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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.

Objectives

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.

Search methods

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.
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Selection criteria

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.
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 collection 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-e(ects
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 results

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), di(erential 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
di(erent 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 insu(icient 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 di(erence was within the range expected by chance.

Assuming a prevalence of 50%, a value considered possible in healthcare workers who have su(ered 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 di(erences 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
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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.

P L A I N   L A N G U A G E   S U M M A R Y

What is the diagnostic accuracy of antibody tests for the detection of infection with the 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 are accurate tests 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 the review 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 di(erent 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 we 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 characteristics

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.
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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 results

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 di(erences in accuracy for di(erent types of antibody test.

How reliable were the results of the studies of this review?

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 a(ected test accuracy, but
it is impossible to identify by how much.

Who do the results of this review 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 are the implications of this review?

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-date is this review?

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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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   What is the diagnostic accuracy of antibody tests, for the diagnosis of current or prior SARS-
CoV-2 infection?

Question What is the diagnostic accuracy of antibody tests, for the diagnosis of current or prior SARS-CoV-2 infec-
tion?

Population 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

Index test 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

Target condi-
tion

Detection of

• current SARS-CoV-2 infection

• prior SARS-CoV-2 infection

Reference stan-
dard

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 numbers of small studies for each test, few data available outside of acute hospital settings, and many is-
sues 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 studies.

Limitations in the evidence

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

Application of index tests: high risk of bias in 14 studies (26%)

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

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

Concerns about
applicability of
the evidence

Participants: high concerns in 44 studies (81%)

Index test: high concerns in 17 studies (31%)

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

Findings

Antibody tests for identification of current and past infection with SARS-CoV-2 (Review)
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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.

Quantity of evi-
dence

Number of studies Total participants or samples Total cases

  54 15,976 8526

  Sensitivity (95% CI)

Studies (TP/COVID cases)

Specificity (95%CI)

Studies (FP/non-COVID
cases)

  Days 8-14 Days 15-21 Days 22-35 All time 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)

Numbers applied to a hypothetical cohort of 1000 patients, using summary data for IgG/IgM at days 15 to 21 as an exemplar
(sensitivity 91.4% (87.0 to 94.4) and specificity 98.7% (97.2 to 99.4))

Prevalence 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.

Target condition being diagnosed

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 di(iculty 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 di(erent 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).

Index test(s)

Antibody tests

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 di(erentiate between di(erent infections.
There are three types of antibody created in response to infection:
IgA, IgG and IgM; these rise and fall at di(erent 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 tests for identification of current and past infection with SARS-CoV-2 (Review)
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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
di(erence 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 test(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.

Alternative test(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-based molecular tests

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
di(icult (and hazardous) to obtain and will only ever be available in
a subset of patients.

Laboratory-independent point-of-care and near-patient
molecular and antigen tests

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%).

Routinely available biomarkers

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 di(erent 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 tests

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

Rationale

It is essential to understand the clinical accuracy of tests and
diagnostic features to identify the best way they can be used in
di(erent settings to develop e(ective diagnostic and management
pathways. The suite of Cochrane 'living systematic reviews'
summarises evidence on the clinical accuracy of di(erent 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.

Secondary objectives

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

Criteria for considering studies for this review

Types of studies

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 di(erent 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.

Index tests

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).

Target 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).

Reference 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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Search methods for identification of studies

Electronic searches

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.

Searching other resources

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 collection and analysis

Selection of studies

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 extraction and management

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.

Assessment of methodological 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 synthesis

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-e(ects logistic
regression models using the meqrlogit command in Stata v15.1
(Stata). In a small number of instances, the random-e(ects 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.

Investigations of heterogeneity

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-e(ects 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-e(ects 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-e(ects 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.

Sensitivity analyses

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.

Assessment of reporting 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

Results of the search

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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Figure 1.   Study flow diagram
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Figure 1.   (Continued)

 
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 di(erent tests
evaluated in the same study).

Description of included studies

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 di(icult 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 di(erent
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.

Methodological quality of included studies

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.

 

Figure 2.   Risk of bias and applicability concerns graph: review authors' judgements about each domain presented
as percentages across included studies

 
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 selection

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.

Index tests

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).

Reference 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
di(erent 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 a(iliated to test manufacturers. Ten
studies did not provide a conflict of interest statement (two
of these included co-authors a(iliated 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 di(erent 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 di(erent 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 di(erent 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.

Overall analyses

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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Figure 3.   Meta-analytical estimates of sensitivity (with 95% CI) by antibody class and time since onset of symptoms
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Figure 4.   Forest plot of studies evaluating tests for detection of IgG according to week post-symptom onset and type
of test
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Figure 4.   (Continued)
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Figure 5.   Forest plot of studies evaluating tests for detection of IgM according to week post-symptom onset and
type of test
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Figure 5.   (Continued)
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Figure 6.   Forest plot of studies evaluating tests for detection of IgG/IgM according to week post-symptom onset and
type of test
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Figure 6.   (Continued)

 
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 di(erences 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 di(erence in accuracy according to RT-PCR status. Data
from only three studies could be included in this analysis (Figure
7; Figure 8; Figure 9). Di(erences in estimates of sensitivity (pooled
stratifying for weeks since onset of symptoms), varied in direction

Antibody tests for identification of current and past infection with SARS-CoV-2 (Review)

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

23



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

for IgG and IgM, and were very similar for IgG/IgM (Table 6). All
di(erences 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.

 

Figure 7.   Sensitivity of IgG in PCR+ve and PCR-ve COVID-19 cases by week since onset of symptoms.
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Figure 8.   Sensitivity of IgM in PCR+ve and PCR-ve COVID-19 cases by week since onset of symptoms.
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Figure 9.   Sensitivity of IgG/IgM in PCR+ve and PCR-ve COVID-19 cases by week since onset of symptoms.

 
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
di(erences between CGIA, CLIAs, ELISAs and tests we can only
describe as lateral flow assays due to lack of any names or detail

Antibody tests for identification of current and past infection with SARS-CoV-2 (Review)

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

26



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

(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 di(erences 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 di(erences 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 di(erences 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 di(erences 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 di(erence to estimates of
sensitivity.

Analyses of specificity presented by assay type are also given in
Table 7. Di(erences 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.
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
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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 results

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 di(erences 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 di(erences for IgG but no
di(erences for IgM). There was little clear evidence of di(erences
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.

Strengths and weaknesses of the review

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.

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
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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 the review question

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 di(erence 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 di(erent 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 di(erence 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 practice

Diagnosis of acute suspected COVID-19 in symptomatic
patients

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 di(erent 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).

Assessment of previous SARS-CoV-2 infection and immune
response

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.

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 su(ered
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.
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Seroprevalence surveys for public health management
purposes

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 research

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 a(ects 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 di(erent 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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C H A R A C T E R I S T I C S   O F   S T U D I E S

Characteristics of included studies [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 sta(
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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have intro-
duced bias?

  High risk  

Are there concerns that the included pa-
tients and setting do not match the re-
view question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the
index test have introduced bias?

  High risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the
review question?

    High

DOMAIN 3: Reference Standard

Adams 2020 [A]  (Continued)
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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 the reference standard, its conduct,
or its interpretation have introduced
bias?

  Low risk  

Are there concerns that the target condi-
tion as defined by the reference standard
does not match the question?

    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 the patient flow have introduced
bias?

  High risk  

Adams 2020 [A]  (Continued)

 
 

Study characteristics

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

Patient characteris-
tics 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
Test operators: laboratory sta(
Definition of test positivity: [A]-[J] NR

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

Target condition
and reference stan-
dard(s)

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

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

Comparative  

Notes  

Adams 2020 [B]  (Continued)

 
 

Study characteristics

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

Patient characteris-
tics 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 sta(
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 stan-
dard(s)

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

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

Comparative  

Notes  

Adams 2020 [C] 

 
 

Study characteristics

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

Patient characteris-
tics and setting

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

Adams 2020 [D] 
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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 sta(
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 stan-
dard(s)

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

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

Comparative  

Notes  

Adams 2020 [D]  (Continued)

 
 

Study characteristics

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

Patient characteris-
tics 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 sta(
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 stan-
dard(s)

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

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

Comparative  

Notes  

Adams 2020 [E] 
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Study characteristics

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

Patient characteris-
tics 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 sta(
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 stan-
dard(s)

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

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

Comparative  

Notes  

Adams 2020 [F] 

 
 

Study characteristics

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

Patient characteris-
tics 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 sta(
Definition of test positivity: [A]-[J] NR
Blinded to reference standard: NR
Threshold predefined: no for [A], unclear for [B] to [J]

Adams 2020 [G] 
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Target condition
and reference stan-
dard(s)

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

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

Comparative  

Notes  

Adams 2020 [G]  (Continued)

 
 

Study characteristics

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

Patient characteris-
tics 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 sta(
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 stan-
dard(s)

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

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

Comparative  

Notes  

Adams 2020 [H] 

 
 

Study characteristics

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

Patient characteris-
tics 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:

Adams 2020 [I] 
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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 sta(
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 stan-
dard(s)

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

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

Comparative  

Notes  

Adams 2020 [I]  (Continued)

 
 

Study characteristics

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

Patient characteris-
tics 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 sta(
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 stan-
dard(s)

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

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

Comparative  

Notes  

Adams 2020 [J] 

 

Antibody tests for identification of current and past infection with SARS-CoV-2 (Review)

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

55



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

 

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
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
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Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Unclear

DOMAIN 3: Reference 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 the reference standard, its conduct, or its in-
terpretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    High

DOMAIN 4: Flow and Timing

Bendavid 2020  (Continued)
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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 the patient flow have introduced bias?   High risk  

Bendavid 2020  (Continued)

 
 

Study characteristics

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

Burbelo 2020 [A] 
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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

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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have intro-
duced bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review ques-
tion?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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

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

Could the conduct or interpretation of the in-
dex test have introduced bias?

  High risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    High

DOMAIN 3: Reference 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    

The reference standard does not incorporate the
index test

Yes    

Could the reference standard, its conduct, or
its interpretation have introduced bias?

  Low risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    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 the patient flow have introduced bias?   High risk  

Burbelo 2020 [A]  (Continued)

 
 

Study characteristics

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

Patient characteris-
tics and setting

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

Burbelo 2020 [B] 
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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 condition
and reference stan-
dard(s)

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

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

Comparative  

Notes  

Burbelo 2020 [B]  (Continued)

 
 

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), Klebsiella pneumoniae (8), Streptococcus pneumoniae (3), Mycoplasma (5),
Acinetobacter baumannii (10), Candida albicans (2), Staphylococcus aureus (3), Mycobac-
terium tuberculosis (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
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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-o( 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

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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have in-
troduced bias?

  High risk  

Are there concerns that the included
patients and setting do not match the
review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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

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

Yes    

Could the conduct or interpretation of
the index test have introduced bias?

  Unclear risk  

Are there concerns that the index test,
its conduct, or interpretation differ
from the review question?

    High

DOMAIN 3: Reference 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 the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  Low risk  

Are there concerns that the target con-
dition as defined by the reference stan-
dard does not match the question?

    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 the patient flow have introduced
bias?

  High risk  

Cai 2020a  (Continued)

 
 

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
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[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)
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
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Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the in-
dex test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its conduct, or
its interpretation have introduced bias?

  Low risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    High

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 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 the patient flow have introduced bias?   Unclear risk  

Cassaniti 2020 (A)  (Continued)

 
 

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

Cassaniti 2020 (B) 
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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
Study author COI: none mentioned

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced
bias?

  Unclear risk  

Are there concerns that the included patients and
setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the index
test have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Cassaniti 2020 (B)  (Continued)
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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 the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    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? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Cassaniti 2020 (B)  (Continued)

 
 

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
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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
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

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced
bias?

  High risk  
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Are there concerns that the included patients and
setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the index
test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    High

DOMAIN 3: Reference 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 the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    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 the patient flow have introduced bias?   High risk  

Chen 2020a  (Continued)
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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
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
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Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the in-
dex test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Unclear

DOMAIN 3: Reference 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 the reference standard, its conduct, or
its interpretation have introduced bias?

  High risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    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 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 the patient flow have introduced bias?   Low risk  

Dohla 2020  (Continued)

 
 

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

Du 2020 
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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

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting
do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Unclear

DOMAIN 3: Reference Standard

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

Unclear    

Du 2020  (Continued)
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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 index test Yes    

Could the reference standard, its conduct, or its interpre-
tation have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    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 the patient flow have introduced bias?   Unclear risk  

Du 2020  (Continued)

 
 

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

Freeman 2020 
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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 sta(
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
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

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

Freeman 2020  (Continued)
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DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the index
test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    High

DOMAIN 3: Reference 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 in-
dex test

Yes    

Could the reference standard, its conduct, or its
interpretation have introduced bias?

  Low risk  

Are there concerns that the target condition as
defined by the reference standard does not match
the question?

    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 the patient flow have introduced bias?   High risk  

Freeman 2020  (Continued)

 
 

Study characteristics

Patient Sampling Single-group study estimating sensitivity
[1] Patients with confirmed COVID-19 (n = 38)
Recruitment: unclear

Gao 2020a 
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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
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

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Gao 2020a  (Continued)
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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? Unclear    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the index
test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its conduct, or its in-
terpretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    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    

Gao 2020a  (Continued)
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Did all participants receive a reference standard? Yes    

Were results presented per patient? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Gao 2020a  (Continued)

 
 

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

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 sta(
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-o( value was 0.10+Anegative control. A value > cut-o(
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-o( value was 0.10+Anegative control. A value > cut-o( 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)

Gao 2020b [A] 
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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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have
introduced bias?

  High risk  

Are there concerns that the included
patients and setting do not match the
review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of
the index test have introduced bias?

  Unclear risk  

Gao 2020b [A]  (Continued)
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Are there concerns that the index test,
its conduct, or interpretation differ
from the review question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  Unclear risk  

Are there concerns that the target
condition as defined by the reference
standard does not match the ques-
tion?

    High

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 the patient flow have intro-
duced bias?

  High risk  

Gao 2020b [A]  (Continued)

 
 

Study characteristics

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

Patient characteris-
tics 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:

Gao 2020b [B] 

Antibody tests for identification of current and past infection with SARS-CoV-2 (Review)

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

82



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

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 sta(
Definition of test positivity: [A] samples with an concentration ≥ 8 arbitrary unit (AU)/mL were considered pos-
itive. [B] Visible line. [C] The absorbance at 450 nm (A450 nm) of each well was determined and the cut-o( val-
ue was 0.10+Anegative control. A value > cut-o( 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-o( value was 0.10+Anegative control. A value > cut-o( val-
ue was considered a positive result.

Target condition
and reference stan-
dard(s)

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

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

Comparative  

Notes  

Gao 2020b [B]  (Continued)

 
 

Study characteristics

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

Patient characteris-
tics 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
samples (35%); [3] late stage (14-24 days pso) 14/37 samples (38%)
Samples used: serum
Test operators: laboratory sta(
Definition of test positivity: [A] samples with an concentration ≥ 8 arbitrary unit (AU)/mL were considered pos-
itive. [B] Visible line. [C] The absorbance at 450 nm (A450 nm) of each well was determined and the cut-o( val-
ue was 0.10+Anegative control. A value > cut-o( 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-o( value was 0.10+Anegative control. A value > cut-o( val-
ue was considered a positive result.

Gao 2020b [C] 
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Target condition
and reference stan-
dard(s)

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

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

Comparative  

Notes  

Gao 2020b [C]  (Continued)

 
 

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 sta(
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

Garcia 2020 (A) 
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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

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the index test
have introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference 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    

Garcia 2020 (A)  (Continued)
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The reference standard does not incorporate the index
test

Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined
by the reference standard does not match the ques-
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? Yes    

Did all participants receive a reference standard? Yes    

Were results presented per patient? Yes    

Could the patient flow have introduced bias?   Low risk  

Garcia 2020 (A)  (Continued)

 
 

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 sta(
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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
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

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting
do not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Garcia 2020 (B)  (Continued)
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Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 3: Reference 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    

Could the reference standard, its conduct, or its interpre-
tation have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    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 the patient flow have introduced bias?   Unclear risk  

Garcia 2020 (B)  (Continued)

 
 

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

Grzelak 2020 [A] 
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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

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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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    

Grzelak 2020 [A]  (Continued)
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Did the study avoid inappropriate inclusions? Unclear    

Could the selection of patients have intro-
duced bias?

  High risk  

Are there concerns that the included pa-
tients and setting do not match the review
question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the
index test have introduced bias?

  High risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the
review question?

    High

DOMAIN 3: Reference 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 the reference standard, its conduct,
or its interpretation have introduced bias?

  Unclear risk  

Are there concerns that the target condi-
tion as defined by the reference standard
does not match the question?

    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    

Grzelak 2020 [A]  (Continued)
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Were results presented per patient? No    

Could the patient flow have introduced
bias?

  High risk  

Grzelak 2020 [A]  (Continued)

 
 

Study characteristics

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

Patient characteris-
tics 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 character-
istics 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 (re-
combinant S glycoprotein ectodomain)

Target condition
and reference stan-
dard(s)

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

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

Comparative  

Notes  

Grzelak 2020 [B] 

 
 

Study characteristics

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

Patient characteris-
tics 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 character-
istics and QUADAS-2 assessments)

5 tests evaluated:

Grzelak 2020 [C] 
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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 (re-
combinant S glycoprotein ectodomain)

Target condition
and reference stan-
dard(s)

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

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

Comparative  

Notes  

Grzelak 2020 [C]  (Continued)

 
 

Study characteristics

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

Patient characteris-
tics 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 character-
istics 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 (re-
combinant S glycoprotein ectodomain)

Target condition
and reference stan-
dard(s)

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

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

Comparative  

Grzelak 2020 [D] 
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Notes  

Grzelak 2020 [D]  (Continued)

 
 

Study characteristics

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

Patient characteris-
tics 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 character-
istics 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 (re-
combinant S glycoprotein ectodomain)

Target condition
and reference stan-
dard(s)

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

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

Comparative  

Notes  

Grzelak 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)
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

Guo 2020a 
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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/μL, 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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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    

Guo 2020a  (Continued)
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Could the selection of patients have
introduced bias?

  High risk  

Are there concerns that the included
patients and setting do not match the
review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of
the index test have introduced bias?

  Unclear risk  

Are there concerns that the index test,
its conduct, or interpretation differ
from the review question?

    High

DOMAIN 3: Reference 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 the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  Unclear risk  

Are there concerns that the target
condition as defined by the reference
standard does not match the ques-
tion?

    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    

Were all patients included in the analy-
sis?

Unclear    

Guo 2020a  (Continued)
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Did all participants receive a reference
standard?

Yes    

Were results presented per patient? Yes    

Could the patient flow have intro-
duced bias?

  Unclear risk  

Guo 2020a  (Continued)

 
 

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
(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
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Study author COI: none declared

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the index test
have introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined
by the reference standard does not match the ques-
tion?

    Low concern

DOMAIN 4: Flow and Timing

Hu 2020a  (Continued)
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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 the patient flow have introduced bias?   Unclear risk  

Hu 2020a  (Continued)

 
 

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

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

Infantino 2020 
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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

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the index
test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard
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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 the reference standard, its conduct, or its in-
terpretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    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 the patient flow have introduced bias?   High risk  

Infantino 2020  (Continued)

 
 

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:

1. fever and (or) respiratory symptoms;

2. conforming to the imaging features;

Jia 2020 

Antibody tests for identification of current and past infection with SARS-CoV-2 (Review)

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

100



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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    

Could the selection of patients have in-
troduced bias?

  High risk  

Jia 2020  (Continued)

Antibody tests for identification of current and past infection with SARS-CoV-2 (Review)

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

101



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Are there concerns that the included pa-
tients and setting do not match the re-
view question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of
the index test have introduced bias?

  Unclear risk  

Are there concerns that the index test,
its conduct, or interpretation differ from
the review question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  Unclear risk  

Are there concerns that the target con-
dition as defined by the reference stan-
dard does not match the question?

    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    
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Could the patient flow have introduced
bias?

  Unclear risk  

Jia 2020  (Continued)

 
 

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
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
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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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have in-
troduced bias?

  High risk  

Are there concerns that the included
patients and setting do not match the
review question?

    Low concern

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of
the index test have introduced bias?

  Unclear risk  

Are there concerns that the index test,
its conduct, or interpretation differ
from the review question?

    Low concern

DOMAIN 3: Reference Standard

Jin 2020  (Continued)

Antibody tests for identification of current and past infection with SARS-CoV-2 (Review)

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

104



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

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 the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  Unclear risk  

Are there concerns that the target con-
dition as defined by the reference stan-
dard does not match the question?

    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 the patient flow have introduced
bias?

  High risk  

Jin 2020  (Continued)

 
 

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

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)
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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 sta(
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 sta(
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-o( 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 sta(
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-o( 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 sta(
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
Test method: CGIA
Timing of samples:
Samples used: serum
Test operators: laboratory sta(
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes
[F] Test name: Anti-SARS-CoV-2 Rapid Test
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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 sta(
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 sta(
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 sta(
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 sta(
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)

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.
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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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of
patients have intro-
duced bias?

  High risk  

Are there concerns
that the included pa-
tients and setting do
not match the review
question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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    

Could the conduct or
interpretation of the
index test have intro-
duced bias?

  Unclear risk  

Are there concerns that
the index test, its con-
duct, or interpretation

    Low concern
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differ from the review
question?

DOMAIN 3: Reference 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 the reference
standard, its conduct,
or its interpretation
have introduced bias?

  Low risk  

Are there concerns that
the target condition as
defined by the refer-
ence standard does not
match the question?

    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    

Were results presented
per patient?

Yes    

Could the patient flow
have introduced bias?

  High risk  
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Study characteristics

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

Patient characteris-
tics 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 sta(
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-o( was used, and all values < 1.1 were considered negative.
Blinded to reference standard: no
Threshold predefined: yes

Target condition
and reference stan-
dard(s)

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

Flow and timing 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])

Lassauniere 2020 [B] 

 
 

Study characteristics

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

Patient characteris-
tics 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 sta(
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-o( was used, and all values < 1.1 were considered negative.
Blinded to reference standard: no
Threshold predefined: yes

Lassauniere 2020 [C] 
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Target condition
and reference stan-
dard(s)

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

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

Comparative  

Notes  

Lassauniere 2020 [C]  (Continued)

 
 

Study characteristics

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

Patient characteris-
tics 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 sta(
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes

Target condition
and reference stan-
dard(s)

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

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

Comparative  

Notes  

Lassauniere 2020 [D] 

 
 

Study characteristics

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

Patient characteris-
tics 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]

Lassauniere 2020 [E] 
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[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 sta(
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes

Target condition
and reference stan-
dard(s)

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

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

Comparative  

Notes  

Lassauniere 2020 [E]  (Continued)

 
 

Study characteristics

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

Patient characteris-
tics 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 sta(
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes

Target condition
and reference stan-
dard(s)

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

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

Comparative  

Notes  

Lassauniere 2020 [F] 
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Study characteristics

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

Patient characteris-
tics 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 sta(
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes

Target condition
and reference stan-
dard(s)

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

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

Comparative  

Notes  

Lassauniere 2020 [G] 

 
 

Study characteristics

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

Patient characteris-
tics 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 sta(
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes

Lassauniere 2020 [H] 
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Target condition
and reference stan-
dard(s)

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

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

Comparative  

Notes  

Lassauniere 2020 [H]  (Continued)

 
 

Study characteristics

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

Patient characteris-
tics 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 sta(
Definition of test positivity: visible line
Blinded to reference standard: no
Threshold predefined: yes

Target condition
and reference stan-
dard(s)

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

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

Comparative  

Notes  

Lassauniere 2020 [I] 

 
 

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

Li 2020a 
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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 sta( at each site. Timing not clearly described (dur-
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

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

Li 2020a  (Continued)
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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? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Low risk  

Are there concerns that the target condition as defined
by the reference standard does not match the ques-
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 the patient flow have introduced bias?   Unclear risk  

Li 2020a  (Continued)

 
 

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)

Lin 2020a [A] 
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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
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 sta()
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

Lin 2020a [A]  (Continued)
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Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have intro-
duced bias?

  High risk  

Are there concerns that the included pa-
tients and setting do not match the review
question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the
index test have introduced bias?

  High risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the re-
view question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its conduct, or
its interpretation have introduced bias?

  Low risk  

Are there concerns that the target condition
as defined by the reference standard does
not match the question?

    High

DOMAIN 4: Flow and Timing

Lin 2020a [A]  (Continued)
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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    

Could the patient flow have introduced bias?   High risk  

Lin 2020a [A]  (Continued)

 
 

Study characteristics

Patient Sampling See main entry for this study for characteristics and QUADAS-2 assessment (Lin 2020a [A])

Patient characteris-
tics 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 sta()
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 condition
and reference stan-
dard(s)

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

Flow and timing 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
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[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

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

Lippi 2020 [A]  (Continued)
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Study author COI: study authors state no conflict of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the in-
dex test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its conduct, or
its interpretation have introduced bias?

  Unclear risk  

Lippi 2020 [A]  (Continued)
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Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    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 the patient flow have introduced bias?   Low risk  

Lippi 2020 [A]  (Continued)

 
 

Study characteristics

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

Patient characteris-
tics 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 condition
and reference stan-
dard(s)

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

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

Comparative  

Lippi 2020 [B] 
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Notes  

Lippi 2020 [B]  (Continued)

 
 

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

Liu 2020a 
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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
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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have intro-
duced bias?

  Unclear risk  

Are there concerns that the included pa-
tients and setting do not match the review
question?

    Low concern

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the
index test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the
review question?

    High

Liu 2020a  (Continued)
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DOMAIN 3: Reference 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 the reference standard, its conduct,
or its interpretation have introduced bias?

  High risk  

Are there concerns that the target condi-
tion as defined by the reference standard
does not match the question?

    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 the patient flow have introduced
bias?

  Unclear risk  

Liu 2020a  (Continued)

 
 

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
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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
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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have intro-
duced bias?

  High risk  
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Are there concerns that the included pa-
tients and setting do not match the review
question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the
index test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the
review question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its conduct,
or its interpretation have introduced bias?

  High risk  

Are there concerns that the target condi-
tion as defined by the reference standard
does not match the question?

    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 the patient flow have introduced
bias?

  High risk  
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Study characteristics

Patient Sampling Single-group study to determine sensitivity in acute phase sera.
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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients
enrolled?

Unclear    

Was a case-control design avoided? No    
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Did the study avoid inappropriate exclusions? Unclear    

Did the study avoid inappropriate inclusions? Yes    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the in-
dex test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its conduct, or
its interpretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    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    
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Were results presented per patient? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Liu 2020c  (Continued)

 
 

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-o( calculated by summing 0.100 (IgM) or 0.130 (IgG) and the average A450
of negative control replicates. When A450 < cut-o( value, the test was considered
negative, and when A450 was ≥ cut-o( value, the test was considered positive.
B. cut-o( values (IgM and IgG) calculated by summing 0.250 and the average A450
of negative control replicates. When A450 < cut-o( value, the test was considered
negative, and when A450 was ≥ cut-o( 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
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Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have intro-
duced bias?

  High risk  

Are there concerns that the included pa-
tients and setting do not match the review
question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the
index test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the re-
view question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its conduct, or
its interpretation have introduced bias?

  High risk  

Are there concerns that the target condition
as defined by the reference standard does
not match the question?

    High

Liu 2020d [A]  (Continued)
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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 the patient flow have introduced bias?   High risk  

Liu 2020d [A]  (Continued)

 
 

Study characteristics

Patient Sampling See main entry for this study for characteristics and QUADAS-2 assessment (Liu 2020d [A])

Patient characteris-
tics 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-o( calculated by summing 0.100 (IgM) or 0.130 (IgG) and the average A450 of negative control repli-
cates. When A450 < cut-o( value, the test was considered negative, and when A450 was ≥ cut-o( value, the test
was considered positive.
B. cut-o( values (IgM and IgG) calculated by summing 0.250 and the average A450 of negative control repli-
cates. When A450 < cut-o( value, the test was considered negative, and when A450 was ≥ cut-o( 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 stan-
dard(s)

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

Flow and timing See main entry for this study for characteristics and QUADAS-2 assessment (Liu 2020d [A])

Comparative  

Notes  
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Study characteristics

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

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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

Yes    

Long 2020 (A) 
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Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Did the study avoid inappropriate inclusions? Yes    

Could the selection of patients have introduced
bias?

  Low risk  

Are there concerns that the included patients and
setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the index
test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its conduct, or its in-
terpretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    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    

Long 2020 (A)  (Continued)
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Could the patient flow have introduced bias?   Low risk  

Long 2020 (A)  (Continued)

 
 

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
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Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the in-
dex test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its conduct, or
its interpretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    High

DOMAIN 4: Flow and Timing

Long 2020 (B)  (Continued)
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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? No    

Did all participants receive a reference standard? Yes    

Were results presented per patient? Yes    

Could the patient flow have introduced bias?   High risk  

Long 2020 (B)  (Continued)

 
 

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

Lou 2020 [A] 
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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
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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have intro-
duced bias?

  High risk  

Are there concerns that the included pa-
tients and setting do not match the review
question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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

Unclear    

Lou 2020 [A]  (Continued)
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If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the
index test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the
review question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its conduct,
or its interpretation have introduced bias?

  High risk  

Are there concerns that the target condi-
tion as defined by the reference standard
does not match the question?

    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 the patient flow have introduced
bias?

  High risk  

Lou 2020 [A]  (Continued)

 
 

Study characteristics

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

Patient characteris-
tics and setting

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

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

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

Comparative  

Notes  

Lou 2020 [B]  (Continued)

 
 

Study characteristics

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

Patient characteris-
tics 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 condition
and reference stan-
dard(s)

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

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

Lou 2020 [C] 
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Comparative  

Notes  

Lou 2020 [C]  (Continued)

 
 

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

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

Ma 2020a 
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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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have intro-
duced bias?

  High risk  

Are there concerns that the included pa-
tients and setting do not match the re-
view question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the
index test have introduced bias?

  High risk  

Ma 2020a  (Continued)
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Are there concerns that the index test, its
conduct, or interpretation differ from the
review question?

    High

DOMAIN 3: Reference 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 the reference standard, its conduct,
or its interpretation have introduced
bias?

  High risk  

Are there concerns that the target condi-
tion as defined by the reference standard
does not match the question?

    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 the patient flow have introduced
bias?

  High risk  

Ma 2020a  (Continued)

 
 

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)

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

Okba 2020a 

Antibody tests for identification of current and past infection with SARS-CoV-2 (Review)

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

143



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

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

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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    

Okba 2020a  (Continued)
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Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    High

DOMAIN 3: Reference 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 the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    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 the patient flow have introduced bias?   High risk  

Okba 2020a  (Continued)

 
 

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:

Patient characteristics and setting Setting: inpatient
Location: University Hospital of Padova
Country: Italy
Dates: 18 March-26 March 2020
Symptoms and severity: NR

Padoan 2020 
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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

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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

No    

Padoan 2020  (Continued)
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Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Did the study avoid inappropriate inclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Low risk  

Are there concerns that the target condition as defined
by the reference standard does not match the ques-
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    

Did all participants receive a reference standard? Yes    

Were results presented per patient? No    

Padoan 2020  (Continued)
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Could the patient flow have introduced bias?   High risk  

Padoan 2020  (Continued)

 
 

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

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns
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DOMAIN 1: Patient Selection

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 the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the in-
dex test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its conduct, or
its interpretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    Low concern

DOMAIN 4: Flow and Timing

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

Unclear    

Pan 2020a  (Continued)
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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 the patient flow have introduced bias?   Unclear risk  

Pan 2020a  (Continued)

 
 

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

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)

Paradiso 2020a 
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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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced
bias?

  Unclear risk  

Are there concerns that the included patients
and setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the in-
dex test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

Paradiso 2020a  (Continued)
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DOMAIN 3: Reference 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 the reference standard, its conduct, or
its interpretation have introduced bias?

  High risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    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 the patient flow have introduced bias?   High risk  

Paradiso 2020a  (Continued)

 
 

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:
[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)

Qian 2020 
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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

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced bias?   High risk  

Qian 2020  (Continued)
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Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the index test
have introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    High

DOMAIN 3: Reference 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 the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Are there concerns that the target condition as defined
by the reference standard does not match the ques-
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    

Were results presented per patient? Yes    

Could the patient flow have introduced bias?   High risk  

Qian 2020  (Continued)
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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

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-

To 2020a [A]  (Continued)
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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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have in-
troduced bias?

  High risk  

Are there concerns that the included
patients and setting do not match the
review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of
the index test have introduced bias?

  High risk  

Are there concerns that the index test,
its conduct, or interpretation differ
from the review question?

    High

DOMAIN 3: Reference 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    

To 2020a [A]  (Continued)

Antibody tests for identification of current and past infection with SARS-CoV-2 (Review)

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

156



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

The reference standard does not incorpo-
rate the index test

Yes    

Could the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  Unclear risk  

Are there concerns that the target con-
dition as defined by the reference stan-
dard does not match the question?

    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 the patient flow have introduced
bias?

  High risk  

To 2020a [A]  (Continued)

 
 

Study characteristics

Patient Sampling See main entry for this study for characteristics and QUADAS-2 assessment (To 2020a [A])

Patient characteris-
tics 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)
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)

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

To 2020a [B] 
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Flow and timing See main entry for this study for characteristics and QUADAS-2 assessment (To 2020a [A])

Comparative  

Notes  

To 2020a [B]  (Continued)

 
 

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
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)
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Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the in-
dex test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    High

DOMAIN 3: Reference 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 the reference standard, its conduct, or
its interpretation have introduced bias?

  Low risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    High

Wan 2020 [A]  (Continued)
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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? No    

Did all participants receive a reference standard? Yes    

Were results presented per patient? Yes    

Could the patient flow have introduced bias?   High risk  

Wan 2020 [A]  (Continued)

 
 

Study characteristics

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

Patient characteris-
tics and setting

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;
antigens NR. Positive defined as ≥ 400

[B] anti-SARS CoV IIFT laboratory assay from Euroimmun (Germany) (not a SARS-CoV-2 specific test). Mea-
sured IgM and IgG; antigens NR. Threshold NR

Samples anonymised and blinded

Target condition
and reference stan-
dard(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])

Comparative  

Notes  

Wan 2020 [B] 

 
 

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)

Wang 2020a [A] 
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[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 pneumoniae (n = 5), Legionella pneumophila
(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

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

Wang 2020a [A]  (Continued)
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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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have in-
troduced bias?

  High risk  

Are there concerns that the included
patients and setting do not match the
review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of
the index test have introduced bias?

  Unclear risk  

Are there concerns that the index test,
its conduct, or interpretation differ
from the review question?

    Low concern

Wang 2020a [A]  (Continued)
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DOMAIN 3: Reference 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 the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  High risk  

Are there concerns that the target con-
dition as defined by the reference stan-
dard does not match the question?

    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 the patient flow have introduced
bias?

  Unclear risk  

Wang 2020a [A]  (Continued)

 
 

Study characteristics

Patient Sampling See main entry for this study for characteristics and QUADAS-2 assessment (Wang 2020a [A])

Patient characteris-
tics 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
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 COVID-19 cases

Wang 2020a [B] 
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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 condition
and reference stan-
dard(s)

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

Flow and timing See main entry for this study for characteristics and QUADAS-2 assessment (Wang 2020a [A])

Comparative  

Notes  

Wang 2020a [B]  (Continued)

 
 

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]
[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

Xiang 2020a [A] 
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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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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

No    

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

Could the conduct or interpretation of the in-
dex test have introduced bias?

  High risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 3: Reference Standard

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

No    

Xiang 2020a [A]  (Continued)
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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 the reference standard, its conduct, or
its interpretation have introduced bias?

  High risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    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 the patient flow have introduced bias?   High risk  

Xiang 2020a [A]  (Continued)

 
 

Study characteristics

Patient Sampling See main entry for this study for characteristics and QUADAS-2 assessment (Xiang 2020a [A])

Patient characteris-
tics and setting

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

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) Mea-
sured 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) Mea-
sured 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 stan-
dard(s)

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

Flow and timing See main entry for this study for characteristics and QUADAS-2 assessment (Xiang 2020a [A])
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Comparative  

Notes  

Xiang 2020a [B]  (Continued)

 
 

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 sta() 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
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 o(
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 o( 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
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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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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    

Could the selection of patients have
introduced bias?

  High risk  

Are there concerns that the includ-
ed patients and setting do not match
the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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    

Xiang 2020b  (Continued)
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Could the conduct or interpretation
of the index test have introduced
bias?

  High risk  

Are there concerns that the index
test, its conduct, or interpretation
differ from the review question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its
conduct, or its interpretation have
introduced bias?

  Low risk  

Are there concerns that the target
condition as defined by the refer-
ence standard does not match the
question?

    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    

Were all patients included in the analy-
sis?

Unclear    

Did all participants receive a reference
standard?

Yes    

Were results presented per patient? Yes    

Could the patient flow have intro-
duced bias?

  Unclear risk  

Xiang 2020b  (Continued)

 
 

Study characteristics

Patient Sampling Single-group study to estimate sensitivity for diagnosing active or prior
infection
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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)

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced bias?   High risk  

Xiao 2020a  (Continued)

Antibody tests for identification of current and past infection with SARS-CoV-2 (Review)

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

170



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the index test
have introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    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? Unclear    

Were all patients included in the analysis? Unclear    

Did all participants receive a reference standard? Yes    

Were results presented per patient? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Xiao 2020a  (Continued)
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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-
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  
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Notes Funding: this work was funded by the Special Project for Emergency Scientific
and Technological Research on New Coronavirus Infection

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the in-
dex test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its conduct, or
its interpretation have introduced bias?

  Unclear risk  
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Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    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 the patient flow have introduced bias?   Unclear risk  

Xie 2020a  (Continued)

 
 

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

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
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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

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    High

DOMAIN 3: Reference Standard

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

Yes    
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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 the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    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 the patient flow have introduced bias?   Unclear risk  

Xu 2020a  (Continued)

 
 

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

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
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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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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    
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Could the selection of patients have intro-
duced bias?

  High risk  

Are there concerns that the included pa-
tients and setting do not match the re-
view question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the
index test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the
review question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its conduct,
or its interpretation have introduced
bias?

  Low risk  

Are there concerns that the target condi-
tion as defined by the reference standard
does not match the question?

    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    

Yongchen 2020  (Continued)

Antibody tests for identification of current and past infection with SARS-CoV-2 (Review)

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

178



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Were results presented per patient? Yes    

Could the patient flow have introduced
bias?

  Unclear risk  

Yongchen 2020  (Continued)

 
 

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
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  
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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

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the index test
have introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    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 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 the patient flow have introduced bias?   Unclear risk  

Zeng 2020a  (Continued)

 
 

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-
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)
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Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting
do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 3: Reference 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 No    

Could the reference standard, its conduct, or its interpre-
tation have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    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    
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Were all patients included in the analysis? No    

Did all participants receive a reference standard? Yes    

Were results presented per patient? Yes    

Could the patient flow have introduced bias?   High risk  

Zhang 2020a  (Continued)

 
 

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 sta( 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 sta( 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)

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  
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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

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

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 the selection of patients have in-
troduced bias?

  Unclear risk  

Are there concerns that the included pa-
tients and setting do not match the re-
view question?

    Low concern

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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    

Could the conduct or interpretation of
the index test have introduced bias?

  Unclear risk  

Are there concerns that the index test,
its conduct, or interpretation differ from
the review question?

    Low concern

DOMAIN 3: Reference Standard

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

No    
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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 the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  High risk  

Are there concerns that the target con-
dition as defined by the reference stan-
dard does not match the question?

    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 the patient flow have introduced
bias?

  Low risk  

Zhang 2020b  (Continued)

 
 

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
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
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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

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting
do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    High

DOMAIN 3: Reference 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?

Unclear    

The reference standard does not incorporate the index test Yes    

Could the reference standard, its conduct, or its interpre-
tation have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    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 the patient flow have introduced bias?   High risk  

Zhang 2020c  (Continued)

 
 

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.
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
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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

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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    

Did the study avoid inappropriate inclusions? Unclear    

Could the selection of patients have introduced
bias?

  Unclear risk  

Are there concerns that the included patients and
setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)
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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 the conduct or interpretation of the index
test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    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 the patient flow have introduced bias?   Unclear risk  

Zhang 2020d  (Continued)

 
 

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
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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

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)
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DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference 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 the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Low risk  

Are there concerns that the target condition as defined
by the reference standard does not match the ques-
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 the patient flow have introduced bias?   High risk  

Zhao 2020a  (Continued)

 
 

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
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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)

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection
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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? Unclear    

Did the study avoid inappropriate inclusions? Unclear    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the in-
dex test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    High

DOMAIN 3: Reference 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 the reference standard, its conduct, or
its interpretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    Unclear

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?

No    

Were all patients included in the analysis? Unclear    

Did all participants receive a reference standard? Yes    

Were results presented per patient? Yes    

Could the patient flow have introduced bias?   High risk  

Zhao 2020b  (Continued)

 
 

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-o( 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
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

Zhong 2020 [A] 
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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

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

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 the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

DOMAIN 2: Index Test (Antibody tests)

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 the conduct or interpretation of the index
test have introduced bias?

  High risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    High

DOMAIN 3: Reference 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 the reference standard, its conduct, or its in-
terpretation have introduced bias?

  Unclear risk  

Zhong 2020 [A]  (Continued)
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Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    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 the patient flow have introduced bias?   High risk  

Zhong 2020 [A]  (Continued)

 
 

Study characteristics

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

Patient characteris-
tics and setting

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-o( on ROC curve

Target condition
and reference stan-
dard(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] 

 
 

Study characteristics

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

Zhong 2020 [C] 
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Patient characteris-
tics and setting

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-o( on ROC curve

Target condition
and reference stan-
dard(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]  (Continued)

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 protein: 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 protein: spike protein; SD: standard deviation; TB: tuberculosis; WHO: World Health Organization
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

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

Baggett 2020 Ineligible study design

Bai 2020 Inadequate sample size

Bajema 2020 Ineligible study design
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Study Reason for exclusion

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

Feng 2020 Ineligible index test

Fontanet 2020 Ineligible study design

Fu 2020a Ineligible population
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Study Reason for exclusion

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

Kim 2019 Ineligible study design

Kong 2020 Ineligible study design

Konrad 2020 Ineligible study design
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Study Reason for exclusion

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

McRae 2020 Ineligible index test

Mei 2020 Ineligible index test

Meng 2020 Ineligible index test
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Study Reason for exclusion

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

Sun 2020b Ineligible index test

Sun 2020c Ineligible study design

Tagarro 2020 Ineligible index test
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Study Reason for exclusion

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

Xia 2020a Ineligible index test

Xia 2020b Ineligible study design

Xie 2020b Ineligible population
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Study Reason for exclusion

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

 

Characteristics of studies awaiting classification [ordered by study ID]

 

Patient Sampling Foreign language study awaiting translation

Patient characteristics and setting  

Index tests  

Li 2020b 
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Target condition and reference standard(s)      

Flow and timing  

Comparative  

Notes      

Li 2020b  (Continued)

 
 

Patient Sampling Study of neutralising antibodies; to be assessed for inclusion in re-
view 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 

 

Characteristics of ongoing studies [ordered by study ID]

 

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)  

ChiCTR2000029625 
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Index and comparator tests  

Starting date  

Contact information  

Notes  

ChiCTR2000029625  (Continued)

 
 

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)  

Index and comparator tests  

Starting date  

ChiCTR2000029870 
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Contact information  

Notes  

ChiCTR2000029870  (Continued)

 
 

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  

Contact information  

Notes  

ChiCTR2000030005 
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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 

 
 

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

ChiCTR2000030558 
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Target condition and reference standard(s)  

Index and comparator tests  

Starting date  

Contact information  

Notes  

ChiCTR2000030558  (Continued)

 
 

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)

Target condition and reference standard(s)  

Index and comparator tests  

ChiCTR2000030754 
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Starting date  

Contact information  

Notes  

ChiCTR2000030754  (Continued)

 
 

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 sta( 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  

Starting date  

Contact information  

ChiCTR2000030838 
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Notes  

ChiCTR2000030838  (Continued)

 
 

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  

Notes  

ChiCTR2000030860 
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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 

 
 

Study name Detection of 2019 novel coronavirus in multiple organ system
and its relationship with clinical manifestations

Target condition and reference standard(s)  

NCT04279795 
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Index and comparator tests  

Starting date  

Contact information  

Notes  

NCT04279795  (Continued)

 
 

Study name SARS-CoV2 seroconversion among front line medical and paramedical sta( 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)  

Index and comparator tests  

Starting date  

NCT04316728 
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Contact information  

Notes  

NCT04316728  (Continued)

 
 

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  

Contact information  

Notes  

NCT04322513 
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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.

 

Table Tests.   Data tables by test

Test No. of studies 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

12 IgM (over 35 days) 12 222

13 IgG/IgM (all time points) 44 9496

14 IgG/IgM (1 to 7 days) 17 259
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Test No. of studies No. of participants

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

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
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Test No. of studies No. of participants

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

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
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Test No. of studies No. of participants

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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Test 1.   IgG (all time points)
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Test 1.   (Continued)

 
 

Test 2.   IgG (1 to 7 days)
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Test 3.   IgG (8 to 14 days)
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Test 4.   IgG (15 to 21 days)
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Test 5.   IgG (22 to 35 days)

 
 

Test 6.   IgG (over 35 days)
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Test 7.   IgM (all time points)
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Test 7.   (Continued)

 
 

Test 8.   IgM (8 to 14 days)
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Test 9.   IgM (1 to 7 days)
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Test 10.   IgM (15 to 21 days)
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Test 11.   IgM (22 to 35 days)

 
 

Test 12.   IgM (over 35 days)
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Test 13.   IgG/IgM (all time points)

 
 

Antibody tests for identification of current and past infection with SARS-CoV-2 (Review)

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

229



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Test 14.   IgG/IgM (1 to 7 days)

 
 

Test 15.   IgG/IgM (8 to 14 days)
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Test 16.   IgG/IgM (15 to 21 days)

 
 

Test 17.   IgG/IgM (22 to 35 days)
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Test 18.   IgG/IgM (over 35 days)

 
 

Test 19.   IgA (all time points)

 
 

Test 20.   IgA (1 to 7 days)

 
 

Test 21.   IgA (8 to 14 days)
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Test 22.   IgA (15 to 21 days)

 
 

Test 23.   IgA (22 to 35 days)

 
 

Test 24.   IgA (over 35 days)

 
 

Test 25.   Total antibodies (Ab) (all time points)
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Test 27.   Total antibodies (Ab) (1 to 7 days)

 
 

Test 29.   Total antibodies (Ab) (8 to 14 days)

 
 

Test 30.   Total antibodies (Ab) (15 to 21 days)

 
 

Test 31.   Total antibodies (Ab) (21 to 35 days)
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Test 32.   Total antibodies (Ab) (over 35 days)

 
 

Test 33.   IgA/IgG (all time points)

 
 

Test 34.   IgA/IgG (1 to 7 days)

 
 

Test 35.   IgA/IgG (8 to 14 days)

 
 

Test 36.   IgA/IgG (15 to 21 days)
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Test 37.   IgA/IgG (22 to 35 days)

 
 

Test 38.   IgA/IgM (all time points)

 
 

Test 39.   IgG in PCR+ve (all time points)

 
 

Test 40.   IgG in PCR +ve (1 to 7 days)

 
 

Test 41.   IgG in PCR+ve (8 to 14 days)
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Test 42.   IgG in PCR+ve (15 to 21 days)

 
 

Test 43.   IgG in PCR-ve (all time points)

 
 

Test 44.   IgG in PCR-ve (1 to 7 days)

 
 

Test 45.   IgG in PCR-ve (8 to 14 days)

 
 

Test 46.   IgG in PCR-ve (15 to 21 days)
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Test 47.   IgM in PCR+ve (all time points)

 
 

Test 48.   IgM in PCR+ve (1 to 7 days)

 
 

Test 49.   IgM in PCR+ve (8 to 14 days)

 
 

Test 50.   IgM in PCR+ve (15 to 21 days)
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Test 51.   IgM in PCR-ve (all time points)

 
 

Test 52.   IgM in PCR-ve (1 to 7 days)

 
 

Test 53.   IgM in PCR-ve (8 to 14 days)

 
 

Test 54.   IgM in PCR-ve (15 to 21 days)
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Test 55.   IgG/IgM in PCR+ve (all time points)

 
 

Test 56.   IgG/IgM in PCR+ve (1 to 7 days)

 
 

Test 57.   IgG/IgM in PCR+ve (8 to 14 days)

 
 

Test 58.   IgG/IgM in PCR+ve (15 to 21 days)

 
 

Test 59.   IgG/IgM in PCR-ve (all time points)
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Test 60.   IgG/IgM in PCR-ve (1 to 7 days)

 
 

Test 61.   IgG/IgM in PCR-ve (8 to 14 days)

 
 

Test 62.   IgG/IgM in PCR-ve (15 to 21 days)

 
 

Test 63.   IgG (moderate)

 
 

Test 64.   IgG (severe)
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Test 65.   IgG (critical)

 
 

Test 66.   IgM (moderate)

 
 

Test 67.   IgM (severe)

 
 

Test 68.   IgM (critical)

 
 

Test 69.   RT-PCR (all time points - throat)
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Test 70.   RT-PCR (1 to 7 days throat)

 
 

Test 71.   RT-PCR (8 to 14 days - throat)

 
 

Test 72.   RT-PCR (15 to 21 days - throat)

 
 

Test 73.   RT-PCR (all time points - sputum)

 
 

Test 74.   RT-PCR (1 to 7 days - sputum)
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Test 75.   RT-PCR (8 to 14 days - sputum)

 
 

Test 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   Studies (percentage)

(n=54 studies)

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 design    

Recruitment structure Single group, both COVID-19 and non-COVID-19 cases 6 (11%)

Table 1.   Description of studies 
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  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%)

Tests    

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%)

  ELISA 28 (31%)

  FIA 2 (2%)

Table 1.   Description of studies  (Continued)
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  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%)

  Shenzhen YHLO 7 (8%)

  Snibe Diagnostic - MAGLUMI 2 (3%)

Table 1.   Description of studies  (Continued)
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  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-
based: nucleocapsid protein; RT-PCR: reverse transcription polymerase chain reaction; S-based: spike protein; S-flow: flow-cytome-
try assay; WHO: World Health Organization

Table 1.   Description of studies  (Continued)

 
 

  Days 1-7 Days 8-14 Days 15-21 Days 22-35 Days > 35 Compari-
son

  Test groups [studies] (true positives/COVID cases)

Sensitivity (95% CI)

 

IgG 33 [23] (165/568) 34 [22] (766/1200) 34 [22] (974/1110) 20 [12] (417/502) 11 [4] (213/252)  

Table 2.   Test sensitivity by time since onset of symptoms 
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  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-
bodies

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

Table 2.   Test sensitivity by time since onset of symptoms  (Continued)

 
 

  Overall specificitya COVID suspects
deemed negative

Current healthy
or other disease

Pre-pandemic Comparison
of control
groups

  Test groups [studies] (false positives/non-COVID cases)

Specificity (95% CI)

 

IgG 62 [44] (159/6136) 6 [6] (10/396) 14 [10] (60/2614) 19 [10]
(88/2633)

 

  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

Table 3.   Specificity and impact of reference standard for non-COVID cases 
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IgG/IgM 34 [23] (78/5761) 7 [7] (33/454) 7 [5] (20/506) 18 [6] (22/1104) No formal
comparison
possible

  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 anti-
bodies

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

Table 3.   Specificity and impact of reference standard for non-COVID cases  (Continued)

aIncludes studies that are categorised as mixed/other not included in the subgroups.
bConfidence intervals computed using binomial exact on totals.
 
 

Study Test(s) evaluated What the study says about cross-reactivity

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), Klebsiella pneumoniae (8), Strep-
tococcus pneumoniae (3), mycoplasma (5), Acinetobacter baumannii (10), Can-
dida albicans (2), Staphylococcus aureus (3), Mycobacterium tuberculosis (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

Guo 2020a In-house ELISA Reported Western Blot cross-reactivity analysis in plasma samples positive for
human CoV-229E, -NL63, -OC43, -HKU1, and SARS-CoV. Strong cross-reactivity
was observed 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 in-
fections and 2 with rheumatic disease.

Lassauniere 2020 [A] [A] Beijing Wantai ELISA Included sera from patients with acute viral respiratory tract infections caused
by other coronaviruses (n = 5) or non-coronaviruses (n = 45), and sera from pa-
tients positive for dengue virus (n = 9), CMV (n = 2) and Epstein Barr virus (n

Table 4.   Reported cross-reactivity with SARS-CoV-2 antigens 
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[B] EUROIMMUN IgG
ELISA

[C] EUROIMMUN IgA
ELISA

[D] Dynamiker Biotech-
nology LFA

[E] CTK Biotech - OnSite
LFA

[F] Autobio Diagnostics
LFA

[G] Artron Laboratories
LFA

[H] Acro Biotech LFA

[I] Hangzhou Alltest LFA

= 10). Cross reaction was observed for the EUROMIMMUN IgA ELISA (> 1 res-
piratory virus present, adenovirus, dengue virus) and for the EUROMIMMUN
IgG ELISA (coronavirus HKU1 and adenovirus). Some cross-reactivity also ob-
served 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), in-
fluenza B virus (n = 5), Mycoplasma pneumoniae (n = 5), Legionella pneumophi-
la (n = 5), HIV infection (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 pneumoniae (n = 17).

Zhang 2020d In-house CGIA (co-au-
thor Beijing Hotgen)

Appears to report a separate cross-reactivity study for influenza A, influenza B,
respiratory syncytial virus, Mycoplasma pneumoniae and Chlamydia pneumoni-
ae. 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

Table 4.   Reported cross-reactivity with SARS-CoV-2 antigens  (Continued)

 
 

  RT-PCR-positive COVID-19 cases RT-PCR-negative COVID-19 cases Comparison

  Test groups [studies] (true positives/COVID cases)

Sensitivity (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)  

Table 5.   Investigation of impact of reference standard on sensitivity 
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  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

Table 5.   Investigation of impact of reference standard on sensitivity  (Continued)

aWe obtained sensitivity estimates from a model of all data stratified by week, estimating the average di(erence in sensitivity across follow-
up. The figures quoted correspond to the week 3 strata (15-21 days) in the model.
 
 

  RT-PCR-positive COVID-19 cases RT-PCR-negative COVID-19 cases

  Test groups [studies]

(True positives/COVID-19 cases)

Sensitivity (95%
CI)

Test groups [studies]

(True positives/COVID-19
cases)

Sensitivity (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

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

Table 6.   Studies reporting sensitivity in both RT-PCR-positive and RT-PCR-negative subgroups 
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CI: confidence interval; RT-PCR: reverse transcription polymerase chain reaction

Table 6.   Studies reporting sensitivity in both RT-PCR-positive and RT-PCR-negative subgroups  (Continued)

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.
 
 

  Test method  

  Test method CGIA CLIA ELISA LFA Compari-
son

IgG            

  Test groups [studies]

(True positives/COVID cases)

6 [5] (268/397) 10 [10]
(1112/1432)

12 [11]
(1014/1552)

7 [1] (133/238)  

  Sensitivity (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

  Test groups [studies]

(True negatives/non-COVID
cases)

11 [11]
(409/415)

12 [12]
(318/322)

18 [16]
(2003/2102)

6 [1] (354/360)  

  Specificity (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            

  Test groups [studies]

(True positives/COVID cases)

7 [6] (109/411) 10 [10]
(884/1355)

12 [11]
(1083/1568)

7 [1] (78/228)  

  Sensitivity (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

  Test groups [studies]

(True negatives/non-COVID
cases)

12 [11]
(455/487)

13 [13]
(609/621)

14 [12]
(1674/1710)

6 [1] (357/360)  

  Specificity (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            

  Test groups [studies]

(True positives/COVID cases)

4 [3] (232/316) 3 [3] (344/420) 5 [4] (595/770) 11 [2]
(255/358)

 

  Sensitivity (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

Table 7.   Sensitivity and specificity by test technology 
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  Test groups [studies]

(True negatives/non-COVID
cases)

11 [11]
(330/353)

5 [4] (230/244) 5 [4] (387/391) 13 [3]
(3797/3827)

 

  Specificity (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)

Table 7.   Sensitivity and specificity by test technology  (Continued)

aWe obtained sensitivity estimates from a model of all data stratified by week, estimating the average di(erence in sensitivity across follow-
up. The figures quoted correspond to the Week 3 (15-21 days) strata in the model.
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4

Test namea Test

method

IgG sensitivity by time since onset of symptoms

Studies (true positives/COVID-19 cases)
Sensitivity (95% CI)

IgG specificity

Studies (false pos-
itives/COVID-19
cases)
Specificity (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)

 

Table 8.   Sensitivity and specificity by test brand (IgG) 
C

o
ch

ra
n

e
L
ib

ra
ry

T
ru

ste
d

 e
v
id

e
n
ce

.
In

fo
rm

e
d

 d
e
cisio

n
s.

B
e
tte

r h
e
a
lth

.

  

C
o
ch
ra
n
e D

a
ta
b
a
se o

f S
ystem

a
tic R

e
vie

w
s



A
n
tib

o
d

y
 te

sts fo
r id

e
n

tifica
tio

n
 o

f cu
rre

n
t a

n
d

 p
a
st in

fe
ctio

n
 w

ith
 S

A
R

S
-C

o
V
-2

 (R
e
v
ie

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

e
vie

w
s p

u
b
lish

ed
 b
y Jo

h
n
 W
ile
y &

 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
5
5

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 Be-
ta

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 Biologi-
cal - 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)      

Table 8.   Sensitivity and specificity by test brand (IgG)  (Continued)
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6

Vivachek - VivaDi-
ag IgM/IgG

CGIA           2 (0/42)

              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

Table 8.   Sensitivity and specificity by test brand (IgG)  (Continued)

aSee Appendix 12 for details of manufacturer product codes, where available.
 
 

Test namea Test method IgM sensitivity by time since onset of symptoms

Studies (true positives/COVID-19 cases)
Sensitiivity (95% CI)

IgM specificity

Studies (false posi-
tives/COVID-19 cases)
Specificity (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)

   

Table 9.   Sensitivity and specificity by test brand (IgM) 
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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)

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 Biotechnol-
ogy 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)

Table 9.   Sensitivity and specificity by test brand (IgM)  (Continued)
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EUROIMMUN An-
ti-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

Table 9.   Sensitivity and specificity by test brand (IgM)  (Continued)

aSee Appendix 12 for details of manufacturer product codes, where available.
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Test namea Test method IgG/IgM sensitivity by time since onset of symptoms

Studies (true positives/COVID-19 cases)
Sensitiivity (95% CI)

IgG/IgM specificity

Studies (false posi-
tives/COVID-19 cases)
Specificity (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 Diagnos-
tics 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)

Table 10.   Sensitivity and specificity by test brand (IgG/IgM) 
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Dynamiker
Biotechnology 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)

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

Table 10.   Sensitivity and specificity by test brand (IgG/IgM)  (Continued)

aSee Appendix 12 for details of manufacturer product codes, where available.
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A P P E N D I C E S

Appendix 1. Summary of World Health Organization and Chinese National Health Commission Guidelines for the
diagnosis of SARS-CoV-2

Table A: World Health Organization guidelines for the diagnosis of SARS-CoV-2a

Includes laboratory testing guidelines and global surveillance guidelines

 

Date range
(2020)

Definition of confirmed case Definition of
confirmed
non-case

Definition of
suspect case

Definition
of probable
case

Role of serology
in testing

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 definition
at this time

31 January-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 laborato-
ry results or is
test-positive
using a pan-
coronavirus
assay without
laboratory ev-
idence of oth-
er respirato-
ry pathogens.
(global 31
January)

27 February-1
March

10-30 January: no documentation to de-
fine at this time (before first date of glob-
al guidelines)
31 January onwards: a confirmed case is
a person with laboratory confirmation of
COVID-19 infection, irrespective of clinical
signs and symptoms.

No prescribed test in laboratory guide-
lines, suggested 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 January: broad coronavirus RT-
PCR (with sequencing of precise virus in
test positives), NAAT for SARS-CoV-2 when
it becomes available, whole genome se-
quencing, and broad coronavirus serolo-
gy on paired samples.
States that once specific NAAT assays
are developed and validated, confirma-
tion will be based on specific detection of
unique sequences of viral nucleic acid by
RT-PCR.

None stated

Serological test-
ing may be use-
ful to confirm
immunologic
response to a
pathogen from
a specific viral
group, e.g. coro-
navirus. Best re-
sults from sero-
logic testing re-
quires the col-
lection of paired
serum samples
(in the acute and
convalescent
phase) from cas-
es under investi-
gation.

2 March-19
March

A suspected
case with in-
conclusive
laboratory re-
sults
(global 27
February)

19 March-
present

A person with laboratory confirmation of
COVID-19 infection, irrespective of clinical
signs and symptoms. (global 31 January,
27 February, 20 March)
Laboratory confirmation of cases by NAAT
specific to SAR-CoV-2 such as real-time
reverse-transcription polymerase chain
reaction (rRT-PCR) with confirmation by
nucleic acid sequencing when necessary.
The viral genes targeted so far include the
N, E, S and RdRP genes.

One or more
negative re-
sults do not
rule out the
possibility
of COVID-19
virus infec-
tion.

Suspect case
defined as
combination
of symptoms
and exposure,
with more se-
vere symp-
toms requir-
ing less evi-
dence for ex-
posure, OR
defined by
symptoms re-
quiring hospi-

Probable case
A suspect case
for whom
testing for
the COVID-19

In cases where
NAAT assays are
negative and
there is a strong
epidemiologi-
cal link to COV-
ID-19 infection,
paired serum
samples (in the
acute and con-
valescent phase)
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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 betacoron-
avirus, and COVID-19 virus identified
by sequencing partial/whole genome
of virus (sequence target larger or dif-
ferent from the amplicon probed in the
NAAT assay).

Discordant results should be resampled.
In areas where COVID-19 virus is wide-
ly spread a simpler algorithm might be
adopted (e.g. RT-PCR of a single discrimi-
natory target)

talisation and
an absence of
alternative ex-
planation.

virus is incon-
clusive.
OR
A suspect case
for whom test-
ing could not
be performed
for any rea-
son.

could support di-
agnosis once val-
idated serology
tests are avail-
able.

Serological as-
says will play an
important role in
research 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.

  (Continued)

 
aSource data from Laboratory testing of 2019 novel coronavirus (2019-nCoV) in suspected human cases: interim guidance, World Health

Organization. (2020), 10 January, 17January, 2nd March, 19 March, 21st March, and Global surveillance for COVID-19 caused by human

infection with COVID-19 virus, interim guidance, 31st January, 27 February, and 20 March.

Table B: Summary of Chinese National Health Commission guidelines for diagnosis and treatment for novel coronavirus
pneumonia (trial versions 1-7)

 

Dates in effect Definition of confirmed case Definition of con-
firmed non-case

Definition of suspect case Role of serology
in testing

16-17 January
2020 (version 1)

Cases (not confirmed cases) de-
fined as virus genome highly ho-
mologous to coronaviruses

Not defined Observation cases: defined as
combination of exposure in Wuhan
and symptoms focused on pneu-
monia, leukopenia and lack of im-
provement.

No role

18 January-2
March (versions
2, 3, 4, 5, 5 re-
vised, and 6)

Suspect cases with either

• real-time fluorescent RT-PCR
indicates positive for new
coronavirus nucleic acid; OR

• viral gene sequence is high-
ly homologous 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 ex-
posure (such as residence in/trav-
el to Wuhan or exposure to a con-
firmed case within 14 days of on-
set) AND clinical features (such
as symptoms: fever, respiratory
symptoms, and tests: chest imag-
ing, white blood cell and lympho-
cyte count). Exact definition varies
slightly with version

No role

3 March-present
(version 7)

Suspect cases with either

• real-time fluorescent RT-PCR
indicates positive for new
coronavirus nucleic acid; OR

Suspect cases can
be ruled out after
2 negative NAATs,
taken at least 24-
hours apart, and

Suspect cases: combination of ex-
posure (such as residence in/trav-
el to Wuhan or exposure to a con-
firmed case within 14 days of on-
set) AND clinical features (such

Part of definition
of cases and con-
firmed non-cases
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• viral gene sequence is high-
ly homologous to known new
coronaviruses. OR

• NCP virus-specific IgM and
IgG are detectable in serum;
NCP virus-specific IgG is de-
tectable or reaches a titration
of at least 4-fold increase dur-
ing convalescence compared
with the acute phase.

the NCP virus-spe-
cific IgM and IgG
are negative after
7 days from onset.

as symptoms: fever, respiratory
symptoms, and tests: chest imag-
ing, white blood cell and lympho-
cyte count).

NAAT: nucleic acids amplification test; NCP: novel coronavirus pneumonia; RT-PCR: reverse transcription polymerase chain reaction;
Source: CDC China 2020.

  (Continued)

 

Appendix 2. Antibody test 'use case' scenarios

 

Use Casea Advantages Limitations Considerations

Diagnosis

Aid diagnosis of suspect
cases, especially when
RT-PCR negative but X-
Ray/CT suggestive

May improve overall sensitivity of di-
agnosis

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 suspect
cases when PCR is not
available

(would require careful
development of inter-
pretive guidelines)

As above and could enable decen-
tralised/community testing in set-
tings 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 sensi-
tivity

Should be confirmed by PCR, where
possible

Rising titres and seroconversion can
improve sensitivity and specificity

Identification of individuals with protective immune status 
(conditional upon identifying correlates of protection for SARS-CoV-2)

Identify convalescent
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 de-
rived from vaccinated donors

CT: computed tomography; RT-PCR: reverse transcription polymerase chain reaction;

aTable from Cheng 2020b

 

 

Appendix 3. Cochrane COVID-19 Study Register searches
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Source Strategy

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.

Appendix 4. Living search from the University of Bern

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

Appendix 5. CDC Library, COVID-19 Research Articles Downloadable Database

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.

 

Source Strategy

Embase 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)
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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-

  (Continued)

 

Appendix 6. Data extraction items

 

Patient sam-
pling items

Patient character-
istics and setting
items

Index test items Reference standard
items

Flow and tim-
ing items

Notes items

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 inter-
val between
index and ref-
erence 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 pa-
tients receive
the same ref-
erence stan-
dard?

G2: Publica-
tion status

A3 Recruit-
ment

B3 Country D1.3 Antibody targets E3 Timing of reference
standard (preferably
since symptom onset on-
ly, if not from a different
time points)

F3 Missing da-
ta

G3: Source
(preprint or
journal 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 au-
thor COI (in-
cluding any
manufacturer
affiliations)

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 in-
dex test?

F5 Indetermi-
nate results

G5 Comment
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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
standard (preferably
since symptom onset on-
ly, 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 in-
dex 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        

  (Continued)

 

Appendix 7. Criteria for assessment of study quality (QUADAS-2)

 

DOMAIN: PARTICIPANT SELECTION

Was a consecutive or random
sample of patients enrolled?

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.

UNCLEAR: if the selection procedure was not clear or not reported.

Was a case-control design
avoided?

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.
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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 the study avoid inappro-
priate exclusions?

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 the study avoid inappro-
priate 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 the selection of pa-
tients have introduced 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 there concern that the in-
cluded participants do not
match the review question?

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

Were the index test results
interpreted without knowl-
edge of the results of the ref-
erence 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.

UNCLEAR: if blinding was unclearly reported.

If a threshold was used, was
it prespecified?

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.

  (Continued)
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UNCLEAR: if threshold selection was not clearly reported.

Could the conduct or inter-
pretation of the index test
have introduced 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 there concern that the in-
dex test, its conduct, or in-
terpretation differ from the
review question?

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 the reference standard
likely to correctly classify
the target 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

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

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.

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 the definition of the ref-
erence standard incorpo-

YES: if results from the index test were a component of the reference standard definition.

  (Continued)
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rate results from the index
test(s)?

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 the conduct or inter-
pretation of the reference
standard have introduced
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 there concern that the tar-
get condition as defined by
the reference standard does
not match the review ques-
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 receive
the same reference 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.

Were all participants includ-
ed in the 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 receive a
reference 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.

Were results presented per
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

Could the participantflow
have introduced 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.
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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

  (Continued)

 
Footnotes

Appendix 8. Summary details of study design and participants

This Appendix includes two tables. Please note that square brackets indicate di(erent 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

Table A. Single-group studies estimating sensitivity (and specificity)

 

Study 
(source)

Inclusion criteria

• method used to rule out COV-
ID-19

Instititu-
tion (re-
cruitment
dates)

Age (medi-
an)

n, % male

Exposure
history

Symp-
toms/sever-
ity

Reference de-
tails (cases)

Missing or
uninter-
pretable
data

Single-group studies estimating sensitivity and specificity

Cassaniti 2020
(B)

(published;
letter)

50 partic-
ipants (50
samples)

COVID-19-suspected cases pre-
senting at A&E with fever and res-
piratory syndrome (n = 50, includ-
ing 38 RT-PCR-positive);

• 2 x RT-PCR-negative required to
rule out disease

(Additional groups reported in Cas-
saniti 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)

Weakly
positive re-
sults count-
ed as test
positive

Liu 2020a

(preprint)

179 partic-
ipants (179
samples)

Inpatients and outpatients attend-
ing hospital during pandemic in-
cluding COVID-19-suspected cases
(all inpatient, n = 114) and outpa-
tients (n = 64) with 'other disease'.
(n = 179, including 90 PCR-con-
firmed and 5 clinically confirmed
cases)

• Negative PCR and insufficient
evidence for clinical confirma-
tion required to rule out disease

Inpatient
and out-
patient;
Wuhan,
China (1
January-12
March
2020)

[1] mean 76
years

[2+3] mean
56 years

[1] 60, 67%
[2+3] 38,
43%

Not report-
ed

Of 90 RT-
PCR+, 44,
49% se-
vere/criti-
cal cases

Clinical crite-
ria (not clear-
ly described) ≤
RT-PCR; nasal
and pharyngeal
swabs

(NR)

Per sam-
ple data by
time period
is based on

Long 2020 (A)

(preprint)

164 partic-
ipants (164
samples)

Cohort of close contacts of 2 index
cases (n = 164, 16 PCR-positive cas-
es)

• 1 x RT-PCR-negative required to
rule out disease

Close con-
tacts;
Wanzhou,
China (31
January-9
February)

Not stated

Not stated

All exposed

151 (92%)
asympto-
matic

RT-PCR; NP

(within 17 days
of contact with
confirmed cases)

None stat-
ed

Paradiso
2020a

Symptomatic patients accessing
A&E (n = 191, including 70 PCR-
positive)

A&E; Bari,
Italy (23-29
March)

58.5 years

116, 61%

Not stated RT-PCR (Allplex
2019-nCoV As-
say; Seegene,

1 D+ miss-
ing from re-
sults
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(preprint)

191 partic-
ipants (191
samples)

• 1 x RT-PCR-negative required to
rule out disease

14, 9%
asympto-
matic

Seoul, Republic
of Korea); NP, OP

(Simultaneous)

Zhang 2020b

(preprint)

228 partic-
ipants (228
samples)

Suspected COVID-19 cases admit-
ted to fever clinic (n = 228, includ-
ing 3 PCR-positive)

• 1 x RT-PCR negative required to
rule out disease

(review team excluded additional
reported groups)

Inpatients,
Shengjing,
China (21
January-16
February)

Mean 51
years (cas-
es only)

Not stated

1, 33%
Wuhan
contact his-
tory (cases
only)

Not stated

RT-PCR (required
presence of OR-
F1ab and N gene
for positive re-
sult); NP, OP

(Timing not stat-
ed)

Not stated

Zhang 2020d

(preprint)

814 partic-
ipants (814
samples)

Participants suspected of harbour-
ing COVID-19 (n = 814, including
154 cases; 122 RT-PCR-positive and
32 clinically diagnosed by CT)

• 1 x RT-PCR negative required to
rule out disease; unclear if CT
used in all D- (n = 663)

Samples
from 5 hos-
pitals (in/
outpatient
not stat-
ed); 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-neg-
ative NP swabs.
(Timing not stat-
ed)

None stat-
ed

Single group studies estimating sensitivity alone

Du 2020

(published;
letter)

60 partic-
ipants (60
samples)

Single group of convalescent in-
patients 6-7 weeks after symptom
onset (n = 60)

• Non-COVID-19 cases not includ-
ed

Hospital in-
patients;
Wuhan,
China (12
January-5
February
2020)

Not stated Not stated Not described;
not stated

(During hospital
stay)

None de-
scribed

Gao 2020a

(published;
letter)

38 partici-
pants

(38 samples)

Inpatient cohort of COVID-19 pa-
tients confirmed by Chinese Gov-
ernment-issued guidelines (5th
edition)

• non-COVID-19 cases not includ-
ed

Inpatient;
Fuyang,
China (22
January-28
February
2020)

40.5 years

21, 55.3%

Not stated

3, 8% se-
vere or crit-
ical, 35
mild

Chinese guide-
line (5th edition)

Not report-
ed

Gao 2020b [A]

(accepted
manuscript

(peer re-
viewed; pre-
proof)

22 partici-
pants

Confirmed COVID-19 cases (n = 22)

• non-COVID-19 cases not includ-
ed

Hospi-
tal inpa-
tient; Shi-
jiazhuang,
Hebei, Chi-
na (21 Jan-
uary-24
February
2020)

40 years

14, 64%

11 (50%) re-
cent travel
to epidem-
ic areas,
10 (45%)
close con-
tacts with
confirmed
COVID-19
cases

RT-PCR assay
(2019-nCoV RNA
Test Kit, Daan
Gene Compa-
ny, China); Nasal
and pharyngeal
swab specimens

None de-
scribed
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(37 samples) 22 (100%)
typical CT
findings;
'most' re-
ceived oxy-
gen thera-
py

Garcia 2020
(B)

(preprint)

63 partici-
pants

(63 samples)

Patients admitted with a clini-
cal and radiological diagnosis of
pneumonia of unknown aetiology
but RT-PCR-negative (n = 63)

• non-COVID-19 cases not includ-
ed

Addional reported cohort extract-
ed as Garcia 2020 (A)

Inpatient
hospital (9
February-2
April)

67 years

47, 74%

Not stated Clinical diagno-
sis of COVID-19
(no further de-
tail); all PCR-neg-
ative

None re-
ported

Hu 2020a

(preprint)

211 partici-
pants

(993 samples)

Confirmed COVID-19 patients (221)

• non-COVID-19 cases not includ-
ed

Inpatient;
Chongqing,
China (23
January-3
March)

Mean 47.8
years

135, 64%

Not stated

137, 62%
with fever;
40, 19% se-
vere

Chinese Govern-
ment guidelines
(version 6); in-
cluded RT-PCR

None de-
scribed;
text states
993 sam-
ples but on-
ly 409 re-
ported for
IgM and
507 for IgG

Jia 2020

(preprint)

57 partici-
pants

(57 samples)

1. RT-PCR confirmed (24)
2. Clinical diagnosis for RT-PCR
negative (2 x negative results) ac-
cording to Chinese Government
guideline (6th ed) (33)

• non-COVID-19 cases not includ-
ed

Inpatients;
Shenzhen,
China (Not
stated)

Not stated Not stated 1. RT-PCR
2. Chinese CDC
guideline (6th
ed). (1 to 34 days
from exposure to
first PCR test)

None de-
scribed

Li 2020a

(accepted for
publication
and under-
gone full peer
review)

525 partici-
pants

(525 samples)

COVID-19 according to Chinese
CDC guideline (5th ed) (525; 397
PCR-positive))

• non-COVID-19 cases not includ-
ed

Potential-
ly inpatient
and out-
patient; 6
provinces,
China

(Not stated)

Not stated Not stated Chinese CDC
guideline (6th
ed), including
PCR; pharyngeal,
sputum

(Not stated)

None stat-
ed

Lippi 2020 [A]

(published;
letter)

48 partici-
pants

(48 samples)

Participants with suspected COV-
ID-19; subgroup of cases (48/131
patients) with available data on
days post-symptom onset data can
be included

• non-COVID-19 cases not includ-
ed

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 (Dur-
ing hospitalisa-
tion)

Excluded
83 patients
with no
time pso
data
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Liu 2020c

(preprint)

133 partici-
pants

(133 samples)

Patients diagnosed with SARS-
Cov-2 according to Chinese CDC
guideline (5th ed) (133)

• non-COVID-19 cases not includ-
ed

Inpatients;
Wuhan,
China ( 17
February-1
March)

Moderate
67.5 years;
severe 68
years; criti-
cal 70 years

70, 53%

Not stated

moderate
44, 33%;
severe 52,
39%; criti-
cal 37, 29%

Clinical diag-
nosis (seems to
be Chinese CDC
guideline, 5th
ed)
Includes RT-
PCR (GeneoDx
Biotech, Shang-
hai, China); 2
tests per partic-
ipant; 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 inclu-
sion or exclusion criteria.

Additional cohort extracted as
Long 2020 (A); some additional co-
horts excluded (see Characteristics
of included studies)

• non-COVID-19 cases not includ-
ed

Inpatients;
Chongqing,
China
(38384)

47 years

158, 55.4%

103, 36%
exposure
to trans-
mission
sources

39, 14% se-
vere or crit-
ical in ICU

RT-PCR; nasal
and pharyngeal
swabs (during
hospital stay)

23 patients
with no in-
formation
on time
pso were
excluded
leaving 363
samples
from 262
patients

Padoan 2020

(peer re-
viewed; pub-
lished)

37 partici-
pants

(87 samples)

Hospitalised patients with con-
firmed COVID-19 (n = 37)

• non-COVID-19 cases not includ-
ed

Inpatients;
Padova,
Italy (18
March-26
March
2020)

Not stated Not stated RT-PCR; NP

(Not stated)

None de-
scribed

Pan 2020a

(peer re-
viewed; pub-
lished)

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 includ-
ed

Inpatients;
Wuhan,
China (Not
stated
(symptom
onset 7
January-18
February))

58 years

48, 46%

Not stated RT-PCR follow-
ing WHO guide-
lines (BioGerm,
Shanghai, Chi-
na),
Clinical diagno-
sis according to
CDC guideline
(5th ed); throat
swabs

(Not stated)

Data re-
ported on-
ly for those
with symp-
tom on-
set infor-
mation; 26
samples ex-
cluded

To 2020a [A]

(peer re-
viewed; pub-
lished)

23 partici-
pants

(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 includ-
ed

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 in-
tubation,
2/23(9%)
died

Laboratory-con-
firmed - not fur-
ther described;
NP or sputum

(Unclear)

7/23 (30%)
were not
tested be-
tween days
14 and 30
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Fever in
22/23 (96%)
patients,
cough in
5/23 (22%),
chills in
4/23 (17%),
dyspnoea
in 4/23
(17%)

Xiao 2020a

(accepted
manuscript;
pre-proof)

34 partici-
pants

(34 samples)

Confirmed cases of COVID-19 ac-
cording to Chinese CDC (5th ed)
(34)

• non-COVID-19 cases not includ-
ed

Inpatients;
Wuhan,
China (1-29
February)

49 years
(review
team esti-
mated)

22, 65%

Not stated

Not de-
scribed

COVID-19 ac-
cording to CDC
diagnosis and
treatment guide-
line (5th ed)

None re-
ported

Xie 2020a

(accepted
manuscript;
pre-proof)

56 partici-
pants

(56 samples)

Participants with suspected COV-
ID-19 based on Chinese CDC (5th
ed) criteria (n = 56, including 16
PCR confirmed)

• non-COVID-19 cases not includ-
ed

Inpatients;
Wuhan,
China
(15-25 Feb-
ruary 2020)

56.5 years

24, 43%

Not stated

34, 61% se-
vere

[1] RT-PCR
QIAamp RNA
virus kit (Qia-
gen, Heiden, Ger-
many); NP and
throat
[2] clinical diag-
nosis (guideline,
5th edition

None re-
ported

Xu 2020a

(preprint)

10 partici-
pants

(10 samples)

Confirmed (PCR) COVID-19 cases (n
= 10)

• non-COVID-19 cases not includ-
ed

Hospital in-
patients;
Shanghai,
China

(Not stated)

Not stated

6, 60%

Not stated

10, 100%
required
oxygen

RT-PCR (cycle
threshold value
(Ct) < 37 defined
as positive and
Ct ≥ 40 defined
as negative; pha-
ryngeal swab

(Not stated)

None re-
ported

Yongchen
2020

(peer re-
viewed; pub-
lished)

21 partici-
pants

(≥ 42 samples)

Participants with COVID-19 (n = 16)
and asymptomatic carriers (n = 5)

• non-COVID-19 cases not includ-
ed

Mixed;
Jiangsu,
China (25
January-18
March
2020)

37 years

13, 62%

Not stated

5, 24%
severe;
5, 24%
asympto-
matic cases

Illness
severity de-
fined ac-
cording
to the Chi-
nese man-
agement
guideline
for COV-
ID-19 (ver-
sion 6.0).

RT-PCR, con-
firmed after 2 se-
quential positive
respiratory tract
sample results;
throat swabs

None de-
scribed

  (Continued)
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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 includ-
ed

Inpatients;
Wuhan,
China (ad-
mitted 13
January
13-1 March)

62 years

Not stated

Not stated

87, 39% se-
vere

RT-PCR or an-
ti-SARS-CoV-2
assay ; nasal
or pharyngeal
swabs

(Not stated)

None re-
ported

Zhang 2020c

(peer re-
viewed; pub-
lished)

16 partici-
pants

(16 samples)

RT-PCR-confirmed COVID-19 pa-
tients (n = 139); included those
with around 10 days of medical
treatment after admission (n = 16)

• non-COVID-19 cases not includ-
ed

Inpatients;
Wuhan,
China (Not
stated)

Not stated Not stated RT-PCR < 10 days'
medical
treatment
(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; ed: 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 acid; RT-PCR: reverse transcriptase polymerase chain reac-
tion; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; suppl: supplementary; TB: tuberculosis

  (Continued)
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2
7
6

Table B. Two-group studies or more estimating sensitivity and specificity

Study 
(source)

COVID-19 cases (n) Non-COVID cases (n) 
(including method of verifi-
cation)

Institution
(Recruitment
dates)

Age (median)

n, % male

Exposure his-
tory
Symp-
toms/severi-
ty

Reference details
(cases)

Missing or
uninter-
pretable data

Adams 2020 [A]

(preprint)

182 participants

(40 samples)

RT-PCR confirmed
COVID-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
obtained from 3 differ-
ent sources (n = 157
specimens)

Confirmed cases from
manufacturer data (n
= 85); local cases (PCR-
and ELISA-confirmed)
(n = 37) or PCR-con-
firmed (6-10 days pso)
(n = 35)

Non-COVID-19 cases were
obtained from 13 different
sources (n = 3324 specimens),

Pre-pandemic (10 sources; n =
2811); pandemic era PCR-neg-
ative (n = 202); not stated (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
methods)

Pre-pandemic blood donors
(n = 32); prior to 2018
[Review authors excluded 3rd
group with no reference stan-
dard 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

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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7

(443 samples)

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 nega-
tive 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 'normal'
samples (n = 51) used to de-
rive 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 com-
munity screening cen-
tre for COVID-19 (n = 12
PCR-positive),
[2] Stored samples
from 10 patients with
confirmed diagnosis of
COVID-19

[1] Attendees at community
screening centre for COVID-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

  (Continued)
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Garcia 2020 (A)

(preprint)

100 participants

(100 samples)

Suspected COVID-19
patients admitted to
A&E; all RT-PCR-posi-
tive (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 exclud-
ed 2 additional cohorts
with no reference stan-
dard (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
probable (58) COV-
ID-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 COV-
ID-19 cases (n = 61)

[2] pre-pandemic (2018-19)
control group with rheumat-
ic 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-neg-
ative results with an interval
of 24 h and who quarantined
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.

  (Continued)
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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-posi-
tive patients (n = 30)
admitted to intensive
care

Pre-pandemic (n = 82) includ-
ing 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 COV-
ID-19 cases (epidemi-
ological risk, clini-
cal features and RT-
PCR respiratory speci-
men positive) from in-
patient setting (spe-
cialised COVID-19 hos-
pital) (n = 79)

RT-PCR negative controls (re-
portedly at least 3 x negative),
including:
[2] healthy volunteers; timing
not reported, presumed con-
temporaneous (n = 29)
[3] TB patients; timing not re-
ported, presumed contempo-
raneous (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
suspected (85) COV-
ID-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

  (Continued)
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0

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
COVID-19 cases (n =
214)

Healthy blood donors, pre-
sumed to be contemporane-
ous (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-is-
sued guidelines (6th
edition) (n = 80)

Healthy people enrolled from
the community, presumed
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 'other
diseases' (no mention of PCR)
(n = 138)
[4] Suspected COVID pneumo-
nia 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

  (Continued)
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Qian 2020

(preprint)

2113 participants

(2113 samples)

[1] Confirmed COV-
ID-19 cases (RT-PCR-
positive) (n = 503) and
[2] suspected COV-
ID-19 cases based on
epidemiological histo-
ry, clinical symptoms
and chest X-ray but 3 x
PCR-negative (n = 52)

Apparently contemporaneous
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
cases 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 cri-
teria (14)

Contemporaneous patients
with different pathogen infec-
tions and related chronic dis-
eases with no clinical symp-
toms or imaging evidence of
COVID-19 (no PCR testing re-
ported) (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 da-
ta reports PCR results
for a subgroup); (n =
63 for ELISA, n = 91 for
GICA, some overlap of
cases)

Contemporaneous healthy in-
dividuals (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 pneu-

[3] Contemporaneous con-
trol group of healthy blood
donors (hospital sta() or pa-
tients with other diseases in

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)

monia manifestations
and ≥ 2 negative RT-
PCR (n = 24) classed as
D+ for review purposes

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 con-
firmation 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
positive COVID-19 cas-
es (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' sam-
ples ("strong negatives"); pre-
sumed 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; ed: 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
acid; RT-PCR: reverse transcriptase polymerase chain reaction; RT-qPCR: reverse transcriptase quantitative polymerase chain reaction; SARS-CoV-2: severe acute respira-
tory syndrome coronavirus 2; suppl: supplementary; TB: tuberculosis;

  (Continued)
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Appendix 9. Summary details of index tests per study

Study Test type Index test (manufacturer) Antigen Antibodies measured
(threshold)

Sample used Index sample
timing (days
pso)

Data by time
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
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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]);
stored serum
for cohort [2]

Median time
from expo-
sure–to–test
18.5 d (IQR 15
to 24)

No

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-o( value)

Serum Day 1 to > 37 Yes; by week

  (Continued)
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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-
turer recommended thresh-
old ≥ 10 AU/mL )

Blood (discus-
sion mentions
serum)

Day 8-19 No

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

[A] N- and S-
based
[B] Not stated

[A] IgM or IgG (≥ 1.10 AU/mL) [A] Serum or
plasma
[B] Not stated

Day < 5-21 Yes; 5 day in-
tervals

  (Continued)

C
o
ch

ra
n

e
L
ib

ra
ry

T
ru

ste
d

 e
v
id

e
n
ce

.
In

fo
rm

e
d

 d
e
cisio

n
s.

B
e
tte

r h
e
a
lth

.

  

C
o
ch
ra
n
e D

a
ta
b
a
se o

f S
ystem

a
tic R

e
vie

w
s



A
n
tib

o
d

y
 te

sts fo
r id

e
n

tifica
tio

n
 o

f cu
rre

n
t a

n
d

 p
a
st in

fe
ctio

n
 w

ith
 S

A
R

S
-C

o
V
-2

 (R
e
v
ie

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

e
vie

w
s p

u
b
lish

ed
 b
y Jo

h
n
 W
ile
y &

 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
7

New Industries Biomedical Engi-
neering Co., Ltd, )
[B] ELISAs (Euroimmun AG,
Lübeck, Germany)

[B] IgA or IgG (≥ 1.1 (ab-
sorbance of patient sam-
ple/absorbance of calibrator))

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-o( 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
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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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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-o(
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-based: 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-based:
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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Footnotes

aPlease note that square brackets indicate di(erent tests within one study.

Appendix 10. Study level assessments of study quality

Figure 10
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Figure 10.   Risk of bias and applicability concerns summary: review authors' judgements about each domain for
each included study
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Figure 10.   (Continued)
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Appendix 11. Results of all studies across all time periods

Figure 11

 

Figure 11.   Forest plot of studies evaluating tests for detection of IgG at all time post-symptom onset

 
Figure 12;

 

Antibody tests for identification of current and past infection with SARS-CoV-2 (Review)

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

293



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 12.   Forest plot of studies evaluating tests for detection of IgM at all time post-symptom onset

 
Figure 13

 

Figure 13.   Forest plot of studies evaluating tests for detection of IgG/IgM at all time post-symptom onset.
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Figure 14

 

Figure 14.   Forest plot of tests: 19 IgA (all time points), 25 Total antibodies (Ab) (all time points), 38 IgA/IgM (all time
points).

 

Appendix 12. Manufacturer product code details identified

 

Test Study From paper From company documen-
tation/website

ELISA: Enzyme-linked immunosorbent assay

Beijing Beier Bio-
engineering

Gao 2020b [C] No product codes provided

(Study author contacted 29 May 2020)

No IFU and not on company
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
identified

www.hotgen.com.cn/ky/up-
t.html

Unclear if test on website is
ELISA although the compa-
ny 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
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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 Biotechnolo-
gy

Lin 2020a [A] No product code reported; “commercial enzyme-linked
immunosorbent 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]; Lassauniere
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 as-
say

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 Bio-
engineering

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 prod-
uct code identified
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MCLA IgG: China National Medical Products Adminis-
tration approval number 20203400183; MCLA IgM: Chi-
na National Medical Products Administration approval
number20203400182

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 de-
tection 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
purchased from YHLO Biological Technology Co., Ltd.,
Shenzhen, China”

Study author contacted 1 June 2020

Zhang 2020a No product code reported; “(CLIA) Assays panel (Shen-
zhen YHLO Biotech Co., Ltd., Shenzhen, China)”

Study author contacted 1 June 2020

Shenzhen YHLO

Zhang 2020b No product code reported; “CLIA detection kit from
Shenzhen 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 num-
bers provided; code from IFU added above)

Snibe Diagnostic -
MAGLUMI

Padoan 2020 No product code reported; “MAGLUMI 2000 Plus (New
Industries Biomedical Engineering Co., Ltd [Snibe],
Shenzhen, China)”

Study author supplied details:

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 IgG lot number used for all the 87 mea-
surements:

2722000102, kit number 8131;

- for SARS-CoV-2 IgM lot number used for all the 87
measurements:

2712000201, kit number 5122

Xiamen InnoDx
Biotech

Lou 2020 [C] No product code reported; “CMIA reagents were sup-
plied 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 compa-
ny

Other laboratory-based tests

EUROIMMUN Wan 2020 [A] No product code reported; “Anti-SARS CoV Indirect 62
Immunofluorescence test (IIFT) (IgM & IgG) by Euroim-
mun (Germany)”

(Test uses SARS-Cov not SARS-CoV-2)

 

Lateral flow assays

Acro Biotech Lassauniere 2020
[H]

2019-nCoV IgG/IgM Rapid Test Cassette (INCP-402) Code from IFU and Assay
Genie website: INCP-402

Artron Laboratories Lassauniere 2020
[G]

Coronavirus Diseases 2019 (COVID-19) IgM/IgG Anti-
body Test (A03-51-322),

Brochure only; but no prod-
uct code

www.artronlab.com/prod-
ucts/CoVBrochure-ver3.pdf

Autobio Diagnostics Lassauniere 2020
[F]

Anti-SARS-CoV-2 Rapid Test (RTA0204) Code from IFU:

Anti-SARS-CoV-2 Rapid Test
(RTA0203)

Beijing Beier Bio-
engineering

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 Bei-
jing Institute of Medical Device Testing (BIMT) for prod-
uct verification (lot: 20200214)

Manual from

2019-nCoV IgM Antibody
Determination Kit (im-
munochromatographic As-
say) Product No. P11802
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2019-nCoV IgG Antibody
Determination Kit (Im-
munochromatographic As-
say) Product No. P11801

Beijing Hotgen Wang 2020a [B] Kit provided by Beijing Hotgen Biotechnology Co., Bei-
jing, 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 (Col-
loidal 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
coronavirus Ab (CE-
IVD) (WJ-2750 www.san-
bio.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 Biotech-
nology

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 Alltest

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/plas-
ma)

Package Insert INCP-402

Gao 2020a No product code reported

Study author contacted 1 June 2020

Innovita Biological

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
combined antibody test kit”

Study author contacted 1 June 2020

Review authors were un-
able to find this company;
study was also provided to
review authors by Lomina
(www.test-covid19.com/);
no product code identified

Vivachek - VivaDiag Paradiso 2020a No product code reported; “Viva-DiagTM kit produced
by Jiangsu Medomics Medical Technologies kit (https://
www.vivachek.com/vivachek/English/prods/prod-

Package insert VivaDi-
ag SARS-CoV-2 IgM/IgG
Rapid Test (VID35-08-011 /
VID35-08-012 /
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covid19.html)”; link no longer active. test considered to
be Vivachek test

Study author contacted 1 June 2020

Cassaniti 2020 (A)

Cassaniti 2020 (B)

No product code reported; “VivaDiag COVID-19 IgM/IgG
from VivaChek”; study also provided by Vivachek fol-
lowing company contact

Study author provided lot number E2002002, REF
VID35-08-011

VID35-08-013 /
VID35-08-014 /
VID35-08-015)

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; Diagnos-
tic Kit for IgM/IgG Anti-
body to Coronavirus (SARS-
CoV-2); Catalogue number:
01040048

FIND: Foundation for Innovative Diagnostics; IFU: instructions for use; NMA: China National Medical Products Administration

  (Continued)
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

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.
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