrea) che andranno accuratamente monitorati nel corso dello studio. 
Per quanto riguarda le interazioni farmacologiche, acalabrutinib è in gran parte metabolizzato dal CYP3A, 
pe ta to a d e e o side at l’oppo tu ità di te apie o o ita ti dive se ispetto ad i i ito i fo ti del 
CYP3A (es. lopinavir e ritonavir, cobicistat, telaprevir, indinavir e ritonavir, etc). Inoltre andrebbe evitato 
l’uso o o ita te di i i ito i di po pa p oto i a.   
 

Per quanto sopra, la CTS ha espresso PARERE NON FAVOREVOLE sulla base delle considerazioni sopra 
riportate. In particolare per una valutazione del rapporto beneficio/rischio dovrebbe essere soppesato il 
is hio he o po ta l’uso di u a te apia he i te fe is e o  e a is i di isposta i u ita ia 

adattativa ed innata in un elevato numero di pazienti in condizioni non gravi. Mancano infatti evidenze 
anche preliminari di utilizzo del farmaco i  patologie di o igi e vi ale e sull’effetto he può ave e ella 
produzione di risposte immunitarie protettive contro le infezioni. 
 
COMMENTI SULLA SECONDA PRESENTAZIONE DEL PROTOCOLLO 
I dati presentati sotto forma di manoscritto, pur non superando i limiti di una serie aneddotica di casi, 
suggeriscono che acalabrutinib possa esercitare un'azione favorevole in pazienti con decorso 
ingravescente dell'insufficienza respiratoria. La limitatezza del campione non consente di trarre 
conclusioni anche se l'assenza di decessi in una popolazione di gravità elevata, almeno nella maggior 
parte se non quasi totalità dei casi, supporta una più ampia valutazione  dell'efficacia dell'intervento. È 
da rilevare che lo studio di Xu e coll. (PNAS pre-print 29 aprile 2020), sul quale si sono basate le proposte 
di studio con tocilizumab, era assimilabile come numerosità della casistica che era però di gravità 
inferiore (solo 10% in ventilazione invasiva verso il 42% in questo) e la riduzione della richiesta di 
ossigeno è stata osservata nel 73% dei casi contro il 79% dello studio con acalabrutinib anche se c'era 
stata la dimissione dall'ospedale in tutti i 21 casi. 
Rimane non superato il dubbio che un intervento su di una via di segnale importante per i linfociti B, 
oltre che per alcuni effettori dell'immunità innata (aspetto su cui per la loro precedente esperienza 
scientifica particolarmente insistono gli autori), possa interferire con l'eliminazione del virus anche se la 
dimissione di 3 pazienti e l'avvio alla riabilitazione respiratoria per altri 2 potrebbe far pensare che si sia 
comunque ottenuta la negativizzazione virale.  
Il protocollo è stato emendato rispondendo in parte ad alcuni commenti della CTS, secondari rispetto alla 
preoccupazione che il farmaco potesse interferire con la risposta antivirale, in particolare è stata 
eliminata la parte 2 dello studio non controllata e senza ipotesi statistica che arruolava pazienti in UTI e 
precisato che la polmonite deve essere radiologicamente accertata per l'inclusione del paziente. 
I criteri di inclusione ed esclusione dello studio caratterizzano una popolazione arruolabile di gravità 
inferiore rispetto a quella dello studio statunitense a supporto del razionale. In particolare non è 
richiesta la supplementazione con ossigeno, sono esclusi pazienti con insufficienza respiratoria definita 
dalla presenza di una delle seguenti condizioni: 

a) intubazione e ventilazione meccanica; 
b) somministrazione di ossigeno con cannula nasale ad alto flusso (>20 L/min con O2 . ; 
c) Non-invasive positive pressure ventilation o continuous positive airway pressure; 
d) Extracorporeal membrane oxygenation. 

Non viene inoltre previsto un criterio di inclusione relativo allo stato infiammatorio del paziente.  
Sono stati modificati gli endpoint e le sezioni sulle interazioni farmacologiche. 
 
Sulla base di quanto sopra, la CTS ha espresso PARERE SOSPENSIVO per chiedere al proponente di 
produrre dati sulla sieroconversione o sulla negativizzazione dei pazienti inseriti nello studio presentato a 
supporto 
 
Infatti, be h  la uova do u e tazio e fo ita dall’azie da suppo ti l’oppo tu ità di valuta e i  u a 



spe i e tazio e li i a l’effi a ia di a ala uti i  ell’i fezio e da SARS-CoV-2, permane la criticità 
relativa alla possibile interferenza del t atta e to o  la isposta p otettiva dell’ospite he pot e e 
tradursi in una maggior persistenza del virus.  
 



VALUTAZIONE INTEGRAZIONI/OSSERVAZIONI FORNITE DAL PROPONENTE 

 
L'azienda ha chiarito che non dispone dei dati sulla negativizzazione o sieroconversione dei pazienti 
inclusi nello studio statunitense che descriveva un potenziale effetto dell'acalabrutinib nella polmonite in 
corso di CoViD-19 perché non era prevista nel consenso fornito dai pazienti la raccolta di campioni per 
esami diagnostici. 
A supporto della ridotta probabilità che il trattamento con un inibitore di BTK vengono citati precedenti 
studi con ibrutinib nei quali è stata osservata una risposta alle vaccinazioni in pazienti cronicamente 
trattati con il farmaco. Inoltre l'azienda argomenta che la breve durata del trattamento e il ruolo 
dominante della risposta T-mediata nella risoluzione delle malattie virali contribuiscono ulteriormente a 
far considerare improbabile il rischio che il breve corso di trattamento con acalabrutinib abbia un effetto 
negativo sulla clearance virale. Durante lo studio saranno monitorate la risposta umorale e il carico virale 
nonché l'eventuale insorgenza di infezioni opportunistiche. 
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I  o side azio e dell’attuale fase ala te dell’epide ia, e del o segue te is hio he l’attivazio e di 
ulteriori studi possa entrare in competizione con quelli già in atto, vanificando la possibilità di portare a 
termine le sperimentazioni, lo sponsor dovrebbe inoltre indicare quanti pazienti italiani prevede di 
i lude e ello studio e ve ifi a e l’effettiva possi ilità di a uola e to. 
 

VERIFICA DELLA DOCUMENTAZIONE INVIATA DAL PROPONENTE PER ACCETTAZIONE CONDIZIONI 

 
L'Azienda ha comunicato di aver verificato la possibilità di includere 15 pazienti italiani nello studio 
multicentrico internazionale.  
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VALUTAZIONE DELL’EMENDAMENTO PROPOSTO (30.06.2020) 

 
L'emendamento, oltre a numerose modifiche di carattere non sostanziale, propone: 

 l'aggiunta dei seguenti due endpoint secondari di efficacia  
o tempo intercorso al miglioramento clinico di almeno 2 punti (dalla randomizzazione) su 9 

punti categoria su scala ordinale fino al Giorno 28 (vedi Sezione 8.8.1)  
o tempo a SpO2 >94% in aria ambiente  

 l'estensione del tempo massimo ammissibile tra lo screening e l'inizio del trattamento da 24 ore a 3 
giorni 

 la modifica della periodicità durante il periodo di ospedalizzazione dei controlli ematici di D-dimero, 
PT, INR, aPTT e procalcitonina da giornaliero a ogni due giorni 

 
Commento 

Le modifiche proposte non modificano il giudizio precedentemente espresso. 
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