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EXECUTIVE SUMMARY OF THE ASSESSMENT OF ANTIBODY TESTS FOR
NOVEL COROANVIRUS SARS-COV-2

Introduction

At the EUnetHTA Plenary Assembly held on the 1* and 2" of April 2020 partners agreed that the
collaborative network would take actions to be responsive to the COVID-19 pandemic and meet
deci si on urgeat keedsdod trustworthy scientific information on the safety and effective-
ness of disease management health technologies. Following this input, a EUnetHTA Assessment
Team convened for this Rapid Collaborative Review on the current role of antibody tests for novel
coronavirus SARS-CoV-2 in the management of the pandemic with the general objective of ad-
dressing the most pressing health policy questions related to screening, diagnosis and monitoring
of the diseasebds course.

The pandemic of coronavirus disease 2019 has suddenly and quickly affected most of the world.
COVID-19, the disease caused by SARS-CoV-2, usually starts as upper respiratory tract infection,
with non-specific symptoms including fever and cough, followed by sore throat, fatigue, rhinor-
rhoea, headache, chest and back pain. However, many cases show different presentations,
among which are gastrointestinal symptoms (i.e. diarrhoea, nausea, vomiting, poor appetite, and
anorexia), neurological signs and symptoms (i.e. ageusia, anosmia), fainting, redness of eye, and
rash. These symptoms are related to the establishment of a viral pneumonia, which in severe
cases can be complicated by additional viral and bacterial infections, heart problems, and acute
respiratory distress syndrome (ARDS), requiring intensive care and resulting in death in a high
proportion of patients. In a minority of patients, pneumonia is followed by a systemic hyperinflam-
mation status, leading to life-threatening complications including vasculitis, multi-organ failure,
blood clots, and shock.

As SARS-CoV-2 has been detected for the first time in humans in 2019, nobody has prior immuni-
ty, making the entire human population potentially susceptible to infection and disease. The very
high transmissibility of SARS-CoV-2 and the susceptibility of the world population, led to over 7
million confirmed cases of infection and over 400,000 related deaths worldwide, from 31% Decem-
ber 2019 up to mid June 2020. The European Union (EU) and European Economic Area (EEA)
countries were the first affected by high local transmission outside China, and reached over one
and half million confirmed cases and over 170,000 deaths in the same time span.

Precise definitions of the incubation and infectious periods are still debated, and current available
evidence shows potential transmission from 2 days before symptom onset up to 7-12 days in
moderate cases, or up to an average of two weeks in severe cases. However, uncertainties re-
main about transmission by asymptomatic persons.

Objectives and scope

The aim of this EUnetHTA Rapid Collaborative Review is to provide a reliable synthesis of the
available evidence on a number of intended clinical uses of antibody tests. It comprises an as-
sessment of the clinical benefit and safety of antibody tests in the management of the current
SARS-CoV-2 pandemic.

This Rapid Collaborative Review will address the following questions:

Whether and with which testing strategies, antibodiy tests can be reliably used for:
1. surveillance for early detection of new asymptomatic cases of SARS-CoV-2 acute infection
in the general population and/or specific subpopulations;

EUnetHTA Joint Action 3 WP4 8
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2. diagnosis of SARS-CoV-2 acute infection in patients presenting symptoms suggestive of
SARS-CoV-2 infection:

How antibody tests can be used for:
3 measuring seroprevalence in communities;
4 ruling out risk of transmission in patients who recovered from SARS-CoV-2 infection;

5 assessing protective immunity in subjects with past and resolved SARS-CoV-2 infection.

This review does not assess the analytical performance of antibody tests and does not review
performance assessment studies of test methods and devices for COVID-19. To retrieve such
information the reader is invited to refer to the working document published on 16 of April 2020 by
the expert group from the Joint Research Centre (JRC) set up by the European Commission (1),
as well as the JRC COVID-19 In Vitro Diagnostic Devices and Test Methods Database which
provides a continuously updated list of diagnostic devices that are commercialised or in develop-
ment (https://covid-19-diagnostics.jrc.ec.europa.eu ).

Five different PICO questions and Scope have been developed for the five questions stated in the
objective.

Table 0 - 1: Scope of the assessment

Description Project scope i Question 1 (Surveillance)
Population 1 Asymptomatic people from general population
0 Subpopulations: asymptomatic healthcare workers
Index test/ 1 Antibody tests (IgM and IgG):
testing
strategy 0 As standalone tests
0 intriage
o asadd-on
Reference 1 RT-PCRtests
Standard . . - : ;
1 RT-PCR test combined with clinical assessment and/or CT imaging
Outcomes Primary outcomes
1 Sensitivity, Specificity, Positive/Negative Predictive Value, Aarea Under the ROC
Curve.
Study design 1 Cohort and cross sectional diagnostic accuracy studies

EUnetHTA Joint Action 3 WP4 9
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Description Project scope i Question 2 (Diagnosis of active infection)
Population 1 Patients with symptoms for SARS-CoV-2 acute infection
Index test/ 9 Antibody tests (IgM and 1gG)
testing
strategy o standalone
0 intriage
0 add-on
Reference i RT-PCR tests
Standard . . - : :
1 RT-PCR test combined with clinical assessment and/or CT imaging]
Outcomes Primary outcomes

1 Sensitivity, Specificity, Positive/Negative Predictive Value, Area Under the ROC
Curve.

Study design

1 Cohort and cross sectional diagnostic accuracy studies

Case control studies will also be considered if no or very limited data available from
cohort and cross sectional studies

Description Project scope i Question 3 (Seroprevalence)
Population 1 General Population
0 Sub-populations: e.g. healthcare workers, blood donors
Testing 1 Any antibody test
strategy
Comparison 1 Prevalence of SARS-CoV2 infection (acute and resolved infection) before
seroprevalence study
Outcomes Seroprevalence

1 Difference in SARS-CoV-2 infection estimated prevalence in the same sample or
population at different time points

Study design

1 Cross sectional prevalence studies

1 Cohort studies

Description Project scope i Question 4 (risk of transmission)

Population 1 Patients recovered from SARS-CoV-2 infection (RT-PCR negative)

Testing 1 Antibody tests (IgM and IgG) in conjunction with RT-PCR

strategy

Outcomes 1  Virus transmission due to RT-PCR re-positivity for acute SARS-CoV-2

infection

Study design

1 Cohort studies

Description

Project scope i Question 5 (immunity)

Population

1 Asymptomatic subjects with past and resolved SARS-CoV-2 infection

Intervention

Antibody tests (IgM and IgG)

Outcomes

Study design

9
1 Recurrence of SARS-CoV-2 acute infection
1

Longitudinal cohort studies

EUnetHTA Joint Action 3 WP4
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A systematic information retrieval for relevant studies or documents was carried out to obtain
comprehensive information using the following sources: MEDLINE, U.S. National Institutes of
Health. ClinicalTrials.gov, World Health Organization. International Clinical Trials Registry Plat-
form Search Portal. The PRESS (Peer Review of Electronic Search Strategies) checklist was
used for the quality check of search strategies in bibliographic databases.
The last search was performed on 7 May 2020.
Selection of relevant studies was performed by two persons independently of each other using
Covidence and discrepancies were resolved by discussion. Inclusion criteria for each research
guestions are reported In Table 0-2.

Table 0 - 2: Inclusion criteria for research questions

Characteristics Research Research Research Research Research
question 1: question 2: question 3: question 4: question 5
Surveillance Diagnosis Seroprevalence | Transmission Immunity
Population Asymptomatic Subjects with General popu- | Patients recov- | Asymptomatic
people (in symptoms for lation and sub- ered from subjects with
general popula- SARS-CoV-2 populations SARS-CoV-2 past and re-
tion and/or acute infection (i.e. healthcare | acute infection solved SARS-
subgroups workers, blood (NAAT / PCR CoV-2 infection
such as donors) negative)
healthcare
workers)
Index test / . . . . o o
Testin Any antibody test including laboratory based and point-of-care, quantitative and qualitative
9 tests.
strategy
Reference Any testing strategy including Not applicable
standard NAAT or NAAT in combination
with clinical findings or clinical
Follow-up
Outcome 2x2 table re- | 2x2 table report- | Seroprevalence | Virus transmis- | Recurrence of
porting sensi- | ing sensitivity estimates sion after re- | SARS-CoV-2
tivity and speci- | and specificity positivity for | acute infection
ficity acute infection
Study design Cross-sectional | Cross-sectional | Cross-sectional | Cohort studies | Longitudinal
studies, cohort | and cohort diag- | studies, cohort cohort studies
studies nostic accuracy studies
studies (case-
control studies)
Sample size At least 10 human beings (or their blood samples) are included.
Unit of Individual patient/subject
analysis
Language Full text references in English, Italian or German.

NAAT: Nucleic acid amplification test, PCR: Polymerase chain reaction

EUnetHTA Joint Action 3 WP4
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During the COVID-19 pandemic, sharing scientific information worldwide as quickly as possible
became paramount, and most of the scientific literature has been made available in great haste
and without being peer-reviewed. In order not to lose any potentially useful data, less appropriate
study designs have been included in this first edition of the review, such as case control and ret-
rospective cohort studies. Appropriate references and comments to quality of the information and
uncertainty of the results have been made. The subsequent updates will apply more stringent
inclusion criteria, as evidence of better quality is expected to become available.

The QUADAS-2 tool was used for the quality assessment of diagnostic accuracy studies. The
assessment of risk of bias follows the criteria described in the two EUnetHTA guidelines on the
internal validity of RCTs and non-randomised studies on interventions. Risk of bias was assessed
at the study level.

Details on statistical analysis are reported in the main text.

Results

Overall, 40 primary studies were included in this assessment and allocated to the appropriate re-
search questions.
Results are summarized for each research question

Question 1: surveillance for early detection of new cases of SARS-CoV-2 infection in the general
population and/or specific subpopulations

Most countries have initiated surveillance for SARS-CoV-2 infection either in sub-groups of the
general population or in health,care workers. However, the evidence on the diagnostic accuracy
of antibody test is still scarce and the data from the only two included studies did not allow calcu-
lations of pooled estimates.

In a screening program using two consecutive tests, it is of paramount importance that the triage
test has a very high sensitivity, in order to identify asymptomatic people with acute SARS-CoV-2
infection. While waiting for results from adequate surveillance studies, the estimated accuracy of
antibody tests over the course of the disease reported for symptomatic patients can provide some
insights (see Table 4.3-2 in Question 2). The meta-analysis shows that sensitivity increases with
time since infection/symptom onset. This finding is consistent with what is known about the im-
mune response to infection. Unfortunately, point estimates of sensitivity and specificity in symp-
tomatic population cannot be extrapolated to an asymptomatic population due to different pre-test
probabilities. Nevertheless the observed trend in increasing sensitivity with time elapsed from
infection to testing is expected to be valid also in asymptomatic people. Even if evidence is lack-
ing, it can be assumed that sensitivity will be higher, for asymptomatic subjects tested in a late
phase of infection. This dependence of test sensitivity with time implies that the test may more
accurately identify asymptomatic subjects for whom isolation measures would be much belated
with respect to their time of infectivity. In contrast, the test may less accurately identify subjects
close to infection and with longer time to infect others, hindering early detection and prompt isola-
tion of new cases at the onset of infection. Moreover, screening programs carried out weeks or
months after start of epidemic will detect a growing number of subjects with past and resolved
infection, affecting the specificity of the tests.

Question 2: diagnosis of SARS-CoV-2 infection in symptomatic patients

Nineteen studies were included and analysed to investigate the role of antibody tests in the diag-
nosis of SARS-CoV-2 infection in symptomatic patients. Most of the included studies did not have
an adequate study design and the overall quality of the retrieved evidence is judged very low (Ta-
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ble A3 7 Appendix3) . Nevertheless, there was a sufficient number of studies to calculate pooled
estimates, although high heterogeneity was found.

At week 1 from symptom onset the pooled estimates of sensitivity and specificity for tests combin-
ing IgG and IgM were:

Sen 33.8 (Cl: 27 - 41.4) and Sp 92 (CI: 84.7 - 96) for rapid tests;

Sen 83.3 (Cl: 50.9 - 97.1) and Sp 80 (69.3 - 87.8) for CLIA-based tests;

Sen 37.8 (Cl: 27 - 49.9) and Sp 95.4 (ClI: 8.6 - 100) for ELISA-based tests.

At week 2 from symptom onset, the pooled estimates of sensitivity and specificity for tests com-
bining 1gG and IgM were:

Sen 71.5 (Cl: 65.7 - 76.6) and Sp 90.2 (ClI: 75.9 - 96.4) for rapid tests;

Sen 87.9 (Cl: 70.9 - 96) and Sp 80 (Cl: 69.3 - 87.8) for CLIA based-tests;

Sen 84.8 (Cl: 70.3 - 92.9) and Sp 95.4 (ClI: 8.6-100) for ELISA based-tests.

Consistent with the expected course of development and detection of antibodies, both IgM and
IgG resulted adequately detected from the second week of symptom onset. The combined detec-
tion of IgM and IgG seems to improve the diagnostic performance of serological tests.

No studies reported clinical effectiveness outcomes, thereforecalculations were performed to
highlight benefits (i.e. symptomatic patients correctly diagnosed with COVID-19 or correctly classi-
fied as not infected with SARS-CoV-2) and risks (i.e. symptomatic patients incorrectly classified
as COVID-19 patients or COVID-19 patients incorrectly classified as affected by another condi-
tion). Calculations were performed with data related to the first and second week from symptom
onset, as these are the time windows during which patients typically seek healthcare and a diag-
nosis is made. The calculations showed a higher risk of misdiagnosis with antibody tests at week
1 than at week 2, with the molecular test RT-PCR performing better than any type of serological
test in both time windows.

Question 3: measuring seroprevalence in communities

Seroprevalence studies have been recommended to understand how much the virus has spread
during the pandemic, to provide baseline estimates for epidemiological surveillance using surveys
at repeated intervals and for future information, should some form of immunity from re-infection be
established. There are several surveys on-going on different target populations (general popula-
tion, healthcare workers, blood donors etc.) and we report preliminary data from 17 studies pub-
lished so far. Only three studies were judged at low risk of bias, and most of the studies presented
issues of generalizability of results to the target population due to sample selection. The prelimi-
nary data are presented only in a descriptive way, as heterogeneity of studies did not allow any
inference.

Question 4: ruling out of infection and risk of transmission in patients who have recovered from
SARS-CoV-2

We did not identify studies that could be included for this research question and provide data on
whether antibody tests are useful in ruling out risk of virus transmission in recovered COVID-19
patients. The Korea Centers for Disease Control and Prevention, after conducting an epidemio-
logical and contact investigation on re-positive detected cases and their contacts, concluded that
no evidence was found indicating infectivity for re-detected positive cases. Unfortunately, the role
of antibody tests was not investigated in this study.

EUnetHTA Joint Action 3 WP4 13
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Question 5: assessing protective immunity of subjects with past SARS-CoV-2 infection

To date no studies have been retrieved investigating correlations between antibody presence or
concentrations and protective immunity. No evidence was found suggesting that the presence of
antibodies can confer immunity or any other form of protection against re-infection from SARS-
CoV-2. While in three out of the four common coronaviruses causing milder respiratory diseases,
reinfections are known to occur, uncertainties persist on the immune response to COVID-19 re-
garding the required level and durability of neutralising antibodies, as well as the correlation be-
tween IgG response and immunity. People who have recovered from COVID-19 will be advised
and requested to continue observing public health advice and measures to control virus spread
transmission.

Discussion

Given the sparseness of data on immunity and transmissibility, the present report focused on test
accuracy of serological testing and on seroprevalence results. Data were heterogeneous and the
validity of primary studies was far from good. Furthermore, test accuracy is insufficient to inform
decisions on how to best implement or reduce isolation measures. Only very few data is currently
available on SARS-CoV-2 transmission by recovering patients (question 4 of this report) and no
valid information is there to estimate whether prior infections confers immunity (question 5). Anti-
body testing may support the diagnosis of SARS-CoV-2 (question 2), but the delayed develop-
ment of IgM and IgG antibodies after infection strongly limits the practical use of these tests. For
similar reasons, serological testing for screen and early disease detection (Question 1) is likely to
prove unsuitable. The current role of antibody testing, therefore, would be mainly limited to esti-
mating seroprevalence (question 3).

As expected, sensitivity and specificity of antibody tests increase over the first weeks after infec-
tion or symptom onset. For a full assessment of seroconversion over time, studies performing
repetitive testing in infected patients are most valuable. The duration of antibody responses to
SARS-CoV-2 is another open question, which is most relevant for immunity considerations. How-
ever, the aim of the present report was to assess potential application of antibody tests rather
than the time course of seroconversion. Besides timing, other factors obviously affected test accu-
racy, as results were heterogeneous. It was not possible to identify specific attributes of studies,
tests or enrolled subjects that might lead to lower test accuracy. Given the quickly evolving nature
of this field, optimization and standardization of individual tests will probably lead to more homo-
geneous and reliable test results.

It is likely that the current data on test accuracy are overoptimistic, because the majority of con-
tributing studies had a case-control rather than a cohort design. As cases were selected from
symptomatic (or even severe) patients and control samples came from healthy volunteers, such
studies mostly failed to include asymptomatic SARS-CoV-2 infections and patients with other viral
diseases or symptoms typical for COViD-19. This selection process leads to spectrum bias, which
causes overestimated test accuracy results. Specifically, the non-inclusion of other viral diseases
precludes detecting cross-reactivity in these studies. Cohort studies could avoid this problem, but
would in turn lead to an imperfect reference standard, because no valid test is available to rule out
prior infection in a person who tested negative on antibody testing. Theoretically, virus neutraliza-
tion tests could serve as an independent reference test, but such tests require highest levels of
biosafety in the laboratory, and although preliminary results seem promising it is therefore likely
that test accuracy will remain somewhat uncertain over the next weeks and months.
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Due to the urgency of the situation, both, the present assessment and the included primary stud-
ies were performed very swiftly. This haste increases the risk of inaccuracies. In order to compen-
sate for this problem, the assessment will be updated, as this not only allows to correct any short-
comings but also to include new evidence that has become available in the meantime.

Concluding summary

There is wide consensus that antibody tests can be used for estimating seroprevalence and for
confirming prior SARS CoV-2 infection. Quite uncertain, however, is the potential role of serologi-
cal testing in diagnosis of acute and asymptomatic cases, in ascertaining immunity (both on a
individual and on a population level), in estimating transmissibility, in selecting plasma donors
from Covid-19 convalescents, or in evaluating future vaccines against SARS CoV-2. Neverthe-
lessl, the many potential uses of antibody tests indicate that these tests deserve close attention in
the forthcoming months.

Due to the low quality and the llimited number of eligible studies, the present assessment con-
firms the persistence of uncertainty on the role of antibody tests in SARS-CoV-2 diagnosis and
management. Since many studies are still ongoing and their results expected to become available
in the near future, this assessment will be updated when evidence suitable to reduce this uncer-
tainty will be published.

EUnetHTA Joint Action 3 WP4 15



Antibody tests for novel coronavirus SARS-CoV-2

1. BACKGROUND

At the EUnetHTA Plenary Assembly held on the 1% and 2" of April 2020 partners agreed that the
collaborative network would take actions to be responsive to the COVID-19 pandemic and meet
deci si on urgeat keedsdod trustworthy scientific information on the safety and effective-
ness of disease management health technologies. Following this call, a small group of partners
set up a EUnetHTA COVID-19 group to lay down a course of action involving a consultation with
all partners aimed at setting up collaborative projects.

In April, the EUnetHTA Secretariat invited partners to share questions and requests for infor-
mation posed by national decision makers as well as any on-going or published work carried out
by the HTA bodies. A list of questions was obtained, ranging from patient screening and diagnosis
to treatment and recovery, and a formal commitment was undertaken by the EUnetHTA Executive
Board to sustain and facilitate collaborative work on assessment of COVID-19 related health
technologies. A EUnetHTA Task Force on SARS-COV-2 diagnostics was subsequently set up
which selected the following health policy questions:

- how to best screen asymptomatic subjects and monitor close contacts in order to promptly
detect infections among the general population and healthcare workers;

- how to best test patients with clinical manifestations of SARS-CoV-2 in order to confirm a di-
agnosis of COVID-19;

- which tests should be used to monitor the course of disease and inform decisions on treat-
ment, hospitalisation etc. and to determine viral clearance of recovered patients in order to al-
low re-entry into the community.

Diagnostic tests play a central role in the understanding of the disease and of its natural course.
As diagnostic tools for SARS-CoV-2 infection evolve, a systematic and regularly updated review
of the scientific evidence represents the basis for the understanding and correct interpretation of
test results (2). A EUnetHTA Assessment Team convened for this Rapid Collaborative Review on
the current role of antibody tests for novel coronavirus SARS-CoV-2 in the management of the
pandemic and the Project Plan was published on the EUnetHTA website on 13" of May 2020
(https://eunethta.eu/sars-cov-2-antibody-tests/)

This report is the first output of the above-described collaborative effort. In order to provide timely
information, this review was undertaken with very restricted timelines and as such, it differs from a
standard EUnetHTA Relative Effectiveness Assessment, which requires longer timelines and the
involvement of external experts and stakeholders. As a substantial body of evidence on the role of
antibody tests is expected to develop and be published in the near future, this review will be up-
dated as more evidence becomes available.

1.1. Overview of the disease, health condition and target population

The health condition in the scope of the present assessment is Severe Acute Respiratory Syn-
drome Coronavirus-2 (SARS-CoV-2) infection and the associated disease nhamed Coronavirus
Disease 2019 (COVID-19).

The pandemic of coronavirus disease 2019 has suddenly and quickly affected most of the world.
On 31 December 2019 the World Health Organization (WHO) received a first report of a pneumo-
nia of unknown cause detected in Wuhan, China. One month later COVID-19 was declared a
public health emergency (3).

Within three months of the first report, COVID-19 was characterised as a pandemic (4).

EUnetHTA Joint Action 3 WP4 16


https://eunethta.eu/sars-cov-2-antibody-tests/

Antibody tests for novel coronavirus SARS-CoV-2

SARS-CoV-2 is a new strain of coronavirus identified in humans for the first time in 2019 in China,
provi si onal2019 novel com@rhviruBd (2019-nCoV) a n dhunfan coronavirus 20196
(HCoV-19 or hCoV-19) prior to the official definition by WHO (5, 6)

Coronaviruses are viruses circulating among animals of different species, such as bats who are
natural hosts and act as reservoirs. Other beta-coronaviruses have spilled over infecting and
spreading in humans, with respiratory droplets and fomites as primary routes of transmission.
They cause illnesses ranging from a common cold to severe respiratory syndromes with high
case fatality rates, such as those caused by SARS-CoV and MERS-CoV, mainly in Southeastern
Asia in 2002 and Arabian Peninsula countries in 2012, respectively (6-8).

SARS-CoV-2 infection is closely related genetically to the SARS-CoV infection sharing disease
severity and clinical features, while characterised by a higher basic reproduction number (Ry)
(expected number of cases directly generated by one case in a fully susceptible population), esti-
mated as between 2 to 4, leading to a faster and wider spread worldwide (7).

As SARS-CoV-2 was detected for the first time in humans in 2019, nobody has prior immunity,
making the entire human population potentially susceptible to infection and disease (8). According
to the available evidence, children and young adults showed lower risk of severe disease when
infected, but this lower risk of SARS-CoV-2 infection is still debated, since absence of symptom
affects chance of detection. Women also seem to experience less severe disease compared to
men, with similar risk of infection at lower risk of hospitalisation and death (9).

The WHO has provided a definition of confirmed cases (a person with laboratory confirmation of
COVID-19 infection, irrespective of clinical signs and symptoms) and of probable cases (a sus-
pect case for whom testing for COVID-19 is inconclusive (10, 11).

The WHO assigned an emergency ICD-1 0 code of 61UD,7.vii rCusVoldxkasat i f i edo
diagnosis of COVID-19 confirmed by laboratory testing, and an emergency ICD-1 0 code of o6UO07
COVID-19, virus not ident i f for @ didical or epidemiological diagnosis of COVID-19 where la-

boratory confirmation is inconclusive or not available (12). Both codes should be used in mortality

coding of cause of death (13).

In ICD-11, the code for the confirmed diagnosis of COVID-19 is RA01.0, while the code for the
clinical diagnosis (suspected or probable) of COVID-19 is RA01.1 (14).

The transmissibility characteristics of SARS-CoV-2 infection and the susceptibility of the world
population, led to over 7 million confirmed cases of infection and over 400,000 related deaths
worldwide, from 31 December 2019 up to mid-June 2020. The European Union (EU) and Europe-
an Economic Area (EEA) countries reached over one and a half million confirmed cases and over
170,000 deaths in the same time span (15).

The current underestimation of the virus spread is due to both the clinical spectrum of COVID-19,
ranging from completely asymptomatic patients to severe Acute Respiratory Distress Syndrome
(ARDS), and the differences in country-level testing strategies, initially aimed at prioritising those
with higher symptom burden or at higher risk (16). Extended testing strategies including serologic
surveys could provide more reliable data on infection spread.

While a decreasing trend in notification rates observed in 30 out of 31 EU/EEA countries and the
UK by 4 of June 2020 has prompted lifting lockdown measures, social-distancing and preventive
hygiene measures are still recommended to the General Population to avoid new epidemic waves
(9). Moreover, contact-and-tracing activities are being implemented in order to control local out-
breaks, while optimal testing strategies remain yet to be defined.
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SARS-CoV-2 virions are 501 200 nanometres in diameter, composed by four structural proteins:
the N (nucleocapsid) protein, holding the RNA genome, and the S (spike), E (envelope), M (mem-
brane) proteins creating the envelope (17). The spike protein is responsible for virus attachment
and fusion with host cells, and it has been found to have enough affinity to the angiotensin con-
verting enzyme 2 (ACE2) receptor on human cells to use them as a mechanism of entry (18).

The affinity to ACE2 receptors allows SARS-CoV-2 to affect different human organs that express
ACE2 protein, such as lung alveolar epithelial cells and enterocytes of the small intestine, causing
a systemic disease (19).

Symptoms of COVID-19 vary greatly among infected people, ranging from no symptoms at all
(asymptomatic people) to mild non-specific symptoms (pre-symptomatic people), up to severe
respiratory distress syndromes and life threatening systemic complications, requiring admission to
Intensive Care Units.

The proportion of asymptomatic people is yet to be defined since symptom-based screening
strategies miss most of them, but estimates range from 5% to 80% of laboratory-confirmed
COVID-19. Available evidence suggest that over 50% SARS-CoV-2 of individuals have no symp-
toms at the time of diagnosis (pre-symptomatic), and develop them over the following week (16).

For those who develop symptoms, the average incubation period (i.e. time from infection to symp-
tom onset) lasts 5 to 6 days, ranging from 2 to 14 days (20). The clinical course of COVID-19
varies across individuals and could follow different stages, and each of these stages could pro-
gress towards more severe ones up to disease recovery or death (21).

COVID-19 usually starts as upper respiratory tract infection, with non-specific symptoms including
the more common fever (45-80% of symptomatic cases) and cough (46-66%), followed by sore
throat, fatigue, rhinorrhoea, headache, chest and back pain. However, many cases show different
presentations, among which were gastrointestinal symptoms (i.e. diarrhoea, nausea, vomiting,
poor appetite, and anorexia) neurological signs and symptoms (i.e. ageusia, anosmia) fainting,
redness of eye, and rash (22). In mild or moderate cases, these symptoms can last for many
days, up to weeks before complete recovery, while in severe cases, they usually worsen in the
second week after symptoms onset including development of chest pain and dyspnoea, leading
patients to seek for medical support (23). These symptoms are related to the establishment of a
viral pneumonia, that in severe cases can be complicated by additional viral and bacterial infec-
tions, heart problems, and acute respiratory distress syndrome (ARDS), requiring intensive care
and resulting in death in a high proportion of patients. In a minority of patients, pneumonia is fol-
lowed by a systemic hyperinflammation status, leading to life-threatening complications including
vasculitis, multi-organ failure, blood clots, and shock (23, 24).

Since the viral infection directly causes the first two phases of disease (i.e. early infection and
lungs involvement) but plays a limited direct role in the systemic hyperinflammatory status - main-
ly driven by an uncontrolled host immunity response -, therapeutic strategies differ substantially
and are still being tested in many ongoing clinical trials (23, 25).

The duration of the infectious period is still debated, and current available evidence shows poten-
tial transmission from two days before symptoms onset up to 7-12 days in moderate cases, or up
to an average of two weeks in severe cases. However, uncertainties remain about transmission
by asymptomatic persons, as well as from pet animals (8).

According to the European Centre for Disease Prevention and Control (ECDC) report, 35% of
COVID-19 cases reported in the EU/EEA countries and the UK had been hospitalised at mid-June
2020. Among hospitalised patients, 11% required ICU and/or respiratory support, and the average
mortality rate was 22%, although there was wide heterogeneity between countries (9). The im-
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pact of COVID-19 on overall mortality in 24 European countries collaborating with the EuroMOMO
network (European mortality monitoring activity) was 172,400 excess deaths from week 10 to
week 22 during 2020, mainly driven by deaths in people over 65 years of age, but with mortality
excess also in the age group 45-64 years and 15-44 years (26).

Several risk factors for severe COVID-19 progression have been recognised, but genetic and
individual genetic susceptibility to SARS-CoV-2 infection and to life-threatening complications
remain under investigation (27).

Sex might play a role, with women showing slightly higher or equal incidence of infection but lower
risk of severe symptoms and death, compared to men. Age 70 or above is associated with higher
risk of death, while infected children seem to be generally asymptomatic or with mild disease,
even if the association between SARS-CoV-2 infection and a life-threatening systemic inflamma-
tory disease in younger ages is still under investigation (8, 28). Finally, people with underlying
health conditions (e.g. hypertension, diabetes, cardiovascular disease, chronic respiratory disease
and cancer) are at higher risk of developing severe symptoms, hospitalization and death (8, 9).

1.2. Current diagnostic clinical practice

Diagnostic testing for SARS-CoV-2 infection is critical for tracking the viral spread, understanding
epidemiology, informing case management, and reducing transmission (29).

In a document published on 16 of April 2020, the Organisation for Economic Co-operation and
Development (OECD) identifies three main goals that testing strategies could achieve (30):

1) suppressing the resurgence of local outbreaks;
2) identifying people who have developed some form of immunity and can safely return to work;

3) gaining knowledge on the evolution of the pandemic, including on when a threshold for herd
immunity has been reached.

Data on confirmed cases of SARS-CoV-2 infection are systematically collected and communicat-
ed in daily updated reports. The data on confirmed cases are based on all subjects diagnosed
with real-time reverse-transcription polymerase chain reaction (RT-PCR) swab testing. Testing
policies have varied during the outbreak of the pandemic. Following the recommendations by the
WHO (31), the initial approach was to test those presenting with signs and symptoms for the dis-
ease and history of travelling or personal contact to persons with known or suspected SARS-CoV-
2 infection, followed by more extensive testing also on asymptomatic or pauci-symptomatic sub-
jects.

Diagnostic tests for SARS-CoV-2 infection are currently divided into two main categories: those
that detect the presence of SARS-CoV-2 pathogen and are primarily used to diagnose an active
COVID-19 infection, and those that detect the presence of an immune response to the pathogen
through the presence of antibodies against SARS-CoV-2.

Pathogen detection tests include: molecular methods to detect viral RNA including RT-PCR, iso-
thermal RNA amplification methods and genetic sequencing; antigen detection tests and viral
culture (32).

Antigen detection tests are still in development, while genetic sequencing and viral culture are not
recommended for routine diagnostic procedures (29). Compared with RT-PCR, reported ad-
vantages of loop-mediated Isothermal RNA amplification methods include a faster turnaround
time and requiring fewer laboratory resources. At the time of writing this review these technologies
were still in development and no CE marked devices were yet available (1).
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As currently recommended by the WHO, routine confirmation of cases of COVID-19 in suspected
subjects is based on detection of unique sequences of virus RNA by nucleic acid amplification
tests (NAAT), such as RT-PCR, with confirmation by nucleic acid sequencing when necessary or
feasible (29). RT-PCR, performed using nasopharyngeal swabs or other upper respiratory speci-
mens, have to date been regarded as the most reliable means to diagnose SARS-CoV-2 infec-
tion. This technique has been proven reliable and feasible when public health emergencies need
to be addressed. Nevertheless, some limitations have been highlighted, such as its suboptimal
sensitivity (the ability to detect the virus in infected subjects), the long turnaround times and the
need for specialised equipment and reagents and technically skilled staff (32). According to the
available data, viral load seems to peak early in illness and then declines, although viral shedding
has also been found to persist over several weeks (33). It is uncertain whether the virus still shed
after resolution of symptoms is still infectious (34).

A large proportion of the general population is currently not undergoing any kind of testing, poten-
tially meaning a serious underestimation of cases and thus compromising the potential effects of
lockdown policies. The fast spread of SARS-CoV-2 infection in areas with high rates of hospitali-
sation has also raised the issue of how health workers are contributing to the spread of the dis-
ease within hospitals and in the community. Testing policies for the early detection of infected
health workers have been implemented in order to activate prompt isolation and counteract
transmission.

A testing strategy capable of reliably identifying subjects who have been (knowingly or unknow-
ingly) infected and successfully recovered from the infection would permit to obtain a more accu-
rate estimate of the prevalence of the disease and increase knowledge on how widely the virus
has spread and circulated among the population.

1.3. Features of the intervention

1.3.1. Index test

Anti bodies are produced as part of the bodyds i mmu
detect these antibodies can pr ovi dus Aftemirffegtiornthe i on on
first antibodies to appear in the blood are of the immunoglobulin A (IgA) and IgM type. IgA anti-

bodies, which appear around the same time as the IgM, are mainly present in the mucosa and at

lower concentrations in the blood. IgG antibodies appear later.

Following infection from SARS-CoV-2, IgM and IgG antibodies are produced and become detect-
able in most infected individuals within a time frame that can range from days to weeks from onset
of symptoms (34).Data on timing of seroconversion vary among studies with window periods that
can range from 15 to 20 days frome exposure and 9 to 15 days from symptoms onset (35). Gen-
erally, the presence of antibodies precedes viral load decline: viral load tends to peak early in
iliness before declining, whereas antibody titers increase in the subsequent two to three weeks
post symptom onset (34).

Typically, IgM antibodies disappear in several weeks to months after infection, but IgG can remain
present in the blood for many years, or even for the rest of the individualé s | i f e, potenti al
a role in protective immunity (1).

Antibody testing is based on the application of immunological reactions to capture the presence of
IgA, IgM and IgG antibodies specific to SARS-CoV-2. These tests, called immunoassays, deter-
mine the immune response of the body against the SARS-CoV-2 virus, thus informing on past or
on-going infection with the virus (1).
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There are several types of immunoassays available, using different viral antigens for antibody
detection, such as the spike (S), membrane (M), envelope (E), nucleocapsid (N) proteins. The
most common antigens used for indirect assays are the recombinant spike protein, which contains
the domain for attachment to the host cells, and the nucleocapsid protein, involved in the pro-
cesses of the virus including viral replication, transcription and assembly (36).

The methods for detection include enzyme-linked immunosorbent assays (ELISAs), immunofluo-
rescence assays (IFAs), lateral flow assays (LFA), chemiluminescence enzyme based immuno-
assay (CLIA), multiplex-bead array assays (MBAA) or luciferase immuno precipitation system
(LIPS) (37).

The majority of antibody test methods do not require complex laboratory equipment and multiple
sets of reagents. A drop of sample is usually used (either whole blood or serum/plasma) and time
of execution and turnaround for a qualitative result (test positive or test negative) are claimed to
be fast. Some tests analyse a unique antibody isotype (IgM or IgG) while others analyse both
isotypes simultaneously (IgM and 1gG). Tests that detect both IgG and IgM at the same time
providing separate results, are considered superior to the ones testing for only one antibody iso-
type (1). Tests can be manual or automated and many of the available assays are immunochro-
matographic with results being visualised as coloured bands.

In Europe, tests for SARS-CoV-2 infection can be placed on market provided they are CE marked
in accordance with the In Vitro Diagnostic Medical Devices Directive (IVDD; 98/79/EC). Under this
Directive, manufacturers are required to specify device performance characteristics and self-
declare conformity with the safety and performance characteristics outlined in the Directive. Self-
tests for SARS-CoV-2 infection require independent assessment by a Notified Body to ensure the
requirements of the IVD Directive are met (32).

After being placed on the market, the performance of the device can be further tested in order to
confirm manufacturerods specificat i on,slthoughuhighlyt hi s v a
recommended for public health decision making (1).

Two categories of commercial CE-marked tests can be distinguished: tests automated for use on
analyser machines, and rapid tests, defined as qualitative or semi-quantitative devices, used sin-
gly or in a small series, which involve non-automated procedures and have been designed to give
a fast result (38).

A large and growing number of antibody tests are commercially available, and a full list is availa-
ble from the continuously updated EU database (1). At the time of writing this report, there are
approximately 200 CE marked immunoassay antibody testing devices and four CE marked immu-
nochromatography antibody testing devices listed in the JRC COVID-19 In Vitro Diagnostic De-
vices and Test Methods Database.

Antibody testing should not be considered as a competing alternative for RT-PCR testing, and
both approaches are clinically relevant at different time points during the clinical course of infec-
ton(32). Measuri ng subj ec setdSARICOV-A iafection cap represent an addi-
tional means to detect COVID-19, as the detection of IgM antibodies might imply recent or poten-
tially active infection, while detection of 1IgG could identify past exposure. Development of neutral-
ising IgG could in principle provide long-lasting immunity against re-infection with the same virus.
However, several uncertainties surround antibody detection for SARS-CoV-2. There have been
reports of patients not developing a humoral immune response and of others developing it very
late in the illness. The relationship between development of antibodies and clinical outcome is still
uncertain. Although greater severity of disease might correlate with higher antibody titers, these
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do not seem to correlate with better outcomes (34, 39). In mild cases, seroconversion can take
place after resolution of symptoms (40) .

Due to the lack of available knowledge on the validation and accuracy of antibody testing, these
tests have not been recommended for clinical use. However, the ECDC has recommended collec-
tion and storage of serum samples from patients during the different phases of the disease to
carry out studies on the validation of antibody tests and on seroconversion (41).

1.3.2. Reference standard

The chosen reference standard for acute infection is the test currently recommended by the WHO
for routine confirmation of cases of COVID-19, i.e. detection of virus RNA by nucleic acid amplifi-
cation tests (NAAT), such as RT-PCR (29) .

RT-PCR is routinely used to detect causative viruses from respiratory secretions. RT-PCR, per-
formed on upper respiratory specimens or - most commonly - on nasopharyngeal swabs, was
identified as the Reference Standard for acute infection in this assessment as it is considered the
most reliable test to detect and measure viral RNA at this time. Viral RNA is detected through the
measurement of the number of replication cycles required to produce a fluorescent signal, with
lower values representing higher viral RNA (2).

There are consistent data indicating that - in general - the viral RNA becomes detectable as early
as one day from onset of symptoms and starts to decline by the third week, subsequently becom-
ing undetectable (2). Persistence of detectable viral load seems to vary with severity of illness,
with mild cases achieving clearance earlier than severely ill or hospitalised patients (33), but cas-
es of long persistence of viral shedding in asymptomatic and recovered patients have also been
reported (42).

Although RT-PCR is considered a feasible and reliable technology to deploy in public health la-
boratories during international health emergencies (43), detection of viral RNA through RT-PCR
performed on upper respiratory specimens cannot be considered as a gold standard for diagnosis
of COVID-19, and its use as a reference standard must take into considerations some of its limita-
tions.

Two systematic reviews on diagnostic accuracy of RT-PCR in COVID-19 suspected subjects re-
ported a pooled sensitivity of 89% (44, 45). In its laboratory testing technical guidance, the WHO
states that negative results by NAAT do not rule out the presence of COVID-19 infection (31), as
false negative results could be due to several factors, ranging from timing of sample collection in
relation to illness onset to poor quality of the specimen. Despite an estimated specificity of 98%
(43), concerns have been expressed over the possibility of false positive results in recovered pa-
tients, as it has been suggested that positivity reflects the detection of viral RNA but does not
necessarily indicate presence of transmissible virus (7).

Due to the above considerations, confirmation with RT-PCR plus clinical manifestations of
COVID-19 (such as severe respiratory symptoms or CT scans suggestive of interstitial pneumo-
nia) has also been considered as the Reference Standard.

Confirmation via nucleic acid sequencing and viral culture could have been considered as the
Reference Standard, but they are not recommended and used as routine diagnostic practice (29).
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2. OBJECTIVES AND SCOPE

The aim of this EUnetHTA Rapid Collaborative Review is to provide a reliable synthesis of the
available evidence on a number of intended clinical uses of antibody tests. It comprises an as-
sessment of the clinical benefit and safety of antibody tests in the management of the current
SARS-CoV-2 pandemic.

This Rapid collaborative review will address the following questions:
Whether and with which testing strategies, antibody tests can be reliably used for:

1 surveillance for early detection of new asymptomatic cases of SARS-CoV-2 acute infection
in the general population and/or specific subpopulations;

2 diagnosis of SARS-CoV-2 acute infection in patients presenting symptoms suggestive of
SARS-CoV-2 infection:

How antibody tests can be used for:
3 measuring seroprevalence in communities;
4 ruling out risk of transmission in patients who recovered from SARS-CoV-2 infection;

5 assessing protective immunity in subjects with past and resolved SARS-CoV-2 infection.

This review does not assess the analytical performance of antibody tests and does not review
performance assessment studies of test methods and devices for COVID-19. To retrieve such
information the reader is invited to refer to the working document published on 16 of April 2020 by
the expert group of the Joint Research Centre (JRC) set up by the European Commission (1), as
well as the JRC COVID-19 In Vitro Diagnostic Devices and Test Methods Database which pro-
vides a continuously updated list of diagnostic devices that have been commercialised or are in
development (https://covid-19-diagnostics.jrc.ec.europa.eu ).

Five different PICO questions and scopes have been developed for the five questions stated in
the objective.
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Table 1 - 1: Scope of the assessment

Description | Project scope i Question 1 (surveillance)
Population 1 Asymptomatic people from general population
0 Subpopulations: asymptomatic healthcare workers
Index test/ 1 Antibody tests (IgM and 1gG) :
testing tandal tast
strategy 0 as standalone tests
0 intriage
0 asadd-on
Reference i RT-PCR tests
Standard . . . . .
1 RT-PCR test combined with clinical assessment and/or CT imaging
Outcomes Primary outcomes
1 Sensitivity, Specificity, Positive/Negative Predictive Value, Area Under the
ROC Curve.
Study 9 Cohort and cross sectional diagnostic accuracy studies
design
Description | Project scope i Question 2 (diagnosis of active infection)
Population 1 Patients with symptoms for SARS-CoV-2 acute infection
Index test/ 9 Antibody tests (IgM and IgG)
testing tandal
strategy o standalone
0 intriage
0 add-on
Reference i RT-PCR tests
Standard . ) . . .
1 RT-PCR test combined with clinical assessment and/or CT imaging]
Outcomes Primary outcomes
91 Sensitivity, Specificity, Positive/Negative Predictive Value, Area Under the
ROC Curve.
Study 9 Cohort and cross sectional diagnostic accuracy studies
design

Case control studies will also be considered if no or very limited data
available from cohort and cross sectional studies
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Description | Project scope i Question 3 (seroprevalence)
Population 1 General Population
0 Subpopulations: e.g. healthcare workers, blood donors
Testing 1 Any antibody test
strategy
Comparison 91 Prevalence of SARS-CoV?2 infection (acute and resolved infection) before
seroprevalence study
Outcomes Seroprevalence
1 Difference in SARS-CoV-2 infection estimated prevalence in the same
sample or population at different time points
Study Cross sectional prevalence studies
design .
Cohort studies
Description | Project scope i Question 4 (risk of transmission)
Population 9 Patients recovered from SARS-CoV-2 infection (RT-PCR negative)
Testing 91 Antibody tests (IgM and IgG) in conjunction with RT-PCR
strategy
Outcomes 9 Virus transmission due to RT-PCR re-positivity for acute SARS-CoV-2
infection
Study 9 Cohort studies
design
Description | Project scope i Question 5 (immunity)
Population 1 Asymptomatic subjects with past and resolved SARS-CoV-2 infection

Intervention

Antibody tests (IgM and 1gG)

!
Outcomes 1 Recurrence of SARS-CoV-2 acute infection
Study 1 Longitudinal cohort studies
design
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3. METHODS

3.1. Clinical effectiveness and safety

3.1.1. Information retrieval

A systematic information retrieval for relevant studies or documents was carried out to obtain
comprehensive information. The following sources of information as well as search techniques
were used.

Main information sources
A Bibliographic databases

G MEDLINE
A preliminary search indicated that there is limited additional literature available on COVID-19 in
Embase and Central. Therefore, a search in these standard sources was omitted:
A Study registries

G U.S. National Institutes of Health. ClinicalTrials.gov

G World Health Organization. International Clinical Trials Registry Platform Search Portal
The PRESS (Peer Review of Electronic Search Strategies) checklist was used for the quality

check of search strategies in bibliographic databases.

The search strategies are displayed in Appendix 1. The last search was performed on 07 May
2020.

Further information sources and search techniques

To identify further relevant studies or documents, depending on the research question, further
information sources are used and further search techniques are applied.

A Application of further search techniques

G Screening of reference lists of included Systematic Reviews/Health Technology Aseess-
ment reports

G Searching preprint servers: Europe PMC

G Hand search

A Queries to authors

3.1.2. Selection of relevant studies and documents

All selection steps were performed by two persons independently of each other. Discrepancies
were resolved by discussion.

EndNote was used for citation management. Study selection was performed in Covidence.

Inclusion criteria differ by research question and are presented in Table 3.1.
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Table 3 - 1: Criteria for study inclusion and exclusion

Characteristics | Research question | Research question | Research question | Research question | Research question
1: 2: 3: 4: 5:
Surveillance Diagnosis e Seroprevalence Transmission Immunity
Population Asymptomatic Subjects with General popula- Patients recovered Asymptomatic
people (in general symptoms for tion and subpopu- | from SARS-CoV-2 | subjects with past
population and/or SARS-CoV-2 lations (i.e. acute infection and resolved
subgroups such as acute infection healthcare work- (NAAT / PCR SARS-CoV-2
healthcare work- ers, blood donors) negative) infection
ers)
Index test /
Testing Any antibody test including laboratory based and point-of-care, quantitative and qualitative tests
strategy
Reference Any testing strategy including NAAT or Not applicable
standard NAAT in combination with clinical
findings or clinical follow-up
Qutcome 2x2 table reporting | 2x2 table reporting Seroprevalence Virus transmission | Recurrence of
sensitivity and | sensitivity and estimates after re-positivity | SARS-CoV-2
specificity specificity for acute infection | acute infection
Study design Cross-sectional Cross-sectional Cross-sectional Cohort studies Longitudinal  co-
studies, cohort and cohort diag- studies, cohort hort studies
studies nostic accuracy studies
studies (case-
control studies)
Sample size At least 10 individuals (or their blood samples) are included.

Unit of Individual patient/subject
analysis
Language Full text references in English, Italian or German.

NAAT: Nucleic acid amplification test, PCR: Polymerase chain reaction

During the COVID-19 pandemic, sharing scientific information worldwide as quickly as possible
became paramount, and most of the scientific literature was made available in great haste and
without being peer-reviewed. In order not to lose any potentially useful data, less appropriate
study designs have been included in this first edition of the review, such as case control and ret-
rospective cohort studies. This has been deemed necessary in order to promptly provide decision
makers with the available, albeit incomplete, information to balance benefits and harms of anti-
body testd sleployment (46). Appropriate references and comments related to quality of the infor-
mation and uncertainty of the results have been made. The updates that will follow, however, will
apply more stringent inclusion criteria, as evidence of better quality is expected to become availa-

ble.
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3.1.3. Data extraction

The following study characteristics were extracted by authors and co-authors for all included stud-
ies.

- Study characteristics: year, country, study design, stated objective and conclusion of the au-
thors, flow and timing, related research question.

- Participants: Inclusion criteria, exclusion criteria, population, number of participants, age, sex,
underlying health conditions, COVID-19-related symptoms, time since onset of symptoms, target
condition.

- Index test: Antibody test class, (commercial) name of index test, manufacturer, target, sample
type, setting of index test, reported cut-off values, reported analytical sensitivity, reported analyti-
cal specificity, regulatory status.

- Reference test: Reference standard, sample type, setting of reference test.

- Outcome: Diagnostic accuracy outcome measures (sensitivity, specificity, true and false posi-
tives, true and false negatives)

All necessary information for the assessment was extracted from the documents on the included
studies into standardised tables. If discrepancies arose in the comparison of the information from
different documents on a study (but also from multiple data on an aspect within a document itself)
which could have a considerable influence on the interpretation of the results, this is shown in the
corresponding places in the results section of the report.

3.1.4. Quality rating / Risk of bias assessment

The QUADAS-2 tool (47) was used for the quality assessment of diagnostic accuracy studies.
Risk of bias was assessed at study level.

3.1.5. Data analyses and synthesis

The information in the included documents on study design, study methods, populations, end-
points (patient relevance, validity, and operationalisation) and study results were evaluated. The
results of this evaluation are presented and are used for identification of relevant analyses and
considered for the conclusions of the assessment report.

3.1.5.1.Effect measures (Diagnostic accuracy studies)

The measures are based on 2 x 2 tables for true positives (TP), false negatives (FN), false posi-
tives (FP) and true negatives (TN). The calculations are as follows:

Sensitivity = TP / (TP + FN)

Specificity = TN/ (TN + FP)

Positive predictive value = TP / (TP + FP)
Negative predictive value = TN / (TN + FN)

95% confidence intervals for these measures were calculated based on the score method (48,
49). The predictive values are highly dependent on the prevalence. Thus, predictive values have
to be interpreted with caution when representative prevalence cannot be estimated.
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3.1.5.2. Meta-analyses

Overall, the extracted 2 x 2 tables compose a complex data set. Multiple antibody targets were
analysed for several testing methods within a study, subjects were measured multiple times with
the same test, and the énegatived subjects f
samples from blood donors from the pre-COVID-19 era, PCR-negative subjects with and without
symptoms). Thus, the basic assumption for bivariate meta-analysis cannot be presumed, i.e. that
the pairs of sensitivity and specificity are on one Receiver Operating Characteristics Curve (ROS).
Therefore, univariate meta-analyses were performed for sensitivity and specificity. Furthermore,
separate meta-analyses were performed for combinations of the following three factors:

1. The type of test:
1 rapid diagnostic test (RDT)
1 enzyme-linked immunosorbent assay (ELISA)
1 chemiluminescent immunoassay (CLIA)
2. Antibody target:
T IgM
1 19G
1 IgM and/or IgG
3. Period from the time of the onset of symptoms:

1 overall
T weekl
T week?2
T week3
T week4

Assignment of data to specific periods of the time of the onset of symptoms was carried out.

3.1.5.3. Subgroup characteristics and other effect modifiers

The results were examined with regard to potential effect modifiers, i.e. factors influencing the
effects. The aim was to uncover possible differences in effects between time periods and assays.

In order to evaluate the variation of the diagnostic measures in time from the onset of symptoms,
the data were divided into time periods of one week. If data were provided in shorter time periods
or different periods, attempts were made to assign the data to one of the designated periods to
reduce redundancies. Data from later time points were aggregated in one period in order to guar-
antee that sufficient data are available. Furthermore, for the overall analysis as well as the analy-
sis by period, each subject was considered only once for each specific combination.

If more than one 2 x 2 was identified for a specific combination, a univariate meta-analysis for

sensitivity and specificity was performed with a generalized linear mixed model (50, 51). The

measure of between-st udy heterogeneity, U, corresponds
of random effects in terms of the standard deviation.The meta-analyses of sensitivity and speci-

ficity might be hampered if the between-study heterogeneity cannot be reliably estimated (52).

This might be the case in the presented results, especially if only few sparse 2 x 2 tables, contain-

ing cells with small counts and/or zeros, were available.

As considerable heterogeneity was identified for the meta-analyses of sensitivity and specificity,
no meta-analyses were performed for the predictive values.

Software

The data analysis for this report was generated using SAS/STAT® software (version 15.1).
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3.2. Division of work within the project

Regione Emilia-Romagna (RER), as first author, conceived the idea of this assessment, devel-
oped the Project Plan, took part in the screening of studies, in the data extraction of the included
studies, regularly updated the EndNote database and managed the citations, wrote the drafts and
final report.

Institute for Quality and Efficiency in Health Care (iqwig), as co-author, carried out all the statisti-
cal analyses, the literature search, set up the Covidence database, took part in the screening of
studies, in the data extraction of the included studies, set up and regularly updated the EndNote
database, contributed to, read and approved drafts, final Project Plan, and final report.

Health Technology Wales, as co-author, contributed to the literature search and the data extrac-
tion of the included studies, reviewed, and approved the draft and final report.

Health Information and Quality Authority (HIQA) and NHS Healthcare Improvement Scotland, as
dedicated reviewers, reviewed the first and second drafts of this assessment, provided valuable
comments and timely feedback and contributed to the editing the whole document.

3.3. Deviations from project plan

Health Technology Assessment Wales joined the Assessment Team after the Project Plan was
published and it is now reported among the Co-authors.

To clearly distinguish a diagnostic role of antibody tests from other intended use, the order of the
five objectives of the Project Plan has been re-arranged.

The Project Plan reported inclusion criteria only for diagnostic accuracy studies, relevant for re-
search question 1 and 2, and failed to report detailed inclusion criteria for the remaining questions
3a, 3b and 3c. This information has been integrated in the full report. There was no time to report
results from the search for ongoing studies, but these will be monitored in view of the next update
of this report.
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4. RESULTS: CLINICAL EFFECTIVENESS AND SAFETY

4.1. Information retrieval

Figure 1: Flow chart of information retrieval for the diagnostic accuracy of antibody tests
and/ or on their potential use in different scenarios.

shows the results of the information retrieval in the main and further information sources based
on the predefined inclusion criteria. References of the documents that have been checked in full-
texts but were excluded are presented in Appendix 2 with the reason for their exclusion.
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searching preprint servers
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Figure 1. Flow chart of information retrieval for the diagnostic accuracy of antibody tests
and/ or on their potential use in different scenarios.

Information retrieval identified 40 studies (41 documents) as relevant for the research questions.
The last search took place on 7" of May 2020.

4.2. Studies included in the assessment

The full list of the relevant studies used for this assessment is reported in Appendix 2 (Table Al),
An overview of the included studies is reported for each research question.
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4.3. Description of the evidence used

The table of the characteristics of the included studies (Table A2) and the table reporting the risk
of bias of the included diagnostic accuracy studies (Table A3) are presented in Appendix 3. A
narrative description of the evidence used is reported for each research question.

Results presented in the following sections for each research question.

4.4. Question 1

What role can antibody tests have in general and/or specific population surveillance pro-
grammes for the early detection of new cases of SARS-CoV-2 infection in asymptomatic
people?

Rationale

A robust surveillance strategy is paramount to flattening the COVID-19 epidemic curve. Effective
testing strategies are the core means to meet some of the surveillance objectives identified by the
ECDC, such as monitoring the intensity, geographic spread and severity of COVID-19 in the
population, monitoring changes in risk groups and monitoring the impact of any mitigation
measures (53). At the national level the following additional objectives have been identified: de-
tection and containment of nosocomial outbreaks to protect healthcare workers and patients, as
well as detection and containment of outbreaks in long-term facilities and other closed communi-
ties. The WHO strongly recommends active case finding and testing as well as contact tracing in
all transmission scenarios (11, 54). In the EU document on testing strategy, effective i i.e. timely
and accurate i testing is recommended to support decisions on infection control strategies and to
detect asymptomatic cases that need to be isolated in order to avoid further spread of the virus
(55).

In the absence of a vaccine and with limited effective targeted treatments available, isolation re-
mains the most effective way of containing spread of SARS-CoV-2 infection, especially when
accompanied by efficient contact tracing (56, 57). The ECDC document on contact tracing for
COVID-19 reports extensive evidence on the effectiveness of this public health measure in reduc-
ing transmission and in increasing safety of de-escalation measures (58).

The ECDC and WHO recommend molecular tests for detection of the SARS-CoV-2 virus RNA,

which require specific laboratory equipment and highly skilled professionals. Due to the substan-

tial amount of resources required, the use of molecular test in comprehensive surveillance pro-
grammescoul d put a strain on national heal th systems
molecular tests with faster turnaround are still in development (59), the availability of reliable sero-

logical tests may contribute to expand testing capacity and to relieve pressure on resources.

A systematic review of the literature was undertaken in order to address the following questions:

A What is the diagnostic accuracy of antibody tests in general population surveillance programs
for the early detection of new cases of SARS-CoV-2 infection?

A What is the diagnostic accuracy of antibody tests in healthcare wor k er sd an-dsk ot her
groupsd sur veil thaeadyaetgetioroof mrew cases df BARS-CoV-2 infection?

The purpose of this intended use of antibody tests is to promptly isolate asymptomatic and pre-
symptomatic subjects testing positive for acute SARS-CoV-2 infection and activate contact tracing
in order to avoid transmission, and to provide early healthcare expected to improve clinical out-
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comes. Subjects testing negative will safely remain within their own living and working community
and continue to exercise all necessary and prescribed protective behaviour.

Important patient outcomes to be taken in consideration for assessing relative effectiveness of the
use of antibody tests in the general population for surveillance purposes are listed in Table 47 1.

Table 4 - 1: Patient important outcomes for question 1

BENEFITS

Individuals are diagnosed with acute SARS-CoV-2
infection at an early stage, are promptly isolated
and receive necessary healthcare. Contact tracing
is promptly activated

(True Positive)

Individuals have their healthy status confirmed and
remain safely in the community
(True Negative)

RISKS

Individuals are incorrectly diagnosed with acute
SARS-CoV-2 infection, unnecessarily withdrawn
from the community and might receive inappropri-
ate health interventions. Their contacts are unnec-
essarily traced

(False Positive)

Individuals and their contacts are misclassified as
being healthy/not at risk, remain in the community
representing a risk of transmission to others

(False Negative)

Results

Our research strategy yielded two studies meeting our inclusion criteria (60, 61)

The first study (60) investigated the diagnostic accuracy of antibody tests (MCLIA) in 164 asymp-
tomatic close contacts of confirmed COVID-19 patients. All the 16 individuals thattested positive
by RT-PCR at the beginning of February 2020 resulted positive for IgM and/or IgG on 1March
2020. Additionally, positive antibody results were found in 7 individuals previously tested negative
by RT-PCR. In the second study (61),142 healthcare workers being dispatched to Hubei as well
as 284 healthcare workers remaining in Hefei were tested using both antibody test (CLIA) and
RT-PCR. In the group dispatched to Hubei, tests were applied on the same day upon return, while
in the other group timing of the tests was not reported. None of the tests showed positive results.

Due to the limited number of studies, we could not perform calculations of sensitivity and specifici-
ty estimates applicable to asysmptomatc general population or to the subgroup ofasymptomatic
healthcare workers subgroup.

Summary and discussion

Most countries have initiated surveillance for SARS-CoV-2 infection either in sub-groups of the
general population or in healthcare workers. However, the evidence on the diagnostic accuracy of
antibody test is still scarce and the data from the only two included studies did not allow pooled
estimates calculations.

In a screening program using two consecutive tests, it is of paramount importance that the triage
test has a very high sensitivity in order to identify asymptomatic people with acute SARS-CoV-2
infection. While waiting for results from adequate surveillance studies, the estimated accuracy of
antibody tests over the course of the disease reported for symptomatic patients can provide some
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insights (see Table 4-2 in Question 2). The meta-analysis shows that sensitivity increases with
time since infection/symptom onset.This finding is consistent with what is known about the im-
mune response to infection. Unfortunately, point estimates of sensitivity and specificity in symp-
tomatic population cannot be extrapolated to an asymptomatic population due to different pre-test
probabilities. Nevertheless, the observed trend in increasing sensitivity with time elapsed from
infection to testing is expected to be valid also in asymptomatic people. Even if evidence is lack-
ing, it can be assumed that sensitivity will be higher for asymptomatic subjects tested in a late
phase of infection. This dependence of test sensitivity with time implies that the test may more
accurately identify asymptomatic subjects for whom isolation measures would be much belated
with respect to their time of infectivity. In contrast, the test may less accurately identify subjects
close to infection and with longer time to infect others, hindering early detection and prompt isola-
tion of new cases at the onset of infection. Moreover, screening programs carried out weeks or
months after start of epidemic will detect a growing number of subjects with past and resolved
infection, affecting the specificity of the tests.

4.,5. Question 2

What role can antibody tests have in diagnosing SARS-CoV-2 infection in patients present-
ing symptoms suggestive of SARS-CoV-2 infection?

Rationale

As currently recommended by the WHO, routine confirmation of COVID-19 in suspected subjects
is based on detection of unique sequences of virus RNA by nucleic acid amplification tests
(NAAT), such as RT-PCR, with confirmation by nucleic acid sequencing when necessary or feasi-
ble (29). Researchers and study authors reporting on characteristics of patients and on COVID-19
outbreak patterns and trends have used the WHO definitions of confirmed and probale cases of
SARS-CoV-2 infections (62, 63). A substantial body of research reveals a high incidence of
Aprobabl e c as eld patients in @hom BTRCR Dest does not confirm presence of
virus RNA (64, 65).

The current sub-optimal sensitivity of RT-PCR (42, 43) is a serious cause for concern, while the
broad spectrum of symptoms i common to other influenza-like conditions i calls for a testing
strategy that allows effective and timely differential diagnosis. Some studies have suggested a
potential added value in the inclusion of serological tests within the diagnostic work up for COVID-
19 in patients with SARS-CoV-2 symptoms and in patients presenting late in illness when viral
load might have started to decrease (2, 66, 67).

A systematic review of the literature was undertaken in order to address the following questions:

1 What is the diagnostic accuracy of antibody tests in diagnosing acute SARS-CoV-2 infec-
tion in patients presenting symptoms suggestive of SARS-CoV-2 infection?

The purpose of this intended use of the antibody tests is to place a prompt diagnosis of COVID-19
for subjects testing positive in order to initiate treatment, place the patient in isolation and activate
contact tracing. Differential diagnosis and appropriate care for other conditions is provided for
subjects testing negative.
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Results

Inclusion criteria for studies addressing this question were cross-sectional and cohort studies,
enrolling symptomatic patients, performing any serological antibody test including laboratory
based and point-of-care, quantitative and qualitative tests, reporting data that allowed the con-
struction of a contingency table reporting sensitivity and specificity. Case-control studies were
also included at this first stage of the review.

Nineteen studies were included in this analysis, of which 10 studies assessed rapid tests (35, 68-
76), 7 studies assessed CLIA-based tests (72, 77-81), and 7 studies assessed ELISA-based
tests, and 7 studies assessed ELISA-based tests (35, 72, 73, 77, 82-84) . Of the included studies
only 4 met our study design inclusion criteria and presented a cross-sectional or cohort design,
the remaining 15 were case-control studies or retrospective cohort studies. Of the four studies
meeting our inclusion critery for study design, one was judged at high risk of bias and presented
concerns for applicability to our research question (70) while the remaining three were judged at
moderate risk of bias and low concerns for applicability (69, 71, 74), The case control and retro-
spective cohort studies were all judged at high risk of bias and presented concerns for applicabil-
ity to our research question.

Despite the substantial number of retrieved studies, the overall quality of the evidence is consid-
ered very low, meaning that we expect results from future well-conducted and good quality stud-
ies to change the estimates reported in the results.

Diagnostic accuracy

We first report pooled estimates for tests combining IgM and IgG, as these are the most used
ones in clinical practice. Separate pooled estimates are reported for the three types of tests (rap-
id, CLIA-based and ELISA-based) calculated overall, i.e. irrespective of test timing since symptom
onset, and at week 1, 2, 3, and 4 since symptom onset (Table 4-2). In Tables 4-3 and 4-4 results
are reported for IgM and IgG. All data extracted from each study and detailed pooled estimates
are reported in the Appendix (Tables A4 and A5).

Separate results for IgM and IgG are reported in Tables 4-3 and 4-4. The pooled estimates con-
firm the progress overtime of the development of antibodies, with IgM and IgG detection picking
up more or less at the same time and from the second week from symptom onset.

As most patients typically seek healthcare and receive diagnostic testing within the first two weeks
from symptom onset, we considered the estimates of diagnostic accuracy of antibody tests carried
out at week 1 (0-7 days from symptoms) and at week 2 (8-14 days from symptoms) to be most
relevant.

At week 1 from symptom onset, the pooled estimates of sensitivity and specificity for tests com-
bining 1gG and IgM were:

Sen 33.8 (Cl: 27 - 41.4) and Sp 92 (ClI: 84.7 - 96) for rapid tests;

Sen 83.3 (Cl: 50.9 - 97.1) and Sp 80 (69.3 - 87.8) for CLIA-based tests;

Sen 37.8 (Cl: 27 - 49.9) and Sp 95.4 (ClI: 8.6 - 100) for ELISA-based tests.

At week 2 from symptom onset, the pooled estimates of sensitivity and specificity for tests com-
bining 1gG and IgM were:

Sen 71.5 (Cl: 65.7 - 76.6) and Sp 90.2 (CI: 75.9 - 96.4) for rapid tests;

Sen 87.9 (Cl: 70.9 - 96) and Sp 80 (CI: 69.3 - 87.8) for CLIA based-tests;

Sen 84.8 (Cl: 70.3 - 92.9) and Sp 95.4 (ClI: 8.6-100) for ELISA based-tests.
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Tables 4-2, 4-3 and 4-4 report heterogeneity for the above estimates, which is also shown by the
wide confidence intervals of the pooled estimates.

We could only retrieve data on head-to-head comparisons between antibody tests and RT-PCR
and cannot provide pooled estimates of sensitivity and specificity of antibody tests used in triage

or as add-on to RT-PCR.

Pre-test probability

A pre-test probability of 57% was calculated from the cohort studies included, which is applicable
to patients suspected to have COVID-19 during a peaking epidemic (not applicable to the general
population and/or periods where infection transmission has decreased).

Table 4 - 2: Sensitivity and Specificity estimates for IgM+IgG tests

RAPID DIAGNOSTIC TESTS

Time since symptoms onset Overall Week 1 Week 2 Week 3 Week 4
Pooled estimate (9 studies) (12 studies) (13 studies) (13 studies) (10 studies)
Sensitivity 68.8 33.8 715 81.6 87.8
overall (46.3 - 85) (27 - 41.4) (65.7 - 76.6) (71.9-88.5) (78.4-93.4)
Heterogeneity W 1.39 0.08 0.10 0.51 0.0
Specificity 93.2 92 90.2 89.7 92.1
(71.81 98).7 (84.71 96) (75.9 - 96.4) (72.8 - 96.6) (83.2 - 96.5)
Heterogeneity W 4.14 0.87 2.54 3.23 0.95
CLIA (chemiluminescent immunoassay ) 4 studies
Time since symptoms onset Overall Week 1 Week 2 Week 3 Week 4
Pooled estimate (2 studies) (1study) (1study) (1 study) No studies
Sensitivity 91.8 83.3 87.9 97.1 -
overall (9.4-99.9) (50.9-97.1) (70.9-96) (82.9-99.8)
Heterogeneity W 0.0 -
Specificity 76.5 80 80 80 -
(14.3-98.4) (69.3-87.8) (69.3 - 87.8) (69.3-87.8)
Heterogeneity W 0.0 -
ELISA (enzyme-linked immunosorbent assay)- 2 studies
Time since symptoms onset Overall Week 1 Week 2 Week 3 Week 4
Pooled estimate (2 studies) (3 studies) (3 studies) (3 studies) (3 studies)
Sensitivity 84.5 37.8 84.8 88.1 90.7
overall (21.8 - 99.1) (27 - 49.9) (70.3 - 92.9) (56.4 - 97.7) 56. 5-98.7
Heterogeneity W 0.06 0.0 0.0 0.16 0.0
Specificity 98.5 95.4 95.4 95.4 95.4
(0 - 100) (8.6 - 100) (8.61 100) (8.6 - 100) (8.6 - 100)
Heterogeneity W 19.0 3.48 3.48 3.48 3.48
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Table 4 - 3: Sensitivity and Specificity estimates for IgM tests.

RAPID DIAGNOSTIC TESTS

Time since symptoms onset Overall Week 1 Week 2 Week 3 Week 4
Pooled estimate (4 studies) (10 studies) (11 studies) (11 studies) (9 studies)
o 61.5 28 63.6 63.2 86
Sensitivity (14.7 - 93.7) (20.8 - 36.5) (47.9 - 76.8) (50.3 - 74.5) (66.4 - 95.1)

Heterogeneity W 1.88 0.09 0.77 0.40 1.14

o 91.8 92.1 90.4 89.9 92.3
Specificity (57.8 - 98.9) (85 - 96) (81 - 95.4) (80 - 95.2) (84.5 - 96.3)
Heterogeneity W 1.59 0.57 0.94 1.04 0.63
CLIA (chemiluminescent immunoassay )

Time since symptoms onset Overall Week 1 Week 2 Week 3 Week 4
Pooled estimate (6 studies) (2 studies) (2 studies) (2 studies) (1 study)

o 90.4 78.5 96 98 100
Sensitivity (82.1 - 95) (1.2 -99.9) (0 - 100) (07 100) (93.6 - 100)
Heterogeneity W 0.30 >0.0 5.67 211 -

- 95.5 88.6 88.6 88.6 92.3
Specificity (88 - 98.4) (7.3 - 99.9) (7.3 - 99.9) (7.3 - 99.9) (89.5 - 94.5)
Heterogeneity W 0.91 0.20 0.20 0.20 }
ELISA (enzyme-linked immunosorbent assay)

Time since symptoms onset Overall Week 1 Week 2 Week 3 Week 4
Pooled estimate (4 studies) (3 studies) (3 studies) (4 studies) (2 studies)

o 83.9 33.6 75.6 83.9 (56,1 -95,5) 82.9
Sensitivity .

(31.1-98.4) (12.6 - 64) (45.3 i 92,1) (6.2 - 99.7)
Heterogeneity W 211 0.12 0.20 0.58 0.0

o 99.8 99.9 99.9 99,9 99
Specificity (22.1 - 100) (0.6 100) (0,6 -100) (7,7 -100) (0 - 100)
Heterogeneity W 12.27 6.78 6,78 7,33 1.19
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Table 4 - 4: Sensitivity and Specificity estimates for IgG tests

RAPID DIAGNOSTIC TESTS

Time since symptoms onset Overall Week 1 Week 2 Week 3 Week 4
Pooled estimate (3 studies) (10 studies) (11 studies) (11 studies) (9 studies)
Sensitivity 67.4 26.9 62.1 73.9 82.8

(22.9 - 93.5) (21.5-33.1) (54.7 - 69.1) (60.8 - 83.9) (71.8-90.1)
Heterogeneity W 0.56 0.0 0.12 0.56 0.0
Specificity 85.6 94.5 92.8 92.4 95

(0.3 - 100) (89.5-97.2) (78.2 - 97.9) (75.2 - 98) (90 - 97.6)

CLIA (chemiluminescent immunoassay )

Time since symptoms onset Overall Week 1 Week 2 Week 3 Week 4
Pooled estimate (5 studies) (2 studies) (2 studies) (2 studies) (1 study)
Sensitivity 911 62.2 88.3 98.9 100
overall (82-95.9) (1.5-99.5) (07 100) ©i 100) (93.6 - 100)
Heterogeneity W 0.27 0.0 1.01 0.0 -
Specificity 98 99.4 99.4 99.4 99.8

(96.7 - 98.8) (0.1 - 100) (0.17 100) (0.17 100) (98.7 - 100)
Heterogeneity W 0.02 0.90 0.90 0.90 -

ELISA (enzyme-linked immunosorbent assay)

Time since symptoms onset Overall Week 1 Week 2 Week 3 Week 4
Pooled estimate (3 studies) (2 studies) (2 studies) (3 studies) (2 studies)
Sensitivity 74.9 37.8 78.4 87.5 87.6
overall (1.6 - 99.8) (3.5-91) (17.4 - 98.4) (75.7-92.1) (1.9 -100)
Heterogeneity W 4.1 0.0 0.01 0.0 0.0
Specificity 99.8 98.7 98.7 96.9 98.7

(86.2 - 100) (0 - 100) (0 - 100) (19.9 - 100) (07 100)

Relative effectiveness / Risks and benefits assessment

The main objective of the test in this intended use would be the diagnosis and care for COVID-19
as well as prompt isolation of subjects from other patients or households. Important patient out-
comes to be taken in consideration for assessing relative effectiveness of the use of antibody
tests in diagnosing symptomatic patients are listed in Table 41 5.
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Table 4 - 5: Patient important outcomes for question 2

BENEFITS

Symptomatic subjects are diagnosed with COVID-
19 at an early stage of disease, are promptly isolat-
ed and receive necessary healthcare. Contact trac-
ing is activated
(True Positive)

Symptomatic subjects are correctly classified as not
infected with SARS-CoV-2 and might be diagnosed
and receive healthcare for other condition; no con-
tact tracing for SARS-CoV-2 infection is activated
(True Negative)

RISKS

Symptomatic subjects are incorrectly diagnosed
with SARS-CoV-2 infection, might receive inappro-
priate health interventions and are unnecessarily
put in isolation. Their contacts are unnecessarily
traced (False Positive)

Symptomatic subjects are incorrectly diagnosed for
a condition other than SARS-CoV-2 infection, might
not receive appropriate care, are not placed in iso-
lation and their contacts are not traced, represent-
ing a risk of transmission to others

(False Negative)

As the included studies neither provide any data on clinical outcomes, nor compare different test-
ing strategies, natural frequencies (85) for a risk-benefit relative assessment have been calculat-
ed, applying the diagnostic accuracy estimates of the differente tests on a hypothetical population
of 1,000 symptomatic patients being tested for SARS-CoV-2 acute infection. The calculations

were developed for the following scenarios:

- Symptomatic patients presenting at 0-7 days from symptom onset (week 1)

- Symptomatic patients presenting at 8-14 days from symptoms onset (week 2)

Symptomatic patients presenting within 7 days of symptom onset (week 1) and undergoing
arapid serological test, CLIA-based test, ELISA-based test or RT-PCR

With an estimated prevalence of disease of 57% we would expect 570 subjects with acute infec-
tion from SARS-CoV-2 out of a 1,000 tested. The estimated sensitivities and specificities at week
1 are 33.8% and 92%, respectively, for rapid serological tests, 83.3 % and 80% for CLIA-based
test, 37.8% and 95.4% for ELISA-based test and 89% and 98% for RT-PCR (44, 45). Natural
frequencies calculations for different tests, based on the pre-test probability of 57% are reported
in Table 4 - 6. False negatives and false positives are highlighted.
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Table 4 - 6: Natural frequencies - Week 1 from symptom onset

WEEK 1 N of patients out 1,000* submitted to test
Rapid CLIA ELISA RT-PCR
IgM + IgG IgM + IgG IgM + IgG

Subjects with = Testing 193 475 215 507
SARS-CoV-2 positive
infection Testing

. 377 95 355 63
(N. 570) negative
Subjects with-  Testing

44 41 421
out SARS- negative 396 3 0
CoV-2 infection | Testing
34 86 20 9

(N. 430) positive

Total 1,000 1,000 1,000 1,000

*Pre-test probability 57%

At one week fr om <sording to thensbdve estimatestand calcalations, out of the
570 expected subjects with SARS-CoV-2 infection, IgM and IgG rapid tests would correctly diag-
nose 93 patients with COVID-19, while the remaining 377 COVID-19 patients would remain unde-
tected. CLIA-based tests would correctly classify 475 COVID-19 patients and miss COVID-19
diagnosis in 95 patients. ELISA-based tests would correctly diagnose 215 COVID-19 patients and
not detect 355, while under RT-PCR test 507 COVID-19 would be diagnosed and 63 undiagnosed
for COVID-9. False positive results in subjects without SARS-CoV-2 infection would amount to 34
with rapid antibody test, 86 with CLIA, 20 with ELISA and 9 with RT-PCR.

Symptomatic patients presenting within 8-14 days of symptom onset (week 2) and under-
going arapid serological test, CLIA-based test, ELISA-based test or RT-PCR.

The estimated sensitivities and specificities at week 2 are 71.5% and 90.2% respectively for rapid
serological tests, 87.9% and 80% for CLIA-based tests, 84.8% and 95.4% for ELISA-based tests
and 84.8% and 98% for RT-PCR (44, 45). Natural frequencies calculations for different tests,
based on the pre-test probability of 57%, are reported in Table 4 - 7. False negatives and false
positives are highlighted.

Table 4 - 7: Natural frequencies - Week 2 from symptom onset

WEEK 2 N of patients out 1,000* submitted to test
Rapid CLIA ELISA RT-PCR
IgM + IgG IgM + IgG IgM + IgG
Subjects with = Testing
408 501 483 507
SARS-CoV-2 positive
infection Testing
162 69 87 63
(N. 570) negative
Subjects with- Testing
388 344 410 421
out SARS- negative
CoV-2 infection = Testing
i 42 86 20 9
(N. 430) positive
Total 1,000 1,000 1,000 1,000

*Pre-test probability 57%
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At two weeks from symptomsé onset, according
570 expected subjects with SARS-CoV-2 infection, IgM and IgG rapid test would correctly diag-
nose 408 patients with COVID-19, while the remaining 162 COVID-19 patients would remain un-
detected. CLIA-based tests would correctly classify 501 COVID-19 patients and miss COVID-19
diagnosis in 69 patients ELISA-based test would correctly diagnose 4837 COVID-19 patients and
not detect 87, while under RT-PCR test 507 COVID-19 would be diagnosed and 63 undiagnosed
for COVID-19. False positive results in subjects without SARS-CoV-2 infection would amount to
42 with rapid antibody test, 86 with CLIA, 20 with ELISA and 9 with RT-PCR.

Additional analysis

Evoluton o f i n f spoeadiaffent® the pre-test probability of an individual to have caught the
infection. At the beginning of the epidemic, this pre-test probability would have been low, while
during peak times of disease spread the pre-test probability would have increased, to start de-
creasing after implementation of lockdown measures. The local applicability of the above calcu-
lated estimates, therefore, depends both on the pre-test probability of SARS-CoV-2 infection of
the population of interest as well as the humber of the included subjects. To facilitate transferabil-
ity of analysis to different contexts and |
several pre-test probability estimates and numbers of tested subjects (Table 4 - 8) with projections
of number of COVID-19 patients at risk of being misdiagnosed (false negatives) and number of
individuals without the infection at risk of being wrongly diagnosed with COVID-19 (false positives)
according to the different scenarios.

Table 4 - 8: Number of subjects who will be falsely identified as positive (FP) or negative
(FN), depending on pre-test probability and population size.

to t

evel s

RDT CLIA ELISA RDT CLIA ELISA
100 1% 5 20 8 1
10% 4 18 7 2 7
25% 3 15 6 16 4 17
50% 2 10 4 31 8 33
50.000 1% 2,277 9,900 3,960 311 83 331
10% 2,070 9,000 3,600 3,110 835 3,310
25% 1,725 7,500 3,000 7,775 2087 8,275
50% 1,150 5,000 2,000 15550 4175 16,550
8.000.000 1% 364,320 1,58,4000 633,600 49,760 13,360  5,2960

10% 331,200 1,440,000 576,000 497,600 133,600 529,600

25% 276,000 1,200,000 480,000 1,244,000 334,000 1,324,0

00

50% 184,000 800,000 320,000 2,488,000 668,000 2648,000
* Test performance: RDT: sensitivity: 33.8 %, specificity: 92%, CLIA: sensitivity: 83.3 %, specificity:

80%, ELISA: sensitivity: 37.8 %, specificity: 95.4%
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Positive and negative predictive values are also a useful means to interpret test results and they
are an alternative way of representing risks and benefits. The positive predictive value (PPV)
indicates the probability that a person testing positive is infected by SARS-CoV-2, while the nega-
tive predictive value (NPV) indicates the probability that a person testing negative is not affected
by SARS-CoV-2 infection. Figure 2 represents how, given the performance of each type of test,
PPV and NVP vary depending on the pre-test probability.

Predictive values

T T T
0.0 0.2 04 06 0.8 1.0

Pre-test Probability
ELISA (PPV) CLIA (PPV) ROT (PPV)
— - — ELISA(NPV) — - — CLIA (NPY) — - — RDT (NPYV)

Figure 2: Positive predictive vales (PPV) and negative predictive values (NPV) for a range of pre-
test probabilities (0.01 7 0.99). Test performance: RDT: sensitivity: 33.8 %, specificity: 92%, CLIA:
sensitivity: 83.3 %, specificity: 80%, ELISA: sensitivity: 37.8 %, specificity: 95.4%

Summary and discussion

Nineteen studies were included and analysed to investigate the role of antibody tests in the diag-
nosis of SARS-CoV-2 infection in symptomatic patients. Most of the included studies did not have
an adequate study design and the overall quality of the retrieved evidence is judged very low.
Nevertheless, there was a sufficient number of studies to calculate pooled estimates, although
high heterogeneity was found.

Consistent with the expected course of development and detection of antibodies, both IgM and
IgG resulted adequately detected from the second week of symptom onset. The combined detec-
tion of IgM and IgG seems to improve the diagnostic performance of serological tests.

No studies reported clinical effectiveness outcomes and calculations were performed to highlight
benefits (i.e. symptomatic patients correctly diagnosed with COVID-19 or correctly classified as
not infected with SARS-CoV-2) and risks (i.e. symptomatic patients incorrectly classified as
COVID-19 patients or COVID-19 patients incorrectly classified as affected by another condition).
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Calculations were performed with data related to the first and second week from symptom onset,
as these are the time windows during which patients typically seek healthcare and a diagnosis is
made. The calculations showed a higher risk of misdiagnosis with antibody tests at week 1 than at
week 2, with the molecular test RT-PCR performing better than any type of serological test in both
time windows.

4.6. Question 3

What role can antibody tests have in measuring seroprevalence in communities?
Rationale

At the beginning of the novel SARS-CoV-2 infection outbreak, seroprevalence in the general pop-
ulation was assumed to be very low, due to the initial limited circulation of the virus, and expected
to increase with the steep increase in infection transmission. Initial surveillance and testing for
virus RNA has focused on patients presenting with symptoms suggestive of acute SARS-CoV-2
infection. It is now known that the spectrum of the disease manifestation is quite broad, ranging
from very severe patients to asymptomatic infected subjects. The proportion of asymptomatic
subjects is not known yet and their role in the transmission of the infection is not wholly under-
stood. Underestimation of the disease prevalence affects the reliability of other epidemiological
parameters, such as case fatality ratio (CFR). Seroprevalence studies could provide information
on how much the virus has circulated in a given population/community, by identifying how many
have had the disease, knowingly or unknowingly and irrespective of whether they had received a
confirmation of diagnosis. Such an estimate would be important and necessary to calculate Infec-
tion Fatality Ratio (IFR) . Mor eover, understanding the vi
estimate the proportion of individuals still susceptible to acquire and transmit the virus.

As indicated by the ECDC, once validated, SARS-CoV-2 antibody tests could prove to be essen-
tial for performing large-scale seroepidemiological population surveys and for assessing the im-
mune status of first-line responders (86). Several seroprevalence studies are ongoing in countries
throughout Europe (7, 87).

In its protocol for population-based seroepidemiological investigation the WHO identified two main
objectives for the investigation: to determine the extent of infection in the general population and
age-specific infection cumulative incidence, as determined by seropositivity; and to determine the
fraction of asymptomatic or subclinical infections (88). The WHO protocol recommends that both
IgM and IgG tests be carried out in seroepidemiological survey. Besides the validity of the de-
ployed tests, the confidence in the seroprevalence estimates and their generalizability to the tar-
get population is also determined by the way subjects and samples are identified and selected.
Appropriate actions need to be taken to ensure recruitment of a representative sample of the tar-
get population.

A systematic review of the literature was undertaken to address the following question:

1 What seroprevalence rates of SARS-CoV-2 infection do IgM and/or IgG antibody tests
provide when used in general population seroepidemiological surveys and how do they
impact on prevalence estimates?

1 What are the documented seroprevalence rates in different subgroups of the general
population?
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The purpose of this intended use of the antibody tests is to measure seroprevalence for SARS-
CoV-2 within a community, complementing data on confirmed cases, in order to characterize the
community in dpreadms of virusé

Results

According to the WHO protocol, the following study designs were considered for inclusion:

1 Cross sectional investigation
1 Repeated cross-sectional investigation in the same geographic area (but not necessarily
the same individual each time)

1 Longitudinal cohort study with serial sampling of the same individuals each time (89).
Quality of the studies was judged in terms of selection bias.

Following the recommendations of the WHO and the ECDC, several European countries began
seroprevalence surveys, many of which are still on-going, on general population or at risk popula-
tions, such as healthcare workers (90). We only included data reported in published studies satis-
fying our language inclusion criteria and 17 such studies are included in this report (Appendix 4
Table AB).

Most of the surveys have been conducted in Europe. Three studies were conducted in Italy, two in
the U.S.A, and the remaining 12 studies come from Spain, Scotland, the Netherlands, France,
Denmark, Germany, Luxembourg, Switzerland, Belgium, China and Iran.

Except for two studies reporting consecutive weekly seroprevalence (91, 92), the remaining 14
were all cross sectional studies. Among the studies carried out in healthcare setting, five studies
recruited healthcare workers (93-97), one study recruited hospitalised patients (98) and one study
outpatients (99). Population surveys were carried out on samples from the general population by
four studies (92, 100-102), on a whole German town population by one study (103), on subjects
from selected households by one study (104), on blood donors by four studies (91, 105-107), and
on school pupils and their close contacts by one study (106).

Among the studies that specified time of survey, one study covered a period between February
and early April 2020 (95), three studies were carried out during the last week of March 2020 (91,
94, 106). The majority, eight studies, were carried out within the first two weeks of April 2020 (98,
100, 101, 103-107) and one study during the last week of April (97). Two studies covered the
whole month of April 2020 (92, 102).

Regarding testing methods, only one study (95) used a quantitative test; rapid tests were used in
three studies (94, 104, 107), while CLIA or ELISA-based methods were used in the remaining
studies.

Of the six general population surveys, two studies were judged to be at high risk of bias (100,
101), one at moderate risk of bias (104) and the remaining three at low risk of bias for sample
selection (92, 102, 103). All studies on blood donors (91, 105-107) recruited a selected opportun-
istic population sample, not representative of the general population, and are considered at high
risk of bias for generalizability of results (Table A3 7 Appendix3).
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Seroprevalence estimates

Heterogeneity of studies, in terms of time of survey, context and country does not allow calculat-
ing pooled estimates. As only preliminary data are available, we report descriptive results for the
three main groups of samples (general population, blood donors and healthcare workers):

- Seroprevalence estimates in general population: range from 1.5% (95%CI 1.1-2.0) to
25.9% (95%Cl 22.6-29.4). Sample sizes ranged from 528 to 3,330.

- Seroprevalence estimates in blood donors: range from 1.0 (95%CI 0.4-2.5) to 3.1 (95%ClI
2.7-3.6). Sample sizes ranged from 200 and 9496.

- Seroprevalence estimates in healthcare workers: range from 4.5% (95%CI 1.8-10.5) to
17.2% (95%CI 14.6-20.2). Sample sizes ranged from 133 to 727.

Very few studies reported information on how the seroprevalence survey contributed to re-

considering the disease prevalence provided by confirmed cases. Among the survey conducted

on health workers the Spanish study (95) reported an increase of 38.9% in confirmed cases with

respect to the disease prevalence from confirmed cases. Of two studies conducted on blood do-

nor s, one reported a seroprevalence of 3.1 agai n:
firmed cases prevalence of 0.22% (105), while the Danish study (107) reported a seroprevalence

of 1.8% against a general population confirmed cases prevalence of 0.08%.

The two studies reporting consecutive measures showed a change in prevalence from 0% to 1%
in one week for blood donors (91) and a change over five weeks from 4.8% to 10.8% in the gen-
eral population (92).

Relative effectiveness / Risks and benefits assessment

The main objective of the test in this intended use would be to measwre the
prevalence for SARS-CoV-2. Seroprevalence estimates should be used with caution, if intended

to be extrapolated to the whole target population, as the technical validity and diagnostic accuracy

of most of the commercialized tests remain to be confirmed. The implication of such limitations

needs to be adequately communicated to subjects enrolled in seroprevalence studies, in order not

to compromise their adoption of the appropriate protective measures and behaviour.

Summary and discussion

Seroprevalence studies have been recommended to understand how much the virus has spread
during the pandemic, to provide baseline estimates for epidemiological surveillance using surveys
at repeated intervals and for future information, should some form of immunity from re-infection be
established. There are several surveys on-going on different target populations (general popula-
tion, healthcare workers, blood donors etc.) and we have reported preliminary data from 17 stud-
ies published so far. Only three studies were judged at low risk of bias, and most of the studies
presented issues of generalizability of results to the target population due to sample selection.
The preliminary data have been presented only in a descriptive way, as heterogeneity of studies
do not allow any inference.
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4.7. Question 4

What role can antibody tests have in ruling out risk of transmission in patients who recov-
ered from SARS-CoV-2 infection?

Rationale

Current internationally agreed criteria for determining clearance from acute SARS-Cov-2 infection
and/or discharge of COVID-19 patients are relief from symptoms and two consecutive negative
viral nucleic acid results from respiratory samples at 24 hours interval (108). Towards the end of
February and beginning of March 2020, initial data began to emerge on patients recovered from
COVID-19 and retesting positive at RT-PCR days or weeks after discharge, suggesting that RT-
PCR testing could yield false negative results (109) and that a proportion of recovered patients
may still be virus carriers (110, 111). As prolonged detection of IgM has been associated with the
acute phase of infection (112) and poor patient recovery (113), it has been suggested that conva-
lescent patients that are IgM positive but RT-PCR negative should be considered as still having
active infection (114).

Although viral shedding has been noted to decline during the course of the disease, it could per-
sist for quite a long time after relief of symptoms (115). Besides concerns for false negative RT-
PCR results at discharge, it has been suggested that a positive PCR result might not indicate the
presence of transmissible virus (2). Reports of prolonged detection of RNA without direct correla-
tion to viral culture have led the Centre for Disease Control to revise their criteria for return to work
of healthcare workers with suspected or confirmed COVID-19 (116) . The updated criteria how
include a symptom-based strategy for patients having presented symptoms (at least 3 days since
recovery defined as resolution of fever without the use of fever-reducing medications and im-
provement in respiratory symptoms and at least 10 days since symptoms first appeared) and a
time strategy for patients that never developed symptoms (10 days since the date of the first posi-
tive COVID-19 diagnostic test).

Nevertheless, as the possibility of re-infection still remains to be studied (7), there is ongoing con-
cern that a proportion of recovered patients re-entering their community might still be infected and
be a vector for transmission of the virus. Given that seroconversion, expected to occur in all pa-
tients during the course of the disease (60), seems to coincide with a slow but steady decline of
viral load (34), antibody testing could contribute to better understand and monitor the recovery
process from viral infection.

A systematic review of the literature was undertaken in order to address the following question:

1 Can antibody tests contribute to rule out risk of virus transmission in patients that have
recovered from acute SARS-CoV-2 infection?

The purpose of this intended use of the antibody tests is to correctly rule out persistent infection
and risk of transmission of SARS-CoV-2 allowing a diagnosis of viral clearance and safe return in
the community. Only patients assessed as being still at risk of transmission would remain in isola-
tion.

Results

Inclusion criteria for studies addressing this question were cohort studies of recovered and/or
discharged COVID-19 patients, with a follow-up of at least 14 days since recovery, and assessing
virus transmission (infectivity) in those re-testing positive.
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We could not identify studies matching our question and inclusion criteria. Nevertheless, we report
findings from two small studies investigating re-positivity rates of recovered patients after two
consecutive negative RT-PCR tests.

The first study (117) enrolled 262 COVID-19 recovered patients discharged from hospital and
followed up for at least 14 days. Thirty-eight patients (14.5%) were found to re-test positive with
RT-PCR. Plasma antibody levels at discharge were similar for patients re-testing positive and for
those re-testing negative.

The second study (118) reports data on a cohort of 74 recovered COVID-19 patients testing nega-
tive for RT-PCR at discharge from hospital, and followed up for the following 14 days. IgM and
IgG antibody tests were undertaken after 7 and 1 days from discharge. Thirty-nine patients
(52.7%) retested positive witht RT-PCR during the 14 days follow-up. Compared to patients re-
testing negative, patients re-testing positive had a significantly lower IgG concentrations within 7
days from discharge, but the difference in IgM concentration was not significant.

We also report data on infectivity of COVID-19 recovered patients re-testing positive with RT-PCR
after discharge retrieved from an official national report of the Korea Centers for Disease Control
and Prevention (119). The Korea Centers for Disease Control and Prevention (119) has reported
the outcome of an epidemiological and contact investigation on 285 out of 447 re-positive detect-
ed cases and on their 790 contacts. Forty-four per cent of the investigated cases were sympto-
matic on re-presentation and the average number of days from discharge to re-testing positive
was found to be 14.3. After investigating the 790 contacts of the 285 subjects, the authors of the
investigation concluded that no evidence was found indicating infectivity for re-detected positive
cases.

Summary and Discussion

We did not identify studies that could be included for this research question and provide data on
whether antibody tests are useful in ruling out risk of virus transmission in recovered COVID-19
patients. The Korea Centers for Disease Control and Prevention, after conducting an epidemio-
logical and contact investigation on re-positive detected cases and their contacts, concluded that
no evidence was found indicating infectivity for re-detected positive cases. Unfortunately, the role
of antibody tests was not investigated in this study.

4.8. Question 5

What role can antibody tests have in assessing protective immunity in subjects with past
SARS-CoV-2 infection?

Rationale

The body immune response to a viral infection has an early non-specific innate response, fol-
lowed by a specific adaptive response (34). During the adaptive immune response, Cytotoxic T-
cells recognise and eliminate infected cells, and antibodies activate the humoral (b cell) response
binding to an element that affects the viral infectivity. The adaptive response process, measured
also by the presence of antibodies in the blood, contributes to clear the virus and may prevent re-
infection by the same virus (120).

It has been hypothesized that detection of antibodies to SARS-CoV-2 could provide information
on the recover edfinmanity te future ée-infedtian tfroms SABRS-CoV-2. Besides
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one study conducted on animals (121), evidence of persistence of antibody responses to corona-
virus is provided by very few data collected from patients recovered from SARS-CoV (SARS)
(122). This longitudinal study on 176 convalescent SARS patients reported that levels of IgG,
detected in all patients at end of iliness, remained detectable after 2 years in over 90% of patients,
while during the third year this proportion dropped below 50%. No data on re-exposure to infection
and protective role of antibodies were reported.

Antibody tests available at the moment are mainly qualitative, indicating purely the presence or
absence of SARS-CoV-2, and the quantitative methods have not yet shown to distinguish neutral-
ising antibodies (Nab), although high titers of IgG antibodies detected by quantitative techniques
are thought to positively correlate with presence of neutralizing antibodies (40).

Knowing whether post infection immunity can occur and how long it persists is important for the
development of serologic therapies and vaccines, as well as to scale population-based interven-
tions (40, 123).

Even if some governments have proposed the use of antibody tests for the issue of immunity cer-
tificates in order to manage safe return to the workforce and re-starting of the economy, the WHO
warns againsttheuse of Ai mmuni t ysop@asisplor f r esgl24) asrcurriertly tleeee tise
not enough evidence on the effectiveness of antibody-mediated immunity. However, assuming
t hat al |l recovered patients develop an i mmunity,
with current figures provided by world daily bulletins would approximate 0.33% of the total popula-
tion in Italy and 0.21% in Germany. Even if applied to subgroups such as healthcare workers,
national healthcare systems would not be able to run on such a small proportion of previously
exposed (and presumed immune) healthcare workers (see seroprevalence data in Question 3).
Therefore, protective immunity is currently explored to inform individuals on their risk of re-
infection.

A systematic review of the literature was undertaken in order to address the following question:

1 Can antibody tests contribute to determine protective immunity in subjects with past
SARS-CoV-2 infection?

As a next step, the purpose of this intended use of the antibody tests would be to correctly classify
recovered patients with adequate neutralising antibodies titers as protected against a subsequent
re-infection.

Results

The study inclusion criteria for this research question were longitudinal cohort studies recruiting
patients recovered from COVID-19 and closely monitored for signs and symptoms of recurrent
illness, possibly documenting re-exposure events.

No studies matching our research question and meeting our inclusion criteria were identified.
Summary and Discussion

To date no studies were retrieved investigating correlations between antibody presence or con-
centrations and protective immunity. No evidence was found suggesting that the presence of anti-
bodies can confer immunity or any other form of protection against re-infection from SARS-CoV-2.
While in three out of the four common coronaviruses causing milder respiratory diseases, reinfec-
tions are known to occur, uncertainties persist on the immune response to COVID-19 regarding
the required level and durability of neutralising antibodies, as well as the correlation between IgG
response and immunity. People who have recovered from COVID-19 will be advised and request-
ed to continue observing public health advice and measures to control virus spread transmission.
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5. OVERALL DISCUSSION

Given the sparseness of data on immunity and transmissibility, the present report focused on test
accuracy of serological testing and on seroprevalence results. Data were heterogeneous and the
validity of primary studies was far from good. Furthermore, test accuracy is insufficient to inform
decisions on how to best implement or reduce isolation measures. Only very few data is currently
available on SARS-CoV-2 transmission by recovering patients (question 4 of this report) and no
valid information is there to estimate whether prior infection confers immunity (question 5). Anti-
body testing may support the diagnosis of SARS-CoV-2 (question 2), but the delayed develop-
ment of IgM and IgG antibodies after infection strongly limits the practical use of these tests. For
similar reasons, serological testing for screen and early disease detection (Question 1) is likely to
prove unsuitable. The current role of antibody testing, therefore, would be mainly limited to esti-
mating seroprevalence (question 3).

As expected, sensitivity and specificity of antibody tests increase over the first weeks after infec-
tion or symptom onset. For a full assessment of seroconversion over time, studies performing
repetitive testing in infected patients are most valuable. The duration of antibody responses to
SARS-CoV-2 is another open question, which is most relevant for immunity considerations. How-
ever, the aim of the present report was to assess potential application of antibody tests rather
than the time course of seroconversion. Besides timing, other factors obviously affected test accu-
racy, as results were heterogeneous. It was not possible to identify specific attributes of studies,
tests or enrolled subjects that might lead to lower test accuracy. Given the quickly evolving nature
of this field, optimization and standardization of individual tests will probably lead to more homo-
geneous and reliable test results.

Previous meta-analyses have reported mixed and less precise estimates of test accuracy, mainly
because fewer studies were available up to April 2020. Based on 9 heterogeneous studies pub-
lished up to April 25th, Caini et al. calculated a pooled sensitivity of 85% and a specificity of 99%
for quantitative tests, such as ELISA or CLIA (125). Since cohort studies of infected patients were
also included, Kontou et al. was able to pool data from 38 studies (available up to April 17) and
found ELISA tests to provide highest test accuracy, with sensitivities in the range of 94% and
specificities over 96% (126). Compared to these two meta-analyses, the present results on ELI-
SA-based tests (sensitivity 85%, specificity 95%) show a similar, albeit slightly lower, accuracy.
The meta-analysis by Ricco et al., which focused only on point-of-care tests, noted a lower sensi-
tivity of 65% for this type of test (127). This figure corresponds well to the present findings. Due to
the higher test accuracy of ELISA-based, combined IgG/IgM tests, this type of antibody test can
be expected to evolve as a future standard.

It is likely that the current data on test accuracy are overoptimistic, because the majority of con-
tributing studies had a case-control rather than a cohort design. As cases were selected from
symptomatic (or even severe) patients and control samples came from healthy volunteers, such
studies mostly failed to include asymptomatic SARS-CoV-2 infections and patients with other viral
diseases or symptoms typical for COViD-19. This selection process leads to spectrum bias, which
causes overestimated test accuracy results. Specifically, the non-inclusion of other viral diseases
precludes detecting cross-reactivity in these studies. Cohort studies could avoid this problem, but
would in turn lead to an imperfect reference standard, because no valid test is available to rule out
prior infection in a person who tested negative on antibody testing. Theoretically, virus neutraliza-
tion tests could serve as an independent reference test, but such tests require highest levels of
biosafety in the laboratory. Although first studies gave promising results (128, 129) it is likely that
these tests &ccuracy results will remain somewhat uncertain over the next weeks and months.
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Due to the urgency of the situation, both, the present assessment and the included primary stud-
ies were performed very swiftly. This haste increases the risk of inaccuracies. In order to compen-
sate for this problem, the assessment will be updated, as this not only allows to correct any short-
comings, but also to include new evidence that has become available in the meantime.

The present results are in line with the current international recommendations on antibody testing.
In a statement issued in April 2020, the WHO d i dot rBcommend the use of antibody-detecting
rapid diagnostic tests for patient careo(130). Already very early in the course of the pandemic, the
ECDC war ned SARB&LbOV-2fantibody detection tests have limited usefulness for early
COVID-19 diagnosiso (131). Furthermore, the US Centers for Disease Control (CDC) stated that
fi s e r otestiry islwould not be used to determine immune statuso |, ban tbe offered as a
method to support diagnosis of acute COVID-19 illness for persons who present lated (132). In
May 2020, the American Medical Association (AMA) warne d thafi public health decisions, such as

discontinuation of physical distancing, should not be made on the basis of resultsd0 of ser ol ogi

tests (133).

High quality studies addressing health policy-oriented research questions are urgently needed.
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6. CONCLUDING SUMMARY

There is wide consensus that antibody tests can be used for estimating seroprevalence and for
confirming prior SARS CoV-2 infection. Quite uncertain, however, is the potential role of serologi-
cal testing in diagnosis of acute and asymptomatic cases, in ascertaining immunity (both on a
individual and on a population level), in estimating transmissibility, in selecting plasma donors
from Covid-19 convalescents, or in evaluating future vaccines against SARS CoV-2. Neverthe-
lessl, the many potential uses of antibody tests indicate that these tests deserve close attention in
the forthcoming months.

Due to the low quality and the llimited number of eligible studies, the present assessment con-
firms the persistence of uncertainty on the role of antibody tests in SARS-CoV-2 diagnosis and
management. Since many studies are still ongoing and their results expected to become available
in the near future, this assessment will be updated when evidence suitable to reduce this uncer-
tainty will be published.
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7. APPENDIX 1
Documentation of the Search Strategies

Search in bibliographic databases

1. PubMed
Interface; NLM

# Searches

1 | covid-19 OR sars-cov-2 OR 2019-ncov OR 2019-novel coronavirus

((antibod* OR antigen* OR igg OR igm OR nucleic acid* OR serological*) AND (diagnos* OR
test OR testing OR tests OR immunoassay* OR assay* OR response* OR detect*)) OR elisa

2. Europe PMC Preprints

Searches

("covid-19" OR "sars-cov-2" OR "2019-ncov" OR "2019-novel coronavirus") AND (((antibod* OR
antigen* OR igg OR igm OR (nucleic* AND acid*) OR serological*) AND (diagnos* OR test* OR im-
munoassay* OR assay* OR response* OR detect*)) OR elisa*) AND (SRC:PPR)

Search in study reqistries

1. ClinicalTrials.gov

Provider: U.S. National Institutes of Health
A URL: http://www.clinicaltrials.gov

A Input surfaceAdvanced Search

Suchstrategie

(Covid-19 OR SARSCov-2 OR 2019nCov) AND (antibody OR antigen OR igg OR igm OR nucleic acid
OR serological) AND (diagnostic OR test OR ELISA OR assay OR response OR detect)

2. International Clinical Trials Registry Platform Search Portal

Provider: World Health Organization
A URL: http:/apps.who.int/trialsearch

A Input surface: Advanced Search

Suchstrategie

Covid-19 AND antibody test OR Cowi#l9 AND diagnostic test OR Cowtld AND ELISA OR Covid19
AND serological assay OR SARSov-2 AND antbody test OR SAREo0w-2 AND diagnostic test OR
SARSCov-2 AND ELISA OR SARSCov-2 AND serological assay OR 200 ov AND antibody test OR
2019nCov AND diagnostic test OR 204fCov AND ELISA OR 2019Cov AND serological assay
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9. APPENDIX 37 INCLUDED STUDIES

Table A 1: Study pooli list of relevant studies used for the assessment

Study reference / ID Available documents?® Resea}rch
guestion
An 2020 (117) 4%
Bendavid 2020 (100)
Bryan 2020 (101) 2&3
Cassaniti 2020 (69) 3
Comar 2020 (93) 2
Doi 2020 (99) 2%
Erikstrup 2020 (107) 2
Fontanet 2020 (106) 2
Garcia 2020 (76) 3
Garcia-Basteiro 2020 (95) 2
Hu 2020 (Production) (118) 4+
Hu 2020 (Simple) (78) 3
Li 2020 (Development) (70) 3
Lin 2020 (evaluations) (77) 3
Liu 2020 (Evaluation) (82) 3
Liu 2020 (Diagnostic) (75) 3
Liu 2020 (Preliminary) (84) 3
Long 2020 (60, 134) 1
Lou 2020 (35) 3
Ma 2020 (79) 3
Paradiso 2020 (Rapid) (94) 2
Paradiso 2020 (Clinical) (74) 3
Qian 2020 (80) 3
Shakiba 2020 (104) 2
Shen 2020 (71) 3
Slot 2020 (105) 2
Snoeck 2020 (135) 2
Spicuzza 2020 (68) 3
Steensels 2020 (97) 2
Streeck 2020 (136) 2
Stringhini 2020 (137) 2
Thompson 2020 (91) 2
Tosato 2020 (96) 2
Wan 2020 (81) 3
Wang 2020 (Association) (61) 1
Whitman 2020 (73) 3
Wu 2020 (98) 2
Xiang 2020 (Antibody) (83) 3
Zhang 2020 (Evaluation) (138) 3
Zhong 2020 (72) 3

*included but excluded from quantitative synthesis
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Table A 2: Characteristics of the studies included

Total number . Diagnostic
g,t-,%iy refer tS;Fl)ng of partici- Target population tcr:?eusn Age th‘:fﬁ(;er]ge Sr:SISOdy test tSy%rgple accuracy RQ
pants measures
0-4 yrs: 2.1%
5-18 yrs: 16.5%
Cross- Adults and children residents of Santa 19-64 yrs: 76.3%
Bendavid 2020 |sectional |3330 Clara USA 65+ yrs: 5.1% NR LFIA Blood Detection rate 2
0-19 yrs: 4.9%
20-29 yrs: 6.2%
30-39 yrs: 17.1%
40-49 yrs: 22.7%
50-59 yrs: 23.5% Sensitivity,
60-69 yrs: 18.3% specificity, true
Cross- 70-79 yrs: 6.7% positive, detec-
Bryan 2020 sectional |4856 NR USA 80+ yrs: 0.5% PCR CMIA Serum tion rate 2
cohort:
Median: 61.50
Range: 3387
positive controls:
Median: 73.5 Specificity,
Range: 38236 sensitivity,
Case- positive predic-
control / Cohort: adults, hospitalized healthy volunteers: Serum or tive value, and
Cohort positive controls: adults, hospitalized Median: 38.5 whole negative predic-
Cassaniti 2020 | study 110 healthy volunteers: adults Italy Range: 2549 RTZACR LFIA blood tive value 3
True positive,
true negative,
Cross- Health care workers and other workers in false negative,
Comar 2020 sectional | 727 the hospital Italy Range: 22-77 RT-PCR ELISA Serum false positive 2
<10 yrs: 0.8%
10-19 yrs: 2.7%
20-29 yrs: 3.6%
30-39 yrs: 9.0%
40-49 yrs: 15.5% Serum samples
50-59 yrs: 16.4% tested from
Randomly selected preserved serum from 60-69 yrs: 17.1% patients who
patients who visited outpatient clinics of 70-79 yrs: 16.6% visited the clinic
Cross- the hospital and received blood testing for 80-89 yrs: 16.4% Immunochro- from March 31
Doi 2020 sectional | 1000 any reason Japan 90+ yrs: 1.9% NR matographic test | Serum to April 7, 2020, 2
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Study refer- | Study T]?tal ?.umber Taraet population Coun- A Reference | Antibody test | Sample Diagnostic R
ence type of partici- get pop tries 9 standard class type accuracy Q
pants measures
Number of Estimated num-
infected and ber of infected
deceased individuals,
due to seroprevalence,
COVID-19 infection fatality
General population/ convenience sample by epidemio- rate, ratio be-
healthy blood donations, logical tween estimated
for test validation: plasma samples from surveillance antibody-positive
blood donors giving blood before Novem- report, pre- Plasma or | individuals and
Cross- ber 2019, plasma from 155 patients with Den- epidemic whole number of con-
Erikstrup 2020 | sectional |9496 previous SARS-CoV-2 mark Range: 17-69 controls Lateral flow test blood firmed cases 2
Adults and Children, attending the same S-Flow assay;
Cohort high school and blood donors living near ELISA N assay;
Fontanet 2020 | study 661 the school France | Median:37 NR LIPS Serum NA 2
Group 1:
Pre-covid
serum sam-
ples
Group 2:
clinical and
radiological
Groupl: characteris-
Pre-epidemic serum samples tics with
positive
Group 2: PCR
hospitalised patients with RT PCR-positive
for SARS-CoV-2 Group 3:
clinical and Qualitative
Group 3: radiological membrane-
Case- hospitalised patients with RT-PCR nega- Mean (IQR) characteris- based
control/ | Group 1: 45 tive for SARS-CoV-2 but clinical and radio- Group 1: 55 (34-66) tics with immunoassay
cohort Group 2: 55 logical signs of pneumonia of unknown Group 2: 63 (50-79) negative (immunochro- Sensitivity,
Garcia 2020 study Group 3: 63 origin Spain Group 3: 67 (57-74) PCR matography) Serum specificity 3
Health care workers from the human
resources database of hospital clinic in
Barcelona: physicians, nurses, assistants,
technicians, stretcher-bearers or other Seropositivity,
support staff (administrative officers, prevalence of
Garcia-Basteiro | Cross- cleaning, kitchen, laundry, maintenance, Mean (SD): 42.1 past or current
2020 sectional |578 etc.) Spain (11.6) RT-PCR xMAP Plasma infection 2
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Study refer- | Study T]?tal ?.umber Taraet population Coun- A Reference | Antibody test | Sample Diagnostic R
ence type of partici- get pop tries 9 standard class type accuracy Q
pants measures
Serum/
Colloidal gold- plasma or
Hu 2020 (Sim- | Cohort based immuno- whole
ple) study 41 Hospitalized China NR RT-PCR chromatographic | blood Sensitivity 3
Samples were collected from various
hospitals and CDC testing laboratories
Li 2020 (Devel- | Case- (total eight) at six different provinces of Sensitivity,
opment) control 525 China China NR RT-PCR PoC LFIA Vein blood | specificity 3
Cases: NR CLIA IgM + IgG True positive
COVID-19 patients (N=79); healthy con- control: range 16-72 | RT-PCR + (ELISA/ IgM + rate, false posi-
Lin 2020 (eval- | Case- trols (N=29) & controls with tuberculosis control tuberculosis: | clinical 1gG for compari- tive rate, detec-
uations) control 159 (N=51) China NR features son) Serum tion rate, ROC 3
Confirmed
patients:
NR;
Patients diagnosed with COVID-19 who
were hospitalized. All patients were labora- healthy
tory confirmed (RT-PCR positive); 100 donors:
Liu 2020 (Eval- | Case- healthy blood donors were selected as blood
uation) control 214 controls China NR RT-PCR ELISA samples None 3
PCR Positive: mean Serum
Retro- (SD): 76 (15) samples Sensitivity,
spective from specificity, PPV,
Liu 2020 (Diag- | cohort PCR Negative: fasting NPV, accuracy,
nostic) study 179 Inpatient or outpatient China mean (SD): 56 (21) RT-PCR GICA blood Kappa efficiency | 3
Total: 358
total cases: 238 Sensitivity,
Liu 2020 (Pre- |Case- total control: Median (IQR): Serum specificity,
liminary) control 120 Adults China 55 (38 - 65) RT-PCR ELISA samples detection rate 3
Patients with confirmed (RT-PCR positive)
COVID-19 (n=285); patients admitted to
hospital with suspected COVID-19 (n=52),
who had respiratory symptoms or abnor-
mal pulmonary imaging; a couple who
were confirmed to be SARS-CoV-2 posi-
tive and a cluster of close contacts identi- Confirmed cases:
Cross- fied by a local centre for disease control Median (IQR):
Long 2020 sectional |501 (n=164) China 47 (34-56) PCR MCLIA Serum NR 1
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Study refer- | Study T]?tal ?.umber Taraet population Coun- A Reference | Antibody test | Sample Diagnostic R
ence type of partici- get pop tries 9 standard class type accuracy Q
pants measures
Cases:
Cohort Median (IQR): 3 ELISA, 3LFA, Sensitivity,
Lou 2020 study 380 Adults China 55 (45-64) RT-PCR 2 CMIA Plasma specificity 3
Cases with severe
symptoms:
Median: 62.5
87 COVID-19 patients and 330 negative
sera from healthy donors before Oct 2019, moderate symp- Sensitivity,
138 interfering sera from no-COVID-19 toms: specificity,
patients with different underlying diseases, Median: 46 overall agree-
15 sera from once suspected cases (PCR- cases: RT- ment, pair-wise
Case- negative but typical manifestation of mild symptoms: PCR; con- test between
Ma 2020 control 570 pneumonia). China Median: 30 trols: NR CLIA Serum each group. 3
Health care workers, enrolled in direct
clinical activities (56%), laboratory practice

Paradiso 2020 | Cross- (6%), administrative activities (8%), Median: 48 Venous Sensitivity,

(Rapid) sectional |525 maintenance/cleaning (30%), Italy Range: 20-73 RT-PCR Colloidal gold blood seropositivity 2
Sensitivity,
specificity,
accuracy, preci-

Paradiso 2020 | Cross- Patients presenting at the emergency Venous sion, recall,

(Clinical) sectional |191 room for SARS-CoV-2 testing purposes. Italy Median: 58.5 RT-PCR Colloidal gold blood kappa 3

Case- Sensitivity
Qian 2020 control 2113 NR China NR RT-PCR CLIA NR specificity 3

EUnetHTA Joint Action 3 WP4

92




Antibody tests for novel coronavirus SARS-CoV-2

Study refer- | Study T]?tal ?.umber Taraet population Coun- A Reference | Antibody test | Sample Diagnostic R
ence type of partici- get pop tries 9 standard class type accuracy Q
pants measures
COVID-19
patients: RT-
PCR
suspected
cases: no
reference
test
hospitalized
patients with
other dis-
eases: no Unadjusted,
reference population
test weight adjusted
Cross- and test-
sectional <5yrs: 5% normal perfomance
+ positive General population selected randomly 5-18 yrs: 18% population: Serum or adjusted preva-
control from 20 geographic clusters; individuals 18-60 yrs: 62% no reference whole lence, infection
Shakiba 2020 sample 525 and household members Iran 60+ yrs: 13% test NR blood fatality rate 2
Suspected COVID-19 patients (n=150),
defined as a pneumonia that had related
epidemiological history and fulfilled two of
these three criteria: fever and/or respirato-
ry symptoms; imaging manifestations of PCR positive: True positive,
pneumonia; low or normal white-cell count Median (IQR): true negative,
or low lymphocyte count. Clinical charac- 38 (46-56). Blood false positive,
teristics for this cohort were reported as samples false negative,
PCR positive (n=97) and PCR negative PCR negative: (peripheral | sensitivity,
Cohort (n=53) subgroups. 26 healthy blood do- Median (IQR): venous specificity, PPV,
Shen 2020 study 176 nors from a blood centre China 32 (20-42.5) PCR GICA blood) NPV 3
Cross- Seroconversion
sectional Plasma and serum samples of 7,361 adult rate, positive
+ positive blood plasma donors and 153 convales- predictive value,
control cent plasma donors from throughout the Nether- specificity,
Slot 2020 sample 7361 Netherlands lands Range: 18-72 RT-PCR ELISA Serum seroprevalence 2
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Study refer- | Study T]?tal ?.umber Taraet population Coun- A Reference | Antibody test | Sample Diagnostic R
ence type of partici- get pop tries 9 standard class type accuracy Q
pants measures
PCR only,
PCR plus
intensive
care admis-
sion, pre-
Cohort Luxem- | Mean (SD): 47 (15) COVID
Snoeck 2020 study 1862 Adult general population bourg Range: 18i 84 samples ELISA Blood Detection rate 2
Patients with confirmed COVID-19 who
had, according to the WHO definition,
consistent radiological/clinical findings and Positive and
positive molecular tests (n = 23); patients negative rates
with suspected COVID-19 with suggestive Confirmed patients: for antibody and
radiological/clinical findings but negative Mean: 57 PCR tests;
molecular tests (n = 7); asymptomatic applying PCR as
Case- controls with negative molecular tests (n = Suspected patients: reference stand-
Spicuzza 2020 | control 37 7) Italy Mean: 67 RT-PCR PoC Blood ard 3
1gG positive
mean (SD):
39.5 (13.1)
single-lane rapid
1gG negative 1gG/IgM lateral
Cross- mean (SD): flow
Steensels 2020 | sectional |3056 Adult, hospital staff Belgium | 41.3 (12.4) NR assay NR Detection rate 2
Adults and children.
A random sample of 600 adults with differ-
Cross- ent surnames and all household members | Ger- Median: 53
Streeck 2020 sectional |919 contained in the Heinsberg region many Range: 1 - 90 RT-PCR ELISA Blood Detection rate 2
Former participants of the Bus Santé study 5-9 yrs: 4.4%
(yearly representative stratified sample of 10-19 yrs: 12.0%
500 men and 500 women from the general 20-49 yrs: 39.6% Peripheral
Cross- population) and their household members, | Switzer- | 50-64 yrs: 30.6% venous
Stringhini 2020 | sectional |2766 aged > 5 years. land 65+ yrs: 13.3% RT-PCR ELISA blood NR 2
Blood donors; samples collected across
Scotland and pre-pandemic controls from
2019. Negative blood donor samples from
Cross- anonymous archive collected between
sectional 09/2018 and 12/2019. 7 PCR-confirmed None (only PMN assay, Standardised
+ positive positive controls with asymptomatic infec- | Scot- for inhouse- | ELISA for con- neutralisation
control tions collected at the discharge plus 28 land, validation firmation in a percentage, raw
Thompson 2020 | sample 1100 day time-point. UK Range: 18-75 study) sample Plasma serpoprevalence | 2
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Study refer- | Study 'cl)']?tal ?.umber T ¢ lati Coun- A Reference | Antibody test | Sample Diagnostic R
ence type partici- arget popuiation tries 9 standard class type accuracy Q
pants measures
100 pre-
epidemic
control
samples;
PCR for
asympto-
Cross- Mean (SD): 47 (10) matic posi-
Tosato 2020 sectional | 133 Adult, healthcare providers Italy Range: 39-55 tive controls | CLIA Serum Seroprevalence 2
Cases: patients with SARS -CoV-2 diag-
nosed in January 2020
Controls: 130 serum samples from pa-
tients with other conditions including 20
late pregnancy women, 20 patients with Sensitivity,
solid tumors, 20 patients with AIDS, 21 specificity
Cross- patients over 90 years old and 49 normal AUC and
Wan 2020 sectional | 180 controls China NR PCR CLIA Serum Youden's index 3
Wuhan:
20-29 yrs: 28.17%
30-39 yrs: 50.71%
40-49 yrs: 19.01%
50-59 yrs: 2.11%
Hefei:
20-29 yrs: 31.69%
30-39 yrs: 50.70%
Wang 2020 Cross- 40-49 yrs: 14.79% Chemilumi- Detection rate,
(Association) sectional |426 Adults China 50-59: 2.82% PCR nescent kit Blood prevalence 1
130 samples
form 80 positive
RT-PCR- indi-
viduals; 108 pre
COVID negative
controls; 52
samples from
individuals with
respiratory
Case- infections other Mean: 52.7 Plasma or
Whitman 2020 | control than COVID-19 | Adults USA Range: 22-90 RT-PCR LFA, ELISA serum NR 3
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Study refer- | Study T]?tal ?.umber Taraet population Coun- A Reference | Antibody test | Sample Diagnostic R
ence type of partici- get pop tries 9 standard class type accuracy Q
pants measures
Cross- People applying for a permission to re-
sectional/ sume work (n = 1021); hospitalized pa-
Wu 2020 cohort 1021 tients (n = 381) China NR PCR GICA Unclear NR 2
Confirmed group:
Median (IQR):
51.0 (32.0-65);
People with suspected (n = 24) or con- suspected group: True-positive,
firmed (n = 85) COVID-19; control group (n Median (IQR): true-negative,
= 60). Confirmation was through RT-PCR. 44.0 (35.5-60.5); false-positive,
Suspected diagnosis was based on nega- false-negative,
tive RT-PCR, but satisfying one epidemio- control group: sensitivity,
Xiang 2020 Case- logical factor and two clinical manifesta- Median (IQR): specificity, PPV,
(Antibody) control 169 tions. China | 34.0(29.0-51.0) RT-PCR ELISA Serum NPV 3
Sensitivity
specificity
Zhang 2020 positives
(Evaluation) Unclear |814 NR China NR RT-PCR GICA NR negatives 3
Case- RT-PCR Sensitivity,
Zhong 2020 control 347 Adults China Mean: 48 plus CT ELISA/CLIA Serum specificity 3

Abbreviations: AUC: Area under the curve; CDC: Centers for Disease Control and Prevention; CLIA: Chemiluminescence immunoassay; CMIA: Chemiluminescence microparticle imnmunoassay; CT: Com-
puted tomography; ELISA: Enzyme-linked immunosorbent assay; GICA: Gold immunochromatography assay; IQR: Interquartile range; IgG: Immunoglobulin G; IgM: Immunoglobulin M; LFIA: Lateral flow
immunoassay; LFA: Lateral flow assay; LIPS: Luciferase immunoprecipitation system; MCLIA: Magnetic chemiluminescence immunoassay; NR: Not reported; NPV: Negative predictive value; PCR: Poly-
merase chain reaction; PMN: Polymorphonuclear leukocytes; PoC: Point of care; PPV: Positive predictive value; RT-PCR: Reverse transcription polymerase chain reaction; xMAP: Bead-based multiplexed
immunoassay; yrs: Years
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Trial Risk of Bias Applicability concerns
LT =T g & 2F S| 28 |g_®
oS | 85 |225| ES5|._5&5| 85 |e8¢
558 xg e_gg == E Sﬁg xg E-gg
'%%o 35 ‘%%o o228 'g%o 35 %%o
ool 0 ||| a0 pl 0 |egp 8
Cassaniti
2020 low low high low low low low
Garcia 2020 high high low low high low low
Hu 2020
(Simple) low low high low low low low
Li 2020 (De-
velopment) high high high unclear unclear | unclear | unclear
Lin 2020
(evaluations) high high low high unclear low low
Liu 2020
(Evaluation) high high low low high low low
Liu 2020
(Diagnostic) unclear low high low low low low
Liu 2020
(Preliminary) high unclear low unclear high low low
Long 2020 unclear | unclear low unclear low low low
Lou 2020 high high high high high low low
Ma 2020 high high low low high low low
Paradiso 2020
(Clinical) low low high low low low low
Qian 2020 high high high high high low low
Shen 2020 low low high low low low low
Spicuzza 2020 high unclear low high unclear low low
Wan 2020 high high low low high low low
Wang 2020
(Association) low low low low low low low
Whitman 2020 high low low low high low low
Xiang 2020
(Antibody) high unclear low high high low low
Zhang 2020
(Evaluation) unclear high high unclear high low low
Zhong 2020 high high low high unclear low low
Abbreviations: NA: Not available
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10.APPENDIX 47 DATA EXTRACTION TABLES

Table A 4:; Estimates for sensitivity, specificity, positive and negative predictive value and prevalence with 95% confidence intervals.

Positive Negative
Study  refer- Test spe- predictive |predictive
ence Test Type of test | cifics Target Period | TP |FP| TN | FN | Sensitivity | Specificity | value value Prevalence
IgM and/or 83.3 100 100 85.7 50
Cassaniti 2020 | LFI RDT IgG 0| 25| 0| 30| 5/(64.5-93.7)|(88.4-100) |(86.3-100) |(69-94.6) |(37-63)
IgM and/or 18.4 91.7 87.5 26.2 76
Cassaniti 2020 | LFI RDT IgG 0| 7| 1| 11| 31|(8.3-34.9) |(59.8-99.6) | (46.7-99.3) | (14.4 - 42.3) | (61.5 - 86.5)
41.8 111 29.1 17.9 46.6
Garcia 2020 IC RDT lgG 0| 23|56| 7| 32((28.9-55.9)|(5-22.2) |(19.7-406)|(8.1-34.1) |(37.5-56)
25 16.7 28.6 14.3 57.1
Garcia 2020 IC RDT IgG 2| 6| 15| 3| 18|(10.6-47.1)|(4.4-42.3) |(12.2-52.3)|(3.8-37.4) |(41.1-71.9)
69.6 8.9 28.1 36.4 33.8
Garcia 2020 IC RDT IgG 3| 16| 41| 4| 7|(@47-859) |(2.9-22.1) |(17.4-41.7)|(12.4-68.4)|(23.1-46.4)
21.8 60.3 324 46.9 46.6
Garcia 2020 IC RDT IgM 0| 12| 25| 38| 43|(12.2-35.4) | (47.2-72.2) | (18.6 - 49.9) | (35.9 - 58.3) | (37.5 - 56)
12.5 61.1 30 34.4 57.1
Garcia 2020 IC RDT IgM 2| 3| 7| 11| 21|(3.3-33.5) |(36.1-81.7)|(8.1-64.6) |(19.2-53.2)|(41.1-71.9)
39.1 60 33.3 65.9 33.8
Garcia 2020 IC RDT IgM 3| 9| 18| 27| 14|(20.5-61.2) | (44.4-73.9) | (17.2-54) |(49.3-79.4) | (23.1-46.4)
IgM and/or 47.3 111 31.7 19.4 46.6
Garcia 2020 IC RDT IgG 0| 26| 56| 7| 29|(33.9-61.1)|(5-22.2) (22.1-43) |(8.8-36.6) |(37.5-56)
IgM and/or 33.3 16.7 34.8 15.8 57.1
Garcia 2020 IC RDT IgG 2| 8| 15| 3| 16|(16.4-55.3)|(4.4-42.3) |(17.2-57.2)|(4.2-40.5) |(41.1-71.9)
IgM and/or 73.9 8.9 29.3 40 33.8
Garcia 2020 IC RDT IgG 3| 17| 41| 4| 6|(51.3-88.9)|(2.9-22.1) |(18.5-42.9)|(13.7-72.6) | (23.1 - 46.4)
Li 2020 70.5 99.2 99.6 52 75.6
(Development) LFI RDT 19G 0(280| 1|127|117|(65.7-74.9)|(95.1-100) |(97.7-100) |(45.6 -58.4) | (71.7 - 79.2)
Li 2020 82.6 92.2 97 63.1 75.6
(Development) LFI RDT IgM 0({328| 10|118| 69|(78.4-86.1) | (85.7 - 96) (94.5-98.5) | (65.7-69.9) | (71.7 - 79.2)
Li 2020 IgM and 64.5 99.2 99.6 47.4 75.6
(Development) | LFI RDT IgG 0|256| 1|127|141|(59.5-69.2) | (95.1-100) |(97.5-100) |(41.3-53.5)|(71.7 - 79.2)
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Positive Negative
Study  refer- Test spe- predictive |predictive
ence Test Type of test | cifics Target Period | TP |FP | TN | FN | Sensitivity | Specificity | value value Prevalence
Li 2020 IgM and/or 88.7 90.6 96.7 72 75.6
(Development) | LFI RDT IgG 0|352| 12|116| 45|(85-91.5) |(83.9-94.8) |(94.2-98.2) |(64.3-78.7)|(71.7 - 79.2)
Lin 2020 82.3 97.5 97 84.8 49.7
(evaluations) CLIA CLIA IgG 0| 65| 2| 78| 14|(71.7-89.6) | (90.4 - 99.6) | (88.7 - 99.5) | (75.4 - 91.1) | (41.7 - 57.7)
Lin 2020 66.7 97.5 80 95.1 13
(evaluations) CLIA CLIA IgG 1| 8| 2| 78| 4|(35.4-88.7)|(90.4-99.6) | (44.2-96.5)|(87.3-98.4)|(7.2-22.1)
Lin 2020 72.7 97.5 92.3 89.7 29.2
(evaluations) CLIA CLIA IgG 2| 24| 2| 78| 9|(54.2-86.1)|(90.4-99.6) | (73.4-98.7) | (80.8 - 94.9) | (21.2 - 38.6)
Lin 2020 97.1 97.5 94.3 98.7 29.8
(evaluations) CLIA CLIA lgG 3| 33| 2| 78| 1/(82.9-99.8)|(90.4-99.6) |(79.5-99) |(92.2-99.9)|(21.8-39.2)
Lin 2020 82.3 81.3 81.3 82.3 49.7
(evaluations) CLIA CLIA IgM 0| 65| 15| 65| 14| (71.7-89.6) | (70.6 - 88.8) | (70.6 - 88.8) | (71.7 - 89.6) | (41.7 - 57.7)
Lin 2020 83.3 81.3 40 97 13
(evaluations) CLIA CLIA IgM 1| 10| 15| 65| 2|(50.9-97.1)|(70.6-88.8) |(21.8-61.1)|(88.7-99.5) | (7.2 - 22.1)
Lin 2020 72.7 81.3 61.5 87.8 29.2
(evaluations) CLIA CLIA IgM 2| 24| 15| 65| 9|(54.2-86.1)|(70.6-88.8) |(44.7-76.2) | (77.7-93.9) | (21.2 - 38.6)
Lin 2020 91.2 81.3 67.4 95.6 29.8
(evaluations) CLIA CLIA IgM 3| 31| 15| 65| 3|(75.2-97.7) |(70.6-88.8) | (51.9-80) |(86.8-98.9)|(21.8-39.2)
Lin 2020 IgM and 73.4 98.8 98.3 79 49.7
(evaluations) CLIA CLIA IgG 0| 58| 1| 79| 21|(62.1-82.4)|(92.3-99.9) |(89.7-99.9) | (69.5 - 86.2) | (41.7 - 57.7)
Lin 2020 IgM and 66.7 98.8 88.9 95.2 13
(evaluations) CLIA CLIA IgG 1| 8| 1| 79| 4|(35.4-88.7)|(92.3-99.9)|(50.7-99.4) | (87.5-98.4) | (7.2 -22.1)
Lin 2020 IgM and 57.6 98.8 95 84.9 29.2
(evaluations) CLIA CLIA IgG 2| 19| 1| 79| 14|(39.4-74) |(92.3-99.9)|(73.1-99.7)|(75.7-91.2) | (21.2 - 38.6)
Lin 2020 IgM and 91.2 98.8 96.9 96.3 29.8
(evaluations) CLIA CLIA IgG 3| 31| 1| 79| 3|(75.2-97.7) |(92.3-99.9) |(82-99.8) |[(88.9-99.1)|(21.8-39.2)
Lin 2020 IgM and/or 91.1 80 81.8 90.1 49.7
(evaluations) CLIA CLIA IgG 0| 72| 16| 64| 7|(82-96.1) |(69.3-87.8)|(71.9-88.9)|(80.2-95.6)|(41.7-57.7)
Lin 2020 IgM and/or 83.3 80 385 97 13
(evaluations) CLIA CLIA IgG 1| 10| 16| 64| 2|(50.9-97.1)(69.3-87.8) | (20.9 -59.3)|(88.5-99.5) | (7.2 - 22.1)
Lin 2020 IgM and/or 87.9 80 64.4 94.1 29.2
(evaluations) CLIA CLIA IgG 2| 29| 16| 64| 4|(70.9-96) |(69.3-87.8)|(48.7-77.7)|(84.9-98.1)|(21.2-38.6)
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Antibody tests for novel coronavirus SARS-CoV-2

Positive Negative
Study  refer- Test spe- predictive |predictive
ence Test Type of test | cifics Target Period | TP |FP | TN | FN | Sensitivity | Specificity | value value Prevalence
Lin 2020 IgM and/or 97.1 80 67.3 98.5 29.8
(evaluations) CLIA CLIA IgG 3| 33| 16| 64| 1|(82.9-99.8)|(69.3-87.8) |(52.3-79.6)|(90.6-99.9) | (21.8 - 39.2)
Lin 2020 23.1 100 100 56.1 50.4
(evaluations) ELISA | ELISA IgG 0| 15| 0| 64| 50|(13.9-35.5) | (94.4-100) |(78.2-100) |(46.5-65.3) | (41.5 - 59.3)
Lin 2020 46.2 74.1 68.2 53.3 54.6
(evaluations) ELISA |ELISA IgM 0| 30| 14| 40| 35|(33.9-58.9) | (60.1-84.6) | (52.3-80.9) | (41.5 - 64.8) | (45.3 - 63.7)
Liu 2020 (Evalua- 70.1 100 100 61 68.2
tion) ELISA |ELISA IgG 0(150| 0|100| 64| (63.4-76) |(96.4-100) |(97.6-100) |(53-68.4) |(62.6-73.2)
Liu 2020 IgM and/or 94.7 63.6 69.2 93.3 46.3
(Diagnostic) CLIA CLIA IgG 0| 18| 8| 14| 1[(71.9-99.7) |(40.8-82) |(48.1-84.9)((66-99.7) |(31-62.4)
Liu 2020 IgM and/or 88.8 55.9 65.5 84.2 48.5
(Diagnostic) ELISA |ELISA IgG 0(127| 67| 85| 16 (82.2-93.3) | (47.7-63.9) | (58.3-72) |(75.2-90.4) | (42.7 - 54.3)
Liu 2020 83.3 92.1 91.5 84.5 50.3
(Diagnostic) GICA RDT IgG 0| 75| 7| 82| 15| (73.7-90.1) | (83.9-96.5) |(82.7 - 96.2) | (75.5 - 90.8) | (42.8 - 57.8)
Liu 2020 12.5 77.8 50 33.3 64
(Diagnostic) GICA RDT IgG 1| 2| 2| 7| 14|(2.2-39.6) |(40.2-96.1)((9.2-90.8) |(15.5-56.9) | (42.6 - 81.3)
Liu 2020 83.3 50 83.3 50 75
(Diagnostic) GICA RDT IgG 2| 5| 1| 1| 1|(36.5-99.1)|(2.7-97.3) |(36.5-99.1)|(2.7-97.3) |(35.6-95.5)
Liu 2020 100 71.4 94.4 100 82.9
(Diagnostic) GICA RDT IgG 3| 68| 4| 10| 0/(94.7-100) |(42-90.4) |(85.7-98.2)|(69.2-100) |(72.7 - 90)
Liu 2020 37.8 94.4 87.2 60 50.3
(Diagnostic) GICA RDT IgM 0| 34| 5| 84| 56|(28-48.7) |(86.8-97.9) |(71.8-95.2)|(51.4-68.1) | (42.8 - 57.8)
Liu 2020 18.8 88.9 75 38.1 64
(Diagnostic) GICA RDT IgM 1| 3| 1| 8| 13|(5-46.3) (50.7 - 99.4) | (21.9-98.7) | (19-61.3) | (42.6 - 81.3)
Liu 2020 100 50 85.7 100 75
(Diagnostic) GICA RDT IgM 2| 6| 1| 1| 0|(541-100) |(2.7-97.3) |(42-99.2) |(2.5-100) |(35.6-95.5)
Liu 2020 36.8 71.4 86.2 18.9 82.9
(Diagnostic) GICA RDT IgM 3| 25| 4| 10| 43|(25.6-49.4) |(42-90.4) |(67.4-95.5)((9.9-32.4) |(72.7-90)
Liu 2020 IgM and/or 85.6 91 90.6 86.2 50.3
(Diagnostic) GICA RDT IgG 0| 77| 8| 81| 13| (76.2-91.8) | (82.6 -95.8) | (81.8-95.6) | (77.2-92.1) | (42.8 - 57.8)
Liu 2020 IgM and/or 18.8 77.8 60 35 64
(Diagnostic) GICA RDT IgG 1| 3| 2| 7| 13|(5-46.3) (40.2-96.1) | (17-92.7) |(16.3-59.1) | (42.6 - 81.3)
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Antibody tests for novel coronavirus SARS-CoV-2

Positive Negative
Study  refer- Test spe- predictive |predictive
ence Test Type of test | cifics Target Period | TP |FP | TN | FN | Sensitivity | Specificity | value value Prevalence
Liu 2020 IgM and/or 100 50 85.7 100 75
(Diagnostic) GICA RDT IgG 2| 6| 1| 1| 0]|(54.1-100) |(2.7-97.3) |(42-99.2) |(2.5-100) |(35.6-95.5)
Liu 2020 IgM and/or 100 64.3 93.2 100 82.9
(Diagnostic) GICA RDT IgG 3| 68| 5| 9| 0/(94.7-100) |(35.6-86) |(84.1-97.5)|(66.4-100) |(72.7 - 90)
Liu 2020 36.7 100 100 72.5 375
(Evaluation) ELISA |ELISA IgG 1| 22| 0]100| 38|(24.9-50.2) | (96.4 - 100) |(84.6 - 100) | (64.1 - 79.6) | (30.1 - 45.5)
Liu 2020 72.2 100 100 87 35.1
(Evaluation) ELISA |ELISA IgG 2| 39| 0[100| 15|(58.1-83.1) |(96.4-100) |(91-100) |(79.1-92.3)|(27.7-43.2)
Liu 2020 87.3 100 100 93.5 355
(Evaluation) ELISA |ELISA IgG 3| 48| 0[100| 7| (74.9-94.3)|(96.4-100) |(92.6-100) |(86.5-97.1) | (28.1 - 43.6)
Liu 2020 87.5 100 100 96.2 24.2
(Evaluation) ELISA |ELISA IgG 4| 28| 0/100| 4](70.1-95.9) |(96.4-100) |(87.7-100) |(89.9-98.8) | (17.4 - 32.6)
Liu 2020 100 100 100 100 5.7
(Evaluation) ELISA |ELISA IgG 5| 6| 0/100| 0] (54.1-100) |(96.4-100) |(54.1-100) |(96.4-100) |(2.3-12.4)
Liu 2020 100 100 100 100 6.5
(Evaluation) ELISA |ELISA IgG 6| 7| 0[100| O0|(59-100) |(96.4-100) |(59-100) |(96.4-100) |(2.9-13.5)
Liu 2020 68.2 100 100 59.5 68.2
(Evaluation) ELISA |ELISA IgM 0[146| 0|100| 68| (61.5-74.3) |(96.4 -100) |(97.5-100) |(51.7 - 66.9) | (62.6 - 73.2)
Liu 2020 45 100 100 75.2 375
(Evaluation) ELISA |ELISA IgM 1| 27| 0]100| 33|(32.3-58.3)|(96.4-100) |(87.2-100) |(66.8-82.1) | (30.1 - 45.5)
Liu 2020 72.2 100 100 87 35.1
(Evaluation) ELISA |ELISA IgM 2| 39| 0[100| 15|(58.1-83.1)|(96.4-100) |(91-100) |(79.1-92.3)|(27.7-43.2)
Liu 2020 81.8 100 100 90.9 355
(Evaluation) ELISA |ELISA IgM 3| 45| 0/100| 10| (68.6-90.5) | (96.4 - 100) |(92.1-100) |(83.5-95.3) | (28.1 - 43.6)
Liu 2020 81.3 100 100 94.3 24.2
(Evaluation) ELISA |ELISA IgM 4| 26| 0/100| 6(63-92.1) |(96.4-100) |(86.8-100) |(87.6-97.7)|(17.4-32.6)
Liu 2020 83.3 100 100 99 5.7
(Evaluation) ELISA |ELISA IgM 5| 5| 0/100| 1(36.5-99.1) |(96.4-100) |(47.8-100) |(93.8-99.9)|(2.3-12.4)
Liu 2020 57.1 100 100 97.1 6.5
(Evaluation) ELISA |ELISA IgM 6| 4| 0[100| 3|(20.2-88.2)|(96.4-100) |(39.8-100) |(91.1-99.2)|(2.9-13.5)
Liu 2020 IgM and/or 80.4 100 100 70.4 68.2
(Evaluation) ELISA |ELISA IgG 0(172| 0|100| 42| (74.3-85.3) |(96.4 - 100) |(97.9 - 100) |(62.1-77.6) | (62.6 - 73.2)
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Antibody tests for novel coronavirus SARS-CoV-2

Positive Negative

Study  refer- Test spe- predictive |predictive

ence Test Type of test | cifics Target Period | TP |FP | TN | FN | Sensitivity | Specificity | value value Prevalence

Liu 2020 IgM and/or 414 100 100 70.9 41.2

(Evaluation) ELISA | ELISA IgG 1| 29| 0]100| 41|(30-53.8) |(96.4-100) |(88.1-100) |(62.6 - 78.1) | (33.8 - 49)

Liu 2020 IgM and/or 88.9 100 100 94.3 35.1

(Evaluation) ELISA | ELISA IgG 2| 48| 0]100| 6/|(76.7-95.4)|(96.4-100) |(92.6-100) |(87.6-97.7) | (27.7 - 43.2)

Liu 2020 IgM and/or 94.5 100 100 97.1 355

(Evaluation) ELISA |ELISA IgG 3| 52| 0[/100| 3(83.9-98.6) |(96.4-100) |(93.2-100) |(91.1-99.2)|(28.1-43.6)

Liu 2020 IgM and/or 93.8 100 100 98 24.2

(Evaluation) ELISA |ELISA IgG 4| 30| 0|100| 2|(77.8-98.9) |(96.4-100) |(88.4-100) |(92.4-99.7) | (17.4 - 32.6)

Liu 2020 IgM and/or 100 100 100 100 5.7

(Evaluation) ELISA |ELISA IgG 5| 6| 0/100| 0] (54.1-100) |(96.4-100) |(54.1-100) |(96.4-100) |(2.3-12.4)

Liu 2020 IgM and/or 100 100 100 100 6.5

(Evaluation) ELISA |ELISA IgG 6| 7| 0[100| O0|(59-100) |(96.4-100) |(59-100) |(96.4-100) |(2.9-13.5)
96.3 99.3 97.5 99 211

Lou 2020 CMIA |CLIA Ab 0| 77| 2|298| 3[(88.7-99) |(97.3-99.9) |(90.3-99.6)|(96.9-99.7) | (17.1 - 25.6)
86.3 99.3 97.2 96.4 21.1

Lou 2020 CMIA |CLIA IgM 0| 69| 2|298| 11|(76.3-92.6) |(97.3-99.9) |(89.3-99.5) |(93.5-98.1) | (17.1 - 25.6)
97.5 100 100 99.3 21.1

Lou 2020 ELISA |ELISA Ab 0| 78| 0[300| 2(90.4-99.6) |(98.8-100) |(95.4-100) |(97.4-99.9) | (17.1- 25.6)
64.1 100 100 95.5 11.5

Lou 2020 ELISA |ELISA Ab 1| 25| 0|300| 14|(47.2-78.3)|(98.8-100) |(86.3-100) |(92.5-97.4)|(8.4 - 15.5)
98.7 100 100 99.7 20

Lou 2020 ELISA |ELISA Ab 2| 74| 0[300| 1|(91.8-99.9)(98.8-100) |(95.1-100) |(97.9-100) |(16.1 - 24.5)
100 100 100 100 16.7

Lou 2020 ELISA |ELISA Ab 3| 60| 0|300| O0[(94-100) |(98.8-100) |(94-100) |(98.8-100) |(13-21)
92.5 100 100 98 21.1

Lou 2020 ELISA |ELISA IgM 0| 74| 0|300| 6/(83.8-96.9) |(98.8-100) |(95.1-100) |(95.6-99.2)|(17.1-25.6)
33.3 100 100 92 11.5

Lou 2020 ELISA |ELISA IgM 1| 13| 0]300| 26|(19.6-50.3) | (98.8 -100) |(75.3-100) |(88.4-94.6) | (8.4 - 15.5)
86.7 100 100 96.8 20

Lou 2020 ELISA |ELISA IgM 2| 65| 0[300| 10|(76.4-93.1) | (98.8-100) |(94.5-100) |(94-98.4) |(16.1-24.5)
96.7 100 100 99.3 16.7

Lou 2020 ELISA |ELISA IgM 3| 58| 0[300| 2|(87.5-99.4)|(98.8-100) |(93.8-100) |(97.4-99.9) (13- 21)
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Antibody tests for novel coronavirus SARS-CoV-2

Positive Negative

Study  refer- Test spe- predictive |predictive

ence Test Type of test | cifics Target Period | TP |FP | TN | FN | Sensitivity | Specificity | value value Prevalence
97.5 95.2 88.6 99 27.7

Lou 2020 LFI RDT Ab 0| 78| 10|199| 2|(90.4-99.6) | (91.1-97.6) | (79.7 -94.1) | (96.1 - 99.8) | (22.7 - 33.3)
88.8 98.1 94.7 95.8 27.7

Lou 2020 LFI RDT IgM 0| 71| 4|205| 9|(79.2-94.4) |(94.9-99.4) | (86.2-98.3) | (91.9-97.9) | (22.7 - 33.3)
88.2 98.1 62.5 99.6 34

Ma 2020 CLIA CLIA IgA 1| 15| 9|474| 2|(62.3-97.9)|(96.4-99.1) | (40.8-80.4)|(98.3-99.9) | (2.1-5.5)
100 98.1 76.9 100 5.8

Ma 2020 CLIA CLIA IgA 2| 30| 9|474| 0/(88.4-100) |(96.4-99.1) |(60.3-88.3) |(99.2 - 100) | (4 -8.3)
100 98.1 85.9 100 10.2

Ma 2020 CLIA CLIA IgA 3| 55| 9|474| 0](93.5-100) |(96.4-99.1) |(74.5-93) |[(99.2-100) |(7.9-13.2)
98.2 98.1 85.9 99.8 10.4

Ma 2020 CLIA CLIA IgA 4| 55| 9|474| 1[(89.2-99.9) |(96.4-99.1) |(74.5-93) |(98.6-100) |(8-13.4)
100 98.1 86.6 100 10.7

Ma 2020 CLIA CLIA IgA 5| 58| 9|474| 0](93.8-100) |(96.4-99.1) |(75.5-93.3) |(99.2 - 100) | (8.3 -13.7)
64.7 99.8 91.7 98.8 3.4

Ma 2020 CLIA CLIA IgG 1| 11| 1[482| 6|(38.6-84.7)|(98.7-100) |(59.8-99.6)|(97.2-99.5) | (2.1 -5.5)
96.7 99.8 96.7 99.8 5.8

Ma 2020 CLIA CLIA IgG 2| 29| 1|482| 1(80.9-99.8)(98.7-100) |(80.9-99.8)|(98.7-100) |(4-8.3)
100 99.8 98.2 100 10.2

Ma 2020 CLIA CLIA IgG 3| 55| 1|482| 0](93.5-100) |(98.7-100) |(89.2-99.9)(99.2-100) | (7.9 -13.2)
100 99.8 98.2 100 104

Ma 2020 CLIA CLIA IgG 4| 56| 1|482| 0](93.6-100) |(98.7-100) |(89.4-99.9)|(99.2-100) |(8-13.4)
100 99.8 98.3 100 10.7

Ma 2020 CLIA CLIA IgG 5| 58| 1|482| 0](93.8-100) |(98.7-100) |(89.7-99.9) |(99.2-100) |(8.3-13.7)
76.5 92.3 26 99.1 34

Ma 2020 CLIA CLIA IgM 1| 13| 37|446| 4|(49.8-92.2)|(89.5-94.5) | (15.1-40.6) | (97.6-99.7) | (2.1 - 5.5)
100 92.3 44.8 100 5.8

Ma 2020 CLIA CLIA IgM 2| 30| 37|446| 0/(88.4-100) |(89.5-94.5) |(32.8-57.4) |(99.2 - 100) | (4 -8.3)
100 92.3 59.8 100 10.2

Ma 2020 CLIA CLIA IgM 3| 55| 37|446| 0](93.5-100) |(89.5-94.5) |(49-69.7) |[(99.2-100) |(7.9-13.2)
100 92.3 60.2 100 104

Ma 2020 CLIA CLIA IgM 4| 56| 37|446| 0](93.6-100) |(89.5-94.5) |(49.5-70.1) | (99.2 - 100) |(8 - 13.4)
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Positive Negative
Study  refer- Test spe- predictive |predictive
ence Test Type of test | cifics Target Period | TP |FP | TN | FN | Sensitivity | Specificity | value value Prevalence
94.8 92.3 59.8 99.3 10.7
Ma 2020 CLIA CLIA IgM 5| 55| 37|446| 3|(84.7-98.7)|(89.5-94.5) | (49-69.7) |(97.9-99.8)|(8.3-13.7)
Paradiso 2020 IgM and/or 30 89.2 61.8 68.6 36.8
(Clinical) LFI RDT Viva-Diag IgG 0| 21| 13|107| 49|(19.9-42.3) | (81.9-93.9) | (43.6 - 77.3) | (60.6 - 75.6) | (30.1 - 44.2)
95.1 98.2 96.6 97.4 34.6
Qian 2020 CLIA CLIA IgG 0(486| 17|947| 25|(92.8-96.7) | (97.1-98.9) | (94.5-98) |[(96.2-98.3)|(32.2-37.1)
90 98.8 86.5 99.1 7.8
Qian 2020 CLIA CLIA IgG 0| 45| 7|581| 5| (77.4-96.3) |(97.5-99.5) |(73.6-94) |[(97.9-99.7)| (5.9 - 10.3)
94.3 93 85.9 97.3 311
Qian 2020 CLIA CLIA IgM 0(432| 71|946| 26| (91.7-96.2) | (91.2 - 94.5) | (82.5-88.7) | (96 - 98.2) |(28.7 - 33.5)
92.7 97.7 73.1 99.5 6.4
Qian 2020 CLIA CLIA IgM 0| 38| 14|583| 3|(79-98.1) |(96-98.7) |(58.7-84) |[(98.4-99.9)|(4.7-8.7)
IgM and/or 711 96.2 97.2 64.6 64.7
Shen 2020 GICA RDT IgG 0| 69| 2| 51| 28](60.9-79.7) | (85.9-99.3) | (89.3-99.5) | (52.9 -74.8) | (56.4 - 72.2)
IgM and/or 55 96.2 91.7 73.9 43
Shen 2020 GICA RDT IgG 1| 22| 2| 51| 18|(38.7-70.4) | (85.9-99.3) | (71.5-98.5) | (61.7 - 83.4) | (32.9 - 53.7)
IgM and/or 72.7 96.2 92.3 85 384
Shen 2020 GICA RDT IgG 2| 24| 2| 51| 9|(54.2-86.1)|(85.9-99.3) |(73.4-98.7) | (72.9-92.5) | (28.3 - 49.5)
IgM and/or 95.8 96.2 92 98.1 31.2
Shen 2020 GICA RDT IgG 3| 23| 2| 51| 1[(76.9-99.8) |(85.9-99.3) |(72.5-98.6) | (88.4-99.9) | (21.4 - 42.9)
IgM and/or 82.6 92.9 95 76.5 62.2
Spicuzza 2020 | PoC RDT IgG 0| 19| 1| 13| 4|(60.5-94.3) |(64.2-99.6) |(73.1-99.7) | (49.8 -92.2) | (44.8-77.1)
86 96.9 91.5 94.7 27.8
Wan 2020 CLIA CLIA A IgG 0| 43| 4|126| 7|(72.6-93.7) |(91.8-99) |(78.7-97.2)((89.1-97.7)|(21.5-35)
82 93.8 83.7 93.1 27.8
Wan 2020 CLIA CLIA A IgM 0| 41| 8|122| 9[(68.1-91) |(87.8-97.1)|(69.8-92.2)((87-96.6) |(21.5-35)
Whitman 40.7 84.6 57.9 73.3 34.2
2020 ELISA |ELISA Epitope IgG 1| 11| 8| 44| 16|(23-61) (71.4-92.7) | (34-78.9) |(60.1-83.5)|(24.1-45.8)
Whitman 83.1 84.6 88.1 78.6 57.7
2020 ELISA |ELISA Epitope IgG 2| 59| 8| 44| 12|(71.9-90.6) | (71.4-92.7) | (77.3-94.3) | (65.2-88) | (48.5 - 66.5)
Whitman 76.2 84.6 66.7 89.8 28.8
2020 ELISA |ELISA Epitope IgG 3| 16| 8| 44| 5[(52.5-90.9) |(71.4-92.7) | (44.7-83.6) | (77-96.2) |(19.1-40.7)
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Antibody tests for novel coronavirus SARS-CoV-2

Positive Negative
Study  refer- Test spe- predictive |predictive
ence Test Type of test | cifics Target Period | TP |FP | TN | FN | Sensitivity | Specificity | value value Prevalence
Whitman 90.9 84.6 55.6 97.8 17.5
2020 ELISA | ELISA Epitope IgG 4| 10| 8| 44| 1|(57.1-99.5)|(71.4-92.7)|(31.3-77.6)|(86.8-99.9) | (9.4 - 29.5)
Whitman 18.5 96.2 71.4 69.4 34.2
2020 ELISA | ELISA Epitope IgM 1| 5| 2| 50| 22|(7-38.7) (85.7 -99.3) | (30.3-94.9) | (57.3 - 79.5) | (24.1 - 45.8)
Whitman 64.8 96.2 95.8 66.7 57.7
2020 ELISA |ELISA Epitope IgM 2| 46| 2| 50| 25|(52.5-75.5) | (85.7 - 99.3) | (84.6 - 99.3) | (54.7 - 76.9) | (48.5 - 66.5)
Whitman 66.7 96.2 87.5 87.7 28.8
2020 ELISA |ELISA Epitope IgM 3| 14| 2| 50| 7[(43.1-84.5)|(85.7-99.3) |(60.4-97.8) | (75.7 - 94.5) | (19.1 - 40.7)
Whitman 81.8 96.2 81.8 96.2 17.5
2020 ELISA |ELISA Epitope IgM 4| 9| 2| 50| 2|(47.8-96.8) |(85.7-99.3) |(47.8-96.8) | (85.7 - 99.3) | (9.4 - 29.5)
Whitman IgM and/or 40.7 82.7 55 72.9 34.2
2020 ELISA |ELISA Epitope IgG 1| 11| 9| 43| 16|(23-61) (69.2-91.3) | (32-76.2) |(59.5-83.3)|(24.1-45.8)
Whitman IgM and/or 37 86.5 58.8 72.6 34.2
2020 ELISA |ELISA In house IgG 1| 10| 7| 45| 17|(20.1-57.5) | (73.6-94) |(33.5-80.6)(59.6 - 82.8) | (24.1 - 45.8)
Whitman IgM and/or 84.5 82.7 87 79.6 57.7
2020 ELISA |ELISA Epitope IgG 2| 60| 9| 43| 11|(73.5-91.6) |(69.2-91.3) | (76.2-93.5) | (66.1 - 88.9) | (48.5 - 66.5)
Whitman IgM and/or 81.7 86.5 89.2 77.6 57.7
2020 ELISA |ELISA In house IgG 2| 58| 7| 45| 13|(70.4-89.5) |(73.6-94) |(78.5-95.2)|(64.4-87.1)|(48.5 - 66.5)
Whitman IgM and/or 81 82.7 65.4 915 28.8
2020 ELISA |ELISA Epitope IgG 3| 17| 9| 43| 4|(57.4-93.7) |(69.2-91.3) | (44.4-82.1) | (78.7 - 97.2) | (19.1 - 40.7)
Whitman IgM and/or 81 86.5 70.8 91.8 28.8
2020 ELISA |ELISA In house IgG 3| 17| 7| 45| 4|(57.4-93.7) |(73.6-94) |(48.8-86.6)|(79.5-97.4)|(19.1-40.7)
Whitman IgM and/or 90.9 82.7 52.6 97.7 175
2020 ELISA |ELISA Epitope IgG 4| 10| 9| 43| 1|(57.1-99.5) |(69.2-91.3) |(29.5-74.8) | (86.5-99.9) | (9.4 - 29.5)
Whitman IgM and/or 81.8 86.5 56.3 95.7 175
2020 ELISA |ELISA In house IgG 4| 9| 7| 45| 2|(47.8-96.8) |(73.6-94) |[(30.6-79.2)|(84.3-99.3)|(9.4-29.5)
Whitman 23.1 92.3 60 70.6 33.3
2020 LFI RDT BioMedomics | IgG 1| 6| 4| 48| 20|(9.8-44.1) |(80.6-97.5)|(27.4-86.3)|(58.1-80.7) | (23.3 - 45)
Whitman 259 86.7 53.8 66.1 37.5
2020 LFI RDT Bioperfectus | 1gG 1| 7| 6| 39| 20|(11.9-46.6) | (72.5-94.5) | (26.1-79.6) | (52.5 - 77.6) | (26.6 - 49.7)
Whitman 28 96.2 77.8 73.5 325
2020 LFI RDT DecomBio | IgG 1| 7| 2| 50| 18|(12.9-49.6) | (85.7 - 99.3) | (40.2-96.1) | (61.2 - 83.2) | (22.5 - 44.2)
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Antibody tests for novel coronavirus SARS-CoV-2

Positive Negative
Study  refer- Test spe- predictive |predictive
ence Test Type of test | cifics Target Period | TP |FP | TN | FN | Sensitivity | Specificity | value value Prevalence
Whitman 22.2 86.5 46.2 68.2 34.2
2020 LFI RDT DeepBlue IgG 1| 6| 7| 45| 21|(9.4-42.7) |(73.6-94) |(20.4-73.9)|(55.4-78.8)|(24.1-45.8)
Whitman 25.9 92.9 77.8 56.5 49.1
2020 LFI RDT Innovita IgG 1| 7| 2| 26| 20|(11.9-46.6) | (75-98.8) |(40.2-96.1)|(41.2-70.8) | (35.5 - 62.8)
Whitman 22.2 98.1 85.7 70.8 34.2
2020 LFI RDT Premier IgG 1| 6| 1| 51| 21|(9.4-42.7) |(88.4-99.9)|(42-99.2) |(58.8-80.7)|(24.1-45.8)
Whitman 18.5 100 100 70.3 34.2
2020 LFI RDT Sure IgG 1| 5| 0| 52| 22|(7-38.7) (93.2 - 100) | (47.8-100) | (58.4 -80.1) | (24.1 - 45.8)
Whitman 25.9 96.2 77.8 71.4 34.2
2020 LFI RDT ucP IgG 1| 7| 2| 50| 20|(11.9-46.6) | (85.7 - 99.3) | (40.2 - 96.1) | (59.2 - 81.3) | (24.1 - 45.8)
Whitman 29.2 98 87.5 73.8 32.9
2020 LFI RDT VivaChek IgG 1| 7| 1| 48| 17|(13.4-51.2) |(87.8-99.9) | (46.7 - 99.3) | (61.2 - 83.6) | (22.6 - 45)
Whitman 60 92.3 91.3 63.2 57.4
2020 LFI RDT BioMedomics | IgG 2| 42| 4| 48| 28|(47.6-71.3)|(80.6-97.5) |(78.3-97.2) | (51.3-73.7) | (48.1 - 66.2)
Whitman 71.4 86.7 89.3 66.1 60.9
2020 LFI RDT Bioperfectus | lgG 2| 50| 6| 39| 20|(59.2-81.3) |(72.5-94.5) | (77.4-95.6) | (52.5 - 77.6) | (51.3 - 69.7)
Whitman 75.7 96.2 96.4 74.6 57.4
2020 LFI RDT DecomBio | IgG 2| 53| 2| 50| 17|(63.7-84.8) | (85.7 - 99.3) | (86.4 - 99.4) | (62.3 - 84.1) | (48.1 - 66.2)
Whitman 54.9 86.5 84.8 58.4 57.7
2020 LFI RDT DeepBlue IgG 2| 39| 7| 45| 32|(42.7-66.6) | (73.6-94) |(70.5-93.2)|(46.6-69.4) | (48.5 - 66.5)
Whitman 60.9 92.9 95.5 49.1 71.1
2020 LFI RDT Innovita IgG 2| 42| 2| 26| 27|(48.4-72.2)|(75-98.8) |(83.3-99.2)|(35.3-63) |(60.9-79.7)
Whitman 57.1 98.1 97.6 63 57.4
2020 LFI RDT Premier IgG 2| 40| 1| 51| 30|(44.8-68.7)|(88.4-99.9) | (85.6-99.9) | (51.5-73.2) | (48.1 - 66.2)
Whitman 62.9 100 100 66.7 57.4
2020 LFI RDT Sure IgG 2| 44| 0| 52| 26|(50.4-73.9)|(93.2-100) |(92-100) |(55-76.7) |(48.1-66.2)
Whitman 60.6 96.2 95.6 64.1 57.7
2020 LFI RDT ucP IgG 2| 43| 2| 50| 28|(48.2-71.7) | (85.7 -99.3) | (83.6 - 99.2) | (52.4 - 74.4) | (48.5 - 66.5)
Whitman 71.2 98 97.9 71.6 57.4
2020 LFI RDT VivaChek IgG 2| 47| 1| 48| 19|(58.6-81.4) |(87.8-99.9) | (87.5-99.9) | (59.1-81.7) | (47.8 - 66.5)
Whitman 66.7 92.3 77.8 87.3 28.8
2020 LFI RDT BioMedomics | IgG 3| 14| 4| 48| 7|(43.1-84.5)|(80.6-97.5) |(51.9-92.6) |(74.9-94.3) | (19.1-40.7)
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Antibody tests for novel coronavirus SARS-CoV-2

Positive Negative
Study  refer- Test spe- predictive |predictive
ence Test Type of test | cifics Target Period | TP |FP | TN | FN | Sensitivity | Specificity | value value Prevalence
Whitman 66.7 86.7 70 84.8 31.8
2020 LFI RDT Bioperfectus | IgG 3| 14| 6| 39| 7|(43.1-84.5)|(72.5-94.5) |(45.7-87.2) | (70.5-93.2) | (21.2 - 44.6)
Whitman 70 96.2 87.5 89.3 27.8
2020 LFI RDT DecomBio IgG 3| 14| 2| 50| 6|(45.7-87.2)|(85.7-99.3) | (60.4-97.8) | (77.4-95.6) | (18.2 - 39.8)
Whitman 71.4 86.5 68.2 88.2 28.8
2020 LFI RDT DeepBlue IgG 3| 15| 7| 45| 6|(47.7-87.8)|(73.6-94) |(45.1-85.3)|(75.4-95.1)|(19.1-40.7)
Whitman 64.3 92.9 81.8 83.9 33.3
2020 LFI RDT Innovita lgG 3| 9| 2| 26| 5|(35.6-86) |(75-98.8) |(47.8-96.8)|(65.5-93.9)| (20 - 49.6)
Whitman 66.7 98.1 93.3 87.9 28.8
2020 LFI RDT Premier IgG 3| 14| 1| 51| 7|(43.1-84.5)|(88.4-99.9) |(66-99.7) |(76.1-94.6)|(19.1-40.7)
Whitman 66.7 100 100 88.1 28.8
2020 LFI RDT Sure IgG 3| 14| 0| 52| 7(43.1-84.5)(93.2-100) |(76.8-100) |(76.5-94.7) | (19.1 - 40.7)
Whitman 66.7 96.2 87.5 87.7 28.8
2020 LFI RDT ucP IgG 3| 14| 2| 50| 7|(43.1-84.5)|(85.7-99.3) |(60.4-97.8) | (75.7 - 94.5) | (19.1 - 40.7)
Whitman 66.7 98 93.3 87.3 30
2020 LFI RDT VivaChek IgG 3| 14| 1| 48| 7|(43.1-84.5)|(87.8-99.9) |(66-99.7) |(74.9-94.3)|(19.9-42.3)
Whitman 81.8 92.3 69.2 96 17.5
2020 LFI RDT BioMedomics | IgG 4| 9| 4| 48| 2|(47.8-96.8) |(80.6-97.5) |(38.9-89.6) | (85.1-99.3) | (9.4 - 29.5)
Whitman 90 86.7 60 97.5 18.2
2020 LFI RDT Bioperfectus | lgG 4| 9| 6| 39| 1|(54.1-99.5)|(72.5-94.5) |(32.9-82.5)(85.3-99.9)|(9.5-31.4)
Whitman 90.9 96.2 83.3 98 17.5
2020 LFI RDT DecomBio | IgG 4| 10| 2| 50| 1|(57.1-99.5) (85.7-99.3) |(50.9 -97.1) | (88.2 - 99.9) | (9.4 - 29.5)
Whitman 81.8 86.5 56.3 95.7 17.5
2020 LFI RDT DeepBlue IgG 4| 9| 7| 45| 2|(47.8-96.8) |(73.6-94) |[(30.6-79.2)|(84.3-99.3)|(9.4-29.5)
Whitman 66.7 92.9 66.7 92.9 17.6
2020 LFI RDT Innovita IgG 4| 4| 2| 26| 2|(241-94) |[(75-98.8) |[(24.1-94) |(75-98.8) |(7.4-35.2)
Whitman 81.8 98.1 90 96.2 17.5
2020 LFI RDT Premier IgG 4| 9| 1| 51| 2|(47.8-96.8) |(88.4-99.9) |(54.1-99.5)(85.9-99.3) | (9.4 - 29.5)
Whitman 90.9 100 100 98.1 17.5
2020 LFI RDT Sure IgG 4| 10| 0| 52| 1|(57.1-99.5) (93.2-100) |(69.2-100) |(88.6-99.9) (9.4 -29.5)
Whitman 81.8 96.2 81.8 96.2 17.5
2020 LFI RDT ucpP IgG 4| 9| 2| 50| 2|(47.8-96.8) |(85.7-99.3) |(47.8-96.8) | (85.7 - 99.3) | (9.4 - 29.5)
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Antibody tests for novel coronavirus SARS-CoV-2

Positive Negative
Study  refer- Test spe- predictive |predictive
ence Test Type of test | cifics Target Period | TP |FP | TN | FN | Sensitivity | Specificity | value value Prevalence
Whitman 90 98 90 98 16.9
2020 LFI RDT VivaChek IgG 4| 9| 1| 48| 1|(54.1-99.5)|(87.8-99.9) | (54.1-99.5)|(87.8-99.9)| (8.9 - 29.4)
Whitman 26.9 84.6 46.7 69.8 33.3
2020 LFI RDT BioMedomics | IgM 1| 7| 8| 44| 19|(12.4-48.1) | (71.4-92.7) | (22.3 - 72.6) | (56.8 - 80.4) | (23.3 - 45)
Whitman 40.7 88.9 68.8 71.4 375
2020 LFI RDT Bioperfectus | IgM 1| 11| 5| 40| 16|(23-61) (75.2 - 95.8) | (41.5-87.9) | (57.6 - 82.3) | (26.6 - 49.7)
Whitman 32 90.4 61.5 73.4 325
2020 LFI RDT DecomBio | IgM 1| 8| 5| 47| 17|(15.7-53.6) | (78.2-96.4) | (32.3-84.9) | (60.7 - 83.3) | (22.5 - 44.2)
Whitman 444 73.1 46.2 71.7 34.2
2020 LFI RDT DeepBlue IgM 1| 12| 14| 38| 15|(26-64.4) |(58.7-84) |(27.1-66.3)|(57.4-82.8)|(24.1-45.8)
Whitman 14.8 92.9 66.7 53.1 49.1
2020 LFI RDT Innovita IgM 1| 4| 2| 26| 23|(4.9-34.6) |(75-98.8) |(24.1-94) |(38.4-67.2)|(35.5-62.8)
Whitman 37 98.1 90.9 75 34.2
2020 LFI RDT Premier IgM 1| 10| 1| 51| 17|(20.1-57.5)|(88.4-99.9) | (57.1-99.5) | (62.8 - 84.4) | (24.1 - 45.8)
Whitman 111 100 100 68.4 34.2
2020 LFI RDT Sure IgM 1| 3| 0| 52| 24|(2.9-30.3) |(93.2-100) |(29.2-100) |(56.6 - 78.3) | (24.1 - 45.8)
Whitman 25.9 94.2 70 71 34.2
2020 LFI RDT ucP IgM 1| 7| 3| 49| 20|(11.9-46.6) |(83.1-98.5) |(35.4-91.9)|(58.7-81) |(24.1-45.8)
Whitman 29.2 91.8 63.6 72.6 32.9
2020 LFI RDT VivaChek IgM 1| 7| 4| 45| 17|(13.4-51.2) | (79.5-97.4) | (31.6 - 87.6) | (59.6 - 82.8) | (22.6 - 45)
Whitman 67.1 84.6 855 65.7 57.4
2020 LFI RDT BioMedomics | IgM 2| 47| 8| 44| 23|(54.8-77.6) |(71.4-92.7) | (72.8-93.1) | (53-76.6) |(48.1-66.2)
Whitman 77.1 88.9 91.5 71.4 60.9
2020 LFI RDT Bioperfectus | IgM 2| 54| 5| 40| 16|(65.3-86) |(75.2-95.8)|(80.6-96.8)|(57.6-82.3)|(51.3-69.7)
Whitman 66.3 90.4 91.4 63.5 60.6
2020 LFI RDT DecomBio | IgM 2| 53| 5| 47| 27|(54.7-76.2) | (78.2-96.4) | (80.3-96.8) | (51.5 - 74.2) | (51.7 - 68.9)
Whitman 78.9 73.1 80 71.7 57.7
2020 LFI RDT DeepBlue IgM 2| 56| 14| 38| 15|(67.3-87.3) |(58.7-84) |(68.4-88.3)|(57.4-82.8)|(48.5 - 66.5)
Whitman 35.3 92.9 92.3 37.1 70.8
2020 LFI RDT Innovita IgM 2| 24| 2| 26| 44|(24.4-47.9)|(75-98.8) |(73.4-98.7)|(26.1-49.6) | (60.5 - 79.4)
Whitman 75.7 98.1 98.1 75 57.4
2020 LFI RDT Premier IgM 2| 53| 1| 51| 17|(63.7-84.8) |(88.4-99.9) | (88.8-99.9) | (62.8 - 84.4) | (48.1 - 66.2)
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Antibody tests for novel coronavirus SARS-CoV-2

Positive Negative
Study  refer- Test spe- predictive |predictive
ence Test Type of test | cifics Target Period | TP |FP | TN | FN | Sensitivity | Specificity | value value Prevalence
Whitman 46.3 100 100 54.7 60.6
2020 LFI RDT Sure IgM 2| 37| 0| 52| 43|(35.2-57.7) | (93.2-100) |(90.5-100) |(44.2 - 64.9)|(51.7 - 68.9)
Whitman 66.2 94.2 94 67.1 57.7
2020 LFI RDT UCP IgM 2| 47| 3| 49| 24|(53.9-76.7) | (83.1-98.5) | (82.5-98.4) | (55-77.4) |(48.5-66.5)
Whitman 72.7 91.8 92.3 71.4 574
2020 LFI RDT VivaChek IgM 2| 48| 4| 45| 18|(60.2-82.6) | (79.5-97.4) | (80.6 - 97.5) | (58.5 - 81.8) | (47.8 - 66.5)
Whitman 76.2 84.6 66.7 89.8 28.8
2020 LFI RDT BioMedomics | IgM 3| 16| 8| 44| 5[(52.5-90.9) |(71.4-92.7) | (44.7-83.6) | (77-96.2) |(19.1-40.7)
Whitman 76.2 88.9 76.2 88.9 31.8
2020 LFI RDT Bioperfectus | IgM 3| 16| 5| 40| 5/ (52.5-90.9) |(75.2-95.8) |(52.5-90.9) | (75.2 - 95.8) | (21.2 - 44.6)
Whitman 70 90.4 73.7 88.7 27.8
2020 LFI RDT DecomBio | IgM 3| 14| 5| 47| 6|(45.7-87.2) |(78.2-96.4) | (48.6 - 89.9) | (76.3 - 95.3) | (18.2 - 39.8)
Whitman 76.2 73.1 53.3 88.4 28.8
2020 LFI RDT DeepBlue IgM 3| 16| 14| 38| 5[(52.5-90.9) |(58.7-84) |(34.6-71.2)|(74.1-95.6)|(19.1-40.7)
Whitman 28.6 92.9 66.7 72.2 33.3
2020 LFI RDT Innovita IgM 3| 4| 2| 26| 10[(9.6-58) (75-98.8) |(24.1-94) |(54.6-85.2) (20 -49.6)
Whitman 76.2 98.1 94.1 91.1 28.8
2020 LFI RDT Premier IgM 3| 16| 1| 51| 5/ (52.5-90.9) |(88.4-99.9) |(69.2-99.7) | (79.6 - 96.7) | (19.1 - 40.7)
Whitman 66.7 100 100 88.1 28.8
2020 LFI RDT Sure IgM 3| 14| 0| 52| 7(43.1-84.5)(93.2-100) |(76.8-100) |(76.5-94.7) | (19.1 - 40.7)
Whitman 71.4 94.2 83.3 89.1 28.8
2020 LFI RDT ucP IgM 3| 15| 3| 49| 6(47.7-87.8)|(83.1-98.5) |(57.7 -95.6) | (77.1 - 95.5) | (19.1 - 40.7)
Whitman 71.4 91.8 78.9 88.2 30
2020 LFI RDT VivaChek IgM 3| 15| 4| 45| 6|(47.7-87.8) |(79.5-97.4) | (53.9-93) |[(75.4-95.1)|(19.9 - 42.3)
Whitman 81.8 84.6 52.9 95.7 17.5
2020 LFI RDT BioMedomics | IgM 4| 9| 8| 44| 2|(47.8-96.8)|(71.4-92.7) [(28.5-76.1) | (84-99.2) |(9.4-29.5)
Whitman 100 88.9 66.7 100 18.2
2020 LFI RDT Bioperfectus | IgM 4| 10| 5| 40| 0](69.2-100) |(75.2-95.8) [(38.7-87) |[(91.2-100) |(9.5-31.4)
Whitman 90.9 90.4 66.7 97.9 17.5
2020 LFI RDT DecomBio | IgM 4| 10| 5| 47| 1|(57.1-99.5)|(78.2-96.4) [(38.7-87) |(87.5-99.9)|(9.4-29.5)
Whitman 90.9 73.1 41.7 97.4 17.5
2020 LFI RDT DeepBlue IgM 4| 10| 14| 38| 1|(57.1-99.5)|(58.7-84) |[(22.8-63.1)|(84.9-99.9)|(9.4-29.5)
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Antibody tests for novel coronavirus SARS-CoV-2

Positive Negative
Study  refer- Test spe- predictive |predictive
ence Test Type of test | cifics Target Period | TP |FP | TN | FN | Sensitivity | Specificity | value value Prevalence
Whitman 16.7 92.9 33.3 83.9 17.6
2020 LFI RDT Innovita IgM 4| 1| 2| 26| 5|(0.9-635) |(75-98.8) |(1.8-87.5) |(65.5-93.9)|(7.4-35.2)
Whitman 90.9 98.1 90.9 98.1 17.5
2020 LFI RDT Premier IgM 4| 10| 1| 51| 1|(57.1-99.5)|(88.4-99.9) |(57.1-99.5)|(88.4-99.9)| (9.4 - 29.5)
Whitman 72.7 100 100 94.5 175
2020 LFI RDT Sure IgM 4| 8| 0| 52| 3((39.3-92.7)[(93.2-100) |(63.1-100) |(83.9-98.6)|(9.4-29.5)
Whitman 90.9 94.2 76.9 98 17.5
2020 LFI RDT ucP IgM 4| 10| 3| 49| 1|(57.1-99.5)|(83.1-985) |(46-93.8) |[(88-99.9) |(9.4-29.5)
Whitman 90 91.8 69.2 97.8 16.9
2020 LFI RDT VivaChek IgM 4| 9| 4| 45| 1|(54.1-99.5) |(79.5-97.4) [(38.9-89.6) | (87-99.9) |(8.9-29.4)
Whitman IgM and/or 30.8 78.8 42.1 69.5 33.3
2020 LFI RDT BioMedomics | IgG 1| 8| 11| 41| 18|(15.1-51.9) | (64.9-88.5) |(21.1-66) |(56-80.5) |(23.3-45)
Whitman IgM and/or 40.7 82.2 57.9 69.8 37.5
2020 LFI RDT Bioperfectus | IgG 1| 11| 8| 37| 16|(23-61) (67.4-91.5) | (34-78.9) |(55.5-81.3)|(26.6 - 49.7)
Whitman IgM and/or 32 88.5 57.1 73 325
2020 LFI RDT DecomBio | IgG 1| 8| 6| 46| 17|(15.7-53.6) | (75.9-95.2) | (29.6 - 81.2) | (60.1 - 83.1) | (22.5 - 44.2)
Whitman IgM and/or 44.4 73.1 46.2 71.7 34.2
2020 LFI RDT DeepBlue IgG 1| 12| 14| 38| 15|(26-64.4) |(58.7-84) |(27.1-66.3)|(57.4-82.8)|(24.1-45.8)
Whitman IgM and/or 25.9 89.3 70 55.6 49.1
2020 LFI RDT Innovita IgG 1| 7| 3| 25| 20|(11.9-46.6) |(70.6 -97.2) | (35.4-91.9) | (40.1-70) |(35.5-62.8)
Whitman IgM and/or 37 96.2 83.3 74.6 34.2
2020 LFI RDT Premier IgG 1| 10| 2| 50| 17|(20.1-57.5)|(85.7 - 99.3) | (50.9 - 97.1) | (62.3 - 84.1) | (24.1 - 45.8)
Whitman IgM and/or 185 100 100 70.3 34.2
2020 LFI RDT Sure IgG 1| 5| 0| 52| 22|(7-38.7) (93.2 - 100) | (47.8-100) | (58.4 - 80.1) | (24.1 - 45.8)
Whitman IgM and/or 25.9 94.2 70 71 34.2
2020 LFI RDT ucP IgG 1| 7| 3| 49| 20|(11.9-46.6) |(83.1-98.5) |(35.4-91.9)|(58.7-81) |(24.1-45.8)
Whitman IgM and/or 29.2 91.8 63.6 72.6 32.9
2020 LFI RDT VivaChek IgG 1| 7| 4| 45| 17|(13.4-51.2) | (79.5-97.4) | (31.6 - 87.6) | (59.6 - 82.8) | (22.6 - 45)
Whitman IgM and/or 40 100 100 73.2 37.9
2020 LFI RDT Wondfo IgG 1| 10| 0| 41| 15|(21.8-61.1) | (91.4-100) |(69.2-100) | (59.5 - 83.8) | (26.5 - 50.7)
Whitman IgM and/or 70 78.8 81.7 66.1 57.4
2020 LFI RDT BioMedomics | IgG 2| 49| 11| 41| 21|(57.7-80.1) | (64.9 - 88.5) | (69.1-90.1) | (52.9 - 77.4) | (48.1 - 66.2)
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Antibody tests for novel coronavirus SARS-CoV-2

Positive Negative
Study  refer- Test spe- predictive |predictive
ence Test Type of test | cifics Target Period | TP |FP | TN | FN | Sensitivity | Specificity | value value Prevalence
Whitman IgM and/or 81.4 82.2 87.7 74 60.9
2020 LFI RDT Bioperfectus | IgG 2| 57| 8| 37| 13|(70-89.4) |(67.4-91.5) |(76.6-94.2)|(59.4-84.9)|(51.3-69.7)
Whitman IgM and/or 75.7 88.5 89.8 73 57.4
2020 LFI RDT DecomBio [e]€] 2| 53| 6| 46| 17|(63.7-84.8)|(75.9-95.2) |(78.5-95.8)|(60.1-83.1) | (48.1 - 66.2)
Whitman IgM and/or 78.9 73.1 80 71.7 57.7
2020 LFI RDT DeepBlue 19G 2| 56| 14| 38| 15|(67.3-87.3) |(58.7-84) |(68.4-88.3)|(57.4-82.8)|(48.5-66.5)
Whitman IgM and/or 65.2 89.3 93.8 51 711
2020 LFI RDT Innovita 19G 2| 45| 3| 25| 24|(52.7-76) |(70.6-97.2) |(81.8-98.4)|(36.5-65.4)|(60.9-79.7)
Whitman IgM and/or 77.1 96.2 96.4 75.8 57.4
2020 LFI RDT Premier 19G 2| 54| 2| 50| 16|(65.3-86) |(85.7-99.3) |(86.6-99.4)|(63.4-85.1)|(48.1-66.2)
Whitman IgM and/or 62.9 100 100 66.7 57.4
2020 LFI RDT Sure 19G 2| 44| 0| 52| 26((50.4-73.9)|(93.2-100) |(92-100) (55-76.7) |(48.1-66.2)
Whitman IgM and/or 67.6 94.2 94.1 68.1 57.7
2020 LFI RDT UCP [e]€] 2| 48| 3| 49| 23|(55.3-78) |(83.1-98.5) |(82.8-98.5)|(55.9-78.3)|(48.5-66.5)
Whitman IgM and/or 72.7 91.8 92.3 71.4 57.4
2020 LFI RDT VivaChek [e]€] 2| 48| 4| 45| 18| (60.2-82.6)|(79.5-97.4) |(80.6 - 97.5) | (58.5-81.8) | (47.8 - 66.5)
Whitman IgM and/or 73.9 100 100 69.5 62.7
2020 LFI RDT Wondfo 19G 2| 51| O 41| 18| (61.7-83.4)|(91.4-100) |(93-100) (56 -80.5) |(52.9-71.6)
Whitman IgM and/or 81 78.8 60.7 91.1 28.8
2020 LFI RDT BioMedomics | IgG 3| 17| 11| 41| 4|(57.4-93.7)|(64.9-88.5) |(40.7-77.9)|(77.9-97.1) | (19.1 - 40.7)
Whitman IgM and/or 81 82.2 68 90.2 31.8
2020 LFI RDT Bioperfectus | IgG 3| 17| 8| 37| 4|(57.4-93.7)|(67.4-915) |(46.4-84.3)|(75.9-96.8) | (21.2 - 44.6)
Whitman IgM and/or 70 88.5 70 88.5 27.8
2020 LFI RDT DecomBio 19G 3| 14| 6| 46| 6|(45.7-87.2)|(75.9-95.2) | (45.7-87.2)|(75.9-95.2) | (18.2 - 39.8)
Whitman IgM and/or 77.3 73.1 54.8 88.4 29.7
2020 LFI RDT DeepBlue 19G 3| 17| 14| 38| 5|(54.2-91.3)|(58.7-84) |[(36.3-72.2)|(74.1-95.6) | (19.9 - 41.6)
Whitman IgM and/or 64.3 89.3 75 83.3 33.3
2020 LFI RDT Innovita 19G 3| 9| 3| 25| 5/|(35.6-86) |(70.6-97.2)|(42.8-93.3)|(64.5-93.7)|(20 - 49.6)
Whitman IgM and/or 81 96.2 89.5 92.6 28.8
2020 LFI RDT Premier 19G 3| 17| 2| 50| 4|(57.4-93.7)|(85.7-99.3) | (65.5-98.2)|(81.3-97.6) | (19.1 - 40.7)
Whitman IgM and/or 71.4 100 100 89.7 28.8
2020 LFI RDT Sure [e[€] 3| 15| 0| 52 6|(47.7 -87.8) [ (93.2 - 100) |(78.2-100) |(78.2-95.7)|(19.1-40.7)
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Antibody tests for novel coronavirus SARS-CoV-2

Positive Negative
Study  refer- Test spe- predictive |predictive
ence Test Type of test | cifics Target Period | TP |FP | TN | FN | Sensitivity | Specificity | value value Prevalence
Whitman IgM and/or 71.4 94.2 83.3 89.1 28.8
2020 LFI RDT UCP [e]€] 3| 15| 3| 49 6|(47.7-87.8) | (83.1-98.5) | (57.7-95.6) | (77.1-95.5) | (19.1 - 40.7)
Whitman IgM and/or 71.4 91.8 78.9 88.2 30
2020 LFI RDT VivaChek [e]€] 3| 15| 4| 45| 6| (47.7-87.8)|(79.5-97.4) |(53.9-93) |(75.4-95.1)|(19.9-42.3)
Whitman IgM and/or 81 100 100 91.1 33.9
2020 LFI RDT Wondfo 19G 3| 17| O| 41| 4|(57.4-93.7)|(91.4-100) |(80.5-100) |(77.9-97.1)|(22.6-47.1)
Whitman IgM and/or 81.8 78.8 45 95.3 175
2020 LFI RDT BioMedomics | IgG 4 9| 11| 41 2|(47.8-96.8) | (64.9 -88.5) | (23.8-68) |[(82.9-99.2)|(9.4-29.5)
Whitman IgM and/or 100 82.2 55.6 100 18.2
2020 LFI RDT Bioperfectus | IgG 4| 10| 8| 37| 0](69.2-100) |(67.4-915)|(31.3-77.6)|(90.5-100) |(9.5-31.4)
Whitman IgM and/or 90.9 88.5 62.5 97.9 17.5
2020 LFI RDT DecomBio 19G 4| 10| 6| 46 1|(57.1-99.5) | (75.9-95.2) | (35.9-83.7) | (87.3-99.9) | (9.4 - 29.5)
Whitman IgM and/or 90.9 73.1 41.7 97.4 17.5
2020 LFI RDT DeepBlue [e]€] 4| 10| 14| 38 1|(57.1-99.5) | (58.7-84) |(22.8-63.1)|(84.9-99.9)|(9.4-29.5)
Whitman IgM and/or 83.3 89.3 62.5 96.2 17.6
2020 LFI RDT Innovita [e]€] 4| 5| 3| 25 1|(36.5-99.1) | (70.6 - 97.2) | (25.9-89.8) | (78.4-99.8) | (7.4 - 35.2)
Whitman IgM and/or 90.9 96.2 83.3 98 175
2020 LFI RDT Premier 19G 4| 10| 2| 50 1|(57.1-99.5) | (85.7-99.3) | (50.9-97.1) | (88.2-99.9) | (9.4 - 29.5)
Whitman IgM and/or 90.9 100 100 98.1 175
2020 LFI RDT Sure [e]€] 4| 10| 0| 52 1|(57.1-99.5) | (93.2-100) |(69.2-100) |(88.6-99.9)| (9.4 - 29.5)
Whitman IgM and/or 90.9 94.2 76.9 98 175
2020 LFI RDT UCP 19G 4| 10| 3| 49 1|(57.1-99.5) | (83.1-98.5) | (46-93.8) |(88-99.9) |(9.4-29.5)
Whitman IgM and/or 920 91.8 69.2 97.8 16.9
2020 LFI RDT VivaChek 19G 4| 9| 4| 45 1|(54.1-99.5) | (79.5-97.4) | (38.9-89.6) | (87-99.9) |(8.9-29.9)
Whitman IgM and/or 81.8 100 100 95.3 21.2
2020 LFI RDT Wondfo 19G 4 9| 0| 41 2|(47.8-96.8) [ (91.4 - 100) | (66.4 - 100) |(82.9-99.2)|(11.5-35.1)
Xiang 2020 83.3 95 94.8 83.8 52.4
(Antibody) ELISA ELISA [e]€] 3| 55| 3| 57| 11|(71.7-91) |(85.2-98.7) |(84.7-98.7)|(72.5-91.3) | (43.3-61.3)
Xiang 2020 77.3 100 100 80 52.4
(Antibody) ELISA ELISA IgM 3| 51| O] 60| 15|(65-86.3) |(94-100) (93 - 100) (68.9-88) |(43.3-61.3)
Zhang 2020 IgM and/or 82.5 99.4 96.9 96 18.9
(Evaluation) GICA RDT 19G 0(127| 4|656| 27|(75.3-87.9)|(98.3-99.8) [(91.9-99) |(94.2-97.3)|(16.3-21.8)
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Antibody tests for novel coronavirus SARS-CoV-2

Positive Negative

Study  refer- Test spe- predictive |predictive

ence Test Type of test | cifics Target Period | TP |FP | TN | FN | Sensitivity | Specificity | value value Prevalence
95.7 96.7 81.8 99.3 13.5

Zhong 2020 CLIA CLIA IgG 0| 45| 10|290| 2|(84.3-99.3) |(93.8-98.3) | (68.6-90.5) | (97.3-99.9) | (10.2 - 17.7)
97.9 95.3 76.7 99.7 13.5

Zhong 2020 CLIA CLIA IgM 0| 46| 14|286| 1|(87.3-99.9)|(92.1-97.3) |(63.7-86.2) |(97.8-100) |(10.2-17.7)
97.9 99.7 97.9 99.7 13.5

Zhong 2020 ELISA |ELISA IgG 0| 46| 1|299| 1(87.3-99.9) |(97.9-100) |(87.3-99.9)|(97.9-100) |(10.2-17.7)
97.9 99.7 97.9 99.7 13.5

Zhong 2020 ELISA |ELISA IgM 0| 46| 1|299| 1(87.3-99.9) |(97.9-100) |(87.3-99.9)|(97.9-100) |(10.2-17.7)

Abbreviations: CLIA: Chemiluminescence immunoassay; CMIA: Chemiluminescence microparticle immunoassay; ELISA:
ves; FP: false positives; ; GICA: Gold immunochromatography assay; IC: immunochromatography; IgG: Immunoglobulin G; IgM: Immunoglobulin M; LFIA: Lateral flow immunoassay;
LFA: Lateral flow assay; PoC: Point of care; TN: true negatives; TP: true positives

Enzyme-linked immunosorbent assay; FN: false negati-

Table A 5: Diagnostic accuracy

Type of test: Rapid Diagnostic Test (RDT)

Target: IgM
Period: overall
Study_ID | Author Testclass | TP FP TN FN Sensitivity | Lower Upper Specificity | Lower Upper
#307 Li LFI 328 10 118 69 82.6 78.4 86.1 92.2 85.7 96
#470 Lou LFI 71 4 205 9 88.8 79.2 94.4 98.1 94.9 99.4
#473 Liu GICA 34 5 84 56 37.8 28 48.7 94.4 86.8 97.9
#545 Garcia IC 12 25 38 43 21.8 12.2 35.4 60.3 47.2 72.2
Pooled estimate | 61.5 14.7 93.7 91.8 57.8 98.9
Heterogeneity W | 1.89 1.59
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Type of test: Rapid Diagnostic Test (RDT)

Target: IgM

Period: Week 1

Antibody tests for novel coronavirus SARS-CoV-2

Study_ID | Author Testclass | Test TP FP TN FN Sensitivity Lower | Upper | Specificity | Lower | Upper
#386 Whitman | LFI BioMedomics | 7 8 44 19 26.9 12.4 48.1 84.6 71.4 92.7
#386 Whitman | LFI Bioperfectus | 11 5 40 16 40.7 23 61 88.9 75.2 95.8
#386 Whitman | LFI DecomBio 8 5 47 17 32 15.7 53.6 90.4 78.2 96.4
#386 Whitman | LFI DeepBlue 12 14 38 15 44 .4 26 64.4 73.1 58.7 84
#386 Whitman | LFI Innovita 4 2 26 23 14.8 4.9 34.6 92.9 75 98.8
#386 Whitman | LFI Premier 10 1 51 17 37 20.1 57.5 98.1 88.4 99.9
#386 Whitman | LFI Sure 3 0 52 24 111 29 30.3 100 93.2 100
#386 Whitman | LFI UCP 7 3 49 20 25.9 11.9 46.6 94.2 83.1 98.5
#386 Whitman | LFI VivaChek 7 4 45 17 29.2 13.4 51.2 91.8 79.5 97.4
#473 Liu GICA 3 1 8 13 18.8 5 46.3 88.9 50.7 99.4
Pooled estimate | 28 20.8 36.5 92.1 85 96
Heterogeneity W | 0.09 0.57
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