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1. CONTEXT AND POLICY ISSUES

In early 2020, the World Health Organization (WHO) declared severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) causing novel coronavirus disease 2019 (COVID-19) as a global pandemic
affecting more than 160 countries and regions with at least 5,594,175 cases and 350,547 deaths
worldwide as of 27 May 2020 (Dong, Du & Gardner, 2020). In the Philippines, COVID-19 affected over
57,006 cases with 1,599 deaths as of 13 July 2020 (DOH, 2020). To date, treatment remains unknown.
(Dong, Du & Gardner, 2020; DOH, 2020)

In response to this public health emergency, the Philippine Department of Health (DOH) issued testing
guideline policies where the appraisal of the Health Technology Assessment Council (HTAC) was sought
particularly on the use of rapid antibody-based tests (RATs) for diagnosing COVID-19. RATs belong to a
class of diagnostic tests called antibody-based serologic tests which measures immune response by
detecting antibodies (e.g., 1gG, IgM) present in the blood when the body responds to a specific infection.
Serologic tests for COVID-19, as compared to nucleic-acid based tests such as real time reverse
transcriptase polymerase chain reaction (RT-PCR) test, is not designed to detect active SARS-CoV-2
infection. The strength of antibody response is dependent on several factors such as age, nutritional
status, and severity of the disease. Aspects of immune response and functionality of antibodies can be
determined using different types of assays which can be broadly classified into binding antibody detection
tests and neutralizing antibody detection tests. Binding antibody detection tests determine individual
antibody types, like IgG, IgM, and IgA using purified proteins of SARS-CoV-2, not live virus. Tests that
detect binding antibodies fall into two broad categories: the laboratory-based tests such as enzyme-linked
immunosorbent assay (ELISA) and chemiluminescence immunoassay (CLIA); and, the point-of-care (POC)
tests or RATs or Lateral Flow Immunoassay (LFIA) which includes and colloidal gold immunoassay (CGIA)
and fluorescence-labelled immunochromatographic assays (FIA). Currently, the Philippine FDA has already
approved 59 RAT brands as of 16 June 2020. Meanwhile, neutralizing antibody detection tests such as
plaque-reduction neutralization test (PRNT) and microneutralization determine the functional ability of
antibodies to prevent infection of virus in vitro. The test involves incubating serum or plasma with live
virus followed by infection and incubation of cells. (CDC, 2020d) Currently, the Philippine FDA has not
approved neutralizing antibody detection tests as of 10 July 2020.

The two major antigenic targets of SARS-CoV-2 virus against which antibodies are detected include
the spike glycoprotein (S) and nucleocapsid phosphoprotein (N). S protein is essential for virus entry and
is present on the viral surface. Meanwhile, N protein is the most abundantly expressed immunodominant
protein that interacts with RNA. Multiple forms of S protein — full-length (51+S2) or partial (51 domain or
receptor binding domain [RBD]) — are used as antigens. The protein target determines cross-reactivity
and specificity because N is more conserved across coronaviruses than S, and within S, RBD is more
conserved than S1 or full-length S. (CDC, 2020d) Kontou et al, 2020, found in their meta-analysis of COVID-
19 antibody tests that of the 14 studies which reported diagnostic accuracy results from ELISA-based tests
(detecting anti-N or anti-S IgG, IgM antibodies, or both), S-based tests are more sensitive compared to
those based on N antigen. Further, Premkumar et al, 2020 suggests that as the receptor-binding domain
(RBD) of the spike protein is poorly conserved between SARS-CoVs and other pathogenic human
coronaviruses, the RBD represents a promising antigen for detecting CoV-specific antibodies in people. In
their study, a marked correlation between the levels of RBD antibodies in patients and the ability of
patient sera to neutralize SARS-CoV-2 virus was observed.
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According to Senthuraman, et al. (2020) (see Figure 1), viral RNA in the nasopharyngeal swab becomes
detectable as early as day 1 of symptoms and peaks within the first week of symptom onset in most
individuals with symptomatic COVID-19 infection. By week 3, the positivity starts to decline and
subsequently becomes undetectable. Further, the timeline of PCR positivity is different in specimens
other than nasopharyngeal swab. PCR positivity declines more slowly in sputum and may still be positive
after nasopharyngeal swabs are negative. Serological diagnosis, on the other hand, is especially important
for patients with mild to moderate illness who may present beyond the first 2 weeks of onset of illness.
The levels of total antibodies begin to increase from the second week of symptom onset. IgM and IgG
seroconversion occurs between the third and fourth week of clinical illness onset. IgM begins to decline
and reaches lower levels by week 5 and almost disappears by week 7; whereas IgG persists beyond 7

weeks.

( Detection unlikely” i PCR - Likely positive ( PCR - Likely negative® )

( Antibody detection )

Increasing probability of detection —}b

Week -2 Week -1 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Symptom onset
Nasopharyngeal swab PCR Bronc PR ==e=e=. IgM antibody
Virus isolation from respiratory tract StoolPCR 000 meeeaa. 1gG antibody

Estimated time intervals and rates of viral detection are based on data from several published reports. Because of variability in
values among studies, estimated time intervals should be considered approximations and the probability of detection of SARS-
CoV-2 infection is presented qualitatively. SARS-CoV-2 indicates severe acute respiratory syndrome coronavirus 2; PCR,

polymerase chain reaction.
3Detection only occurs if patients are followed up proactively from the time of exposure.

bMore likely to register a negative than a positive result by PCR of a nasopharyngeal swab.

Figure 1. Estimated Variation Over Time in Diagnostic Tests for Detection of SARS-CoV-2 Infection Relative to Symptom
Onset [Senthuraman, et al. (2020)]

Two relevant recommendations have been issued by the HTAC, both of which have stated that there is
insufficient evidence for the use of RATs as sole screening and diagnostic tool for COVID-19 and diagnosis
of mild and asymptomatic COVID-19 infections. Their recommendation guided the issuance of
Department Circular 2020-0184 (9 April 2020) which states that RATs will not be financed and reimbursed
by DOH and PhilHealth unless in the context of conducting validation studies to be done by the Research
Institute for Tropical Medicine (RITM) and for conducting research such as serologic studies by RITM and
other designated institutions.

However, given the need to expand testing coverage, the DOH has developed Guidelines on Expanded
Testing for COVID-19 with its latest version issued as Department Memorandum 2020-0258: Updated
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Interim Guidelines on Expanded Testing for COVID-19 (29 May 2020) to set the guidelines on risk-based

testing for COVID-19 to cover all individuals who are at-risk of contracting the disease. ‘COVID-19

Expanded Testing’ was defined in this guideline as the testing of all individuals who are at-risk for

contracting COVID-19 infection; these are the suspect cases; individuals with relevant history or travel of

exposure, whether symptomatic or asymptomatic; and healthcare workers with possible exposure,

whether symptomatic or asymptomatic. The guidelines identified the following subgroups of at-risk

individuals from greatest to lowest need for testing:

= Subgroup A - Patients or healthcare workers with severe/critical symptoms, relevant history of travel/
contact

= Subgroup B - Patients or healthcare workers with mild symptoms, relevant history of travel/ contact,
and considered vulnerable

= Subgroup C - Patients or healthcare workers with mild symptoms, relevant history of travel/ contact

= Subgroup D - Patients or healthcare workers with no symptoms but relevant history of travel/ contact

= Subgroup E - Frontliners indirectly involved in health care provision in the response against COVID-19

= Subgroup F. Other vulnerable patients such as those with comorbidities, those who will undergo high-
risk, elective surgical procedures, those living in confined spaces such as persons deprived of liberty or
institutionalized persons, and others.

Further to the above-mentioned provisions, the guidelines also state conditions under which conditions
RT-PCR tests and RATs are to be used. Currently, RT-PCR remains the standard confirmatory test for
diagnosing COVID-19 in the Philippines. While RATs have been considered to help in addressing the
limitations of RT-PCR testing, they remain not to be recommended in the Philippine testing guidelines as
a standalone test to definitively diagnose or rule out COVID-19, and they must be used in conjunction with
RT-PCR. It is also important to note that the current DOH testing guidelines has restricted the use of RATs
to only those which have been approved by the FDA and locally-validated by the RITM or the Department
of Science and Technology (DOST), or those with acceptable performance of >90% sensitivity and >95%
specificity validated by WHO-Foundation for Innovative New Diagnostics (WHO-FIND).

Another issued policy by DOH is Department Memorandum 2020-0200: Omnibus Interim Guidelines for
the Quarantine and Testing Procedures for all Arriving Overseas Filipino (OFs) and Foreign Nationals
During COVID-19 Pandemic (01 May 2020) which states that “all OFs and foreign nationals classified for
Mandatory Quarantine shall undergo rapid antibody COVID-19 testing upon arrival as baseline, and 14-
day Mandatory Quarantine at an OWWA (Overseas Workers Welfare Administration)-designated
Mandatory Quarantine Facility. Mandatory Quarantine shall refer to quarantine protocols imposed upon
all other OFs and foreign nationals who are not classified for Stringent Quarantine (i.e., sea-based OFs
coming from a ship or vessel classified as high-risk by DOH; land-based OFs and foreign nationals who are
coming from a high-risk place of origin; and, any individual OF or foreign national who has been assessed
to have influenza-like signs and symptoms upon arrival at a port of entry).

In addition, the DOH also issued Department Memorandum 2020-0220: Interim Guidelines on the Return-
to-Work (11 May 2020) which provides the use of FDA-approved RATSs as alternative testing option for the
testing among representative samples of asymptomatic returning employees. The issuance noted that the
cost of the test not covered by PhilHealth shall be borne by the employer.

Currently, there are various use cases of RATs in the DOH testing guidelines. A use case refers to the
purpose of using a particular test, which in the context of RATs in the DOH testing guidelines refer to: (1)
diagnosis of COVID-19, (2) determination of previous exposure to SARS-CoV-2, and (3) epidemiologic
surveillance of COVID-19.
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In light of the rapidly evolving evidence on COVID-19 testing, an update of the previous rapid review will
be conducted to search for and synthesize information on approved use case/s of RATs from selected
regulatory agencies, existing guidelines on the use of RATs from selected healthcare systems as well as
existing evidence on the performance of RATs for the diagnosis of COVID-19, determination of previous
exposure to SARS-CoV-2, and epidemiologic surveillance of COVID-19. In the context of this review, we
will be setting the definitions of these use cases of interest based on the definitions used by the
Foundation for Innovative New Diagnostics (FIND).

Use Case Definition (adapted from FIND)
(1) Diagnosis of e Theintended use is to diagnose a symptomatic individual with a SARS CoV-2
COVID-19 infection in an epidemic or endemic setting. Sites include locations where

individuals commonly present seeking primary care, such as primary

healthcare facilities, ambulatory and urgent care clinics, emergency rooms,

hospitals or where individuals are referred for advanced care. Examples may
include:

o [Use case lalsing apositive serological testing result to diagnos
probable or suspect patient of COVH29 as a standalone test
irrespective of RPCR result;

o [Use case 1blUsing RATs an adjunct to diagnosis of patients w
present latei(e.,greater than or equal to 15 dgys

*Probable or suspect COVID-19 patients as defined in the national DOH
case definitions.

(2) Determination of
previous
exposure to SARS-
CoV-2

Intended for use to determine if an individual without symptoms has
previously been exposed to SARS-CoV-2.

If the clinical data supports the claims, such an individual would not require
quarantining and could associate with uninfected or infected individuals
with minimal danger of transmission or new infection.

If possible, it would be quite valuable to use the test to assess protective
immunity.

It could be useful to conduct serology studies in a cohort of cured patients
to monitor antibody titers and immunity over time.

This may include seroprevalence surveys; return to work and school
guidelines; entry to country guidelines; and, checking of immune status for
convalescent plasma donation.

(3) Epidemiologic
surveillance of
COVID-19

Intended use is to monitor a local or sentinel population in order to obtain
early indications of a COVID-19 outbreak.

If SARS-CoV-2 diagnostics are not in routine use in the location of interest,
procedures to test a statistically meaningful subset of the respiratory and
febrile disease patient populations would be used.

In most situations, samples from a subset of the respiratory and febrile
disease patients or healthcare workers in sentinel clinics would be sent for
testing at a remote site.
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e Positive confirmation would trigger a planned response.

e This may include outbreak investigation and contact tracing of cases;
surveillance of areas with suspected COVID-19 transmission; and,
surveillance of areas with high-risk of COVID-19 transmission;

2. POLICY AND RESEARCH QUESTIONS

POLICY QUESTION
Which use case and for what population should the Philippine DOH consider the use of RATs?

RESEARCH QUESTIONS
1. Regulatory Approval
1.1. What is/are the approved use case/s of RATs by selected regulatory agencies?
1.2. What are the validation testing requirements of selected regulatory agencies?
1.3. What are the performance standards used by selected regulatory agencies?

2. Testing guidelines and evidence synthesis on use of RATs
2.1. Which country/countries have implemented testing strategies using RATs for diagnosis,
determination of previous exposure, or epidemiologic surveillance of COVID-197?
2.2. What is the current position/ recommendation of HTA agencies regarding the use of RATs for
diagnosis, determination of previous exposure, or epidemiologic surveillance of COVID-197?

3. Diagnostic Performance:
What is the accuracy of RATs in the following use cases?
3.1. Diagnosis of COVID-19 among asymptomatic patients
3.2. Determination of previous exposure to SARS-CoV-2
3.3. Epidemiologic surveillance of COVID-19

3. KEY FINDINGS

In determining the appropriate use case/s and target population for the implementation of RATs as part
of the COVID-19 testing guidelines in the country, we updated our previous rapid review to capture and
present currently existing regulatory guidance or policies, various testing guidelines, and HTA review
recommendations from selected countries on the use of RATs for the following use uses cases: diagnosis,
determination of previous exposure, and surveillance and epidemiological research. Our review also
intended to synthesize information on the diagnostic accuracy of RATs across the various use cases.

Eleven regulatory agencies were checked for any regulatory guidelines for approval and
validation testing of COVID-19 RATs. These agencies include the Philippine FDA and 10 countries with
stringent regulatory authorities. Of these, we found relevant regulatory agency reports from four
countries only (US, UK, Australia and Canada). Based on their regulatory guidelines, RATS are approved
mainly for the determination of previous exposure in US, Canada and UK, except in Australia where
they are approved for diagnosis through detection at the start of seroconversion.

5 | Rapid review: Use of Rapid Antibody-based Tests for Various Use Cases for COVID-19
DOH Health Technology Assessment Unit



As with validation testing requirements, despite being approved for the determination of previous
exposure, RT-PCR was set as the reference test for the required validation testing of RATs by the
regulatory agencies of US, Canada and UK. In the case of Australia, the set reference tests for
comparing the performance of RATs are RT-PCR, enzyme immunoassay (EIA) and molecular point-of-
care tests (POCTs). The sample size ranges from at least 30 antibody positive samples and 75 antibody
negative samples to as high as 200 antibody positive samples and 200 antibody negative samples.

As regards their diagnostic performance, only UK and US have explicitly stated their performance
testing standards to guide the developers of RATSs, as follows:

Performance UK us
Characteristics
Clinical Greater than 98% (with 95% confidence intervals of 96-100%) | 95% positive percent
sensitivity agreement (PPA)
Clinical Greater than 98% (with 95% confidence intervals of 96-100%) | 98% negative percent
specificity agreement (NPA)
Others Analytical specificity: Minimal cross-reactivity with other
known coronavirus, or common respiratory pathogens

A total of 15 RATs that were initially listed by the US FDA were removed from the notification list due
to withdrawal of the revocation of EUA as of 26 June 2020. Of these 15 RATs that were removed in the
US FDA list, two (2) brands are listed in the 59 registered RATs in the Philippine FDA list as of 16 June
2020.

In the Philippines, although regulatory parameters for validation testing were not disclosed by the FDA
to the public, the DOH has mandated in its department memorandum (DM 2020-0258) the
requirement for any RAT prior to its implementation (i.e., FDA-approved and, locally-validated by the
RITM or DOST, or those with acceptable performance of >90% sensitivity and >95% specificity validated
by the WHO-FIND.

We also reviewed 18 testing guidelines from different countries and

agencies (including the Philippines) and their recommendations regarding RATs. Of these:

» DIAGNOSIS: Five guidelines are currently using RATs for diagnosis where two (Australia and China)

have included the results of serology testing (either laboratory-based or RATs) as part of their
national case definitions of laboratory-confirmed COVID-19 cases, while three (Philippines,
European CDC and US) are using RATs as an adjunct to RT-PCR testing.
While RT-PCR remains as the primary means of diagnosis during the acute phase of COVID-19 illness
in Australia and China, serological testing results showing seroconversion of IgG from negative to
positive, or four-fold rise in IgG titer may be used to define a COVID-19 case. This implies the need
for testing patients at least two times, with the first being conducted for the purpose of baseline
testing and the second for documenting seroconversion. This can be used specifically for: patients
with high clinical suspicion who present late (such as in suspected cases that were not able to
undergo RT-PCR during the acute phase of iliness) based on the guidelines in Australia; and, patients
with high clinical suspicion and with a negative RT-PCR result based on the guidelines in China.

Meanwhile, the European CDC recommends the use of validated RATS, with priority for patients at
risk for developing severe disease, patients with acute respiratory illness, symptomatic health
workers, symptomatic individual in prison or nursing care facility. In the Philippines, testing using
RATs have only been explicitly mentioned for symptomatic patients and should be done only when
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there is no available RT-PCR test. Their guidelines also require RATSs to be locally-validated or to
have acceptable performance of >90% sensitivity and >95% specificity for those validated by WHO-
FIND prior to use. It is also noted that the national health insurance scheme does not currently
cover use of RATs for this use case. Lastly, the US CDC, recognizes the use of RATs for patients with
late presentation specifically those who present at day 9-14 from symptom onset.

On the other hand, five countries (Canada, Germany, ltaly, Switzerland, and the UK)and one
international agency (WHOQO) do not recommend the use of RATs for diagnosis.

» DETERMINATION OF PREVIOUS EXPOSURE: Four countries (China, Indonesia, Malaysia and the
Philippines) have been using RATs for determining previous exposure. China uses either RATs or
laboratory-based serological testing for determining past exposure and for serologic surveys. In
Indonesia, a negative RAT result is required prior to entry into the country. Meanwhile, Malaysia
and Taiwan use RATs to monitor the recovery and convalescence of RT-PCR-confirmed cases, and
to guide the decision on the release of asymptomatic patients from home quarantine. The
Philippines permits testing using RATs as part of entry to country and return to work guidelines.
Regardless of the RATs result, however, people entering the country shall still need to undergo a
14-day quarantine. Note that their national health insurance scheme does not also currently cover
the use of RATSs for this use case.

In addition, five countries (Canada, Japan, Singapore, Taiwan, and the US (CDC) and US (AMA))
declared using serologic testing (not specified if laboratory-based or RATs) to conduct
seroprevalence studies in their population. Meanwhile, five countries (Germany, Italy, Switzerland,
UK, Philippines) implement or recommend antibody testing for seroprevalence surveys but use
laboratory-based tests and not RATSs.

The WHO and the US AMA, however, cautions against the use of antibody testing as “immunity
passports” or “risk-free certificate” as this may increase the risks of continued transmission as
people who received a positive test result, having a false assumption that being positive for
antibodies will confer immunity to a second infection, may ignore public health advisories. Further,
the US CDC, US AMA, and US IDSA do not recommend the use of RATs to guide return-to-work
decisions.

» EPIDEMIOLOGIC SURVEILLANCE: Only the Philippines currently allows use of antibody tests in
general (which includes RATs) for surveillance purposes in areas with suspected COVID-19
community transmission, provided that these are properly validated by RITM, DOST, and FIND.
Meanwhile, three countries (Australia, Canada, and the US) use serology testing as part of their
contract tracing and outbreak investigations, although these countries did not specify whether
RATS or laboratory-based tests will be used. Furthermore, two countries (Germany and UK)
recommended laboratory-based serologic testing for epidemiologic surveillance. In Germany, the
Robert Koch Institute will be using ELISA or CLIA laboratory-based serological testing to help
monitor the spread of the virus. In the UK, the country uses laboratory-based serological testing for
screening donated blood, however it is undefined if it is ELISA or CLIA-based.

While the WHO is currently not explicitly recommending RATs for surveillance, it encourages the
conduct of studies to establish the usefulness of RATs for this use case.

AN AR e NS\ AN [0\ We also searched for existing reviews from 16 HTA agencies. Of

these, there was no existing review with recommendations specific to RATs, but we
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found five agencies [Canada's Canadian Agency for Drugs and Technologies in Health CADTH),

University of Oxford’s Center for Evidence-Based Medicine (CEBM), Europe’s European Network for

Health Technology Assessment (EUNeHTA), France’s Haute Autorité de Santé (HAS), and Malaysia’s

Malaysian Health Technology Section (MaHTAS)] which reviewed COVID-19 serology tests in general.

Of these, only HAS has set minimum acceptable threshold value for clinical specificity (i.e., 98%

regardless of the serological tests) and clinical sensitivity (i.e., 90% or 95% according to test use) of

serological tests. Their key points and recommendations specific to the use cases are as follows:

» DIAGNOSIS: Serologic testing is not intended for early diagnosis of COVID-19 (i.e., first 14 days of
infection) primarily because antibodies against SARS-CoV-2 starts to be produced roughly after the
first week of infection and peaks only middle of the third week. Hence, using antibodies for early
diagnosis have a risk for false negative results. Further, cross-reactivity from a previous or current
infection with other coronaviruses have a risk of giving a false positive result. This antibody
production kinetics along with the fact that accuracy is highly dependent on the timing of sampling
result in a wide range of values for sensitivity and specificity. Further, performance data from
clinical settings, and a clear understanding of the optimal population and role for these tests in the
care pathway, are lacking. CADTH stated that there may be enhancement of accuracy of infection
detection though when these antibody-based tests are combined with RT-PCR. Combining IgG and
IgM in tests improves the diagnostic performance of the serological tests. In addition, CEBM said
that in cases where the molecular test is negative but there is a strong clinical suspicion of COVID-
19 disease, serological testing could support a diagnosis once validated assays become available.
In the case of asymptomatic cases, EUNetHTA found that even if evidence is lacking, it can be
assumed that sensitivity of antibody-based tests will be higher for asymptomatic patients tested in
the late phase of infection.

» DETERMINATION OF PREVIOUS EXPOSURE: CADTH and MaHTAS both said that the widespread use
of serological tests can reveal what percentage of the population has had the virus. Conducting
seroprevalence surveys especially during the downward trend of the pandemic is advisable to
determine the true prevalence of the disease, to monitor the emergence of herd immunity, and to
estimate the virus’ transmissibility, fatality rate, and virulence. While the reviews recognize that
COVID-19 serological tests may be better suited for determining previous exposure, the test
results only indicate immune response which is not systematically synonymous with protective
immunization against reinfection with the same virus. Measuring the subjects’ immune response
to the infection is an additional means to detect COVID-19, as the presence of IgM antibodies may
imply a recent or potentially active infection, while presence of IgG antibodies could identify past
exposure. However, evidence is still lacking for immunity from reinfection, and testing for the
purpose of assessing immunity is still being explored as there is no study to date that evaluated
whether the presence of antibodies to SARS-CoV-2 confers immunity to subsequent infection.

» EPIDEMIOLOGIC SURVEILLANCE: CADTH and MaHTAS recognize the role of serological testing in
surveillance citing several international organizations including the WHO, Public Health England,
among others. CADTH also noted that obtaining data on antibodies may provide insight to the
extent of the infection and may also provide inputs to the policies on PPE use and distribution, social
distancing relaxation, vaccination, and drug development. Meanwhile, EUNetHTA, suggested to
collect and store serum samples from different phases of infection for use in validation tests and
seroconversion studies.

Apart from the cited agencies above, the Switzerland’s Federal Office of Public Health (FOPH)] is

currently conducting their studies on serological tests for COVID-19.
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A total of 29 references were included in the qualitative synthesis. Of
these, 17 references were studies assessing the accuracy of RATs for use case diagnosis, 1 reference
assessed the accuracy of RATs for use case determination of previous exposure, 1 reference assessed
the accuracy of RATs for both use case diagnosis and determination of previous exposure, and 10
references assessed accuracy of RATs for epidemiologic surveillance. Overall, this review detected
many studies assessing the performance of RATs for use case diagnosis in comparison to the
limited/few evidence detected for the other use cases. There is limited evidence to establish the
accuracy of RATs for the determination of previous exposure. Meanwhile, there were ten studies which
assessed the performance of RATs for epidemiologic surveillance.

» DIAGNOSIS OF COVID-19

Among the studies on use case diagnosis, the comparators were either RT-PCR using different PCR test
kit brands or microneutralization test (MNT). We note that most of the evaluations used RT-PCR as
comparator for this use case. Majority did not classify the population being studied in terms of
presence of symptoms. There were only few studies among symptomatic and asymptomatic study
populations; hence, there is limited evidence to strongly establish and conclude the performance of
RATSs for diagnosis for symptomatic or for asymptomatic cases. There were also more studies which
have assessed and reported the diagnostic performance of RATs in terms of sensitivity than specificity.

Generally, the accuracy of RATs for diagnosis is highly varied based on wide ranges of both the point
estimates and confidence intervals reported in the studies. Further, among studies which assessed the
performance of RATs (versus RT-PCR) for use case diagnosis, an increase in the clustered point
estimates was observed on the sensitivity data for IgM and IgG (for population with undefined
information on the presence of symptoms) as the disease progresses to late stages, with point
estimates ranging from < 40% for both IgM and IgG during early onset (< 7 days), at least 60% for IgM,
40-80% for IgG during mid onset (8-14 days), and 60-96% for 1gM, 60-80% for 1gG during late onset
(215 days). Similar to the trend observed in “undefined cases” versus PT-PCR, there is an observed
increase in accuracy data from early to late onset of disease among symptomatic cases. However, due
to limited evidence available for this population, strong conclusions for symptomatic cases based on
onset of disease cannot be made. As there were no studies reporting specificity data based on onset
of illness, we can only estimate the specificity of RATs from studies focusing on populations with
undefined presence of symptoms and onset of disease. Across studies reporting specificity, it was
observed that majority (i.e., 26 out of 28 studies for IgM; 30 out of 31 studies for I1gG) of these point
estimates cluster around values greater than 80%.

While relatively higher sensitivity values were observed during the late stages of the disease, there
remains to be no conclusive evidence to show that any RAT brand can generally be recommended for
use in diagnosis due to the high variability in their performance (whether the comparator is RT-PCR or
MNT). Hence, it is important for RAT brands in the market to undergo validation testing using
appropriate study designs to ascertain its performance in the real-world setting and in the local
context; and, that specifications for RATs must be set to ensure that only RATs with proven diagnostic
accuracy for the intended population shall be used.

As for the applicability of evidence on this use case, we note that the patient profile of the study
sources presented for this use case are generally from Asia and Europe, and hospitalized patients;
hence, its performance on patients outside this profile may be deemed variable. Furthermore, since
majority of the studies did not define the patient profile in terms of presence of symptomes, it is difficult
to establish its generalizability overall.

o Sensitivity and Specificity for IgM antibody
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Studies included in the analysis of accuracy performance of RATs on IgM antibody for use case diagnosis used
either RT-PCR or MNT as comparator.

Reference Test: RT-PCR

o Population: Undefined cases in terms of presence of symptoms (symptomatic or asymptomatic)

» Regardless of onset of diseasexty-six (36) studies with undefined population in terms of presence
of symptoms and regardless of onset of disease reported on the sensitivity and specificity of RATs
specifically for IgM as compared to RT-PCR. The reported sensitivity point estimates range from 4%
to 89%, while the reported specificity point estimates range from 75% to 100%. Of 36 studies, 18
have evaluated RATs which are Philippine-FDA approved as of June 16, 2020.

» Early onset of diseage<s 7 . Tdemty-s$x J26) studies with undefined population in terms of
presence of symptoms at the early onset of disease reported on the sensitivity of RATs specifically
for IgM as compared to RT-PCR. The reported point estimates of the sensitivity to IgM from these
studies range from 0% to 75%. None of the studies reported specificity. Of the 26 studies, 12 have
evaluated RATs which are Philippine FDA-approved as of June 16, 2020.

» Mid onset of diseag@-14 days)Twenty-seven (27) studies with undefined population in terms of
presence of symptoms at the mid onset of disease reported on the sensitivity of RATs specifically
for IgM as compared to RT-PCR. The reported point estimates of the sensitivity to IgG from these
studies range from 0% to 100%. None of the studies reported specificity. Of the 27 studies, 13 have
evaluated RATs which are Philippine FDA-approved as of June 16, 2020.

= Late onset of diseage 15 days). Twenty-seven (27) studies with undefined population in terms of
presence of symptoms at the late onset of disease reported on the sensitivity of RATs specifically
for 1gG as compared to RT-PCR. The reported point estimates of the sensitivity to IgM from these
studies range from 0% to 96%. None of the studies reported specificity. Of the 27 studies, 13 have
evaluated RATs which are Philippine-FDA approved as of June 16, 2020.

o Population: Symptomatic cases

» Regardless of onset of diseaBeo studies with symptomatic cases regardless of onset of disease
reported on the sensitivity and specificity of RATs specifically for IgM as compared to RT-PCR. The
reported point estimates of the sensitivity to IgG from these studies range from 16 to 30%. Of the
two studies, one has evaluated RATs which are Philippine FDA-approved as of June 16, 2020.

= Early onset of diseages 7 Odlaoyessudy (Imai et. al., 2020) reported a sensitivity to IgM
(versus RT-PCR) during early onset of disease among symptomatic cases of 17% (9/53). Specificity
was not reported in the study. The study did not use a RAT which is Philippine FDA-approved as of
June 16, 2020.

= Mid onset of diseasg8-14 days)Only one study (Imai et. al., 2020) reported a sensitivity to IgM
(versus RT-PCR) during mid onset of disease among symptomatic cases of 33.3% (4/12). None of the
studies reported specificity. The study did not use a RAT which is Philippine FDA-approved as of June
16, 2020.

» Late onset of diseage 15 days). Only one study (Imai et. al., 2020) reported a sensitivity to IgM
(versus RT-PCR) during late onset of disease among symptomatic cases of 100% (9/9). The reported
point estimates of the sensitivity to 1gG from these studies range from 44% to 79%. The study did
not use a RAT which is Philippine FDA-approved as of June 16, 2020.

o Population: Asymptomatic cases
Only one study (Imai et. al., 2020) was able to report on the sensitivity of IgM in RATs among
asymptomatic patients regardless of onset of disease which is 39.5% (15/38). Among asymptomatic
patients that are <1 week from first positive RT-gPCR to admission, the reported sensitivity of IgM was at
40% (14/35) while for those with 1-2 weeks time from first-positive RT-qPCR, the reported sensitivity was
at 33.3% (1/3). Note that the samples tested in <1 week were unique from the samples tested on 1-2
weeks time. There was no study which reported IgM specificity data among asymptomatic cases.
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Reference Test: MNT
o Population: Undefined cases in terms of presence of symptoms (symptomatic or asymptomatic)
Two studies reported the sensitivity and specificity of RATs as compared to MNT. These studies have
undefined population in terms of presence of symptoms and onset of disease. No study has reported for
the diagnostic accuracy of RATs using MNT as comparator among symptomatic and asymptomatic cases.
Moreover, no study has reported the diagnostic accuracy of RATs using MNT as comparator which—is
stratified by onset of disease (i.e., early, mid, or late onset).
o Regardless of onset of diseage.undefined population in terms of presence of symptoms and
onset of disease, two (2) studies reported on the sensitivity and specificity of RATs for IgM as
compared to MNT. The point estimates from these studies were reported to be 46% and 81%
for the two independent evaluations while the point estimates for specificity were reported to
be 70% and 89%. One of the rapid tests evaluated are currently registered with the Philippine
FDA as of June 16, 2020.

o Sensitivity and Specificity for IgG antibody
Studies included in the analysis of accuracy performance of RATs on IgG antibody for use case diagnosis used
either RT-PCR or Microneutralization test (MNT) as comparator.

Reference Test: RT-PCR
o Population: Undefined cases in terms of presence of symptoms (symptomatic or asymptomatic)

» Regardless of onset of diseage. undefined population in terms of presence of symptoms and
onset of disease, 36 studies reported on the sensitivity and 31 of which reported on the specificity
of RATs for IgG as compared to RT-PCR. The reported sensitivity point estimates range from 10% to
100%, while the reported specificity point estimates range from 48% to 100%. Of the 36 studies, 16
have evaluated RATs which are Philippine-FDA approved as of June 16, 2020.

= Early onset ofliseasg( < 7 Tdedaty-fve (25) studies with undefined population in terms of
presence of symptoms at the early onset of disease reported on the sensitivity of RATs specifically
for 1gG as compared to RT-PCR. The reported point estimates of the sensitivity to IgG from these
studies range from 3% to 63%. None of the studies reported specificity. Of the 25 studies, 11 have
evaluated RATs which are Philippine FDA-approved as of June 16, 2020.

» Mid onset of diseasf8-14 days).Twenty-six (26) studies with undefined population in terms of
presence of symptoms at the mid onset of disease reported on the sensitivity of RATs specifically
for 1gG as compared to RT-PCR. The reported point estimates of the sensitivity to 1gG from these
studies range from 8% to 100%. None of the studies reported specificity. Of the 26 studies, 12 have
evaluated RATs which are Philippine FDA-approved as of June 16, 2020.

= Late onset of diseage 15 days). Twenty-six (26) studies with undefined population in terms of
presence of symptoms at the late onset of disease reported on the sensitivity of RATs specifically
for 1gG as compared to RT-PCR. The reported point estimates of the sensitivity to IgG from these
studies range from 0% to 100%. None of the studies reported specificity. Of the 26 studies, 12 have
evaluated RATs which are Philippine-FDA approved as of June 16, 2020.

o Population: Symptomatic cases

» Regardless of onset of diseaSeree (3) studies with symptomatic cases regardless of onset of
disease reported on the sensitivity and specificity of RATs specifically for IgG as compared to RT-
PCR. The reported point estimates of the sensitivity to IgG from these studies range from 9% to 52%.
In terms of specificity, only the study of Cassaniti et al. (2020) reported such [100%, 95% ClI: (74-
100%)]. Out of the 3 studies, 2 have evaluated RATs which are Philippine FDA-approved as of June
16, 2020.

= Earlyonsetofdiseage<s 7 Tdog2yssudies with symptomatic cases at the early onset of disease
reported on the sensitivity of RATs specifically for IgG as compared to RT-PCR. The reported point
estimates of the sensitivity to 1gG from these studies range from 4% to 16%. None of the studies
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reported specificity. Of the 2 studies, only 1 has evaluated a RAT which is Philippine FDA-approved
as of June 16, 2020.

= Mid onset of disea48-14 days)Two (2) studies with symptomatic cases at the mid onset of disease
reported on the sensitivity of RATs specifically for I1gG as compared to RT-PCR. reported point
estimates of the sensitivity to 1gG from these studies range from 8% to 52%. None of the studies
reported specificity. Of the 2 studies, only 1 has evaluated a RAT which is Philippine FDA-approved
as of June 16, 2020.

» Late onset of diseage15 days). Two (2) studies with symptomatic cases at the late onset of disease
reported on the sensitivity of RATs specifically for IgG as compared to RT-PCR. The reported point
estimates of the sensitivity to IgG from these studies range from 44% to 79%. None of the studies
reported specificity. Of the 2 studies, only 1 has evaluated a RAT which is Philippine FDA-approved
as of June 16, 2020.

o Population: Asymptomatic cases
We found only one study (Imai et. al., 2020) which reported on the sensitivity of 1gG in RATs among
asymptomatic patients. The study reported a sensitivity of 0% for IgG regardless of onset of disease
among asymptomatic patients with <1 week and 1-2 weeks time from first RT-qPCR positive day. Note
that the samples tested in <1 week were unique from the samples tested on 1-2 weeks time. There was
no study which reported IgG specificity data on IgG among asymptomatic cases.

Reference Test: MNT
o Population: Undefined cases in terms of presence of symptoms (symptomatic or asymptomatic)
Two studies reported the sensitivity and specificity of RATs as compared to MNT. These studies have
undefined population in terms of presence of symptoms and onset of disease. No study has reported for
the diagnostic accuracy of RATs using MNT as comparator among symptomatic and asymptomatic cases.
Moreover, no study has reported for the diagnostic accuracy of RATs using MNT as comparator which is
stratified by onset of disease (i.e., early, mid, or late onset).
» Regardless of onset of diseaseundefined population in terms of presence of symptoms and onset
of disease, 2 studies reported on the sensitivity and specificity of RATs for IgG as compared to MNT.
The reported point estimates of the sensitivity to 1gG from these studies range from 56% to 72%
while the point estimates for specificity range from 74% to 97%. Out of the 2 studies, 1 has evaluated
a RAT which is Philippine FDA-approved as of June 16, 2020.

» DETERMINATION OF PREVIOUS EXPOSURE

There is limited evidence to establish the accuracy of RATs for use case determination of previous
exposure. Based on two studies, we found varying performance of RATs in terms of sensitivity and
specificity of 10 RAT brands when compared with RT-PCR. On the other hand, the specificity shows
to be quite higher, although this is based only on one study by Hoffman et al. (2020).

As for the applicability of evidence on this use case, we note that the patient profile of the study
sources presented for this use case are generally from Europe, and hospitalized patients; hence, its
performance on patients outside this profile may be deemed variable. Furthermore, since the two
study sources did not define the patient profile in terms of presence of symptoms and there are no
other relevant patient characteristics reported in the studies, it is difficult to establish its
generalizability overall.

e  Sensitivity and Specificity for IgM antibody
o Reference Test: RT-PCR. The sensitivity of RATs on IgM vs. RT-PCR for the determination of previous
exposure was obtained from independent validation of 10 test kit brands from two studies. One
study evaluated nine test kit brands and the reported point estimates for sensitivity range from 43%
to 91%. On the other hand, the other study validated one test kit brand and the reported point
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estimates for sensitivity and specificity are 69% and 100% respectively. Five (5) out of the 10 rapid
test kits evaluated are currently registered with the Philippine FDA.

e Sensitivity and Specificity for IgG antibody
o Reference Test: RT-PCR. The sensitivity of RATs on IgG vs. RT-PCR for the determination of previous
exposure was obtained from independent validation of 10 test kit brands from two studies. One
study evaluated nine test kit brands and the reported point estimates for sensitivity range from 39%
to 87%. On the other hand, the other study validated one test kit brand and the reported point
estimates for sensitivity and specificity are 93% and 99% respectively. Five (5) out of the 10 rapid
test kits evaluated are currently registered with the Philippine FDA.
» EPIDEMIOLOGIC SURVEILLANCE
There is limited evidence to establish the accuracy of RATs for use case epidemiologic surveillance.
Based on the 10 independent evaluation 10 RAT brands against ELISA, we found varying
performance of RATs in terms of sensitivity. The specificity values though were quite higher and
point estimates appear to be closer to one another as compared to the sensitivity data.
As for the applicability of evidence on this use case, we note that the patient profile of the two
study sources presented for this use case are generally from the US, and without information on

patient characteristics; hence, it is difficult to establish its generalizability overall.

e  Sensitivity and Specificity for IgM antibody
o Reference Test: Enzyme-linked Immunosorbent Assay (ELISA). The sensitivity of RATs on IgM vs. ELISA
for epidemiologic surveillance was obtained from 10 reports by the US National Cancer Institute
(NCI). The reported point estimates for sensitivity range from 27% to 100%. On the other hand, the
reported point estimates for specificity range from 86% to 100%. Three (3) out of the 10 rapid test
kits evaluated are currently registered with the Philippine FDA.
e  Sensitivity and Specificity for IgG antibody
o Reference Test: Enzyme-linked Immunosorbent Assay (ELISA). The sensitivity of RATs on IgG vs. ELISA
for epidemiologic surveillance was obtained from 10 reports by the US National Cancer Institute
(NCI). The reported point estimates for sensitivity range from 30% to 97%. On the other hand, the
reported point estimates for specificity range from 91% to 100%. Three (3) out of the 10 rapid test
kits evaluated are currently registered with the Philippine FDA.

Of 28 studies that were critically appraised, 16 focused on diagnosis of COVID-19 as use case for RATs
while 10 independent validation reports by the National Cancer Institute (2020) focused on
epidemiological surveillance as use case for RATs. One study looked into the use of RATs for
determination of exposure and another study focused on both diagnosis of COVID-19 and the
determination of exposure as use cases for RATs. We compressed the appraisal of the reports from
NCI as it utilized only one method with varying results for each test kit brand tested. Out of the 28
critically appraised references, only one study was found to have low risk of bias. Majority of these
(i.e., 20 studies) were deemed to have moderate risk of bias while seven studies were said to high risk
of bias.

Given the above current evidence on RATS, this rapid review also highlights several
knowledge gaps as reported in the reviewed HTA reports: antibody production kinetics against the
virus in asymptomatic subjects; the link between the presence of antibodies to SARS-CoV-2 and the
immunity to subsequent infection and the durability of the protection; diagnostic performance using
clinical samples taken from community settings (which is expected to show lower diagnostic
performance compared to spiked samples in a controlled laboratory environment); and, a clear
understanding of the optimal population and role for these tests in the care pathway.
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As evidence on the different facets of COVID-19 is on-going and rapidly evolving, regular scoping for
evidence and updating of recommendations are advised.

4. METHODOLOGY

4.1. Literature Search Methods

Four reviewers searched for approved use case/s and validation testing requirements by selected
regulatory bodies, selected international or country-specific testing guidelines, and positions or
assessment recommendations from selected HTA agencies regarding the use of RATs particularly in
the use cases of interest in our review. Through targeted search, regulatory and testing guidelines, as
well as HTA agency reports on the use of RATs of the following countries were reviewed:

Regulatory approvaind | 11 countries — the Philippine FDA and its 10 reference countries with
validation requirements | stringent regulatory authorities: Australia, Canada, EU, France,
Germany, Italy, Japan, Switzerland, UK, and US

Testing Guidelines 18 testing guidelines from WHO, European Center for Disease Control
(ECDC), Australia, Canada, China, Germany, Indonesia, Italy, Japan,
Malaysia, Philippines Singapore, Switzerland, Taiwan, Thailand, UK, US,
and Vietnam

Reviews from HTA 16 HTA agencies from Australia, Canada, EU, France, Germany, ltaly,
agencies Japan, Malaysia, Singapore, South Korea, Switzerland, UK, US, and
Thailand

There were no language restrictions in the search. Google Translate was used for direct English
translation of contents in the websites and issuances which were not originally written in the English
language (i.e. Canada, Germany, Indonesia, Italy, Malaysia, and Switzerland).

As with the review of the performance characteristics, two reviewers performed a limited literature
search of relevant studies using PubMed LitCovid for clinical accuracy studies. We searched through
all studies classified by LitCovid under “diagnosis”, then combined this with another search using
search term “surveillance”. Our last search was conducted on May 29, 2020. No language or date
restrictions were applied in this search.

To supplement this, we utilized grey literature for evidence on the clinical accuracy of RATs such as
that of FIND (https://www.finddx.org/covid-19/dx-data/), selected regulatory agencies such as US
(https://www.fda.gov/medical-devices/emergency-situations-medical-devices/eua-authorized-

serology-test-performance) and Australia (https://www.tga.gov.au/post-market-evaluation-serology-
based-point-care-tests), independent organization from Norway (Norwegian Organization for Quality

Improvement of Laboratory Examinations), and local validation reports received directly from the
RITM.

4.2. Selection Criteria and Methods
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For the review of approved use case/s, performance standards and validation requirements by
selected regulatory bodies, country guidelines and positions/recommendations from HTA agencies,
four reviewers screened the documents which were included in the review. On the other hand, for the
studies from PubMed LitCovid, three reviewers conducted the screening of titles and abstracts from
the search results. Potentially relevant references then underwent full text screening to identify the
final list of studies for inclusion in the analysis. The studies assessing RAT performance were evaluated
against the following inclusion and exclusion criteria:

Table 1: Inclusion Criteria for systematic search

Population | Any population (asymptomatic vs. symptomatic; pre-symptomatic vs asymptomatic;
early vs late onset; mild vs. moderate vs. severe case; general population, healthcare
workers, etc.)

Intervention | Rapid Antibody Test Kits (RATs)
/ Exposure

Comparator | RT-PCR test
Plague reduction neutralization test (PRNT)/Enzyme-linked immunosorbent assay
(ELISA)

Outcomes Accuracy of the test (e.g. sensitivity for I1gG and IgM, specificity for IgG and IgM,
positive predictive value [PPV], negative predictive value [NPV])

Sensitivity — the proportion of persons with disease who correctly have a positive test
Specificity - the proportion of persons with no disease who correctly have a negative test
PPV - the proportion of persons with positive test who correctly turn out to have disease
NPV - the proportion of persons with negative test who correctly turn out to have no disease

Study Health technology assessments, systematic reviews (SRs), meta-analyses, primary
Designs diagnostic accuracy studies which are externally conducted by an independent
laboratory

Exclusion Criteria
Articles were excluded if they did not meet the selection criteria outlined in Table 1, if they were
duplicate publications, or if they are not peer-reviewed.

4.3. Data extraction and Management

The following information were extracted from the included studies/guidelines/references for the
following characteristics:

Regulatory | °© Country of Origin
approval | ° Approved use case/s of RAT

° Performance standards

° Validation requirements - population, sample size, reference test/s
Testing ° Country of Origin

Guidelines | ° Originating agency of the guidelines
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° Use case/s of RAT
° Target population of RAT
Recommendation
Reviews | ° Country of Origin
from HTA | ° Originating agency of the guidelines
agencies | ° Use case/s of RAT
° Target population of RAT
Conclusion/ Recommendation
Clinical ° Country of origin
Accuracy | ° Name of laboratory or agency conducting the independent evaluation
Studies ° Design (study design, study sites)
° Participants (gender, age, onset of symptoms, severity of disease)
Interventions (Setting, specimen used and method of collection, use case)
Outcomes (sensitivity, specificity, PPV, NPV, true positives, false positives, true
negatives, false negatives, likelihood ratios, other measures of diagnostic
accuracy)

4.4, Critical Appraisal

Information from studies obtained for the clinical accuracy studies and protocols/ guidelines were
extracted and summarized for key data domains mentioned above using a standard data extraction
tool. The Evaluation of Articles on Diagnosis (Dans et al, 2017) tool was used to evaluate the quality of
the included clinical accuracy studies.

4.5. Data Synthesis

Sensitivity was used to measure the true positive rate while specificity was used to measure the true
negative rate of RATs as compared to a reference standard. A univariate meta-analysis of aggregated
data from published studies was intended to be performed to pool the sensitivity and specificity values
using a random-effects model by random intercept logistic regression model as described by Stijnen
et al. (Schwarzer,2020). The I? statistic was used to measure heterogeneity between studies. An |2
value of 0-30%, 31-50%, 51-75%, and 76-100% indicate insignificant heterogeneity, moderate
heterogeneity, substantial heterogeneity, and considerable heterogeneity, respectively. These ranges
and interpretations were adapted from the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins et. al., 2019). Sources of heterogeneity were intended to be explored by doing
various subgroup analysis based on the pre-identified variables, when sufficient data were available.
This included the presence of symptoms, onset of disease; and, other factors (outlined below) which
were cited to affect the production of antibodies (Vasanthakumari, 2007; BrainKart, 2020)

e Age — The embryo and the infant, at birth, are not fully immunologically competent. Full
competence is achieved by about the age of 5-7 years for IgG and 10-15 years for IgA by the
development of lymphoid organs.

e Genetic factors — Genetics plays a role on the ability to produce antibodies to a given antigen
(either enhanced or diminished immunological competence).

e Dosage of antigen - A minimum critical dose of antigen is essential to elicit an optimum
immunological response.

16 | Rapid review: Use of Rapid Antibody-based Tests for Various Use Cases for COVID-19
DOH Health Technology Assessment Unit



e Multiple antigens — Exposure to multiple antigens may cause the antibody responses to be
diminished (due to antigenic competition) or enhanced.
e Immunosuppressive agents — these agents suppress the formation of antibodies

Variability in between studies may also be on account of inter—population and intra-population
variability (e.g. prevalence rates, risk factors in the population). Apart from clinical factors, there may
also be methodological factors that may explain the heterogeneity (i.e. use of different PCR test kit
brands with variable performance as reference standards, or other reference standards, the
proficiency of the testing laboratory or personnel doing the validation, sample size).

All the analyses were performed using Review Manager (RevMan) version 5.3.5 and Microsoft Excel
for Microsoft 365.

5. SUMMARY OF EVIDENCE

5.1. Regulatory Approval of RATs

Of the 11 regulatory agencies reviewed, we found relevant reports from four regulatory agencies only
namely US’s Food and Drug Administration, UK’s Medicines and Healthcare Products Regulatory
Agency, Australia’s Therapeutic Goods Administration, and Canada’s Health Canada in. In the case of
the US, UK and Canada, patients who have been suspected of being infected or have been infected
with SARS-CoV-2 were the targeted population of this test (Medicines and Healthcare Products
Regulatory Agency, 2020; Health Canada, 2020).

Based on these regulatory guidelines, RATS are approved mainly for the determination of previous
exposure in US, Canada and UK; while these are approved for diagnosis through the detection of
seroconversion in Australia. Commonly used performance standards or parameters include analytical
sensitivity and specificity. Despite being approved for the determination of previous exposure, RT-PCR
was set as the reference test for the required validation testing of RATs by the regulatory agencies of
US, Canada and UK. In the case of Australia, the set reference tests for comparing the performance of
RATs are RT-PCR, enzyme immunoassay (EIA) and molecular point-of-care tests (POCTs).

For the validation testing requirements of these regulatory agencies, there is variability in the required
sample size for validation such as in the case of US FDA which has required the lowest sample size (i.e.,
at least 30 antibody positive samples for each immunoglobulin claimed and 75 antibody negative
samples from patients tested for SARS-CoV-2). The US FDA has set said standards as basis for
continuation or revocation of product authorization for market (FDA, 2020). Meanwhile, the UK MHRA
required at least 200 confirmed negative cases and at least 200 true positive cases (Medicine and
Healthcare Products Regulatory Agency, 2020), while Australia TGA required 188 samples (with a
subset of 35 RT-PCR positive samples) (Therapeutic Goods Administration, 2020). Canada’s Health
Canada did not explicitly set the required number of sample size for performance standard.
Nevertheless, if multiple sample types are intended for clinical testing, it is noted that the performance
characteristics of the test should be established for each claimed sample type. Meanwhile, a sample
matrix equivalency study can also be performed as alternative (Health Canada, 2020).
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As regards diagnostic performance, Australia, US, UK and Canada require testing for analytical
sensitivity and specificity. Only UK requires testing for clinical sensitivity and specificity, while only
Canada requires testing for seroconversion and stability. Of the four regulatory agencies, US and UK
have explicitly stated their performance testing standards.

For UK, the conditions set to guide the developers of RATs are as follows:

= (linical sensitivity: Greater than 98% (with 95% confidence intervals of 96- 100%) on specimens
collected 20 days or more after the appearance of first symptoms.

= (linical specificity: Greater than 98% (within 95% confidence intervals 96- 100%)

= Analytical specificity: Minimal cross-reactivity with other known coronavirus, or common
respiratory pathogens

In addition, the US FDA has also set the following standards to guide developers of RATS (FDA, 2020).:

=  Minimum sample for asymptomatic screening claim of 20 positive cases with 95% positive percent
agreement (PPA) and 98% negative percent agreement (NPA) with a comparator.

= The same set parameters apply to the addition of symptomatic population but with addition of at
least 100 negative samples.

In the Philippines, FDA relies on issued EUA or regulatory approvals given in other countries (l.e. US)

with no explicit threshold for setting diagnostic performance. Nevertheless, the DOH Philippines has

mandated in its department memorandum (DM 2020-0258) the requirement for any RAT prior to its

implementation/ use for testing:

= FDA-approved; and

= [ocally-validated by the RITM or DOST, or those with acceptable performance of >90% sensitivity
and >95% specificity validated by WHO-FIND.

A total of 62 brands of RATs have been listed by the Philippine FDA as of 16 June 2020. Three of these,
however, are laboratory-based serological test. We then classified the 59 RAT brands according to the
use cases being explored in this review, based on their product information. Our classification shows
that 20 are claimed to be intended for diagnosis, majority of which are declared to be used as adjunct
to RT-PCR; six for the determination of previous exposures to SARS-CoV-2; two for epidemiologic
surveillance; one for the determination of previous exposure and surveillance; five for diagnosis and
the determination of previous exposure; and, two brands with unclear information. Meanwhile, almost
one-third of the brands (i.e., 23) did not have any information available to determine its use case. In
comparison to US FDA, a total of 6 RATs have been issued EUA by the said agency. Further, 15 RATs
that were initially listed by US FDA were removed from the notification list due to withdrawal of the
manufacturer/distributor or revocation of EUA as of 26 June 2020. Of these 15 RATs that were
removed, two (2) are listed in the Philippine FDA list of RATs as of 16 June 2020.

In light of these approved RATs, the Philippine FDA has released the FDA Memorandum 2020-011
which mandates the validation of all RATs with special certification as part of FDA’s post-marketing
surveillance. The FDA shall revoke the certification of products which will not undergo the required
validation and those which shall not be not compliant with the standards according to the performance
validation conducted RITM. In addition, they also issued the FDA Advisory No. 2020-671 to remind the
public that despite varying specifications of the RATs, use of such should only be for medical use and
not for personal use.
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Appendix A shows the different regulatory agencies and their regulatory guidelines on the use of RATSs.
More information on the locally-approved brands can be found in Appendix B.

5.2. Testing Guidelines and Evidence Reviews on the Use of RATs
5.2.1. Review of Testing Guidelines

Of the 18 guidelines reviewed, six countries (Australia, China, Indonesia, Malaysia, Philippines and
US) and the European Centers for Disease Prevention and Control (ECDC) have reported or
recommended the use of RAT for the different use cases which are being explored in this review.
We were not able to find nor access the technical guidance or news regarding the use of serology
testing in the national guidelines of Vietnam and Thailand. The compilation of the different testing
guideline recommendations on the use of RATs for diagnosis, determination of previous exposure,
and epidemiologic surveillance from included agencies or countries are presented in Appendix C.

Diagnosis of COVID-19

Five out of the 18 testing guidelines reviewed use case of RATs for the diagnosis of COVID-19 in
symptomatic patients. Of these, two countries (Australia and China) included the results of
serology testing (either laboratory-based or RATs) as part of their national case definitions of
laboratory confirmed COVID-19 cases, while three (Philippines, European CDC and US) are using
RATSs as an adjunct to standard RT-PCR testing for the diagnosis of COVID-19 cases.

In Australia and China, serology testing has already been part of their national case definition,
with both countries explicitly stating that a laboratory-confirmed case includes seroconversion
of IgG or having a four-fold rise in IgG titer. This implies the need for testing patients at least two
times, with the first being conducted for the purpose of baseline testing and the second for
documenting seroconversion. Both countries, however, only allow the use of RATs as diagnosis
for patients with high clinical suspicion. Neither of them mentioned the widespread use of
serologic testing in the asymptomatic general population. Australia noted as well that the use of
serology is not recommended for diagnosing acute illness, but rather for documenting late case
presentation of SARS-CoV-2 infection, such as in suspected cases that were not able to undergo
RT-PCR during the acute phase of iliness. Furthermore, their ministry requires that RATs undergo
validation and external quality assurance program (CDNA, 2020) (TGA, 2020) (WA, 2020). In
China, they use serology tests as supplementary tests when there is high clinical suspicion in
patients with a negative RT-PCR result. (Chinese CDC, 2020a) (Chinese CDC, 2020b) (Chinese
CDC, 2020c).

While the Philippines and the US do not currently use serology testing as a criterion to diagnose
a laboratory-confirmed COVID-19 case, these countries recognize the utility of serologic testing
as an adjunct to RT-PCR. In the Philippine guidelines, testing using RATs have only been explicitly
mentioned for symptomatic patients and should be done only when there is no available RT-PCR
test. Furthermore, testing must only be done by licensed medical doctors. The guidelines also
mandate that only locally-validated RATs or those with an acceptable performance of >90%
sensitivity and >95% specificity as validated by WHO-FIND can be used for this use case.
Moreover, the national health insurance scheme does not currently cover use of RATs for this
use case. After rapid antibody testing, the patient must still undergo a 14-day quarantine
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regardless of the results. (DOH, 2020) The US CDC, on the other hand, recognizes the use of RATs
for patients with late presentation specifically those who present at day 9-14 from symptom
onset. (US CDC, 2020a)

In contrast, there are five countries (Canada, Germany, ltaly, Switzerland, and UK,) and one
international agency (WHO) which explicitly stated that they do not recommend the use of RATs
for diagnosis. The WHO, in its interim guidance on the clinical management of COVID-19 (May
27 version) and its scientific briefs, does not recommend the use of antibody-detecting rapid
diagnostic tests for patient care. Furthermore, it has not included the results of serology testing
as part of its diagnostic criteria for COVID-19 (WHO, 2020a).

Determination of previous infection

Testing among asymptomatic individuals with possible exposures to COVID-19 were explored
specifically on the following areas: seroprevalence surveys, return to work, entry to country
guidelines, and checking of immune status for convalescent plasma donation.

China, Indonesia, Malaysia, and the Philippines were found to have recommended the use of
RATs in the determination of previous infection. In China, they recommended the use of either
laboratory-based serological tests or RATs for determining past exposure and for serologic
surveys of concerned population groups. (Chinese CDC, 2020a) (Chinese CDC, 2020b) (Chinese
CDC, 2020c) In Indonesia, RATs are used as a requirement prior to entry into the country.
(Indonesian COVID TF, 2020) In Malaysia and Taiwan, RATs are used to monitor the recovery of
RT-PCR-confirmed cases of COVID-19, and to guide the decision to the release of asymptomatic
patients from home quarantine. (Malaysia MOH, 2020 a, b, c) In the Philippines, the use of RATs
is included in the entry to country and return to work guidelines. It is used for people coming
from low-risk countries or ship cohorts. Asymptomatic individuals undergo RAT at the port of
entry as baseline test, this is followed by a second RAT at day 14 of quarantine. The use of RT-
PCR for the confirmation of asymptomatic RAT-positive patients was not specified. The country
also permitted the use of RATs as an alternative testing option prior to returning to work.
Employees can continue work if they are IgM (-) and 1gG (-), or IgG (+) regardless of IgM result.
Employees who test IgM (+) but IgG (-) are quarantined for 14 days. Repeat RATs are performed
on the 14th day, with a possible extension of quarantine for IgM (+) but 1gG (-) results. The
expenses for RAT testing are currently borne by the employer and not covered by the national
health insurance agency. (DOH, 2020).

In addition to these, we found five countries (Germany, Italy, Switzerland, Philippines and the
UK) which currently use or recommend the use of serologic testing for seroprevalence surveys
but using laboratory-based antibody testing. They noted that this may help them understand
the prevalence, the viral transmission dynamics, and the immune reaction for a larger subset of
the general population. (Health Canada, 2020) (PHA Canada, 2020), (Mclaughlin, 2020) (RKI,
2020), (Schmitz, 2020) (The Local- Italy, 2020) (HUG, 2020) (NCID, 2020) (DHSC UK, 20204, b, c,
d, e, f) (US CDC, 2020c) In the Philippines, the use of validated ELISA through sero-
epidemiological studies, shall be explored for patients or healthcare workers with no symptoms
but with relevant history of travel/contact. This is because the testing of all asymptomatic
contacts of confirmed cases using RT-PCR is not currently recommended until there is enough
testing capacity. Further, the results of such validation and sero-epidemiological studies are
required to be submitted to DOH, and to the Health Technology Assessment Council (HTAC) for
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their review and consideration. The purpose is to inform future prospects of financing of DOH
and PhilHealth since both agencies may only finance or reimburse COVID-19 test kits that have
been positively recommended by the HTAC as required by the Universal Health Care Act (DOH,
2020).

We also found five countries (Canada, Japan, Singapore, Taiwan, and US (CDC) and US (AMA)
which mentioned the use of serologic testing in the guidelines to determine past exposure but
did not specify whether laboratory-based antibody testing or RATs are to be used. Japan and
Singapore plan to use serology tests for seroprevalence studies, while Taiwan uses serology tests
to monitor the recovery of RT-PCR confirmed cases. (VOA News, 2020) (NCID SG, 2020) (TW CDC,
2020).

On the contrary, the WHO and the US AMA cautions against the use of RATs to guarantee
immunity of the population from COVID-19. The use of such “immunity passports” or “risk-free
certificate” may increase the risks of continued transmission as people who received a positive
test result, having a false assumption that being positive for antibodies will confer immunity to
a second infection, may ignore public health advisories. Thus, the WHO emphasized the need
for further validation of the accuracy of RATs. (AMA, 2020) (WHO, 2020b). Consistently, the US
CDC, US AMA, US IDSA do not recommend the use of RATs to guide return-to-work decisions.
(USA CDC, 2020a, b) (AMA, 2020) (IDSA, 2020)

Epidemiologic Surveillance

Only the Philippines currently allows the use of antibody tests in general which includes RATs
for surveillance purposes. Properly validated antibody tests by RITM, DOST and FIND can be used
in areas with suspected COVID-19 community transmission. The testing guidelines also
stipulates that all who intend to conduct their own validation studies are requested to: register
their studies to DOH; use the protocol for local validation study as provided in the said guideline;
and, report the testing results to DOH. (DOH, 2020)

In addition, we found three countries (Australia, Canada, and the US) which shall use serologic
testing for surveillance, specifically for contact tracing and outbreak investigations, but did not
define whether laboratory-based or RATs shall be used. In Australia, validated serological testing
is recommended to be considered for potential source contacts who are currently well. In
Canada, it is used for asymptomatic patients with known exposure as part of its outbreak
investigations. In the US, the US IDSA recommended to use antibody tests for public health
surveillance and vaccine development. (Schmitz, R., 2020) (DHSC UK, 20204, b, c, d, e, f) (CDNA,
2020) (TGA, 2020) (WA, 2020) (PHA Canada, 2020) (IDSA, 2020)

Meanwhile, we also found two countries (Germany and the UK) which prescribe the use of
serologic testing for surveillance but specific to laboratory-based methods and not RATs. In
Germany, the Robert Koch Institute will be using ELISA or CLIA laboratory-based serological
testing to help monitor the spread of the virus. In the UK, the country uses laboratory-based
serological testing for screening donated blood, however it is undefined if it is ELISA or CLIA-
based.
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Finally, while the WHO is not currently recommending RATs for surveillance, it encourages the
conduct of studies to establish the usefulness of RATs for these use cases (WHO, 2020a, b, c).

Overall, our review of the included countries shows that countries are mostly using RATs for the
determination of previous infection, and seldomly for diagnosis. Many countries acknowledge the
limits of RATs as well as serologic testing and do not recommend the widespread use in the general
population apart from performing monitoring for recovery on RT-PCR confirmed patients or
epidemiological outbreak investigation and seroprevalence surveys. Furthermore, their use of
serologic testing in seroprevalence surveys is usually confined within laboratory-based tests (e.g.,
ELISA, CLIA) and not RATs. We also note that majority of the countries reviewed have not yet
released a list of validated RATSs.

5.2.2. Review of Evidence synthesis from HTA agencies

Of the sixteen (16) HTA agencies reviewed on their assessment recommendations on RATs, none
has reviewed the evidence and provided their recommendations specifically on RATs alone but for
serology tests in general. We found, however, existing and ongoing HTA reviews for COVID-19
serology tests in general - five agencies [Canada's Canadian Agency for Drugs and Technologies in
Health CADTH), University of Oxford’s Center for Evidence-Based Medicine (CEBM), Europe’s
European Network for Health Technology Assessment (EUNetHTA), France’s Haute Autorité de
Santé (HAS), and Malaysia’s Malaysian Health Technology Section (MaHTAS)] which have published
a review; and one agency [and Switzerland’s Federal Office of Public Health (FOPH)] with on-going
reviews. Of these, only HAS has set minimum acceptable threshold value for clinical specificity (i.e.,
98% regardless of the serological tests) and clinical sensitivity (i.e., 90% or 95% according to test
use) for serologic tests. They will periodically review these values according to experience acquired
in the assessment of serologic tests and adapted according to the purpose of the test and therefore
its indication. They also noted that in the absence of robust data on the prevalence of COVID-19
infection, determining positive and negative predictive values (PPV and NPV) is not appropriate at
this time. Table 1 shows the key points and recommendations on serologic testing of these four
HTA agencies.

Table 1. HTA Agency findings on serologic tests for COVID-19
HTA Agency Key Points and Recommendation

CADTH e Health Canada is reviewing serologic COVID-19 tests through the expedited access
route.

e Based on the available literature, the performance and role of these tests in clinical
settings have not been completely demonstrated. There is a wide range of sensitivity
and specificity across antibody-based serologic techniques.

e C(Clinical performance is likely lower because of the low presumed prevalence of
infections.

e Antibody-based serologic accuracy is highly dependent on the timing of sampling in
relation to symptom onset.

e Antibody-based testing may have a role in contact tracing, therapeutic studies, return
to work decisions, and serologic surveillance. Use of data on tests may be used also for
PPE use, and large gatherings.

e Serologic tests may be used to indicate who could be prioritized to return to work or
serve as front line health workers.
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Note: Theagency stated that the review was not peariewed henc&as not intended tq
providerecommendations

Rigorous testing to determine analytical sensitivity and specificity is required before
serological testing can be considered for widespread population-based use

CEBM .

Tests that detect antibodies are better suited for detecting individuals who have been
previously infected, which are likely to be of paramount importance in identifying
healthcare workers who may have recovered from initial infection, to ascertain
suitability to return to work

Data from tests that detect antibodies may help inform public health strategies at the
end of periods of lockdown or as social distancing restrictions are relaxed.

There is little evidence on the diagnostic performance using clinical samples taken from
community settings which is expected to show lower diagnostic performance compared
to spiked samples in a controlled laboratory environment.

Clear understanding of the optimal population and role for these tests in the care
pathway are currently lacking.

There is little evidence as to the psychological and behavioral consequences of knowing
immunity status, whether or not correctly diagnosed.

Sufficient clinical testing is vital for determining suitability.

EUNetHTA .

Surveillance for early detection of new cases of-SARSinfection in the general

population and/or specific subpopulations

o The meta-analysis shows that sensitivity increases with time since
infection/symptom onset.

o Point estimates of sensitivity and specificity in symptomatic population cannot be
extrapolated to an asymptomatic population due to different pre-test probabilities.
However, 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 lacking, it can be assumed that sensitivity will be higher, for
asymptomatic subjects tested in a late phase of infection.

Diagnosis of SAR®WV2 infection in symptomatic patients

o Consistent with the expected course of development and detection of antibodies,
both I1gM and IgG resulted adequately detected from the second week of symptom
onset. The combined detection of IgM and IgG seems to improve the diagnostic
performance of serological tests.

o Calculations of pooled estimates showed a higher risk of misdiagnosis with antibody
tests at the first week of infection that at second week, with the RT-PCR performing
better than any type of serological test in both time windows.

Measuring seroprevaleadén communities

o 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.

o 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.

Ruling out infection and risk of transmission in patients who have recovered from|

CoV2
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o Only very few data is currently available on SARS-CoV-2 transmission by recovering
patients.

o No evidence found indicating infectivity for re-detected positive cases.

e Assessing protective immunity of subjects with past-SARSinfection

o No evidence was found suggesting that the presence of antibodies can confer
immunity or any other form of protection against re-infection from SARSCoV-2.

o 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

HAS e Serologic tests are not recommended in the context of early diagnosis of COVID-19
infection during the first week following the onset of symptomes.

e Antibody production kinetics against the virus remain poorly characterized to date
primarily in asymptomatic subjects. The potential period of protection is also poorly
elucidated.

e Serologic tests are only able to determine whether an individual has produced
antibodies in response to infection with the virus, in other words, whether the
individual has triggered an immune response against the virus or not.

e Serologic tests are unable to determine how contagious an individual is.

e Itis critically important to be able to validate serological tests based on their initial
analytical and clinical performances as of now, prior to their purchase and use in
routine practice.

e The minimum threshold values estimated by the HAS are 98% for clinical specificity, and
90% or 95% according to test use for clinical sensitivity. These values will be reviewed
periodically according to experience acquired in the assessment of serologic tests and
adapted according to the purpose of the test and therefore its indication. It is reminded
that, in the absence of robust data on the prevalence of COVID-19 infection, the
determination of PPV and NPV is not appropriate at this time.

e The appropriateness of the use of these tests in clinical practice is dependent on prior
availability of physiopathological, technical and clinical knowledge enabling their
assessment and validation.

MaHTAS e Current evidence does not support the routine use of serologic tests for definitive
diagnosis of COVID-19.

e Inthe acute phase of illness - serologic testing is not recommended for triage, clinical
use, and diagnosis in the first 14 days of illness because of high false positive and high
false negative rates.

e During the downward trend of pandemic - appropriately validated serologic testing is
recommended for seroprevalence surveys in determining the true prevalence of
COVID19 (by identifying people who were not diagnosed by PCR or who may have had
asymptomatic or subclinical infection), monitor the emergence of herd immunity and
can potentially help the medical community better understand how the immune
response against the SARS-CoV-2 virus develops in patients over time.

Of the five agencies mentioned above, four looked at the diagnostic performance of RATs. In
general, our rapid review was able to detect the same studies cited by these HTA reports which
shall be discussed further in section 5.3. Performance Characteristics. Details of the studies and
diagnostic performance data presented in these HTA report are presented in Annex D1.
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Diagnosis of COVID-19

Four agencies (CADTH, CEBM, HAS and MaHTAS) concluded that serologic testing is not intended
for early diagnosis of COVID-19 while one agency (EUNetHTA) concluded that there is a higher
risk of misdiagnosis with antibody tests at week 1 than at week 2 of infection. There were no
recommendations mentioned in these reports on their use for late diagnosis. CADTH, which
looked at literature on accuracy data on RATs, CLIA, ELISA, and ongoing trials and available
datasheets from suppliers, said that antibody-based serologic techniques have a wide range of
sensitivity and specificity (see Annex D1) and that their accuracy is highly dependent on the
timing of sampling in relation to the onset of symptom. This coincides with the findings of
MaHTAS, citing the study by Senthuraman, et al. (2020) (see Figure 1), which showed that
antibody production starts roughly after the first week of infection and peaks only middle of the
third week, in which time when PCR tests are likely to yield negative results — making the
serologic test less useful for the first 14 days of infection (risk for false negative results).
EUNetHTA said in their report that combining the 2 immunoglobulins, IgG and IgM, improves
the diagnostic performance of serological tests. CADTH reported that there may be
enhancement of accuracy of infection detection when these antibody-based tests are combined
with RT-PCR. In addition, CEMB stated that in cases where the molecular test is negative but
there is a strong clinical suspicion of COVID-19, serologic testing could support a diagnosis once
validated assays become available. Caution is warranted in interpreting the results as
calculations done by EUNetHTA showed a higher risk of misdiagnosis with antibody tests at the
1°t week of infection than at 2" week of infection.

As with asymptomatic patients, HAS noted that IgG and/or IgM production kinetics remain
poorly characterized to date. EUNetHTA concluded, however, that even if evidence is lacking, it
can be assumed that sensitivity of antibody-based tests will be higher for asymptomatic patients
tested in the late phase of infection.

CADTH also added that cross-reactivity from a previous or current infection with other non-
SARS-CoV-2 human coronaviruses may also be a risk giving a false positive result; this aligns with
MaHTAS’ findings. CEBM, in its review on serologic tests (i.e., LFIA, fluorescence immunoassay,
and colloidal gold immunoassay), concluded that while they may show high diagnostic accuracy
during controlled testing, performance data from clinical settings, and a clear understanding of
the optimal population and role for these tests in the care pathway, are lacking.

Determination of previous exposures

Both CEBM and MaHTAS reported that tests which detect the presence of antibodies are better
suited for determination of previous exposure of individuals, as they will stay positive even after
active infection is gone. However, the limitation of these types of tests being used for
determination of previous infection is that the test results only shows if an individual has
triggered an immune response against the virus or not. Immune response is not systematically
synonymous to protective immunization against reinfection with the same virus.

CADTH, EUNetHTA, and MaHTAS mentioned that evidence is lacking for immunity from
reinfection and testing for the purpose of assessing immunity is still being explored as to date,
there is no study that evaluated whether the presence of antibodies to SARS-CoV-2 confers
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immunity to subsequent infection. For immunization to be protective, it is necessary that the
body produces high titers of antibodies which in turn will prevent the action of the virus. There
might be correlation with severity of disease and antibody titers (i.e., greater severity of disease
might correlate with higher antibody titers) but these do not correlate to better outcomes. The
level of response necessary forimmunity and the length of protection, however, remain unclear.

Despite these, some countries, such as the UK, Italy and Germany, are still considering issuing
‘immunity certificates’ based on serologic tests, as reported by CADTH. This certificate or
anything similar that can prove immunity may help identify healthcare workers or other
essential workers who may have recovered from initial infection; this can ascertain suitability to
return to frontline services (CEBM, 2020). The caveat, however, is that this may have
implications related to stigmatization and marginalization of some populations. These
certificates may have privacy-related issues specifically those related to medical data protection
(CADTH, 2020). In addition, CEBM said that there is little evidence as to the psychological and
behavioral consequence of knowing immunity status and that suitability testing is vital in
determining the effects on this area.

Lastly, all five agencies said that the widespread use of serological tests could reveal what
percentage of the population has had the virus. Conducting seroprevalence surveys during the
downward trend of the pandemic to determine the true prevalence of the disease, to monitor
the emergence of herd immunity, and understand how the immune response against the virus
develops over time (MaHTAS, 2020). Measuring subjects’ immune response to the infection can
represent an additional means to detect COVID-19, as the presence of IgM antibodies may imply
a recent or potentially active infection, while presence of IgG antibodies could identify past
exposure (EUNetHTA, 2020). Testing may also provide answers about the scope of the infection,
its transmissibility, virulence, true fatality rate, and provide feedback if measures put in place to
stop the spread of the virus were effective (CADTH, 2020). However, EUNetHTA pointed out that
seroprevalence estimates should be used with caution if intended to be extrapolated to the
whole target population as technical validity and diagnostic accuracy of tests remain to be
confirmed.

Epidemiologic surveillance

Both CADTH and MaHTAs mentioned the role of serologic testing in surveillance citing several

references such as the WHO, Johns Hopkins Center for Health Security, Public Health England,

and the positions of the Philippine College of Chest Physician and the Philippine Society for

Microbiology and Infectious Diseases. EUNetHTA cited that ECDC recommends the collection

and storage of serum samples from patients during the different phases of disease to carry out

antibody validation tests and seroconversion studies. CADTH also noted that obtaining and
knowing the data on antibodies acting on SARS-CoV-2 can provide insight to the extent of
infection and in turn, may also provide inputs for the following policies:

e PPE use and distribution - Presumed that immune healthcare workers may not require
certain type of protective equipment easing the load on the demand for the said equipment.
The test may also help overcome people’s fears of contracting the disease from co-workers
(CADTH, 2020).
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e Social distancing - Strategies on reopening of schools and determining populations
considered safe to travel as well as easing social distancing directives for different
populations based on vulnerability and immunity to the infection (CADTH, 2020)

e Vaccination - Identifying people who does not have COVID-19 antibodies who may be
prioritized in vaccination policies (CADTH, 2020).

e Drug development - Identifying fully recovered individuals who are willing to donate
antibodies for transfusion to critically ill COVID-19 patients as part of investigating use of
convalescent plasma therapy as possible treatment (CADTH, 2020).

Of the sixteen reviewed HTA agencies, one has publicly announced through their website an
ongoing study involving SARS-CoV-2 antibodies. FOPH stated in its report the partial results of a
seroprevalence study done by the University of Geneva. In the video, they reported that at the 3™
week of April, Geneva’'s immunity level is at 9.7%. When the team extrapolated the sample data to
the general population, they concluded that 10% of the population have had COVID-19, far from
the herd immunity number of 60 -70%. The video, however, did not further clarify the basis for the
said herd immunity figures. The timeline of their studies was not clearly indicated but future plans
of FOPH included continuing to test for immunity for Geneva on a larger population. They also plan
to do subgroup testing on vulnerable populations, essential health care workers, and children.

Appendix D2 shows the key findings of the different HTA agencies according to test use case.

5.3. Performance Characteristics
5.3.1. Quantity and Characteristics of Included Studies

Figure 2 illustrates the PRISMA flowchart for the study selection. Records identified through
Diagnosis tagged articles in LitCovid, as well as records identified through search in LitCovid using
word “Surveillance” yielded a total of 2,840 records. After removing the duplicates, 2,756 studies
were subject to title and abstract screening. Of these, 2,660 articles were excluded leaving 96
references for full text assessment. Among the 96 articles, a total of 82 were excluded leaving 14
articles for inclusion in data synthesis.

Of the 82 excluded references from full-text review, 43 studies did not include the intervention of
interest, 14 did not report the outcomes of interest, 11 were not the publication type of interest
(e.g., news article), 9 were not the study designs of interest, 3 were retracted studies, and 2 were
not the comparators of interest. Note that there were 4 systematic reviews which were used to
map additional primary clinical studies which may have not been retrieved by our search. Upon
review, these reviews covered the same studies retrieved in our search plus other studies which
were not peer-reviewed and were not part of our inclusion criteria.

Aside from the 14 articles, we further identified 15 additional references — from these, 2 were
validation reports from RITM, 1 database from FIND, 1 report from Noklus, 1 report from the
Doherty Institute prepared for the Therapeutics and Goods Administration of Australia, and 10
reports from the US National Cancer Institute through the US FDA, giving us a total of 29 studies for
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the qualitative synthesis — 28 of which were critically appraised (see Appendix E) leaving out 1
reference due to the absence of available manuscript.
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Figure 2. Study flow diagram of systematic search for primary diagnostic accuracy studies

Of the 14 studies obtained from the systematic search through LitCovid, 13 evaluated RATs for the use
case diagnosis while 1 evaluated RATSs for the use case determination of previous SARS-CoV-2 exposure.
All 14 studies obtained from the systematic search through LitCovid were evaluated against the currently
recognized gold standard for diagnosis of COVID-19 which is RT-PCR. In addition, we were able to obtain
31 sets of data from independent evaluations on diagnostic performance of tests for SARS-CoV-2 as
compiled from the database of FIND. Of these 31 sets of data from FIND, two evaluated against
microneutralization test for the use case diagnosis (FIND,2020 (AL); FIND, 2020 (AM)) while the other 29
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evaluations conducted used RT-PCR as the reference standard for the use case diagnosis. Meanwhile, the
two (2) validation reports from the Research Institute for Tropical Medicine (RITM,2020A; RITM, 2020B)
also evaluated the test kits against RT-PCR for the use case of diagnosis of COVID-19. We note that as of
the time of writing, one of the brands (RITM, 2020B) has been pulled out of the market already by the
Philippine FDA (as of June 16, 2020). Further, we were able to obtain 6 sets of data from Bond et al. (2020)
classified under use case diagnosis and were evaluated against RT-PCR, 10 reports from the US National
Cancer Institute through the US FDA (2020) classified under use case epidemiologic surveillance and were
evaluated against ELISA, and 11 sets of data from Tollanes et al. (2020) classified under both use case
diagnosis (Arm 1 and Arm 3) and determination of previous exposure (Arm 2) (i.e., all arms were evaluated
against RT-PCR). Overall, there are 64 evaluations for the use case diagnosis of COVID-19 and 12
evaluations for determination of previous exposure from SARS-CoV-2, and 10 evaluations for the test use
case of epidemiologic surveillance.

For use case diagnosis, the geographic sources of included studies are as follows: 9 studies came from
Asia, 1 study came from Australia, and 7 studies came from Europe. While the FIND reference is counted
as one reference, the 31 sets of data came from the following: 3 from Asia, 2 from Australia, 17 from
Europe, and 9 from North America. In terms of describing the study population of the included studies
based on hospital admission status, 11 studies included hospitalized patients, 1 study explored on the
patients in a community setting (i.e., not hospitalized), 1 study included a mix of hospitalized patients and
hospital staff, 1 study included a mix of hospitalized and non-hospitalized patients, and 4 studies had not
described the study population based on hospital admission status. In terms of presence of symptoms, 11
studies did not characterize their study population based on presence of symptoms (referred to as
“undefined”), 5 studies explored on symptomatic patients, 1 study on both asymptomatic and
symptomatic patients, and 1 study on both symptomatic and undefined cases. As for the FIND reference,
all sets of data reported as “undefined”, except for FIND, 2020(AJ) which reported on symptomatic
patients. Moreover, there was few information on other profile such as age, severity of disease and risk
factors. The common outcomes reported were sensitivity and specificity with some reporting
seroconversion rate but using the same formula as sensitivity.

For use case determination of previous exposure to SARS-CoV-2, the geographic sources of included
studies all came from Europe (2 studies). In terms of describing the study population of the included
studies based on hospital admission status, 1 study included hospitalized patients and 1 study included a
mix of hospitalized and non-hospitalized patients. In terms of presence of symptoms, 1 study did not
characterize their study population based on presence of symptoms (referred to as “undefined”), and 1
study on both symptomatic and undefined cases. Moreover, both studies did not characterize the patient
profile such as age, severity of disease and risk factors. The common outcomes reported were sensitivity
and specificity.

For use case epidemiologic surveillance, the geographic sources of included studies all came from North
America (10 studies). All 10 studies had not described the study population based on hospital admission
status. Further, all 10 studies did not characterize their study population based on presence of symptoms
(referred to as “undefined”). Moreover, all 10 studies did not characterize the patient profile such as age,
severity of disease and risk factors. The common outcomes reported were sensitivity and specificity.

In terms of target antigen of RATSs, the spike (S) protein was targeted by 5 brands, the nucleocapsid (N)
protein was targeted by 4 brands, both S and N proteins were targeted by 2 brands, and the remaining
brands (i.e., 49) had no information available on the target antigen.
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Among the references, we identified 57 unique RAT brands and 3 unspecified/in-house RAT brands that

underwent independent evaluation. Of these 57 unique RAT brands, 22 are registered with the Philippine
FDA (as of June 16, 2020).

The characteristics of included studies can be seen in Table 2.
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Table 2. Characteristics of Included Studies

A:;ZZ? La?}zﬁ'ceory P((()ZE:I::S;] Sample Size Index Test rez::tl;?: 4 Target antibody ::tri::] Reference test Reported accuracy performance
Use case: Diagnosis
Bernasconi | Not reported | 215 samples from N=215 Maccura LFIA (SARS-CoV-2 No IlgM and IgG No RT-PCR e  Sensitivity (mentioned as
et al, 2020 139 ED patients IgM/IgG, Maccura information (Seegene Inc., seroconversion rate in the
[67 COVID-19 Positive Biotechnology, available Seoul,, Republic paper:
Positiv_e _ samples=67 | Chengdu, China) of Korea) o Overall IgG/IgM: 60%
(hospitalized , (40/67; among COVID-19
symptomatic)and | Negative o .
72 COVID-19 samples= 72 positive patients)
negative] and 100 * Specificity
SARSCoV- Seronegative e 882%(67/76; among
2 seronegative samples=100 COVID-19 negative
samples collected patients)
between May and e 90% (90/100; among
October 2018 negative pre-COVID-10
(pre-COVID-19 outbreak specimens)
outbreak control e Positive Predictive Value
group) o IgM:65%
(Switzerland) *  l8M/lgG: 100%
e Negative Predictive Value
e |gG/IgM: 70%
Bond et Royal For sensitivity: N=229 OnSite COVID-19 Yes IgM, 18G No RT-PCR IgM
al., Melbourne analysis: IgG/IgM Rapid Test information (Coronavirus Sensitivity [IgM
2020(A) Hospital Patients with Positive available Typing Assay, Based on days post-symptom onset
SARS-CoV-2 samples=137 | By CTK Biotech, Inc AusDiagnostics, | ¢  0-3: not reported
Victorian (hospitalized Mascot, New e  4-8:not reported
Infectious symptomatic) Negative South Wales) e 9-14: not reported
SIS o EIplEs=E2 e  15-20: not reported
Reference For spgufluty o 226 nes reperied
Laboratory analysis:

Patients with
infections with
potential cross-
reactivity in
serological assay
OR samples
collected in 2018
and 2019

>30: not reported
Total: 49.6% [41.0-58.3]
(68/137)

Specificity [IgM
96.7% [90.8 - 99.3] (89/92)

PPV [IgM
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Author
Year

Laboratory
name

Population
(Country)

Sample Size

Index Test

PH FDA
registered?

Target antibody

Target
Antigen

Reference test

Reported accuracy performance

(Australia)

95.8% [88.1-99.1]

NPV [IgM]
56.3 [48.2 — 64.2]

18G

Sensitivity [I1gG

Based on days post-symptom onset

e 0-3:0.0%[0.0 - 14.8] (0/23)

o 4-8:21.4%[8.3-41.0] (6/28)

e 0-14:28.6% [11.3-52.2] (6/21)

e  15-20: 75.0% [34.9 - 96.8] (6/8)

e 21-30:85.2% [66.3 - 95.8]
(23/27)

o >30:76.7%[76.7 - 57.7] (23/30)

e Total: 46.7% [38.2 - 55.4]
(64/137)

Specificity [IgG
98.9% [94.1 - 99.97] (91/92)

PPV [IgG
98.5% [91.7 - 99.96]

NPV [IgG]
55.5 [47.5 - 63.2]

Bond et
al.,
2020(B)

Royal
Melbourne
Hospital

Victorian
Infectious
Disease
Reference
Laboratory

For sensitivity:
analysis:
Patients with
SARS-CoV-2
(hospitalized
symptomatic)

For specificity
analysis:
Patients with
infections with
potential cross-

N=229

Positive
samples=137

Negative
samples=92

VivaDiag COVID-19
IgM/1gG Rapid Test

By VivaCheckBiotech
Hangzhou Co Ltd

Yes

IgM, 1gG

No
information
available

RT-PCR
(Coronavirus
Typing Assay,
AusDiagnostics,
Mascot, New
South Wales)

IgM

Sensitivity [IgM

Based on days post-symptom onset
e  0-3:not reported

e  4-8:notreported

e  9-14: not reported

e  15-20: not reported

e  21-30: not reported

e  >30: not reported
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Author
Year

Laboratory
name

Population
(Country)

Sample Size

Index Test

PH FDA
registered?

Target antibody

Target
Antigen

Reference test

Reported accuracy performance

reactivity in
serological assay
OR samples
collected in 2018
and 2019

(Australia)

o Total: 51.8% [43.1 - 60.4]
(71/137)

Specificity [IgM
97.8% [92.4 - 99.7] (90/92)

PPV [IgM]
97.3% [90.5 - 99.7]

NPV [IlgM
97.3% [90.5 - 99.7]

1gG

Sensitivity [IgG

Based on days post-symptom onset

e 0-3:0.0%[0.0 - 14.8] (0/23)

° 4-8:28.6% [13.2 - 48.7] (8/28)

° 9-14:7.1% [34.0 - 78.2] (12/21)

e  15-20: 75.0% [34.9 - 96.8] (6/8)

° 21-30: 77.8% [57.7 - 91.4]
(21/27)

. >30: 80.0% [61.4 - 92.3] (24/30)

o Total: 51.8% [43.1 —60.4]
(71/137)

Specificity [IgG
98.9% [94.1 - 99.97] (91/92)

PPV [IgG
98.6% [92.5 - 99.96]

NPV [IgG]
58.0 [49.8 — 65.8]

Bond et

al.,
2020(C)

Royal
Melbourne
Hospital

For sensitivity:
analysis:
Patients with
SARS-CoV-2

N=229

Positive
samples=137

2019 n-CoV IgG/IgM
RAPID TEST CASSETTE

By Hangzhou Alltest Co

Ltd

Yes

IgM, 1gG

No

information
available

RT-PCR
(Coronavirus
Typing Assay,
AusDiagnostics,

IgM

Sensitivity [IgM

Based on days post-symptom onset
e 0-3:4.3%[1.1-22.0] (1/23)

o 4-8:17.9%[6.1-36.9] (5/28)
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Author Laboratory Population . PH FDA . Target
Vear name e Sample Size Index Test T Target antibody - Reference test Reported accuracy performance
Victorian (hospitalized Negative Mascot, New e 9-14:23.8% [8.2 - 47.2] (5/21)
Infectious symptomatic) samples=92 South Wales) e  15-20:50.0% [15.7 - 84.3] (4/8)
Uisezie - o 21-30:7.4% (0.9 - 24.3] (2/27)
Reference For specificity e >30:33%0.1-17.2] (1/30)
Laboratory analysis:

Patients with
infections with
potential cross-
reactivity in
serological assay
OR samples
collected in 2018
and 2019

(Australia)

e Total: 13.1% [8.0 - 20.0] (18/137)

Specificity [IgM

96.7% [90.8 - 99.3] (89/92)
PPV [IgM

85.7% [63.7 - 97.0]

NPV [IgM

42.8% [36.0 - 49.8]

18G

Sensitivity [1gG

Based on days post-symptom onset

e 0-3:0.0%[0.0 - 14.8] (0/23)

° 4-8:32.1% [15.9 - 52.4] (9/28)

° 9-14: 66.7% [43 - 84.5] (14/21)

e  15-20: 100% [63.1 - 100] (8/8)

e 21-30:92.6% [75.7 - 99.1]
(25/27)

e  >30:86.7% [69.3 - 96.2] (26/30)

e Total: 59.9% [51.1—68.1]
(82/137)

Specificity [IgG
100 [96.1 - 100] (92/92)

PPV [IgG
100 [95.6 - 100]

NPV [IgG]
62.6 [54.2 - 70.4]
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Author Laboratory Population . PH FDA . Target
Vear name e Sample Size Index Test T Target antibody - Reference test Reported accuracy performance
Bond et Royal For sensitivity: N=229 Wondfo SARS-CoV-2 No IgM, 1gG No RT-PCR Combined IgG and IgM
al., Melbourne analysis: Antibody Test information (Coronavirus Sensitivity
2020(D) Hospital Patients with Positive available Typing Assay, Based on days post-symptom onset
SARS-CoV-2 samples=137 AusDiagnostics, e (0-3:13.0% [2.8—38.6] (3/23)
Victorian (hospitalizepl Mascot, New e 4-8:50.0% [30.7 - 69.4] (14/28)
In}fectious Symptomatlc) Negative South Wales) ° 9-14: 76.2% [528, 918] (16/21)
E;zzizence For specificity samples=a2 e 15-20:100% [63.1-100] (8/8)
Laboratory analysis: * 21-30: 96.3% [81.0— 99.9]
Patients with (26/27)
infections with e >30:90.0% [73.5-97.9] (27/30)
potentia| Cross- ° Total: 68.6% [60.1 — 76.3]
reactivity in (94/137)
serological assay o
OR samples Specificity
collected in 2018 97.8% [92.4 - 97.9] (90/92)
and 2019
PPV
(Australia) 97.9% [92.7 —99.8]
NPV
67.7% [59.0 - 75.5]
Bond et Royal For sensitivity: N=229 Hightop SARS-CoV-2 Yes IgM, 1gG No RT-PCR IgM
al., Melbourne analysis: IgM/1gG Antibody Rapid information (Coronavirus Sensitivity [IgM
2020(E) Hospital Patients with Positive Test available Typing Assay, Based on days post-symptom onset
SARS-CoV-2 samples=136 AusDiagnostics, | ¢  0-3:0% [0.0 - 14.8] (0/23)
Victorian (hospitalized By Qingdao Hightop Mascot, New o 4-8:17.9% [6.1-36.9] (5/28)
In'fectious symptomatic) Negative Biotech Co., Ltd. South Wales) o 9-14:47.6% [25.7 — 70.2] (10/21)
E;’Zar:ce cor speciicty samples=92 o 15-20: 75.0% [34.9 - 96.8] (6/8)
Laboratory analysis: e 21-30:57.7% [36.9 — 76.7]
Patients with (15/26)

infections with
potential cross-
reactivity in
serological assay
OR samples
collected in 2018
and 2019

e >30:56.7% [37.4 - 74.5] (17/30)
e Total: 39.0% [30.7 — 47.7]
(53/136)

Specificity [IgM
100% [96.1 - 100] (92/92)
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Author Laboratory Population . PH FDA . Target
Vear name e Sample Size Index Test T Target antibody - Reference test Reported accuracy performance
PPV [IgM
(Australia) 100% [93.3 - 100]
NPV [IgM
52.6% [44.9 —60.2]
18G
Sensitivity [IgG
Based on days post-symptom onset
e  0-3:0.0% [0.0 - 14.8] (0/23)
° 4-8:25% [10.7 — 44.9] (7/28)
° 9-14: 61.9% [38.4 —81.9] (13/21)
° 15-20: 87.5% [47.4—99.7] (7/8)
e 21-30:96.2% [80.4 —99.9]
(25/26)
e >30:93.3%[77.9-99.1] (28/30)
° Total: 58.8% [50.1 —67.2]
(80/136)
Specificity [IgG
100% [96.1 - 100] (92/92)
PPV [IgG
100% [95.6 - 100]
NPV [IgG
62.2% [53.8 - 70.0]
Bond et Royal For sensitivity: N=229 2019 n-CoV IgG/IgM Yes IgM, 18G No RT-PCR IgM
al., Melbourne analysis: RAPID TEST CASSETTE information (Coronavirus Sensitivity [IlgM
2020(F) Hospital Patients with Positive available Typing Assay, Based on days post-symptom onset
SARS-CoV-2 samples=137 | By Hangzhou Alltest Co AusDiagnostics, | ¢  0-3:0% [0.0 - 14.8] (0/23)
Victorian (hospitalized Ltd Mascot, New o 4-8:25% [10.7 — 44.9] (7/28)
Infectious symptomatic) Negative South Wales) o 9-14:23.8%[8.2—47.2] (5/21)
glsfease i o samples=92 o 15-20:50.0% [15.7 — 84.3] (4/8)
eference or specificity an. 0 _
Laboratory analysis: *Author’s note: The O A PRS- 76l (427

Patients with
infections with

Hangzhou IgG/IgM Rapid
Test was received in two

e >30:3.3%[0.1-17.2] (1/30)
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Author
Year

Laboratory
name

Population
(Country)

Sample Size

Index Test

PH FDA
registered?

Target antibody

Target
Antigen

Reference test

Reported accuracy performance

potential cross-
reactivity in
serological assay
OR samples
collected in 2018
and 2019

(Australia)

alternative packaging
styles [i.e., with Bond et
al., 2020(C)] from the
Therapeutic Goods
Australia. Both devices
appeared identical and
appeared to be a single
use lateral flow test,
similar to those
previously evaluated.

e Total: 15.3% [9.8 — 22.5]
(21/136)

Specificity [IgM
96.7% [90.8 — 99.3] (92/92)

PPV [IgM]
87.5% [67.3 - 97.3]

NPV [IlgM
43.4% [36.5 - 50.5]

1gG

Sensitivity [IgG

Based on days post-symptom onset

e 0-3:8.7%[1.1-28.0] (2/23)

° 4-8:35.7% [18.6 — 55.9] (10/28)

° 9-14:71.4% [47.8 —88.7] (15/21)

e  15-20: 75% [34.9 —96.8] (6/8)

° 21-30:92.6% [75.7 —99.1]
(25/27)

. >30: 83.3% [65.3 — 94.4] (25/30)

e Total: 60.6% [51.9 —68.8]
(83/137)

Specificity [IgG
97.8% [2.4—99.7] (90/92)

PPV [IgG
97.6% [91.8 —99.7]

NPV [IgG]
62.5% [54.0 - 70.4]

Cassaniti
et al, 2020

No reported

50 patients at their
first access at
emergency room
department with
fever and

N=50

Positive
samples=38

VivaDiag COVID-19
IgM/IgG from VivaChek

Yes

IlgM/IgG

No
information
available

RT-PCR (Qiagen,
Germany)

e  Sensitivity: 91.7%
e  Specificity: 18.4%
e PPV:87.5%

NPV: 26.2%
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A?ngr Laizrr:teory I?céztl:::s;] Sample Size Index Test rez::tl;?: 4 Target antibody ;:t';z:; Reference test Reported accuracy performance
respiratory Negative
syndrome (34 samples=12
M/16 F;
median age, 61.50;
range, 33-97
years)
(hospitalized
symptomatic)
(Italy)
Chen et Not reported | Samples positive N=19 Not reported N/A lgM/1gG Nucleocapsid | RT-PCR (no Accuracy performance not
al.,, 2020 by RT-PCR test (no protein details reported
information Positive provided)
available whether | samples =7
patients were
hospitalized or not| Negative
undefinedf samples =12
asymptomatic or
symptomati¢
(China)
Choe et al, | Not reported | Subjects who had N=149 PCL COVID-19 IgG/1gM Yes IgM/1gG Nucleocapsid | RT-PCR e IgMorlgG
2020 been tested by Rapid Gold® (PCL, Inc., Protein, RBD | (PowerCheckTM o  Sensitivity: 92.9%
real-time reverse Positive Seoul, Korea) domain of 2019-nCoV real [84.1-97.6]
transcription- samples= 70 spike protein | time, o Specificity: 96.2%
polymerase chain Kogenebiotech, [89.3-99.2]
reaction (RT-PCR) Negative Seoul, Korea) o  PPV:95.6% [87.7-98.5]
for COVID-19 samples=79 o NPV:93.8(86.7-97.3]
(hospitalized,
undefined if © lEand [5G

asymptomatic or
symptomatic)

(Korea)

o  Sensitivity: 65.7%
[53.4-76.7]

o Specificity: 100%
[95.4-100]

o PPV:100%

NPV: 76.7% [70.4-82.0]
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A;’:Z(:r Lal;:;rrliteory P{égi':::;; Sample Size Index Test rezgtl;?: 4 Target antibody ;:t';z:; Reference test Reported accuracy performance
Demey et Not reported | Twenty two N=22 Biotime Biotechnology Co, No IlgM/IgG No RT-PCR *Refer to critical appraisal results for
al, 2020(A) patients diagnosed information (National this study

positive in Amiens Positive available Reference

University hospital | samples =22 Centerin

for SARS-CoV- 2 on Pasteur

a nasopharyngeal Institute, Paris,

swab using a RT- France)

PCR technique

(hospitalized,

undefined if

asymptomatic or

symptomatic)

(France)
Demey et Not reported | Twenty two N=22 Autobio Diagnostics Co, Yes IgM/1gG Spike protein | RT-PCR *Refer to critical appraisal results for
al, 2020(B) patients diagnosed (National this study

positive in Amiens | Positive Reference

University hospital | samples =22 Center in

for SARS-CoV- 2 on Pasteur

a nasopharyngeal Institute, Paris,

swab using a RT- France)

PCR technique

(hospitalized,

undefined if

asymptomatic or

symptomatic)

(France)
Demey et Not reported | Twenty two N=22 ISIA BIO-Technology Co,. No IlgM/1gG No RT-PCR *Refer to critical appraisal results for
al, 2020(C) patients diagnosed information (National this study

positive in Amiens Positive available Reference

University hospital | samples =22 Centerin

for SARS-CoV- 2 on Pasteur

a nasopharyngeal
swab using a RT-
PCR technique
(hospitalized,
undefined if
asymptomatic or
symptomatic)

Institute, Paris,
France)
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A:;:Z:r La?}zﬁ’ceory P{égt':::g; Sample Size Index Test rezgtl;?: 4 Target antibody ;:t';z:; Reference test Reported accuracy performance
(France)
Demey et Not reported | Twenty two N=22 Biolidics. Yes IlgM/IgG No RT-PCR *Refer to critical appraisal results for
al, 2020(D) patients diagnosed information (National this study
positive in Amiens | Positive available Reference
University hospital | samples =22 Centerin
for SARS-CoV- 2 on Pasteur
a nasopharyngeal Institute, Paris,
swab using a RT- France)
PCR technique
(hospitalized,
undefined if
asymptomatic or
symptomatic)
(France)
Dohla et Not reported | Randomly selected | N=49 Rapid antibody test N/A IgG/1gM No RT-PCR (Altona
al, 2020 individuals at a (brand/manufacturer not information Diagnostics) e Weak and strong bands as
COVID-19 Positive reported) available positive
screening centre samples=11 o Sensitivity: 36.36%
and previously [17.2-59.3]
diagnosed Negative o Specificity: 88.89%
oo s | 706:97.7
. o PPV:72.7% [39-94]
Infection.
(Community o NPV:63.2% [46-78.2]
screening, o LR+:3.2727
symptomatic o LR-:0.7159
patientg e  Strong bands only
o  Sensitivity: 18.18%
(Germany) o  Specificity: 100%
o LR+:-
LR-:0.8182
FIND, Second Confirmed COVID- | Positive 2019-nCoV Ab Test Yes IgM, 1gG No RT-PCR (no IgM
2020(A) People's 19 patients (no samples = (Colloidal Gold) (IgM/IgG information details Sensitivity [IgM
Hospital of information 38; Whole available provided), CT, Based on days of sickness:
Fuyang available whether Blood/Serum/Plasma Clinical e  Early, 1-7 days: 23.1% (3/13)

patients were

Combo)

Examination

e Immediate, 8-14 days: 50% (4/8)
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A?ngr Laigrr:teory P(EZEI:::/;] Sample Size Index Test reZ::tl;?: 4 Target antibody ;:t';z:; Reference test Reported accuracy performance
hospitalized or not| Negative e late, >14 days: 52.2% (12/23)
undefined if samples = By Innovita Biological e  Overall: 50% (19/38)
asymptomatic or | Not available | Technology Co. Ltd
symptomatic) Specificity [IgM
Not reported.
(China)
18G
Sensitivity [IgG
Based on days of sickness:
e  Early, 1-7 days: 53.8% (7/13)
e Immediate, 8-14 days: 87.5%
(7/8)
e late, >14 days: 91.3% (21/23)
e  Overall: 92.1% (35/38)
Specificity [IgG
Not reported.
FIND, The Key Confirmed COVID- | N=289 Wantai SARS-CoV-2 Ab Yes IlgM, IgG, total Ig No RT-PCR (no Wantai SARS-CoV-2 Ab Rapid Test
2020(AA) Laboratory of | 19 patients (no Rapid Test, Wantai SARS- information details Sensitivity: 97.5% (78/80)
Clinical In information Positive CoV-2 IgM Rapid Test, available provided) Specificity: 95.2% (199/209)
Vitro availablewhether | samples = Wantai SARS-CoV-2 IgG
Diagnostic patients were 80; Rapid Test Wantai SARS-CoV-2 IgM Rapid Test
Techniques hospitalized or not] Sensitivity: 88.8% (71/80)
of Zhejiang undefined if Negative Specificity: 98.1% (205/209)
Province asymptomatic or | samples = All test kits by Beijing
symptomatic) 209 Wantai Biological Wantai SARS-CoV-2 IgG Rapid Test
Pharmacy Enterprise Co., Sensitivity: 86.2% (69/80)
(China) Ltd Specificity: 99.5% (208/209)
FIND, Hospital Confirmed COVID- | N=163 AllTest COV-19 IgG / IgM Yes IlgM, 1gG No RT-PCR (no IgM
2020(AB) Universitario | 19 patients (no kit information details Sensitivity [IgM
Principe de information Positive available provided) Based on days of sickness:
Asturias available whether | samples = By AllTest Biotech e  Early, 1-7 days: 0% (0/8)
patients were 55; e Immediate, 8-14 days: 12.5%
hospitalized or not; (3/24)
undefined if . Negative e Late, >14 days: 39.1% (9/23)
2%2?;%”;32; or Sligp'es - e Overall: 21.8% (12/55)
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A?ngr Laigrr:teory P(ZZEI:::/;] Sample Size Index Test rez::tl;?: 4 Target antibody ;:;2:; Reference test Reported accuracy performance
Specificity [IgM
(Spain) Overall: 76.9% (83/108)
18G
Sensitivity [IgG
Based on days of sickness:
e  Early, 1-7 days: 12.5% (1/8)
° Immediate, 8-14 days: 25%
(6/24)
e late, >14 days: 69.6% (16/23)
e  Overall: 41.8% (23/55)
Specificity [IgG
Overall: 48.1% (52/108)
FIND, Clinical Trials | Confirmed COVID- | N=229 OnSite COVID-19 IgG/IgM Yes IgM, 1gG No RT-PCR (no IsM
2020(Al) Research 19 patients (no Rapid Test information details Sensitivity [IgM
Laboratory - information Positive available provided) Based on days of sickness:
Royal available whether | samples = By CTK Biotech, Inc. e  Early, 1-7 days: 20% (10/50)
Melbourne patients were 137, e Immediate, 8-14 days: 57.1%
Hospital hospitalized or not; (12/21)
undefined if Negative o Llate, >14 days: 69.7% (46/66)
asymptoma_ltlc or | samples =92 e Overall: 49.6% (68/137)
symptomatic)
Specificity [IgM
(Australia)

Overall: 96.7% (89/92)

1gG

Sensitivity [I1gG

Based on days of sickness:

e  Early, 1-7 days: 12% (6/50)

e Immediate, 8-14 days: 28.6%
(6/21)

e late, >14 days: 78.8% (52/66)

e  Overall: 46.7% (64/137)

Specificity [IgG
Overall: 98.9% (91/92)
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FIND, Clinical Trials | Confirmed COVID- | For VivaDiag COVID-19 Yes IlgM for confirmed No RT-PCR (no IgM for confirmed COVID-19 patients
2020(AJ) Research 19 patients (no confirmed IgM/IgG Rapid Test COVID-19 patients, | information details Sensitivity [IgM

Laboratory - information COVID-19 available provided) Based on days of sickness:
Royal available whether | patients: By VivaChek Biotech e  Early, 1-7 days: 16% (8/50)
Melbourne patients were (Hangzhou) Co., Ltd IgG for e Immediate, 8-14 days: 52.4%
Hospital hospitalized or not| N=229 symptomatic (11/21)
symptomatlc Positive patients o Llate, >14 days: 78.8% (52/66)
FELEE) IS o Overall: 51.8% (71/137)
137;
Symptomatic Negative Specificity [leM
RIS SETRIES = 2P Overall: 97.8% (90/92)
(Australia) IgG for symptomatic patients
= _ Sensitivity [IgG
SYIDIEAEIIE Based on days of sickness:
patients: e Early, 1-7 days: 16% (8/50)
'I;lc:szitziie e Immediate, 8-14 days: 52.4%
(11/21)
samples =
137; e late, >14 days: 78.8% (52/66)
Negative e  Overall: 51.8% (71/137)
samples = 92 e
Specificity [IgG
Overall: 98.9% (91/92)
FIND, Helsinki Confirmed COVID- | N=123 2019-nCov I1gM/1gG Rapid No IgM, 1gG No Microneutra- IgM:
2020AL University 19 patients (no Test information lization (MNT) Sensitivity [IgM]: 46.3% (19/41)
Hospital information Positive available Specificity [IgM]: 69.5% (57/82)
Laboratory, available whether | samples: 41, | By: Acro Biotech, Inc. IgG:
Finland patients were Negative Sensitivity [IgG]: 56.1% (23/41)
hospitalized or not| samples: 82 Specificity [IgG]: 74.4% (61/82)
undefined if
asymptomatic or
symptomatic)
(Finland)
FIND, Helsinki Confirmed COVID- | N=112 SARS-CoV-2 1gG/IgM Yes lgM, 1gG No Microneutra- IgM:
2020AM University 19 patients (no Rapid Qualitative Test Kit information lization (MNT) Sensitivity [IgM]: 81.2% (26/32)
Hospital information Positive available Specificity [IgM]: 88.8% (71/80)
Laboratory, availablewhether | samples: 32, | By: Xiamen Biotime 1gG:
Finland patients were Biotechnology Co., Ltd Sensitivity [IgG]: 71.9% (23/32)
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hospitalized or not| Negative Specificity [IgG]: 97.5% (78/80)
undefined if samples: 80
asymptomatic or
symptomatic)
(Finland)
FIND, Laboratoire Confirmed COVID- | N=200 Novel Coronavirus (2019- No IgM, 1gG No RT-PCR (no IgM
2020(AN) Hospitalier 19 patients (no nCov)Antibody 1gG/IgM information details Sensitivity [IgM]: 68.8% (88/128)
Universitaire | information Positive Assay Kit (Colloidal Gold) available provided), CT Specificity [IlgM]: 95.8% (69/72)
de Bruxelles - | available whether | samples =
Universitair patients were 128; By: Avioq Bio-Tech Co.,
Laboratorium | hospitalized or not] Ltd IgG
Brussel undefined if Negative Sensitivity [IgG]: 68.8% (88/128)
(LHUB-ULB); asymptomatic or | samples =72 Specificity [IgG]: 95.8% (69/72)
Microbiology | symptomatic)
Department
of Cliniques (Belgium)
Universitaires
Saint Luc-
UCLouvain
(CusL)
FIND, Laboratoire Confirmed COVID- | N=200 QuickZen COVID-19 IgM / No IgM, 1gG No RT-PCR (no IgM
2020(A0) Hospitalier 19 patients (no IgG information details Sensitivity [IgM]: 68.8% (88/128)
Universitaire | information Positive available provided), CT Specificity [IgM]: 100% (72/72)
de Bruxelles - | available whether | samples = By Zentech SA
Universitair patients were 128;
Laboratorium | hospitalized or not] IgG
Brussel undefined if Negative Sensitivity [IgG]: 49.2% (63/128)
(LHUB-ULB); asymptomatic or | samples =72 Specificity [IgG]: 100% (72/72)
Microbiology | symptomatic)
Department
of Cliniques (Belgium)
Universitaires
Saint Luc-
UCLouvain
(CUSL)
FIND, Laboratoire Confirmed COVID- | N=200 2019-n-CoV IgG/IgM rapid No IgM, 1gG No RT-PCR (no IgM
2020(AP) Hospitalier 19 patients (no test cassette (LaboOn information details Sensitivity [IgM]: 48.8% (62/128)
Universitaire | information Time) available provided), CT Specificity [IgM]: 100% (72/72)
de Bruxelles - | available whether
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Universitair patients were Positive Bio Marketing Diagnostics
Laboratorium | hospitalized or not] samples = (or Akiva) IgG
Brussel undefined if 128; Sensitivity [IgG]: 67.2% (86/128)
(LHUB-ULB); asymptomatic or Specificity [IgG]: 100% (72/72)
Microbiology | symptomatic) Negative
Department samples =72
of Cliniques (Belgium)
Universitaires
Saint Luc-
UCLouvain
(CUSL)
FIND, Wuhan Confirmed COVID- | N=126 Diagnostic Kit for IgM / Yes IgM, 1gG No RT-PCR IgM
2020(B) Jinyintan 19 patients (no IgG Antibody to information (Shanghai 7 Sensitivity [IgM]: 57.1% (52/91)
Hospital information Positive Coronavirus (SARS-CoV-2) available Bio-Tech Co Ltd) | Specificity [IgM]: 100% (35/35)
available whether | samples = (Lateral Flow)
patients were 91; 1gG
hospitalized or not| Negative By Zhuhai Livzon Sensitivity [IgG]: 81.3% (74/91)
undefined if samples = 35 | Diagnostics Inc Specificity [IgG]: 100% (35/35)
asymptomatic or
symptomatic)
(China)
FIND, RIVM Confirmed COVID- | N=38 2019-nCoV IgG/IgM Rapid Yes IgG Nucleocapsid | RT-PCR (no 1gG
2020(C) 19 patients (no Test protein details Sensitivity [IgG
information Positive provided) e  Early, 1-7 days: 25% (2/8)
available whether | samples = By Dynamiker e Immediate, 8-14 days: 100%
patients were 25 Biotechnology (Tianjin) (6/6)
hosplt_allze_d or not] Negative Co., Ltd. o late, >14 days: 54.5% (6/11)
undefined if _ samples = 13 e Overall: 56% (14/25)
asymptomatic or
symptomatic) Specificity [1gG]
Overall: 92.3% (12/13)
(The Netherlands)
FIND, RIVM Confirmed COVID- | N=38 2019-nCoV IgG/IgM Rapid Yes IlgM Nucleocapsid | RT-PCR (no IgM
2020(E) 19 patients (no Test protein details Sensitivity [IgM
information Positive provided) Based on days of sickness:
available whether | samples = By Dynamiker e  Early, 1-7 days: 37.5% (3/8)
patients were 25; Biotechnology (Tianjin) e Immediate, 8-14 days: 100%
hospitalized or not] Negative Co., Ltd. (6/6)

undefined if

samples = 13
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asymptomatic or e late, >14 days: 54.5% (6/11)
symptomatic) e  Overall: 60% (15/25)
(The Netherlands) Specificity [IgM
Overall: 60% (12/13)
FIND, RIVM Confirmed COVID- | N=48 Covid-19 IgG/IgM No IgM, 1gG No RT-PCR (no IgM
2020(F) 19 patients (no Antibody Test information details Sensitivity [IgM
information Positive available provided) Based on days of sickness:
available whether | samples = By Biomerica Inc e  Early, 1-7 days: 42.9% (3/7)
patientswere 23; e Immediate, 8-14 days: 16.7%
hospitalized or not] Negative (1/6)
undefined if . samples = 25 e Late, >14 days: 0% (0/10)
asymptomatic or o Overall: 17.4% (4/23)
symptomatic)
Specificity [IgM
(The Netherlands) Overall: 100% (25/25)
I1gG
Sensitivity [1gG
Based on days of sickness:
e  Early, 1-7 days: 57.1% (4/7)
e Immediate, 8-14 days: 100%
(6/6)
e late, >14 days: 60% (6/10)
e  Overall: 69.6% (16/23)
Specificity [IgG
Overall: 100% (25/25)
FIND, RIVM Confirmed COVID- | N=38 Cellex gSARS-CoV-2 Yes IlgM, 1gG Spike and RT-PCR (no IgM
2020(G) 19 patients (no lgGlgM Cassette Rapid Nucleocapsid | details Sensitivity [IgM
information Positive Test proteins provided) Based on days of sickness:
available whether | samples = e  Early, 1-7 days: 50% (4/8)
patients were 25; By Cellex Inc. e  Immediate, 8-14 days: 100%
hospitalized or not] Negative (6/6)

undefined if
asymptomatic or
symptomatic)

(The Netherlands)

samples =13

Late, >14 days: 54.5% (6/11)
Overall: 60% (15/25)

Specificity [IgM
Overall: 92.3% (12/13)
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18G
Sensitivity [IgG
Based on days of sickness:
e  Early, 1-7 days: 37.5% (3/8)
e |Immediate, 8-14 days: 100%
(6/6)
e late, >14 days: 45.8% (11/24)
e  Overall: 60% (15/25)
Specificity [IgG
Overall: 92.3% (12/13)
FIND, RIVM Confirmed COVID- N=48 Acro Biotech COVID-19 No IgM, 1gG No RT-PCR (no IgM
2020(H) 19 patients (no Rapid POC test information details Sensitivity [IgM
information Positive available provided) Based on days of sickness:
available whether | samples = Acro Biotech, Inc. e  Early, 1-7 days: 57.1% (4/7)
patients were 23; e Immediate, 8-14 days: 33.3%
hospitalized or not] Negative (2/6)

undefined if
asymptomatic or
symptomatic)

(The Netherlands)

samples = 25

e late, >14 days: 60% (6/10)
e  Overall:52.2% (12/23)

Specificity [IgM
Overall: 100% (25/25)

1gG

Sensitivity [IgG

e  Early, 1-7 days: 57.1% (4/7)

e Immediate, 8-14 days: 100%
(6/6)

e late, >14 days: 60% (6/10)

e  Overall: 69.6% (16/23)

Specificity [IgG
100% (25/25)
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FIND, RIVM Confirmed COVID- N=38 Rapid SARS-CoV-2 No IgM, 18G No RT-PCR (no IgM
2020(1) 19 patients (no Antibody (IgM/1gG) information details Sensitivity [IgM
information Positive available provided) Based on days of sickness:
available whether | samples = By InTec Products, Inc. e  Early, 1-7 days: 75% (6/8)
patients were 25; e Immediate, 8-14 days: 100%
hospitalized or not] Negative (6/6)
undefined if _ samples =13 o Late, >14 days: 63.6% (7/11)
asymptomatic or e Overall:76% (19/25)
symptomatic)
Specificity [IgM
(The Netherlands) Overall: 92.3% (19/25)
I1gG
Sensitivity [IgG
Based on days of sickness:
e  Early, 1-7 days: 62.5% (5/8)
. Immediate, 8-14 days: 100%
(6/6)
e late, >14 days: 63.6% (7/11)
e  Overall: 72% (18/25)
Specificity [IgG
92.3% (12/13)
FIND, RIVM Confirmed COVID- | N=48 DiagnoSure COVID-19 No IgM, 1gG No RT-PCR (no IgM
2020(J) 19 patients (no IgG/IgM rapid test information details Sensitivity [IgM
information Positive cassette available provided) Based on days of sickness:
available whether | samples = e  Early, 1-7 days: 57.1% (4/7)
patients were 23; By GritOverseas Pte. Ltd e Immediate, 8-14 days: 100%
hospitalized or not] Negative (6/6)

undefined if
asymptomatic or
symptomatic)

(The Netherlands)

samples = 25

e late, >14 days: 20% (2/10)
e  Overall:52.2% (12/23)

Specificity [IgM
Overall: 100% (25/25)

1gG

Sensitivity [1gG

Based on days of sickness:

e  Early, 1-7 days: 28.6% (2/7)
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. Immediate, 8-14 days: 100%
(6/6)
e late, >14 days: 0% (0/10)
e Overall: 34.8% (8/23)
Specificity [IgG
100% (25/25)
FIND, RIVM Confirmed COVID- | N=32 Diagnostic kit IgM/IgG of Yes lgM, 1gG No RT-PCR (no IgM
2020(K) 19 patients (no Novel Coronavirus COVID- information details Sensitivity [IgM
information Positive 19 available provided) Based on days of sickness:
available whether | samples = e  Early, 1-7 days: 0% (0/7)
patients were 25; Shanghai LiangRun, e Immediate, 8-14 days: 0% (0/6)
hospit.alize_d or not] Negative Biomedicine Tech. Co., Ltd e Late, >14 days: 10% (1/10)
undefined if . samples = 7 o Overall:4.3% (1/23)
asymptomatlc or
symptomatic) Specificity [IgM]
Overall: 100% (25/25)
(The Netherlands)
1gG
Sensitivity [IgG
Based on days of sickness:
e  Early, 1-7 days: 28.6% (2/7)
° Immediate, 8-14 days: 66.7%
(4/6)
e late, >14 days: 0% (0/10)
e Overall: 26.1% (6/23)
Specificity [IgG
100% (25/25)
FIND, Viroscience Confirmed COVID- N=157 Rapid SARS-CoV-2 No IgM, 1gG No RT-PCR (no IgM
2020(L) Erasmus MC 19 Patients (N0 Antibody (IgM/IgG) information details Sensitivity [IgM
information Positive available provided) Based on days of sickness:
available whether | samples = By InTec Products, Inc. e  Early, 1-7 days: 54.4% (12/22)
patients were 93; e Immediate, 8-14 days: 87%
hospitalized or not| Negative (40/46)

undefined if
asymptomatic or
symptomatic)

samples = 64

e late, >14 days: 80% (20/25)
e  Overall:77.4% (72/93)

Specificity [IlgM]
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(The Netherlands) Overall: 79.7% (51/64)
18G
Sensitivity [IgG
Based on days of sickness:
e  Early, 1-7 days: 59.1% (13/22)
° Immediate, 8-14 days: 91.3%
(42/46)
e late, >14 days: 96% (24/25)
e  Overall: 84.9% (79/93)
Specificity [1gG
85.9% (55/64)
FIND, Viroscience Confirmed COVID- | N=99 COVID-19 IgG/IgM Rapid Yes IgM, 1gG SARS-CoV-2 RT-PCR(no IgM
2020(M) Erasmus MC 19 Patients (no Test Cassette (Whole Spike S1 details Sensitivity [IgM
information Positive Blood/Serum/Plasma) antigen provided) Based on days of sickness:
available whether | samples = e  Early, 1-7 days: 57.1% (12/21)
patients were 90; By Orient Gene / Healgen . Immediate, 8-14 days:77.3%
hospitalized or not] Negative (34/44)
undefined if . samples =9 e Late, >14 days: 72% (18/25)
asymptomatic or o  Overall:71.1% (64/90)
symptomatic)
Specificity [IgM
(The Netherlands) Overall: 100% (9/9)
18G
Sensitivity [IgG
Based on days of sickness:
e  Early, 1-7 days: 47.6% (10/21)
e Immediate, 8-14 days: 72.7%
(32/44)
e late, >14 days: 100% (25/25)
e  Overall: 74.4% (67/90)
Specificity [IgG
100% (9/9)
FIND, Viroscience Confirmed COVID- | N=99 Cellex gSARS-CoV-2 Yes lgM, 1gG Spike and RT-PCR (no IgM
2020(N) Erasmus MC 19 Patients (no lgGlgM Cassette Rapid Nucleocapsid | details Sensitivity [IgM
information Test proteins provided) Based on days of sickness:
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available whether | Positive e  Early, 1-7 days: 31.8% (7/22)
patients were samples = By Cellex Inc. e Immediate, 8-14 days:82.6%
hospitalized or not] 90; (38/46)
undefined if Negative e Llate, >14 days: 96% (24/25)
asymptoma}tlc or | samples=9 e Overall:74.2% (69/93)
symptomatic)

Specificity [IgM]
(The Netherlands) Overall: 93.2% (41/44)
18G
Sensitivity [IgG
Based on days of sickness:
e  Early, 1-7 days: 31.8% (7/22)
e Immediate, 8-14 days: 73.9%
(34/46)
e late, >14 days: 96% (24/25)
e  Overall: 69.9% (65/93)
Specificity [IgG
95.5% (42/44)
FIND, University of | Confirmed COVID- | N=235 COVID-19 IgM-IgG Dual No IgM, 1gG No RT-PCR (no IgM
2020(0) California 19 Patients (no Antibody Rapid Test information details Sensitivity [IgM
information Positive available provided) Based on days of sickness:
available whether | samples = By BioMedomics, Inc. e  Early, 1-7 days: 26.9% (7/26)
patients were 128; e Immediate, 8-14 days:67.1%
hospitalized or not] Negative (47/70)
undefined if samples = o Late,>14 days: 78.1% (25/32)
asymptomatic or | 107 o Overall:61.7% (79/128)
symptomatic)
Specificity [IgM
(USA)

Overall: 87.9% (94/107)

IgG

Sensitivity [IgG

Based on days of sickness:

e  Early, 1-7 days: 23.1% (6/26)

. Immediate, 8-14 days: 60%
(42/70)
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e late, >14 days: 71.9% (23/32)
e Overall: 55.5% (71/128)
Specificity [IgG]
96.3% (103/107)
FIND, University of | Confirmed COVID- | For IgM Novel Coronavirus (2019- Yes IgM, 1gG No RT-PCR (no IgM
2020(P) California 19 Patients (no N=223 nCoV) Ab Test (Colloidal information details Sensitivity [IgM
information Gold) available provided) Based on days of sickness:
available whether | Positive e  Early, 1-7 days: 14.8% (4/27)
patients were samples = By Innovita Biological . Immediate, 8-14 days:35.3%
hospitalized or not] 115; Technology Co. Ltd (24/68)
undefined if _ Negative o Late, >14 days: 25% (5/20)
:‘%r;f;%rgfi‘g; or Sli)r;‘p'es B e Overall:28.7% (33/115)
Specificity [IgM
(USA) For 1g6 Overall: 96.3% (104/108)
N=224
» 1gG
Positive Based on days of sickness:
samples = Sensitivity [1gG
116; e Early, 1-7 days: 25.9% (7/27)
Negative o Immediate, 8-14 days: 60.9%
samples =
108 (42/69)
e late, >14 days: 65% (13/20)
o Overall: 53.4% (62/116)
Specificity [I1gG
100% (108/108)
FIND, University of | Confirmed COVID- | N=232 PerfectPOC Novel Corona No IgM, 1gG No RT-PCR (no IgM
2020(Q) California 19 Patients (no Virus (SARS-CoV-2) information details Sensitivity [IgM
information Positive IgM/1gG Rapid Test Kit available provided) Based on days of sickness:
available whether | samples = e  Early, 1-7 days: 40.7% (11/27)
patients were 128; By Jiangsu Bioperfectus e Immediate, 8-14 days:77.1%
hospitalized or not] Negative Technologies Co. Ltd (54/70)
undefined if samples = e late, >14 days: 83.9% (26/31)
asymptomatic or | 104 e Overall:71.1% (91/128)
symptomatic) Specificity [IgM]
Overall: 97.1% (101/104)
(USA)

52 | Rapid review: Use of Rapid Antibody-based Tests for Various Use Cases for COVID-19
DOH Health Technology Assessment Unit




A;J:Z(:r La?](;ﬁ’ceory P{égt'::::)n Sample Size Index Test rezgtl;?: 4 Target antibody ;:t';z:; Reference test Reported accuracy performance
IgG
Sensitivity [IgG
Based on days of sickness:
e  Early, 1-7 days: 25.9% (7/27)
. Immediate, 8-14 days: 71.4%
(50/70)
e late, >14 days: 74.2% (23/31)
e Overall: 62.5% (80/128)
Specificity [IgG
98.1% (102/104)
FIND, University of | Confirmed COVID- | N=238 COVID-19 (SARS-CoV-2) No IgM, 1gG No RT-PCR (no IgM
2020(R) California 19 Patients (N0 IgG/IgM Antibody Test Kit information details Sensitivity [IgM
information Positive (Colloidal Gold) available provided) Based on days of sickness:
available whether | samples = e Early, 1-7 days: 44.4% (12/27)
patients were 130; By DeepBlue Medical . Immediate, 8-14 days:78.9%
hospitalized or not| Negative Technology Co Ltd. (56/71)
undefined if samples = e Late, >14 days: 81.2% (26/32)
asymptomatic or | 108 e Overall:72.3% (94/130)
symptomatic) Specificity [IgM]
Overall: 84.3% (91/108)
(USA)
1gG
Sensitivity [IgG
Based on days of sickness:
e  Early, 1-7 days: 22.2% (6/27)
e Immediate, 8-14 days: 54.9%
(39/71)
e late, >14 days: 75% (24/32)
e  Overall: 53.1% (69/130)
Specificity [1gG
99.1% (107/108)
FIND, University of Confirmed COVID- | N=233 Novel Coronavirus No IgM, 1gG No RT-PCR (no IgM
2020(S) California 19 Patients (no (SARSCoV-2) 1gM/IgG information details Sensitivity [IgM
information Positive Combo Rapid Test- available provided) Based on days of sickness:
available whether | samples = Cassette e  Early, 1-7 days: 32% (8/25)
patients were 126; e Immediate, 8-14 days:75.7%
hospitalized or not] Negative By Decombio (53/70)
undefined if samples = Biotechnology Co Ltd. e late, >14 days: 77.4% (24/31)
107 e  Overall:67.5% (85/126)
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asymptomatic or Specificity [IgM
symptomatic) Overall: 90.7% (97/107)
(USA) IgG
Sensitivity [IgG
Based on days of sickness:
e  Early, 1-7 days: 28% (7/25)
° Immediate, 8-14 days: 75.7%
(53/70)
e late, >14 days: 77.4% (24/31)
e  Overall: 66.7% (84/126)
Specificity [1gG
91.6% (98/107)
FIND, University of | Confirmed COVID- | N=237 SARS-CoV-2 IgM/1gG Ab No IgM, 1gG No RT-PCR (no IgM
2020(T) California 19 Patients (no Rapid Test information details Sensitivity [IgM
information Positive available provided) Based on days of sickness:
available whether | samples = Sure Bio-Tech (USA) Co., e  Early, 1-7 days: 11.1% (3/27)
patients were 129; Ltd e Immediate, 8-14 days:52.9%
hospitalized or not] Negative (37/70)
undefined if samples = e Late, >14 days: 68.8% (22/32)
asymptomatic or | 108 e Overall: 48.1% (62/129)
symptomatic) Specificity [IgM
Overall: 100% (108/108)
(USA)
IgG
Sensitivity [IgG
Based on days of sickness:
e  Early, 1-7 days: 18.5% (5/27)
. Immediate, 8-14 days: 62.9%
(44/70)
e Late, >14 days: 75% (24/32)
e  Overall: 56.6% (73/129)
Specificity [IgG
100% (108/108)
FIND, University of | Confirmed COVID- | N=237 COVID-19 IgG/IgM Rapid No IgM, 1gG No RT-PCR (no IgM
2020(U) California 19 Patients (no Test Cassette information details Sensitivity [IgM
information Positive available provided) Based on days of sickness:
available whether | samples = By Premier Biotech e  Early, 1-7 days: 37% (10/27)
patients were 129;
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hospitalized or not| Negative e Immediate, 8-14 days:75.7%
undefinedf samples = (53/70)
asymptomatic or | 108 e late, >14 days: 81.2% (26/32)
symptomatic) e  Overall: 69% (89/129)
Specificity [IgM
(USA) Overall: 98.1% (106/108)
18G
Sensitivity [IgG
Based on days of sickness:
e  Early, 1-7 days: 22.2% (6/27)
. Immediate, 8-14 days: 57.1%
(40/70)
e late, >14 days: 71.9% (23/32)
e  Overall: 53.5% (69/129)
Specificity [1gG
99.1% (107/108)
FIND, University of Confirmed COVID- | N=237 Coronavirus 1gG/IgM No IgM, 1gG No RT-PCR (no IgM
2020(V) California 19 Patients (no Antibody (COVID-19) Test information details Sensitivity [IgM
information Positive Cassette available provided) Based on days of sickness:
available whether | samples = e  Early, 1-7 days: 25.9% (7/27)
patients were 130; By UCP Biosciences e Immediate, 8-14 days:66.2%
hospitalized onot; | Negative (47/71)
undefined if samples = o Llate, >14 days: 78.1% (25/32)
asymptomatic or | 107 e Overall: 60.8% (79/130)
symptomatic) Specificity [IgM
Overall: 98.1% (105/107)
(USA)

IgG

Sensitivity [IgG

e  Early, 1-7 days: 25.9% (7/27)

. Immediate, 8-14 days: 60.6%
(43/71)

e late, >14 days: 71.9% (23/32)

e  Overall: 56.2% (73/130)

Specificity [IgG
98.1% (105/107)
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FIND, University of | Confirmed COVID- | N=220 VivaDiag COVID-19 Yes IgM, 1gG No RT-PCR (no IgM
2020(W) California 19 Patients (No IgM/IgG Rapid Test information details Sensitivity [IgM
information Positive available provided) Based on days of sickness:
available whether | samples = By VivaChek Biotech e  Early, 1-7 days: 29.2% (7/24)
patients were 121; (Hangzhou) Co., Ltd . Immediate, 8-14 days:72.7%
hospitalized or not] Negative (48/66)
undefined if samples = 99 e Llate, >14 days: 77.4% (24/31)
asymptomatic or e  Overall: 65.3% (79/121)
symptomatic) Specificity [IgM]
Overall: 94.9% (94/99)
(UsA)
18G
Sensitivity [IgG
Based on disease onset:
e  Early, 1-7 days: 29.2% (7/24)
e |Immediate, 8-14 days: 71.2%
(47/66)
o Llate, >14 days: 74.2% (23/31)
e  Overall: 63.6% (77/121)
Specificity [IgG
96% (95/99)
Liet. al. State Key Patients with N=525 IgG/IgM rapid test kits No IlgM, 1gG No RT-PCR (no Sensitivity: 88.66%
(2020) Laboratory of | suspected case of (designed and information details [Confidence interval not reported]
Respiratory COVID-19) Positive manufactured by Jiangsu available provided)
Disease, (hospitalized; samples = Medomics Medical Specificity: 90.63%
National undefinedf 397, Technologies) [Confidence interval not reported]
Clinical asymptomatic or | Negative
Research symptomati¢ samples =
Center for 128
Respiratory (China)
Disease,
Guangzhou
Institute of
Respiratory
Health, The
First
Affiliated
Hospital of
Guangzhou
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Medical
University
Gao et al, Not reported | confirmed cases N=37 Rapid antibody test from No IgG/1gM No RT-PCR (2019- No reported sensitivity or specificity
2020 were admitted to Beier Bioengineering information nCoV RNA Test values
the Fifth Hospital Positive Company available Kit, Daan Gene
of Shijiazhuang, samples: Company,
thedesignated China)
hospital for 2019- Early stage:
nCoV infection, 10
from January 21st Middle
to February 24th, stage: 13
2020 Late stage:
14
(hospitalized;
undefined if
asymptomatic or
symptomatic)
(China)
Imai et al, Not reported | Patients with N=139 One Step Novel No IgM, 1gG No RT-PCR (no e |gM Sensitivity
2020 laboratory- Coronavirus (COVID-19) information details o Total: 43.2% (60/139)
confirmed COVID- | Positive IgM/1gG Antibody Test by available provided) o <1week:27.8%
19 who were samples Artron, Burnaby, Canada (25/90)
referred to =139

the Self-Defense
Forces Central
Hospital and
Saitama Medical
University Hospital
in Japan from
February 11 to
March 31, 2020

(hospitalized; both

with data on

asymptomatic and

symptomatic)

1-2 weeks: 48% (12/25
o >2 weeks: 95.8%
(23/24)

e |gG Sensitivity
o Total: 14.4% (20/139)
o <1 week: 3.3% (3/90)
o 1-2 weeks: 8% (2/25
o >2weeks: 62.5%
(15/24)

e IgG/IgM Sensitivity
o Total: 43.2% (60/139)
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o <1week:27.8%
(Japan) (25/90)
1-2 weeks: 48% (12/25
o >2weeks: 95.8%
(23/24)
Pan et. al. Not Patients with N=108 Colloidal gold-based Yes lgM, 1gG No RT-PCR (Chinese | IgM
(2020) reported. suspected case of immunochromatographic information Center for Sensitivity [IgM
COVID-19 Positive (ICG) strip (1gG/IgM rapid available Disease Control | Based on disease onset:
(hospitalized,; samples = antibody test) and Prevention | e  Early duration, between 1-7 days
undefinedf 86; (designed and recommended after onset:
asymptomatic or manufactured by Zhuhai Kit BioGerm, 11.1% [2.9 - 30.3]
symptomatig Livzon Diagnostic Inc.) Shanghai, e Immediate duration, between 8-
. China) 14 days after onset:
(China)

78.6% [58.5 - 91.0]

° Late duration, 15th day and
onwards after onset:
74.2% [55.1 - 87.5]

e  Regardless of disease duration
55.8%
[44.7 - 66.4]

Specificity [IgM
Not reported.

1gG

Sensitivity [IgG

Based on disease onset:

° Early duration, between 1-7
days after onset:
3.6% [0.2 - 20.9]

° Immediate duration, between 8-
14 days after onset:
57.1% [37.4 - 75.0]

° Late duration, 15th day and
onwards after onset:
96.8% [81.5 - 99.8]
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e  Regardless of disease duration
54.7% [43.6-65.3]
Specificity [IgG
Not reported.
Overall IgM or IgG sensitivity
regardless of disease stage: 68.6%
[57.6-77.9]
RITM, Research SARS-CoV-2 PCR N=42 Boson Biotech Rapid Yes IgG, IgM No RT-PCR IgM Sensitivity:
2020A Institute for positive patients 2019-nCoV IgM/IgG information (laboratory-
Tropical (no information Positive Combo Test Card by available developed test 8-14 days after onset: 41.67% [15.17-
Medicine available whether | samples=21 | Xiamen Boson Biotech Co. following the 72.33]
patients were Ltd. protocol of 15-35 days after onset: 66.67%
hospitalized or not| Negative Corman et al, [29.33-92.51]
undefined if samples=21 2020)
asymptomatic or IgG Sensitivity:
symptomatickrnd 8-14 days after onset: 66.67% [34.89-
negative samples 90.08]
from dengue 15-35 days after onset: 88.89%
surveillance [51.75-99.72]
(Philippines)
RITM, Research Confirmed cases N=97 Wondfo SARS-CoV-2 No IgG, IgM No RT-PCR Sensitivity: 77.8% [57.7-91.4]
2020B Institute for which fits Antibody Test by information (laboratory- Specificity: 97.1% [90.1-99.7]
Tropical definition of true Guangzhou Wondfo available developed test PPV:91.3% [72-98.9]
Medicine positives, that is, Positive Biotech Co., Ltd. following the NPV:91.9% [91.9-97]
those with both sRamples=27 protocol of
positive laboratory Corman et al,
test and with Negative 2020)
clinical symptoms samples: 70

associated with
COVID-19 (no
information
available whether
patients were

hospitalized or not|

59 | Rapid review: Use of Rapid Antibody-based Tests for Various Use Cases for COVID-19
DOH Health Technology Assessment Unit




Author
Year

Laboratory
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(Country)

Sample Size

Index Test

PH FDA
registered?

Target antibody

Target
Antigen

Reference test

Reported accuracy performance

undefined if
asymptomatic or
symptomatic)
Samples collected
were those with at
least 8 days from
the onset of
symptom as
indicated in the
case investigation
form. PCR
positives without
clinical symptoms
were excluded to
avoid including
samples that might
be false positives.
For the negative
sample panel, 70
samples were
included

(Philippines)

Shen et.
al. (2020)

Not
reported.

Patients with
suspected case of
COVID-19
(hospitalized;
undefinedf
asymptomaticor
ssymptomatic

(China)

N=150

Positive
samples =
97; Negative
samples =53

Immunochromatography
assay test (designed and

manufactured by

Shanghai Outdo Biotech

Co. Ltd, China, LOT:
20200101)

No

IlgM and 1gG

No
information
available

RT-PCR (no
details
provided)

Subgroup analysis based on patient

characteristic

Patient
characteristic

Sensitivity
[95% Cl]

Sex (Male)

76% [63 - 86

Sex(Female)

63% [46 - 78

Age (< 20-35)

Age (< 36-55)

74% [60 - 85

Age (< 56-65)

]
]
59% [33 - 82]
]
]

71% [44 - 90

Age (>65) 100% [66 - 100]
Symptom 55% [38 - 71]
onset (0-7

days)
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Symptom 73% [54 - 87]
onset (8-14
days)
Symptom 96% [79 - 100]
onset 15-28
days)
Clinical 67% [55 - 77)
severity
(Ordinary)
Clinical 86% [64 - 97]
severity
(Severe)
Other accuracy performance results
for the subgroup analysis were not
reported.
Overall performance
e  Sensitivity: 71.1% [60.9 -
79.7]
e Specificity: 96.2% [85.9 -
99.3]
e  Positive predictive value:
97.2% [89.3 - 99.5]
e Negative predictive value
64.6% [52.9 - 74.8]
e  Positive and negative likelihood
ratios were not reported
Spicuzza Not reported | Patients with N=37 2019-nCoV IgG/IgM No IgG, IgM No RT-PCR (no Sensitivity: 83%
et al, 2020 confirmed Covid Antibody Rapid Test Kit by information details Specificity: 93%
19 who had, Beijing Diagreat available provided)
according to the Positive Biotechnologies Co., Ltd
WHO definition, samples=23
consistent
radiological/clinical | Negative
findings and sample=14

positive molecular
tests for SARS-Cov-
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Laboratory
name

Population
(Country)

Sample Size

Index Test

PH FDA
registered?

Target antibody

Target
Antigen

Reference test

Reported accuracy performance

2 (hospitalized;
symptomatic)
Patients with with
suspected Covid
19 who had
suggestive
radiological/clinical
findings but
negative molecular
tests (hospitalized;
symptomatic)and
Asymptomatic
controls with
negative molecular
tests

(Italy)

Tollanes et
al,,
2020(A)

Norwegian
Organization
for Quality
Improvement
of Laboratory
Examinations
(NOKLUS)

Arm 1: PCR-
confirmed COVID-
19 patients from
Oslo University
hospital, Ulleval
(hospitalized,;
symptomatic)

Arm 3: Participants
fulfilling the
criteria for being
PCR-tested for
COVID-19 at a
primary care
emergency room
of Bergen
municipality
(hospitalized;
symptomatic)

(Norway)

Arm 1: 20
Arm 3: 49

Acro 2019-nCoV IgG/IgM

Rapid Test

By Acro Biotech Inc, USA

No

IgM, 1gG

No
information
available

RT-PCR (no
details
provided)

See critical appraisal of Tollanes et al.
(2020) for the reported accuracy
performance of Tollanes et al,
2020(A) to Tollanes et al., 2020(K)

Confidence intervals expressed as
80% confidence intervals for binomial
proportions using adjusted Wald
method
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Tollanes et | Norwegian Arm 1: PCR- Arm 1: 20 ONsite Covid-19 1gG/IgM Yes IgM, 1gG No RT-PCR (no See critical appraisal of Tollanes et al.
al., Organization | confirmed COVID- | Arm 3: 49 Rapid Test information details (2020) for the reported accuracy
2020(B) for Quality 19 patients from available provided) performance of Tollanes et al,

Improvement | Oslo University By CTK Biotech, Inc, USA 2020(A) to Tollanes et al., 2020(K)
of Laboratory | hospital, Ulleval
Examinations | (hospitalized; Confidence intervals expressed as
(NOKLUS) symptomatic) 80% confidence intervals for binomial
proportions using adjusted Wald
Arm 3: Participants method
fulfilling the
criteria for being
PCR-tested for
COVID-19 at a
primary care
emergency room
of Bergen
municipality
(hospitalized;
symptomatic)
(Norway)
Tollanes et | Norwegian Arm 1: PCR- Arm 1: 20 COVID-19 1gG/1gM Rapid No IgM, 1gG No RT-PCR (no See critical appraisal of Tollanes et al.
al., Organization | confirmed COVID- | Arm 3:15 Test Kit information details (2020) for the reported accuracy
2020(C) for Quality 19 patients from available provided) performance of Tollanes et al,
Improvement | Oslo University By WuHanUNscience 2020(A) to Tollanes et al., 2020(K)

of Laboratory
Examinations
(NOKLUS)

hospital, Ulleval
(hospitalized;
symptomatic)

Arm 3: Participants
fulfilling the
criteria for being
PCR-tested for
COVID-19 at a
primary care
emergency room
of Bergen
municipality
(hospitalized;
symptonatic)

Biotechnology Co., China

Confidence intervals expressed as
80% confidence intervals for binomial
proportions using adjusted Wald
method
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(Norway)
Tollanes et | Norwegian Arm 1: PCR- Arm 1: 20 A Rapid IgM-1gG No IgM, 1gG Spike protein | RT-PCR (no See critical appraisal of Tollanes et al.
al., Organization | confirmed COVID- | Arm 3:40 Combined details (2020) for the reported accuracy
2020(D) for Quality 19 patients from Antibody Test Kit for provided) performance of Tollanes et al,
Improvement | Oslo University SARS-CoV-2 2020(A) to Tollanes et al., 2020(K)
of Laboratory | hospital, Ulleval
Examinations | (hospitalized; By Jiangsu Medomics Confidence intervals expressed as
(NOKLUS) symptomatic) medical 80% confidence intervals for binomial
technology Co., China proportions using adjusted Wald
Arm 3: Participants method
fulfilling the
criteria for being
PCR-tested for
COVID-19 at a
primary care
emergency room
of Bergen
municipality
(hospitalized;
symptomatic)
(Norway)
Tollanes et | Norwegian Arm 1: PCR- Arm 1: 20 Wantai SARS-CoV-2 Ab Yes IlgM, 1gG No RT-PCR (no See critical appraisal of Tollanes et al.
al., Organization | confirmed COVID- | Arm 3:49 Rapid Test Kit information details (2020) for the reported accuracy
2020(E) for Quality 19 patients from available provided) performance of Tollanes et al,
Improvement | Oslo University By Beijing Wantai 2020(A) to Tollanes et al., 2020(K).

of Laboratory
Examinations
(NOKLUS)

hospital, Ulleval
(hospitalized;
symptomatic)

Arm 3: Participants
fulfilling the
criteria for being
PCR-tested for
COVID-19 at a
primary care
emergency room
of Bergen

Biological Pharmacy
Enterprise Co, China

Confidence intervals expressed as
80% confidence intervals for binomial
proportions using adjusted Wald
method
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municipality
(hospitalized;
symptomatic)
(Norway)
Tollanes et | Norwegian Arm 1: PCR- Arm 1: 20 Novel coronavirus 2019- Yes IgM, 1gG Spike protein | RT-PCR (no See critical appraisal of Tollanes et al.
al., Organization | confirmed COVID- | Arm 3: 49 nCov) IgM/IgG Antibody details (2020) for the reported accuracy
2020(F) for Quality 19 patients from Combo Test Kit provided) performance of Tollanes et al,
Improvement | Oslo University 2020(A) to Tollanes et al., 2020(K).
of Laboratory | hospital, Ulleval By Hangzhoue Laihe
Examinations | (hospitalized; Biotech Co, China. (LYHER) See critical appraisal of Tollanes et al.
(NOKLUS) symptomatic) (2020) for the reported accuracy
performance of Tollanes et al,
Arm 3: Participants 2020(A) to Tollanes et al., 2020(K).
fulfilling the
criteria for being Confidence intervals expressed as
PCR-tested for 80% confidence intervals for binomial
COVID-19 at a proportions using adjusted Wald
primary care method
emergency room
of Bergen
municipality
(hospitalized;
symptomatic)
(Norway)
Tollanes et | Norwegian Arm 1: PCR- Arm 1: 20 Novel Coronavirus No IgM Nucleocapsid | RT-PCR (no See critical appraisal of Tollanes et al.
al., Organization | confirmed COVID- | Arm 3:30 (SARSCoV-2) IgM Antibody protein details (2020) for the reported accuracy
2020(G) for Quality 19 patients from Detection Kit provided) performance of Tollanes et al,
Improvement | Oslo University 2020(A) to Tollanes et al., 2020(K).

of Laboratory
Examinations
(NOKLUS)

hospital, Ulleval
(hospitalized;
symptomatic)

Arm 3: Participants
fulfilling the
criteria for being
PCR-tested for
COVID-19 at a
primary care

By RayBiotech, USA

Confidence intervals expressed as
80% confidence intervals for binomial
proportions using adjusted Wald
method
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Author
Year

Laboratory
name

Population
(Country)

Sample Size

Index Test

PH FDA
registered?

Target antibody

Target
Antigen

Reference test

Reported accuracy performance

emergency room
of Bergen
municipality
(hospitalized;
symptomatic)

(Norway)

Tollanes et
al.,
2020(H)

Norwegian
Organization
for Quality
Improvement
of Laboratory
Examinations
(NOKLUS)

Arm 1: PCR-
confirmed COVID-
19 patients from
Oslo University
hospital, Ulleval
(hospitalized;
symptomatic)

Arm 3: Participants
fulfilling the
criteria for being
PCR-tested for
COVID-19 at a
primary care
emergency room
of Bergen
municipality
(hospitalized,;
symptomatic)

(Norway)

Arm 1: 20
Arm 3: 49

Novel Coronavirus

(SARSCoV-2) IgG Antibody

Detection Kit

By RayBiotech, USA

No

IgG

Nucleocapsid
protein

RT-PCR (no
details
provided)

See critical appraisal of Tollanes et al.
(2020) for the reported accuracy
performance of Tollanes et al,
2020(A) to Tollanes et al., 2020(K).

Confidence intervals expressed as
80% confidence intervals for binomial
proportions using adjusted Wald
method

Tollanes et
al., 2020(1)

Norwegian
Organization
for Quality
Improvement
of Laboratory
Examinations
(NOKLUS)

Arm 1: PCR-
confirmed COVID-
19 patients from
Oslo University
hospital, Ulleval
(hospitalized,;
symptomatic)

Arm 3: Participants
fulfilling the
criteria for being
PCR-tested for

Arm 1: 20
Arm 3: 49

Lumiratek COVID-19

IgG/IgM Hurtigtest kassett

By Hangzhou Biotest
Biotech Co., China

No

IgM, 18G

No
information
available

RT-PCR (no
details
provided)

See critical appraisal of Tollanes et al.
(2020) for the reported accuracy
performance of Tollanes et al,
2020(A) to Tollanes et al., 2020(K).

Confidence intervals expressed as
80% confidence intervals for binomial
proportions using adjusted Wald
method
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Author
Year

Laboratory
name

Population
(Country)

Sample Size

Index Test

PH FDA
registered?

Target antibody

Target
Antigen

Reference test

Reported accuracy performance

COVID-19 ata
primary care
emergency room
of Bergen
municipality
(hospitalized;
symptomatic)

(Norway)

Tollanes et
al., 2020())

Norwegian
Organization
for Quality
Improvement
of Laboratory
Examinations
(NOKLUS)

Arm 1: PCR-
confirmed COVID-
19 patients from
Oslo University
hospital, Ulleval
(hospitalized;
symptomatic)

Arm 3: Participants
fulfilling the
criteria for being
PCR-tested for
COVID-19 at a
primary care
emergency room
of Bergen
municipality
(hosptalized;
symptomatic)

(Norway)

Arm 1: 20
Arm 3: 49

Covid-19 IgG/IgM Rapid

Test Cassette

By SureScreen
Diagnostics,UK

No

IgM, IgG

No
information
available

RT-PCR (no
details
provided)

See critical appraisal of Tollanes et al.
(2020) for the reported accuracy
performance of Tollanes et al,
2020(A) to Tollanes et al., 2020(K).

Confidence intervals expressed as
80% confidence intervals for binomial
proportions using adjusted Wald
method

Tollanes et
al.,
2020(K)

Norwegian
Organization
for Quality
Improvement
of Laboratory
Examinations
(NOKLUS)

Arm 1: PCR-
confirmed COVID-
19 patients from
Oslo University
hospital, Ulleval
(hospitalized;
symptomatic)

Arm 2: Previously
PCR-confirmed

Arm 1: 20
Arm 2: 23
Arm 3: 49

SARS-CoV-2 1gG/IgM
Rapid Test

By Zhuhai Encode Medical
Engineering Co., China

Yes

IgM, 1gG

No
information
available

RT-PCR (no
details
provided)

See critical appraisal of Tollanes et al.
(2020) for the reported accuracy
performance of Tollanes et al,
2020(A) to Tollanes et al., 2020(K).

Confidence intervals expressed as
80% confidence intervals for binomial
proportions using adjusted Wald
method
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Laboratory
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Population
(Country)

Sample Size

Index Test

PH FDA
registered?

Target antibody

Target
Antigen

Reference test

Reported accuracy performance

COVID-19
participants in
municipality of
Kristiansand
(hospitalization
not required;
undefined if
asymptomatic or
symptomatic)

Arm 3: Participants
fulfilling the
criteria for being
PCR-tested for
COVID-19 at a
primary care
emergency room
of Bergen
municipality
(hospitalized;
symptomatic)

(Norway)

Vasarhelyi
et al, 2020
(A)

Not reported

Staff of
Semmelweis
University, the
patients treated
here, and the
people working or
treated in the
medical
institutions of
capital, Pest
county and Fejér
county
(Hungary)

N=625

COVID -19 IgM/IgG Rapid

Test Cassette by
Hangzhou Clongene
Biotech Co., Ltd.

Yes

IgG, IgM

No
information
available

RT-PCR (no
details
provided)

Sensitivity: 35.48% [19.23-54.63]
Specificity: 85.02% [82.64-87.19]
PPV (6% prev): 13.13% [8.42-19.91]
NPV (6% prev): 95.38% [94.08-96.41]
PPV (2% prev): 4.61% [2.86-7.36]
NPV (2% prev): 98.47 [98.03-98.82]
PPV (10% prev): 20.84% [13.8-30.21]
NPV (10% prev): [92.22% [90.12-
93.91]

PPV (30% prev): 50.38% [38.17-62.54]
NPV (30% prev): 75.46% [70.28-
79.99]

Vasarhelyi
et al, 2020
(B)

Not reported

Staff of
Semmelweis
University, the
patients treated

N=1029

Anhui Quick Test by Anhui

Deep Blue Medical
Technology Co., Ltd.

No

IgG, IgM

No
information
available

RT-PCR (no
details
provided)

Sensitivity: 33.33% [14.59-56.97]
Specificity: 72.85% [69.11-76.36]
PPV (6% prev): 7.27% [4.05-12.70]
NPV (6% prev): 94.48% [92.65-95.88]
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here, and the PPV (2% prev): 2.44% [1.33-4.45]
people working or NPV (2% prev): 98.17% [97.53-98.64]
treated in the PPV (10% prev): 12% [6.84-20.21]
medical NPV (10% prev): 90.77% [87.86-
institutions of 93.04]
capital, Pest PPV (30% prev): 34.47% [22.08-49.42]
county and Fejér NPV (30% prev): 71.83% [65.24-
county 77.60]

(Hungary)
Use case: Determination of previous exposure
Hoffman Not reported | PCR-confirmed N=53 COVID-19 IgG/IgM Rapid Yes IgG, IgM No RT-PCR (no e IgG
et al, 2020 COVID-19 patients Test Cassette by Zhejiang information details o  Sensitivity: 93.1%
or convalescents Positive Orient Gene Biotech Co available provided) o  Specificity: 99.2%
(hospitalized; samples=29 Ltd, Huzhou, Zhejiang, o  PPV:96.4%
undefined if . China o NPV:98.4%
asymptomatic or | Negative
symptomatic) samples=124 © M "
) o  Sensitivity: 69%
capillary blood o
samples from o Specificity: 100%
healthy volunteers o PPV:100%
with no known
history of SARS- NPT Rk
CoV-2
infection/COVID-
19, anonymous
blood donor sera
from healthy
adults, and serum
samples from
babies 6-12
months old
(Sweden)
Tollanes et | Norwegian Arm 2: Previously Arm 2:23 Acro 2019-nCoV IgG/1gM No IgM, 1gG No RT-PCR (no See critical appraisal of Tollanes et al.
al., Organization PCR-confirmed Rapid Test information details (2020) for the reported accuracy
2020(A) for Quality COVID-19 available provided) performance of Tollanes et al,
Improvement | participantsin By Acro Biotech Inc, USA 2020(A) to Tollanes et al., 2020(K)

of Laboratory
Examinations
(NOKLUS)

municipality of
Kristiansand
(hospitalization

Confidence intervals expressed as
80% confidence intervals for binomial
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A;’:Z:r La?}zﬁ’ceory P{égt':::g; Sample Size Index Test rezgtl;?: 4 Target antibody ;:t';z:; Reference test Reported accuracy performance
not required; proportions using adjusted Wald
undefined if method
asymptomatic or
symptomatic)

(Norway)
Tollanes et | Norwegian Arm 2: Previously Arm 2: 23 ONsite Covid-19 1gG/IgM Yes IgM, 1gG No RT-PCR (no See critical appraisal of Tollanes et al.
al., Organization | PCR-confirmed Rapid Test information details (2020) for the reported accuracy
2020(B) for Quality COVID-19 available provided) performance of Tollanes et al,
Improvement | participants in By CTK Biotech, Inc, USA 2020(A) to Tollanes et al., 2020(K)
of Laboratory | municipality of
Examinations | Kristiansand Confidence intervals expressed as
(NOKLUS) (hospitalization 80% confidence intervals for binomial
not required; proportions using adjusted Wald
undefined if method
asymptomatic or
symptomatic)
(Norway)
Tollanes et | Norwegian Arm 2: Previously Arm 2:23 COVID-19 IgG/IgM Rapid No IgM, 1gG No RT-PCR (no See critical appraisal of Tollanes et al.
al., Organization PCR-confirmed Test Kit information details (2020) for the reported accuracy
2020(C) for Quality COVID-19 available provided) performance of Tollanes et al,
Improvement | participants in By WuHanUNscience 2020(A) to Tollanes et al., 2020(K)
of Laboratory | municipality of Biotechnology Co., China
Examinations | Kristiansand Confidence intervals expressed as
(NOKLUS) (hospitalization 80% confidence intervals for binomial
not required; proportions using adjusted Wald
undefined if method
asymptomatic or
symptomatic)
(Norway)
Tollanes et | Norwegian Arm 2: Previously Arm 2: 20 A Rapid IgM-1gG No IgM, 1gG Spike protein | RT-PCR (no See critical appraisal of Tollanes et al.
al., Organization PCR-confirmed Combined details (2020) for the reported accuracy
2020(D) for Quality COVID-19 Antibody Test Kit for provided) performance of Tollanes et al,
Improvement | participants in SARS-CoV-2 2020(A) to Tollanes et al., 2020(K)

of Laboratory
Examinations
(NOKLUS)

municipality of
Kristiansand
(hospitalization
not required;

By Jiangsu Medomics

medical

technology Co., China

Confidence intervals expressed as
80% confidence intervals for binomial
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A?ngr Laizrr:teory I?céztl:::s;] Sample Size Index Test rez::tl;?: 4 Target antibody ;:t';z:; Reference test Reported accuracy performance
undefined if proportions using adjusted Wald
asymptomatic or method
symptomatic)

(Norway)
Tollanes et | Norwegian Arm 2: Previously Arm 2: 23 Wantai SARS-CoV-2 Ab Yes IgM, 1gG No RT-PCR (no See critical appraisal of Tollanes et al.
al., Organization PCR-confirmed Rapid Test Kit information details (2020) for the reported accuracy
2020(E) for Quality COVID-19 available provided) performance of Tollanes et al,
Improvement | participants in By Beijing Wantai 2020(A) to Tollanes et al., 2020(K).
of Laboratory | municipality of Biological Pharmacy
Examinations | Kristiansand Enterprise Co, China Confidence intervals expressed as
(NOKLUS) (hospitalization 80% confidence intervals for binomial
not required; proportions using adjusted Wald
undefined if method
asymptomatic or
symptomatic)
(Norway)
Tollanes et | Norwegian Arm 2: Previously Arm 2: 23 Novel coronavirus 2019- Yes IlgM, 1gG Spike protein | RT-PCR (no See critical appraisal of Tollanes et al.
al., Organization PCR-confirmed nCov) IgM/IgG Antibody details (2020) for the reported accuracy
2020(F) for Quality COVID-19 Combo Test Kit provided) performance of Tollanes et al,
Improvement | participants in 2020(A) to Tollanes et al., 2020(K).
of Laboratory | municipality of By Hangzhoue Laihe
Examinations | Kristiansand Biotech Co, China. (LYHER) See critical appraisal of Tollanes et al.
(NOKLUS) (hospitalization (2020) for the reported accuracy
not required; performance of Tollanes et al,
undefined if 2020(A) to Tollanes et al., 2020(K).
asymptomatic or
symptomatic) Confidence intervals expressed as
80% confidence intervals for binomial
(Norway) proportions using adjusted Wald
method
Tollanes et | Norwegian Arm 2: Previously Arm 2:23 Novel Coronavirus No IgM Nucleocapsid | RT-PCR (no See critical appraisal of Tollanes et al.
al., Organization PCR-confirmed (SARSCoV-2) IgM Antibody protein details (2020) for the reported accuracy
2020(G) for Quality COVID-19 Detection Kit provided) performance of Tollanes et al,
Improvement | participants in 2020(A) to Tollanes et al., 2020(K).

of Laboratory
Examinations
(NOKLUS)

municipality of
Kristiansand
(hospitalization

By RayBiotech, USA

Confidence intervals expressed as
80% confidence intervals for binomial
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A:;:Z(:r La?]zﬁ’ceory P(ZZ?JI:::S; Sample Size Index Test rezgtl;?: 4 Target antibody ;:t';z:; Reference test Reported accuracy performance
not required; proportions using adjusted Wald
undefined if method
asymptomatic or
symptomatic)

(Norway)
Tollanes et | Norwegian Arm 2: Previously Arm 2: 23 Novel Coronavirus No lgG Nucleocapsid | RT-PCR (no See critical appraisal of Tollanes et al.
al., Organization | PCR-confirmed (SARSCoV-2) IgG Antibody protein details (2020) for the reported accuracy
2020(H) for Quality COVID-19 Detection Kit provided) performance of Tollanes et al,
Improvement | participantsin 2020(A) to Tollanes et al., 2020(K).
of Laboratory | municipality of By RayBiotech, USA
Examinations | Kristiansand Confidence intervals expressed as
(NOKLUS) (hospitalization 80% confidence intervals for binomial
not required; proportions using adjusted Wald
undefined if method
asymptomatic or
symptomatic)
(Norway)
Tollanes et | Norwegian Arm 2: Previously Arm 2:23 Lumiratek COVID-19 No IgM, 1gG No RT-PCR (no See critical appraisal of Tollanes et al.
al., 2020(l) | Organization PCR-confirmed IgG/IgM Hurtigtest kassett information details (2020) for the reported accuracy
for Quality COVID-19 available provided) performance of Tollanes et al,
Improvement | participants in By Hangzhou Biotest 2020(A) to Tollanes et al., 2020(K).
of Laboratory | municipality of Biotech Co., China
Examinations | Kristiansand Confidence intervals expressed as
(NOKLUS) (hospitalization 80% confidence intervals for binomial
not required; proportions using adjusted Wald
undefined if method
asymptomatic or
symptomatic)
(Norway)
Tollanes et | Norwegian Arm 2: Previously Arm 2:23 Covid-19 IgG/IgM Rapid No IlgM, 1gG No RT-PCR (no See critical appraisal of Tollanes et al.
al., 2020(J) | Organization PCR-confirmed Test Cassette information details (2020) for the reported accuracy
for Quality COVID-19 available provided) performance of Tollanes et al,
Improvement | participantsin By SureScreen 2020(A) to Tollanes et al., 2020(K).

of Laboratory
Examinations
(NOKLUS)

municipality of
Kristiansand
(hospitalization
not required;

Diagnostics,UK

Confidence intervals expressed as
80% confidence intervals for binomial
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A?ngr Laigrr:teory P(EZEI:::/;] Sample Size Index Test rez::tl;?: 4 Target antibody ;:;2:; Reference test Reported accuracy performance
undefined if proportions using adjusted Wald
asymptomatic or method
sympbmatic)

(Norway)
Tollanes et | Norwegian Arm 2: Previously Arm 2: 23 SARS-CoV-2 IgG/IgM Yes IgM, 1gG No RT-PCR (no See critical appraisal of Tollanes et al.
al., Organization | PCR-confirmed Rapid Test information details (2020) for the reported accuracy
2020(K) for Quality COVID-19 available provided) performance of Tollanes et al,
Improvement | participants in By Zhuhai Encode Medical 2020(A) to Tollanes et al., 2020(K).
of Laboratory | municipality of Engineering Co., China
Examinations | Kristiansand Confidence intervals expressed as
(NOKLUS) (hospitalization 80% confidence intervals for binomial
not required; proportions using adjusted Wald
undefined if method
asymptomatic or
symptomatic)
(Norway)
Use case: Epidemiologic surveillance
NClI, Frederick Confirmed COVID- | N=110 Covid-19 IgG/IgM Rapid Yes IgM, 1gG No ELISA (US CDC IgM
2020A National 19 patients (no Test Cassette information developed and Sensitivity [IgM] 100% [88.7-100]
Laboratory information Positive available Krammer (30/30)
for Cancer available whether | samples = By Hangzhou Biotest Laboratory at Specificity [IgM] 100% [95.4-100]
Research patients were 30; Biotech, Co., Ltd. the Icahn (80/80)
hospitalized or not| Negative School of
undefined if samples = 80 Medicine at 1gG
asymptomatic or Mount Sinai Sensitivity [IgG] 93.3% [78.8-98.2]
symptomatic) developed) (28/30)
Specificity [IgG] 100% [95.4-100]
(USA) (80/80)
NCI, Frederick Confirmed COVID- | N=110 COVID-19 IgG/IgM Rapid Yes IgM, 1gG Spike protein | ELISA (US CDC IgM
2020B National 19 patients (no Test Cassette developed and Sensitivity [IgM] 100% [88.7-100]
Laboratory information Positive Krammer (30/30)
for Cancer available whether | samples = By Healgen Scientific Laboratory at Specificity [IgM] 100% [95.4-100]
Research patients were 30; Limited the Icahn (80/80)
hospitalized or not] Negative School of
undefined if samples = 80 Medicine at 18G
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A:;:Z(:r La?]zﬁ’ceory P(ZZ?JI:::S; Sample Size Index Test rezgtl;?: 4 Target antibody ;:t';z:; Reference test Reported accuracy performance
asymptomatic or Mount Sinai Sensitivity [I1gG] 96.7% [83.3-99.4]
symptomatic) developed) (29/30)
Specificity [IgG] 97.5% [91.3-99.3]
(USA) (78/80)
NCI, Frederick Confirmed COVID- N=110 SARS-CoV-2 IgM/IgG AB No IgM, IgG No ELISA (US CDC IgM
2020C National 19 patients (no Antibody Rapid Test information developed and Sensitivity [lgM] 53.3% [36.1-69.8]
Laboratory information Positive (Immunochromatography) available Krammer (16/30)
for Cancer available whether | samples = By Abacus Pharma Laboratory at Specificity [IgM] 100% [95.4-100]
Research patients were 30; International the Icahn (80/80)
hospitalized or not| Negative School of
undefined if samples = 80 Medicine at IgG
asymptomatic or Mount Sinai Sensitivity [I1gG] 73.3% [55.6-85.8]
symptomatic) developed) (22/30)
Specificity [I1gG] 98.8% [93.3-99.8]
(USA) (79/80)
NCl, Frederick Confirmed COVID- N=110 COVID-19 IgG/IgM Rapid No IgM, 1gG No ELISA (US CDC IgM
2020D National 19 patients (no Test information developed and Sensitivity [IgM] 66.7% [48.8-80.8]
Laboratory information Positive available Krammer (20/30)
for Cancer available whether | samples = By Aurora Biomed Inc Laboratory at Specificity [IgM] 100% [95.4-100]
Research patients were 30; the Icahn (80/80)
hospitalizedr not; | Negative School of
undefined if samples = 80 Medicine at IgG
asymptomatic or Mount Sinai Sensitivity [IgG] 76.7% [59.1-88.2]
symptomatic) developed) (23/30)
Specificity [I1gG] 100% [95.4-100]
(USA) (80/80)
NCI, 2020E | Frederick Confirmed COVID- N=100 COVID-19 IgM-1gG Rapid No IgM, 18G No ELISA (US CDC IgM
National 19 patients (no Test kit information developed and Sensitivity [IgM] 86.7% [70.3-94.7]
Laboratory information Positive available Krammer (26/30)
for Cancer available whether | samples = By Biomedomics Laboratory at Specificity [IgM] 97.1% [90.2-99.2]
Research patients were 30; the Icahn (68/70)
hospitalized or not| Negative School of
undefined if samples = 70 Medicine at IgG
asymptomatic or Mount Sinai Sensitivity [I1gG] 73.3% [55.6-85.8]
symptomatic) developed) (22/30)
Specificity [IgG] 100% [95.4-100]
(USA) (70/70)
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A;’:Z:r La?}zﬁ’ceory P{égt':::g; Sample Size Index Test rezgtl;?: 4 Target antibody ;:t';z:; Reference test Reported accuracy performance
NCI, 2020F | Frederick Confirmed COVID- N=98 DPP COVID-19 IgM/IgG Yes IgM, 18G ELISA (US CDC IgM
National 19 patients (no System Nucleocapsid | developed and Sensitivity [IgM] 57.1% [39.1-73.5]
Laboratory information Positive protein Krammer (16/28)
for Cancer available whether | samples = By ChemBio Laboratory at Specificity [IgM] 86.2% [77-92.1]
Research patients were 28; the Icahn (69/80)
hospitalized or not| Negative School of
undefined if samples = 80 Medicine at IgG
asymptomatic or Mount Sinai Sensitivity [IgG] 78.6% [60.5-89.8]
symptomatic) developed) (22/28)
Specificity [IgG] 91.2% [83-95.7]
(USA) (73/80)
NCl, Frederick Confirmed COVID- N=110 COVID19 RAPID TEST No IgM, 1gG No ELISA (US CDC IgM
2020G National 19 patients (no information developed and Sensitivity [IgM] 26.7% [14.2-44.4]
Laboratory information Positive By Phamatech available Krammer (8/30)
for Cancer available whether | samples = Laboratory at Specificity [IgM] 97.5% [91.3-99.3]
Research patients were 30; the Icahn (78/80)
hospitalized or not| Negative School of
undefined if samples = 80 Medicine at IgG
asymptomatic or Mount Sinai Sensitivity [I1gG] 86.7% [70.3-94.7]
symptomatic) developed) (26/30)
Specificity [IgG] 96.2% [89.5-98.7]
(USA) (77/80)
NCI, Frederick Confirmed COVID- | N=110 SARS-COV-2-1gG/IgM Test No IgM, 1gG No ELISA (US CDC IgM
2020H National 19 patients (no Cassette information developed and Sensitivity [IgM] 73.3% [55.6-85.8]
Laboratory information Positive available Krammer (22/30)
for Cancer available whether | samples = By TESTSEALABS Laboratory at Specificity [IgM] 98.8% [93.3-99.8]
Research patients were 30; the Icahn (79/80)
hospitalized or not] Negative School of
undefined if samples = 80 Medicine at IgG
asymptomatic or Mount Sinai Sensitivity [1gG] 40.0% [24.6-57.7]
symptomatic) developed) (12/30)
Specificity [IgG] 93.8% [89.5-97.3]
(USA) (75/80)
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A:;:Z(:r La?]zﬁ’ceory P(ZZ?JI:::S; Sample Size Index Test rezgtl;?: 4 Target antibody ;:t';z:; Reference test Reported accuracy performance
NCI, 20201 Frederick Confirmed COVID- N=100 SARS-COV-2 1gG/IgM No IgM, IgG No ELISA (US CDC IgM
National 19 patients (no Antibody Detection Kit information developed and Sensitivity [IgM] 83.3% [66.4-92.7]
Laboratory information Positive available Krammer (25/30)
for Cancer available whether | samples = By Tianjin Beroni Laboratory at Specificity [IgM] 100% [94.8-100]
Research patients were 30; Biotechnology Co., Ltd. the Icahn (70/70)
hospitalized or not| Negative School of
undefined if samples =70 Medicine at IgG
asymptomatic or Mount Sinai Sensitivity [1gG] 30.0% [16.7-47.9]
symptomatic) developed) (9/30)
Specificity [IgG] 100% [94.8-100]
(USA) (70/70)
NCI, 2020J | Frederick Confirmed COVID- | N=100 Covisure Covid-19 IgM, 1gG No ELISA (US CDC IgM
National 19 patients (no IgM/IgG Rapid Test No information developed and Sensitivity [IgM] 76.7% [59.1-88.2]
Laboratory information Positive available Krammer (23/30)
for Cancer available whether | samples = By W.H.P.M, Inc. Laboratory at Specificity [IgM] 97.1% [90.2-99.2]
Research patients were 30; the Icahn (68/70)
hospitalized or not| Negative School of
undefined if samples = 80 Medicine at IgG
asymptomatic or Mount Sinai Sensitivity [IgG] 70.0% [52.1-83.3]
symptomatic) developed) (21/30)
Specificity [IgG] 97.1% [90.2-99.2]
(USA) (68/70)
Note: Value enclosed in ibtenalckets “[ ]” is the 95% confidence

Cells withgreen highlights to emphasize the studies which evaluated RAT brands that are approved by the Philippies FDA
of June 16, 2020
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5.3.2. Accuracy performance of RATs

Meta-analysis was not performed due to the high variability among the included and detected
studies, as well as the lack of data that will allow us to explore the sources of heterogeneity and to
do subgroup analysis. Instead, we present the results in a forest plot without the overall pooled
estimate, according to increasing point estimates of the sensitivity.

In recognition of the immense amount of results to be reported in this section, a tagging system is
used for the purpose of this review to guide the reader on the reporting of the accuracy
performance of RATs. The following is the general outline that was used:
l. [Use Case]
A. [Target Antibody]
1. [Comparator]
R [Sample Population]
N[ Onset of disease]

The use cases were for:
e Diagnosis (tagged as [UseDia]),
e Determination of previous exposure (tagged as [UseDet]), or
e Surveillance and epidemiologic research (tagged as [UseSur])

Target antibodies were either:
e Those that used IgM (tagged as [IgM]), or
e Those that used IgG (tagged as [IgG])

Comparators were either:
e RT-PCR (tagged as [vsRTPCR]),
o ELISA (tagged as [vsELISA]), or
e Microneutralization Test (MNT) (tagged as [vSMNT]),

5.3.2.1. Accuracy of RATs for Diagnosis [UseDia]

We clustered the studies on use case diagnosis based on the population with symptoms
(symptomatic, tagged as ), no symptoms (asymptomatic, tagged as ), or
undefined if symptomatic and asymptomatic (tagged as ). We then further categorized
the studies and analyzed based on the onset of disease (i.e., duration for each phase). Below are
the cut-off values of the onset of disease, expressed in days:

e < 7 days for Early onset of disease (tagged as [[SL4iE14\)

e 8-14 days for Mid onset of disease (tagged as M)
e > 15 days for Late onset of disease (tagged as [[o[i{E1LY|)

e Or regardless of onset of disease (tagged as [[ei1: 4]
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A. IgM antibody (Sensitivity and Specificity)

Included studies in describing IgM for use cae diagnosis used RT-PCR [vsSRTPCR] or
MNT [vsMNT] as comparator. This section is summarized in Table 3.

1. Reference test: Reverse transcription polymerase chain reaction (RT-PCR)
[UseDia] [IgM] [vsRTPCR]

a. Undefined cases (symptomatic or asymptomatic) [UseDia] [IgM] ]
[PopUnd]

i. Regardless of onset of disease [UseDia] [IgM] [vSRTPCR] |[:eJs181i ]|
[OnsetReg]

Thirty-six (36) studies with undefined population in terms of presence of
symptoms and onset of disease reported on the sensitivity of RATs
specifically for IgM as compared to RT-PCR. These were obtained from
literature search, RITM and the FIND database. The reported point estimates
of the sensitivity to 1gG from these studies range from 4% to 89%. Out of the
37 studies, 18 have evaluated RATs which are Philippine FDA-approved (i.e.,
studies with asterisk) as of June 16, 2020.

Meanwhile, there were 28 studies which reported the specificity of RATs
among the same population under this section. These were from literature
search as well as the FIND database. The reported point estimates of the
individual studies range from 75 to 100%. Out of the 28 studies, 12 have
evaluated RATs which are Philippine FDA-approved (i.e., studies with
asterisk) as of June 16, 2020.

The observed sensitivity point estimates and confidence intervals from these
studies are considered highly heterogenous as the population is yet
undefined in terms of presence of symptoms and onset of disease. As for the
specificity point estimates, values are observed to be closer to each other
than the sensitivity point estimates. Eight studies did not report specificity
values while 26 out of 28 studies reported specificity point estimates greater
than 80%.
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tudy ensitivity pecificity ensitivity pecificity
Stud TP FP FN TN S itivity (95% C1) Specificity (95% CI) S (95% CI) 5 fi (95% Cl)

FIND, 2020(K)* 1 0 22 25 0.04 [0.00, 0.22] 1.00 [0.86, 1.00] —®#——— —=a
FIND, 2020(F) 4 0 19 25 0.17 [0.05, 0.39] 1.00 [0.86, 1.00] e — —=a
FIND, 2020(AB)* 12 25 43 83 0.22 [0.12, 0.35) 0.77 [0.68, 0.84] e — —
Vasarhelyl et al., 2020(A)* 7 114 24 BB4 0.23 [0.10, 0.41) 0.89 [0.86, 0.90] e — -
FIND, 2020(P)* 33 4 82 104 0.29[0.21, 0.38] 0.96 [0.91, 0.99] — —
Vasarhelyi et al., 2020(B) 7 154 14 450 0.33 [0.15, 0.57] 0.75[0.71, 0.78] e E— —
Imai et al., 2020 60 073 0 0.43 [0.35,0.52) Mot estimable —
FIND, 2020(T) 62 0 &7 108 0.48 [0.39, 0.57)] 1.00 [0.97, 1.00] — —-
FIND, 2020(AP) 62 0 66 72 0.48 [0.40, 0.57] 1.00 [0.95, 1.00] — —a
FIND, 2020(AI* 68 0 69 0 0.50[0.41, 0.58) Not estimable —
FIND, 2020(A)" 139 0 19 0 0.50[0.33, 0.67) Mot estimable —
Gao eral., 2020 19 0 18 0 0.51[0.34, 0.68) Not estimable —
FIND, 2020(AN* 71 0 66 ] 0.52 [0.43, 0.60] Not estimable —
FIND, 2020()) 12 0 11 25 0.52 [0.31, 0.73) 1.00 [0.86, 1.00] D — —a
FIND, 2020(H) 12 0 11 25 1.00 [0.86, 1.00] e —— —=
RITM, 2020(A)" 11 0 10 0 Not estimable —
Pan etal., 2020~ 48 0 38 0 . Not estimable —
FIND, 2020(B)* 52 0 3% 35 0.57 [0.46, 0.67) 1.00 [0.90, 1.00] — —a
FIND, 2020(E)* 15 110 12 0.60[0.39, 0.79) 0.92 [0.64, 1.00] — = I ———
FIND, 2020(V) 79 2 51 105 0.61[0.52, 0.69] 0.98 [0.93, 1.00] — —=
FIND, 2020(0) 79 13 49 94 0.62 [0.53, 0.70] 0.88 [0.80, 0.93] — —
FIND, 2020(C)* 16 1 9 12 0.64 [0.43, 0.82) 0.92 [0.64, 1.00] — I ———
FIND, 2020(W)* 79 5 42 94 0.65 [0.56, 0.74) 0.95 [0.89, 0.98] — —
Choe et al., 2020* 46 2 24 77 0.66 [0.53, 0.77] 0.97 [0.91, 1.00] — & —=
FIND, 2020(5) 85 10 41 97 0.67 [0.59, 0.76] 0.91 [0.83, 0.95] — —
FIND, 2020(A0) 88 0 40 72 0.69 [0.60, 0.77) 1.00 [0.95, 1.00] — —a
FIND, 2020(AN) 88 3 40 69 0.69 [0.60, 0.77] 0.96 [0.88, 0.99] — —
FIND, 2020(U) a9 2 40 106 0.69 [0.60, 0.77] 0.98 [0.93, 1.00] — —=
FIND, 2020(Q) 9l 3 37 101 0.71[0.62, 0.79) 0.97 [0.92, 0.99] — —=
FIND, 2020(M)* 64 0 26 9 0.71[0.61, 0.80] 1.00 [0.66, 1.00] e —————=
FIND, 2020(R) 94 17 36 91 0.72 [0.64, 0.80] 0.84 [0.76, 0.91] — —
FIND, 2020(N)* 69 3 24 41 0.74 [0.64, 0.83] 0.93 [0.81, 0.99] — — &
FIND, 2020(1) 19 1 6 12 0.76 [0.55, 0.91) 0.92 [0.64, 1.00] - & - &—
FIND, 2020(L) 72 13 21 51 0.77 [0.68, 0.85) 0.80 [0.68, 0.89] — e —
Lieral, 2020 328 0 69 0 0.83 [0.79, 0.86] Not estimable —
FIND, 2020(AA)* 71 4 9 205 0.89 [0.80, 0.95] 0.98 [0.95, 0.99] ; ; ; }4.7 | ; ' ' ; All
0 0.2 0.4 0.6 0.8 10 0.2 0.4 0.6 0.8 1

Figure 3. IgM RATSs vs. RT-PCR (population regardless of presence of symptoms and onset of disease)
(Study references with asterisk (*) refer to evaluations of test kit brands registered with Philippine FDA as of June
16, 2020)

ii. Early onset of disease (< 7 days) [UseDia] [IgM] [vSRTPCR] |[i{e)sl0l5[c ]|
[OnsetEarly]

Twenty-six (26) studies with undefined population in terms of presence of
symptoms at the early onset of disease reported on the sensitivity of RATs
specifically for IgM as compared to RT-PCR. These were obtained from
literature search and FIND database. The reported point estimates of the
sensitivity to IgM from these studies range from 0% to 75%. Wide ranges of
confidence intervals from the individual studies were also observed. None of
the studies reported specificity. Out of the 26 studies, 12 have evaluated
RATs which are Philippine FDA-approved (i.e., studies with asterisk) as of
June 16, 2020.

A clustering of sensitivity point estimates and confidence intervals was
observed where 16 out of the 26 studies showed individual point estimates
of only 40% and below. The observed low sensitivity at the first week after
onset of symptoms asreported inthese studiesis expected asthe
probability of detecting of antibodies only starts at second week (i.e., 8-
14 day after symptom onset) and peaks on the third week (i.e., 15%-21s day
after symptom onset), as discussed by Senthuraman et al. (2020).
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Study

FIND, 2020(AB)*
FIND, 2020(K)*
FIND, 2020(T)
Panetal., 2020*
FIND, 2020(P)*
FIND, 2020(A)*
FIND, 2020(Al*
FIND, 2020(A)"
FIND, 2020(V)
FIND, 2020(0)
Imal et al.,, 2020
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Figure 4. IgM RATSs vs. RT-PCR (population regardless of presence of symptoms and early onset of disease)
(Study references with asterisk (*) refer to evaluations of test kit brands registered with Philippine FDA as of June

16, 2020)

iii. Mid-onset of disease (8-14 days) [UseDia] [IgM] [vSRTPCR] ([i{e)sI0l3[c ]|
[OnsetMid]

Twenty-seven (27) studies with undefined population in terms of presence of
symptoms at the mid onset of disease reported on the sensitivity of RATs
specifically for IgG as compared to RT-PCR. These were obtained from
literature search, RITM study and FIND database. The reported point
estimates of the sensitivity to IgG from these studies range from 0% to
100%. Wide ranges of confidence intervals from the individual studies were
also observed. None of the studies reported specificity. Out of the 27 studies,
13 have evaluated RATs which are Philippine FDA-approved (i.e., studies with
asterisk) as of June 16, 2020.

A noticeable increase was observed among the individual point estimates and
confidence intervals on sensitivity as compared to the point estimates of the
studies in the previous section on early onset of illness. More than half (i.e.,
15 out of 27 studies) were observed to report at least 60% sensitivity. This is
aligned with the graph (Figure 1) by Senthuraman, et. al. (2020) where the
probability of detecting IgM rapidly increases throughout the second week.
By the end of the second week, it nearly approximates the peak (which can be
found on the third week).
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Figure 5. IgM RATSs vs. RT-PCR (population regardless of presence of symptoms and mid-onset of disease)
(Study references with asterisk (*) refer to evaluations of test kit brands registered with Philippine FDA as of June

16, 2020)

iv. Late onset of disease (2 15 days) [UseDia] [IgM] [vSRTPCR] |[:{ee10L3 (]|
[OnsetLate]

Twenty-seven (27) studies with undefined population in terms of presence of
symptoms at the late onset of disease reported on the sensitivity of RATs
specifically for IgG as compared to RT-PCR. These were obtained from
literature search, RITM study and FIND database. The reported point
estimates of the sensitivity to 1gG from these studies range from 0% to 96%.
Wide ranges of confidence intervals from the individual studies were also
observed. None of the studies reported specificity. Out of the 27 studies,
13 have evaluated RATs which are Philippine-FDA approved (i.e., studies with
asterisk) as of June 16, 2020.

The same clustering of studies with sensitivity point estimates and confidence
intervals between 60% and 96% was observed on the late onset of disease,
which is higher than the general sensitivity values in the studies from the
previous section on mid onset of illness. This again supports the previous
discussion that the peak is nearly approximated approaching third week.
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Figure 6. IgM RATSs vs. RT-PCR (population regardless of presence of symptoms and late onset of disease)
(Study references with asterisk (*) refer to evaluations of test kit brands registered with Philippine FDA as of June

16, 2020)

Twenty-seven (26) studies with undefined population in terms of presence of
symptoms at the late onset of disease reported on the sensitivity of RATs
specifically for IgM as compared to RT-PCR. These were obtained from literature
search and FIND database. The reported point estimates of the sensitivity to IgM
from these studies range from 0% to 96%. Wide ranges of confidence intervals
from the individual studies were also observed. None of the studies reported
specificity. Out of the 26 studies, 13 have evaluated RATs which are Philippine
FDA-approved (i.e., studies with asterisk) as of June 16, 2020.

Based on the reported sensitivity point estimates, 19 of the studies reported a
sensitivity of higher than 60%. The observed sensitivity at the 3™ week after
onset of symptoms as reported in these studies is consistent to the
Senthuraman et al. (2020) study as probability of detecting of IgM antibodies
only starts at second week (i.e., 8"-14™" day after symptom onset) and peaks on
the third week (i.e., 15™-21° day after symptom onset).

b. Symptomatic cases [UseDia] [IgM] [vSRTPCR] |[is]s &1

For the symptomatic sample population group, the included studies did not include
disaggregated data based on the onset of disease; hence, the studies included for
the symptomatic population were patients regardless of onset of disease.

Note that only one study reported the specificity of RATs IgM for symptomatic
cases. This study by Cassaniti et. al. (2020) compared RATs to RT-PCR. The specificity
computed from the reconstructed 2x2 table was 91.7% (95% Cl: 61.5-99.8).
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i. Regardless of onset of disease [UseDia] [IgM] [vsSRTPCR]
[OnsetReg]

The sensitivity of RATs on IgM for use in
diagnosis among symptomatic cases regardless of onset of the disease was
obtained from two studies. The reported point estimates of the individual
studies range from 15.8 to 29.7%. One study has evaluated RAT which is
Philippine-FDA approved (i.e., study with asterisk) as of June 16, 2020.

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% Cl) Specificity (95% Cl)
Cassaniti et al., 2020~ 6B 0 32 0 0.16 [0.06, 0.31] Mot estimable —®—
Imai et al., 2020 22 0 52 0 0.30 [0.20, 0.41] Not estimable ' i , | |

0020406081 00.20.4060.81

Figure 7. IgM RATs vs. RT-PCR (symptomatic population regardless of onset of disease)
(Study references with asterisk (*) refer to evaluations of test kit brands registered with Philippine FDA as of June
16, 2020)

ii. Early onset of disease (< 7 days) [UseDia] [IgM] [vsSRTPCR] |[:s] -3 11|
[OnsetReg]

Only one study (Imai et. al., 2020) reported the sensitivity of IgM among
symptomatic patients during early onset of disease. The reported value for
sensitivity of IgM is 17% (9/53).

iii. Mid onset of disease (8-14 days) [UseDia] [IgM] [vsSRTPCR]|{:{eJ 51l
[OnsetReg]

Only one study (Imai et. al., 2020) also reported the sensitivity of IgM
among symptomatic patients during mid onset of disease. The reported
value for sensitivity of IgM is 33.3% (4/12).

iv. Late onset of disease (= 15 days) [UseDia] [IgM] [vSRTPCR] |[:s]:557 14l
[OnsetLate]
Only one study (Imai et. al., 2020) reported the sensitivity of IgM among

symptomatic patients during late onset of disease. The reported value for
sensitivity of IgM is 100% (9/9).

c. Asymptomatic cases [UseDia] [IgM] [vsSRTPCR] |[:{e]:/:5

Only one study (Imai et. al., 2020) was able to report on the sensitivity of IgM in
RATs among asymptomatic patients. The study reported an overall sensitivity of
39.5% (15/38) for asymptomatic patients regardless of onset of disease. Among
asymptomatic patients that are <1 week from first positive RT-qPCR to admission,
the reported sensitivity of IgM was at 40% (14/35) while for those with 1-2 weeks
time from first-positive RT-qPCR, the reported sensitivity was at 33.3% (1/3). Note
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that the samples tested in <1 week were unique from the samples tested on 1-2
weeks time.

In terms of specificity, on the other hand, no studies reported IgM specificity data
on asymptomatic population.

2. Reference test: Microneutralization test (MNT) [UseDia] [IgM] [vsMNT]

Two studies reported the sensitivity and specificity of RATs as compared to MNT. These
studies have undefined population in terms of presence of symptoms and onset of
disease. No study has reported for the diagnostic accuracy of RATs using MNT as
comparator among symptomatic and asymptomatic cases. Moreover, no study has
reported for the diagnostic accuracy of RATs using MNT as comparator which is stratified
by onset of disease (i.e., early, mid, or late onset).

Undefined cases [UseDia] [IgM] [vsMNT] | o]0 S 1e|

i. Regardless of onset of disease [UseDia] [IgM] [vSMNT] [1;{e)s161 (||
[OnsetReg]

For undefined population in terms of presence of symptoms and onset of
disease, two (2) studies reported on the sensitivity and specificity of RATs for
IgM as compared to MNT. The point estimates from these studies were
reported to be 46% and 81% for the two independent evaluations while the
point estimates for specificity were reported to be 70% and 89%. One of the
rapid tests evaluated are currently registered with the Philippine FDA (i.e.,
study with asterisk).

Study TP FP FN TN Sensitivity (95% CI) Spacificity (85% CI) Sensitivity (95% CI) Spacificity (05% C1)

FIND, 2020(AL) 19 26 21 &7 046 10,31, 063) 0,70 0.58,0,749) — . s

FIND,2020(M)* 26§ & 71 081[084,003)  080(080,005 | | } 4 I b | [ f |
i nd 0A na in n: 04 ne na i

i 0.3
Figure 8. IgM RATs vs. MNT (undefined population regardless of onset of disease)
(Study references with asterisk (*) refer to evaluations of test kit brands registered with Philippine FDA as of June
16, 2020)
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Table 3. Summary of Accuracy Performance of RATs on IgM for Use Case of Diagnosis [UseDia] [IgM]

Category Number of | Number of studies | Comparator Sensitivity Specificity
based on studies which evaluated Range of Point Range of Point
onset of RATs that are Estimates Estimates
disease Philippine FDA
approved!
Undefined cases
Regardless of 36 17 RT-PCR 4—-89% 75 - 100%
onset of
disease 2 1 MNT 46 -81% 70 -89%
Early onset 26 12 RT-PCR 0-75% N/A
(<7 days)
Mid onset 27 13 RT-PCR 0—-100% N/A
(8-14 days)
Late onset 27 13 RT-PCR 0-96% N/A
(=15 days)
Symptomatic cases
Regardless of 2 1 RT-PCR 16 —30% N/A
onset of
disease
Early onset 1 0 RT-PCR 17%> N/A
(<7 days)
Mid onset 1 0 RT-PCR 33%? N/A
(8-14 days)
Late onset 1 0 RT-PCR 100%?2 N/A
(=15 days)

Asymptomatic cases

weeks time.

Only one study (Imai et. al., 2020) was able to report on the sensitivity of IgM in RATs among asymptomatic
patients. The study reported an overall sensitivity of 39.5% (15/38) for asymptomatic patients regardless of
onset of disease. Note that the samples tested in <1 week were unique from the samples tested on 1-2

There was no study which reported IgM specificity data on IgM among asymptomatic cases.

RT-PCR: Real-time Polymerase Chain Reaction | N/A: None of the studies reported such

Note:

LAs of June 16,2020
2 0nly one study (Imai et. al., 2020) was able to report on the sensitivity of IgM in RATs among symptomatic patients
with early, mid and late onset of disease.
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Figure 9. IgG RATs vs

(Study references with asterisk (*) refer to evaluations of test kit brands registered with Philippine FDA as of June

i. Regardless of onset of disease [UseDia] [IgG] [vsSRTPCR] [Lile)e 1[5l
[OnsetReg]

For undefined population in terms of presence of symptoms and onset of
disease, 36 studies reported on the sensitivity and 31 of which reported on the
specificity of RATs for IgG as compared to RT-PCR. These were from literature
search as well as in FIND database. The reported point estimates of the
sensitivity to 1gG from these studies range from 10% to 100% while the point
estimates for specificity range from 48% to 100%. Out of the 36 studies, 16 have
evaluated RATs which are Philippine FDA-approved (i.e., studies with asterisk)
as of June 16, 2020.

The reported sensitivity point estimates and confidence intervals from these
studies are expected to be highly heterogenous as the population is undefined
in terms of presence of symptoms and onset of disease. The reported specificity
point estimates, on the other hand, are closer to each other when compared to
the reported sensitivity point estimates. Five studies did not report specificity
values while 30 out of the 31 studies reported specificity point estimates greater

than 80%.
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ii. Early onset of disease (< 7 days) [UseDia] [IgG] [vsRTPCR]
[OnsetEarly]

Twenty-five (25) studies with undefined population in terms of presence of
symptoms at the early onset of disease reported on the sensitivity of RATs
specifically for IgG as compared to RT-PCR. These were obtained from literature
search and FIND database. The reported point estimates of the sensitivity to IgG
from these studies range from 3% to 63%. Wide ranges of confidence intervals
from the individual studies were also observed. None of the studies reported
specificity. Out of the 25 studies, 11have evaluated RATs which are Philippine
FDA-approved (i.e., studies with asterisk) as of June 16, 2020.

Based on the reported sensitivity point estimates, 19 of the studies reported a
sensitivity of lower than 40%. The observed low sensitivity at the first week after
onset of symptoms as reported in these studies is expected as the probability of
detecting of 1gG antibodies only starts at second week (i.e., 8"-14%" day after
symptom onset) and peaks on the third week (i.e., 15™-21% day after symptom
onset), as discussed by Senthuraman et al. (2020).
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Figure 10. IgG RATs vs. RT-PCR (population regardless of presence of symptoms and early onset of disease)
(Study references with asterisk (*) refer to evaluations of test kit brands registered with Philippine FDA as of June

16, 2020)

iii. Mid-onset of disease (8 - 14 days) [UseDia] [IgG] [vsRTPCR]
[OnsetMid]
Twenty-six (26) studies with undefined population in terms of presence of
symptoms at the mid onset of disease reported on the sensitivity of RATs
specifically for IgG as compared to RT-PCR. These were obtained from literature
search and FIND database. The reported point estimates of the sensitivity to IgG
from these studies range from 8% to 100%. Wide ranges of confidence intervals
from the individual studies were also observed. None of the studies reported
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specificity. Out of the 26 studies, 12 have evaluated RATs which are Philippine
FDA-approved (i.e., studies with asterisk) as of June 16, 2020.

A noticeable clustering of reported sensitivity point estimates (i.e., 15 studies)
can be observed between the values of 40 and 80% during mid onset of disease.
This can be explained by the graph of Senthuraman et al. (2020) (Figure 1) where
the probability of detecting 1gG rapidly increases throughout the second week.
By the end of the second week, it nearly approximates the peak (which can be

found on the third week).
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Figure 11. IgG RATs vs. RT-PCR (population regardless of presence of symptoms and mid-onset of disease)
(Study references with asterisk (*) refer to evaluations of test kit brands registered with Philippine FDA as of June

16, 2020)

iv. Late onset of disease (215 days) [UseDia] [IgG] [vSRTPCR] |[:{eJ:18LiL:]|
[OnsetLate]

Twenty-six (26) studies with undefined population in terms of presence of
symptoms at the late onset of disease reported on the sensitivity of RATs
specifically for IgG as compared to RT-PCR. These were obtained from literature
search and FIND database. The reported point estimates of the sensitivity to 1gG
from these studies range from 0% to 100%. None of the studies reported
specificity. Out of the 26 studies, 12 have evaluated RATs which are Philippine-
FDA approved (i.e., studies with asterisk) as of June 16, 2020.

A noticeable clustering of reported sensitivity point estimates (i.e., 16 studies)
can be observed between the values of 60 and 80% during late onset of disease,
while 6 studies have reported sensitivity point estimates greater than 80%. This
consistently supports the previous discussion that the peak is approached by the
end of the second week.
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Figure 12. IgG RATs vs. RT-PCR (population regardless of presence of symptoms and late onset of disease)
(Study references with asterisk (*) refer to evaluations of test kit brands registered with Philippine FDA as of June
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16, 2020)

b. Symptomatic cases [UseDia] [IgG] [vSRTPCR] |L:{eJ:x 711l

i. Regardless of onset of disease [UseDia] [IgG] [vSRTPCR] |lixeJe:3Vnl
[OnsetReg]

For symptomatic cases regardless of onset of disease, 3 studies reported on the
sensitivity of RATs specifically for 1gG as compared to RT-PCR. These were
obtained from literature search and FIND database. The reported point
estimates of the sensitivity to IgG from these studies range from 9% to 52%. In
terms of specificity, only the study of Cassaniti et al. (2020) reported such [100%,
95% Cl: (74-100%)]. Out of the 3 studies, 2 have evaluated RATs which are
Philippine FDA-approved (i.e., studies with asterisk) as of June 16, 2020.

0 0.z 0.4 0.6 0g 10 0.z 0.4 0.6

Figure 13. 1gG RATs vs. RT-PCR (for symptomatic cases regardless of onset of disease)
(Study references with asterisk (*) refer to evaluations of test kit brands registered with Philippine FDA as of June

16, 2020)

ii. Early onset of disease (< 7 days) [UseDia] [IgG] [vSRTPCR] |[:leJesiyll
[OnsetEarly]
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Two (2) studies with symptomatic cases at the early onset of disease reported
on the sensitivity of RATs specifically for IgG as compared to RT-PCR. These were
obtained from literature search and FIND database. The reported point
estimates of the sensitivity to IgG from these studies range from 4% to 16%.
None of the studies reported specificity. Out of the 2 studies, only 1 has
evaluated a RAT which is Philippine FDA-approved (i.e., study with asterisk) as
of June 16, 2020.

While a trend can be observed on the undefined cases during early onset of
disease, conclusions for symptomatic cases during early onset of disease cannot
be made due to limited evidence available. Nevertheless, the observed low
accuracy data are consistent with Senthuraman et al. (2020) which showed that
antibody levels only begin to rise by the second and third week.

Study TP FP FN TN Sensitivity (95% CI) Specificity {95% CI) Sensitivity (95% CI) Specificity (95% CI)
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Figure 14. IgG RATs vs. RT-PCR (for symptomatic cases during early onset of disease)
(Study references with asterisk (*) refer to evaluations of test kit brands registered with Philippine FDA as of June 16,
2020)

iii. Mid-onset of disease (8 - 14 days) [UseDia] [IgG] [vsSRTPCR] |([ieJe5]|

Two (2) studies with symptomatic cases at the mid onset of disease reported on
the sensitivity of RATs specifically for IgG as compared to RT-PCR. These were
obtained from literature search and FIND database. The reported point
estimates of the sensitivity to 1gG from these studies range from 8% to 52%.
None of the studies reported specificity. Out of the 2 studies, only 1 has
evaluated a RAT which is Philippine FDA-approved (i.e., study with asterisk) as
of June 16, 2020.

While a trend can be observed on the undefined cases during mid onset of
disease, conclusions for symptomatic cases during mid onset of disease cannot
be made due to limited evidence available. Nevertheless, the observed increase
in the accuracy remains consistent with Senthuraman et al. (2020) which
showed that antibodies begin to rise by the second week.

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
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Figure 15. IgG RATs vs. RT-PCR (for symptomatic cases during mid-onset of disease)
(Study references with asterisk (*) refer to evaluations of test kit brands registered with Philippine FDA as of June
16, 2020)

iv. Late onset of disease (215 days) [UseDia] [IgG] [vSRTPCR] ([ieJeVi]l
[OnsetLate]
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Two (2) studies with symptomatic cases at the late onset of disease reported on
the sensitivity of RATs specifically for IgG as compared to RT-PCR. These were
obtained from literature search and FIND database. The reported point
estimates of the sensitivity to I1gG from these studies range from 44% to 79%.
None of the studies reported specificity. Out of the 2 studies, only 1 has
evaluated a RAT which is Philippine FDA-approved (i.e., study with asterisk) as
of June 16, 2020.

Again, due to limited evidence available, conclusions for symptomatic cases
during late onset of disease cannot be made. Nevertheless, increasing accuracy
data from early to late onset was observed which again is consistent with
Senthuraman et al. (2020) which reported that antibodies peak by the third

week.
Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
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Figure 16. IgG RATs vs. RT-PCR (for symptomatic cases during late onset of disease)
(Study references with asterisk (*) refer to evaluations of test kit brands registered with Philippine FDA as of June
16, 2020)

c. Asymptomatic cases [UseDia] [IgG] [vSRTPCR] [l i{e)<)255Y|

We found only one study (Imai et. al., 2020) which reported on the sensitivity of
IgG in RATs among asymptomatic patients. The study reported a sensitivity of 0%
for IgG regardless of onset of disease among asymptomatic patients with <1 week
and 1-2 weeks time from first RT-qPCR positive day. Note that the samples tested
in <1 week were unique from the samples tested on 1-2 weeks time.

There was no study which reported IgG specificity data on IgG among
asymptomatic cases.

2. Reference test: Microneutralization test (MNT) [UseDia] [IgG] [vsMNT]
Two studies reported the sensitivity and specificity of RATs as compared to MNT.
These studies have undefined population in terms of presence of symptoms and
onset of disease. No study has reported for the diagnostic accuracy of RATs using
MNT as comparator among symptomatic and asymptomatic cases. Moreover, no
study has reported for the diagnostic accuracy of RATs using MNT as comparator
which is stratified by onset of disease (i.e., early, mid, or late onset).

a. Undefined cases [UseDia] [IgG] [vSMNT] |:e]s1813 el
i. Regardless of onset of disease [UseDia] [IgG] [vsMNT] [[Z=/:18 /1 |1

For undefined population in terms of presence of symptoms and onset of
disease, 2 studies reported on the sensitivity and specificity of RATs for I1gG
as compared to MNT. These were from the FIND database. The reported
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point estimates of the sensitivity to 1gG from these studies range from 56%
to 72% while the point estimates for specificity range from 74% to 97%. Out
of the 2 studies, 1 has evaluated a RAT which is Philippine FDA-approved (i.e.,
study with asterisk) as of June 16, 2020.

Study TP FP FN TN Sensitivity (95% CI} Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
FIND, 20200 23 21 18 &1 0.56 [0.40, 0.73] 0.74 [0.64, 0.83] R —
FIMD, 2020iaM 23 2 9 78 0.72[0.53, 0.86] 0.97 [0.91,1.00] , ' L R S — | | L | L
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Figure 17. IgG RATs vs. MNT (population regardless of presence of symptoms and onset of disease)
(Study references with asterisk (*) refer to evaluations of test kit brands registered with Philippine FDA as of June
16, 2020)
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Table 4. Summary of Accuracy Performance of RATs on IgG for Use Case of Diagnosis [UseDia] [IgG]

Category Number of | Number of studies | Comparator Sensitivity Specificity
based on studies which evaluated Range of Point Range of Point
onset of RATs that are Estimates Estimates
disease Philippine FDA
approved!
Undefined cases
Regardless of 36 16 RT-PCR 10 - 100% 48 - 100%?
onset of
disease 2 1 MNT 56 -72% 74 -97%
Early onset 25 11 RT-PCR 3-63% N/A
(<7 days)
Mid onset 26 12 RT-PCR 8 - 100% N/A
(8-14 days)
Late onset 26 12 RT-PCR 0 -100% N/A
(=15 days)
Symptomatic cases
Regardless of 3 2 RT-PCR 9-52% 100%
onset of 95% Cl:
disease 74-100%°
Early onset 2 1 RT-PCR 4-16% N/A
(<7 days)
Mid onset 2 1 RT-PCR 8-52% N/A
(8-14 days)
Late onset 2 1 RT-PCR 44% to 79% N/A
(=15 days)

Asymptomatic cases

There was no study which reported IgG specificity data on IgG among asymptomatic cases.

Only one study (Imai et. al., 2020) was able to report on the sensitivity of IgG in RATs among asymptomatic
patients. The study reported a sensitivity of 0% for 1gG regardless of onset of disease and among
asymptomatic patients with <1 week and 1-2 weeks time from first RT-qPCR positive day. Note that the
samples tested in <1 week were unique from the samples tested on 1-2 weeks time.

RT-PCR: Real-time Polymerase Chain Reaction | N/A: None of the studies reported such

Note:

LAs of June 16,2020

231 out of the 36 studies reported specificity among undefined cases regardless of onset of disease

3 Only the study of Cassaniti et al. (2020) reported specificity among symptomatic cases regardless of onset of

disease
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5.3.2.2. Accuracy of RATs for the Determination of previous exposure [UseDet]

There are only two studies which assessed the performance of RATs versus RT-PCR to
determine previous exposure.

A. IgM antibody [UseDet] [IgM]

1. Reference test: RT-PCR [UseDet] [IgM] [vsRTPCR]

Two studies with undefined population in terms of presence of symptoms and onset of
disease reported on the sensitivity and specificity of RATs specifically for IgM as compared
to RT-PCR. The study of Tollanes et al. (2020) evaluated nine rapid antibody test kits
detecting IgM while the study of Hoffman et al. (2020) only evaluate done test kit brand.
The reported point estimates of sensitivity of IgM from these studies range from 43% to
91% while only the study of Hoffman et al. (2020) reported for specificity of IgM with a
value of 100%. Furthermore, five out of the 10 rapid test kits in this group are currently
registered with the Philippine FDA (i.e., studies with asterisk).

The obtained data from Tollanes et al. (2020) and Hoffman et al. (2020) did not report on
sensitivity and specificity of IgM in RATs vs. RT-PCR among symptomatic and asymptomatic

populations.
Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% Cl) Specificity (95% CI)
Taollanes et al,, 2020iG) 10 0 13 0 0.43[0.23, 0.66] Mot estimahle —_—
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Figure 18. IgM RATSs vs. RT-PCR (population regardless of presence of symptoms and onset of
disease) (Study references with asterisk (*) refer to evaluations of test kit brands registered with
Philippine FDA as of June 16, 2020)

B. IgG antibody [UseDet] [IgG]

1. Reference test: RT-PCR [UseDet] [IgG] [vsRTPCR]

Two studies with undefined population in terms of presence of symptoms and onset of
disease reported on sensitivity and specificity of RATs specifically for IgG as compared to
RT-PCR. The study of Tollanes et al. (2020) evaluated nine rapid antibody test kits detecting
IgG while the study of Hoffman et al. (2020) only evaluate done test kit brand. The reported
point estimates of sensitivity of IgG from these studies range from 39% to 93% while only
the study of Hoffman et al. (2020) reported for specificity of IgM with a value of 99%.
Furthermore, five out of the 10 rapid test kits in this group are currently registered with
the Philippine FDA (i.e., studies with asterisk).

The obtained data from Tollanes et al. (2020) and Hoffman et al. (2020) did not report on
sensitivity and specificity of IgM in RATs vs. RT-PCR among symptomatic and asymptomatic
populations.
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Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
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Figure 19. IgG RATs vs. RT-PCR (population regardless of presence of symptoms and onset of
disease) (Study references with asterisk (*) refer to evaluations of test kit brands registered with
Philippine FDA as of June 16, 2020)

5.3.2.3. Accuracy of RATs for Epidemiologic Surveillance [UseSur]
There were 10 studies which assessed the performance of RATs versus ELISA for epidemiologic
surveillance.

A. IgM antibody [UseSur] [IgM]

1. Reference test: Enzyme-linked Immunosorbent Assay (ELISA) [UseSur] [IgM] [vsELISA]
Ten (10) studies with undefined population in terms of presence of symptoms and onset
of disease reported on the sensitivity and specificity of RATs specifically for IgM as
compared to ELISA. These were all obtained from 10 independent validation reports of the
US National Cancer Institute. The reported point estimates of the sensitivity of IgM from
these studies range from 27% to 100% while the point estimates for specificity range from
86% to 100%. Three out of the 10 rapid test kits in this group are currently registered with
the Philippine FDA (i.e., studies with asterisk).

The obtained reports from NCI through the US FDA did not report the sensitivity and
specificity of IgM in RATs vs. ELISA among symptomatic or asymptomatic populations and
among individuals with different onsets of the disease.

Study TP FP FN TN Sensitivity (95% CI) Specificity {95% CI) Sensitivity (95% CI) Specificity (95% CI)

NCI, 20206 § 2 22 78 037[012,048 087 [0, 1.00] —_— —=
NCIL2020C 16 0 14 80  053[034,072  100[0851.00] —_— —a
NCI,2020F* 16 11 12 69  0.67[0.37,0.76]  0.86[0.77,0.93 —_— —a
NCIL2020D 20 0 10 80 067[0.47,083  1.00[0.95,1.00] —_— —a
NCL2020H 22 1 8 79 0.73[0.54,088]  0.809[0.93,1.00] —_— —=
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Figure 20. IgM RATSs vs. ELISA (population regardless of presence of symptoms and onset of disease)

(Study references with asterisk (*) refer to evaluations of test kit brands registered with Philippine FDA as of June

16, 2020)

B. IgG antibody [UseSur] [IgG]

1. Reference test: Enzyme-linked Immunosorbent Assay (ELISA) [UseSur] [IgG] [vsELISA]

Ten (10) studies with undefined population in terms of presence of symptoms and onset
of disease reported on the sensitivity and specificity of RATs specifically for IgG, as
compared to ELISA. These were all obtained from 10 independent validation reports of the
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National Cancer Institute of the United States. The reported point estimates of the
sensitivity of 1gG from these studies range from 30% to 97% while the point estimates for
specificity range from 94% to 100%. Three out of the 10 rapid test kits in this group are
currently registered with the Philippine FDA (i.e. studies with asterisk).

The obtained reports from NCI through the US FDA did not report the sensitivity and
specificity of 1gG in RATs vs. ELISA among symptomatic or asymptomatic populations and
among individuals with different onsets of the disease.

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% CI) Specificity (95% CI)

MCI, 20206 26
MCI, 2020A% 28
MCI, 20208~ 29
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NCIL2020E 22 0 70 0.73[0.54,088]  1.00[0.951.00] —_—
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Figure 21. IgG RATSs vs. ELISA (population regardless of presence of symptoms and onset of disease)

(Study references with asterisk (*) refer to evaluations of test kit brands registered with Philippine FDA as of June
16, 2020)

5.3.3. Other Included Studies

This section discusses seven other studies (Bernasconi et al, 2020; Demey et al, 2020; Dohla et al,
2020; Shen et al, 2020; Spicuzza et al, 2020; Tollanes et al., 2020; Bond et al., 2020) that were not
included in the previous section due to lack of presented information, reporting of parameters for
only combined 1gG/IgM, and a mismatch in the classification of the onset of disease. Six of these
studies used RATs for use case diagnosis, while the study of Tollanes et al. (2020) explored on both
use case diagnosis (Arms 1 and 3), and use case determination of previous exposure (Arm 2).

The study by Bernasconi et al (2020) evaluated the performance of Maccura LFIA by Maccura
Biotechnology in China versus RT-PCR among symptomatic patients presenting to the emergency
department. A total of 215 samples were used, with 67 COVID-19 confirmed patients and 72 COVID-
negative with 100 seronegative samples from before the outbreak. The study reported that 60% of
COVID-19 patients had positive serology at presentation in the emergency department with 38%
having isolated IgM and 63% having double 1gM/IgG positivity. The reported positive predictive
values for IgM detection alone was 65% and 100% for simultaneous IgG/IgM detection. On the
other hand, specificity was reported to be at 88.2% among COVID-19 negative patients at
presentation and 90% for the seronegative samples.

The study of Demey et al (2020) evaluated four immunochromatographic assays (Biotime
Biotechnology Co, Autobio Diagnostics Co, ISIA BIO-Technology Co, and Biolidics) as compared to
RT-PCR. The assays were tested using samples from 22 patients diagnosed positive with SARS-CoV-
2. Samples were tested regularly until tests were positive with evaluation at most on 24 days post-
symptoms. Sensitivity of IgG and IgM was reported per day for 24 days. At 2 days after onset of
symptomes, all assays were still negative for both IgG and IgM except for Autobio test which showed
a sensitivity of 4.55% for both antibodies. At day 3, all assays have tested positive already for some
samples for at least one antibody. At day 14, Autobio has reported a sensitivity of 100% for IgG
while Biolidics achieved 100% sensitivity as well for both IgM and IgG. The Biotime assay has been
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reported to have a sensitivity of 100% for IgG and IgM starting at day 15. Meanwhile, the ISIA
Biotechnology assay achieved 100% sensitivity for IgG at day 15. The Autobio IgM and ISIA
Biotechnology IgM assay has reached a maximum sensitivity of only 86.36% at days 14 and 20
respectively.

The study of Dohla et al (2020) evaluated a qualitative IgG/IgM detection system for current or past
infection of SARS-CoV-2. A total of 39 individuals were tested simultaneously with the rapid test
and RT-PCR. Serum samples of 10 previously diagnosed individuals with known SARS-CoV-2
infection were included as well. Based on the reported results, the sensitivity of the rapid test is at
36.4% (95% Cl: 17.2-59.3) with a specificity of 88.9% (70.8-97.7). This analysis considers weak and
strong responses to the test kit as positive. If only strong bands were included as positive in the
analysis, the sensitivity lowers to 18.18% and specificity increases to 100%. The PPV of the analysis
counting weak and strong bands as positive is at 72.7% (95% Cl: 39-94) and NPV at 63.2% (46-78.2).

The study of Shen et al (2020) evaluated a colloidal gold immunochromatography assay among
suspected COVID-19 cases. A total of 150 patients were enrolled with fever or respiratory symptoms
and 26 healthy blood donors were included in the study as well. The reported sensitivity of the
assay is 71.1% (95%Cl: 60.9-79.7) while the specificity is reported at 96.2% (74.1-99.8). Among the
healthy blood donors, no sample turned out to be positive in the assay. Based on the subgroup
analysis conducted by the researchers, sensitivity is higher in patients with symptoms more than
14 days after onset (96%, 95% Cl: 79-100) as compared to those with 7 days or less (55%, 95%Cl:
08-71) and 8-14 days after onset (73%, 95% Cl: 54-87). Sensitivity of patients with severe type of
disease was found to have higher sensitivity as well with 86%-point estimate (95% Cl: 64-97) as
compared to the ordinary type cases (67%, 95% Cl: 55-77).

The study of Spicuzza et al (2020) evaluated a rapid immunochromatographic assay for both
confirmed and suspected cases as well as asymptomatic controls. The study of Spicuzza et al (2020)
evaluated a rapid immunochromatographic assay for both confirmed and suspected cases as well
as asymptomatic controls. Based on the results considering 37 test results with which 23 were RT-
PCR positive and 14 were RT-PCR negative, the reported sensitivity and specificity were 83% and
93% respectively. In addition, overall concordance between the two tests were at 86.4% with
Cohen’s kappa of 0.72 (substantial agreement).

The study conducted by Tollanes et al. (2020) evaluated 11 rapid tests for detecting SARS-CoV-2
among patients hospitalized at a university hospital with PCR-confirmed COVID-19 (Arm 1), patients
with previously PCR-confirmed COVID-19 not requiring hospitalization (Arm 2), and patients
fulfilling criteria for being PCR-tested for COVID-19 in an emergency room (Arm 3). The range of
sensitivity values reported for IgM were 15% to 80% for arm 1, and 0% to 48% for arm 3. The
specificity ranges of IgM for arm 3 range from 68% to 96%. On the other hand, the range of
sensitivity values reported for IgG were 60% to 90% for arm 1, and 0% to 17% for arm 3. The
specificity values for IgG in arm 3 range from 67% to 100%. Furthermore, the study authors reported
the sensitivity of the rapid tests stratified by days since onset of symptoms in arm 3. For <7 days
from the onset symptom, the range of sensitivity values for IgM and IgG were 0%-38% and 0%
respectively. For 7+ days onset of symptoms, the range of sensitivity values for IgM and IgG are 0%-
60% and 0%-40% respectively.

The post-market validation conducted by the Doherty Institute (Bond et al., 2020) for the
Therapeutic Goods Administration of Australia evaluated six rapid antibody tests against RT-PCR
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among SARS-Cov-2 RT-PCR positive patients, patients with other non-COVID-19 infections, and pre-
pandemic controls. Based on the validation results, the sensitivity values for IgM range from 13%
to 57.8% while the values for IgG range from 46.7% to 60.6%. On the other hand, the specificity
values for IgM range from 96.7% to 100% while values for IgG range from 97.6-100. In addition, the
validation also presented sensitivity of IgG for the six test kits among patients with different onsets
of disease. For patients with 0-3 days from the onset of symptoms, the sensitivity ranges from 0%
to 13%. For patients with 4-8 days from the onset of symptoms, the sensitivity ranges from 21.4%
to 50%. For patients with 9-14 days from the onset of symptoms, the sensitivity ranges from 8.7%-
66.7%. For patients with 15-20 days from the onset of symptoms, the sensitivity ranges from 75%
to 100%. For patients with 21-30 days from the onset of symptoms, the sensitivity ranges from
77.8% to 100%. Finally, for patients with >30 days from the onset of symptoms, the sensitivity
ranges from 76.7%-93.3.
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5.3.3. Critical Appraisal on included studies

Of the 28 studies that were critically appraised, 16 focused on diagnosis of COVID-19 as use case
for RATs while 10 independent validation reports by the National Cancer Institute (2020) focused
on epidemiological surveillance as use case for RATs. One study looked into the use of RATs for
determination of exposure and another study focused on both diagnosis of COVID-19 and the
determination of exposure as use cases for RATs. We compressed the appraisal of the reports from
NCI as it utilized only one method with varying results for each test kit brand tested. Out of the 28
critically appraised references, only one study was found to have low risk of bias. Majority of these
(i.e., 20 studies) were deemed to have moderate risk of bias while seven studies were said to have
high risk of bias.

Generally, majority of the critically appraised studies presented consistent calculations of outcome
measures (e.g., specificity and sensitivity). All studies included the use of RT-PCR as the reference
standard. However, some of the commonly reported factors that may affect the validity of these
studies include the non-independence on the performance of the index test and reference standard
due to lack of information on the testing of negative samples using reference standard, and the
non-independence on the interpretation of the index test and reference standard. In terms of
applicability, there were no sufficient information found on the factors that may affect the results
of the tests. Details of the critical appraisal per study are provided in Appendix E.

6. LIMITATIONS

This review recognizes the following limitations: First, as this is a rapid review, certain steps of a systematic
review were abbreviated such as searching through other search databases. Second, of the 29 included
studies on diagnostic performance which were included in this review, we were able to appraise 28
references leaving out 1 reference (FIND) due to the absence of available manuscripts. Hence, we cannot
disregard the likelihood of possible biases which may affect the validity of their reported results. Lastly,
as research on the different facets of COVID-19 is on-going and rapidly evolving, the evidence presented
here can rapidly change as well. Hence, updating of evidence would be necessary.
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7. CONCLUSION

Cognizant of the limitations of RT-PCR testing for diagnosing COVID-19, many RATs have been developed
worldwide and have been explored for various use cases.

REGULATORY APPROVAL

What is/are the approved use case/s of RATs by selected regulatory agencies?
What are the validation testing requirements of selected regulatory agencies?
What are the performance standards used by selected regulatory agencies?

This rapid review shows that of the few reviewed regulatory agencies with accessible information on

the regulation of RATSs (i.e., US, UK, Australia, Canada), the most common approved use case of RATs

is for the determination of previous exposure. RT-PCR was set as the reference test for the required

validation testing of RATs by the regulatory agencies of US, Canada and UK. In the case of Australia,

the set reference tests for comparing the performance of RATs were RT-PCR, enzyme immunoassay

(EIA) and molecular point-of-care tests (POCTs). Further, there is variability in the required sample size

for validation ranging from at least 30 antibody positive samples for each immunoglobulin claimed and

75 antibody negative to at least 200 confirmed negative cases and at least 200 true positive cases.

While all four agencies have mentioned the diagnostic performance domains that they use in

evaluating RATSs (i.e., analytical and clinical sensitivity and specificity, testing for seroconversion and

stability) the actual performance standards were only available in UK and US which were set to guide

the developers of RATSs.

UK:

°  Clinical sensitivity: Greater than 98% (with 95% confidence intervals of 96- 100%) on specimens
collected 20 days or more after the appearance of first symptoms.

°  Clinical specificity: Greater than 98% (within 95% confidence intervals 96- 100%)

°  Analytical specificity: Minimal cross-reactivity with other known coronavirus, or common
respiratory pathogens

us:

The same set parameters apply to the addition of symptomatic population but with addition of at least

100 negative samples

° 95% positive percent agreement (PPA)

°  98% negative percent agreement (NPA)

A total of 15 RATs that were initially listed by US FDA were removed from the notification list due to
withdrawal of the manufacturer/distributor or revocation of EUA as of 26 June 2020. Of these 15 RATs
that were removed, two are listed in the 59 RAT brands registered in the Philippine FDA as of June 16
2020.

In the Philippines, although regulatory parameters for validation testing were not disclosed by the FDA
to the public, the DOH has mandated that prior to the use of any RAT, it has to be FDA-approved and,
locally-validated by the RITM or DOST, or those with acceptable performance of >90% sensitivity and
>95% specificity validated by WHO-FIND.
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TESTING GUIDELINES AND EVIDENCE SYNTHESIS FROM HTA AGENCIES ON USE OF RATS

Which country/countries have implemented testing strategies using RATs for diagnosis, determination of
previous exposure, or epidemiologic surveillance of COVID-19?

Australia and China allow the use of serological testing (either RATs or laboratory-based)
in defining their COVID-19 case. Australia allows its use for patients with high clinical suspicion who
present late such as in suspected cases that were not able to undergo RT-PCR during the acute
phase of illness; while China uses it for patients with high clinical suspicion and with a negative RT-
PCR result.

Meanwhile, the European CDC, Philippines, and US consider RAT as an adjunct to RT-PCR testing.
The European CDC recommends the use of validated rapid diagnostic test kits, with priority for
patients at risk for developing severe disease, patients with acute respiratory illness, symptomatic
health workers, symptomatic individual in prison or nursing care facility. In the Philippines, testing
using RATs have only been explicitly mentioned for symptomatic patients and should be done only
when there is no available RT-PCR test. Their guidelines also require RATs to be locally-validated or
to have acceptable performance of >90% sensitivity and >95% specificity for those validated by
WHO-FIND prior to use. Itis also noted that the national health insurance scheme does not currently
cover use of RATs for this use case. Lastly, the US CDC, on the other hand, recognizes the use of
RATSs for patients with late presentation specifically those who present at day 9-14 from symptom
onset.

China, Indonesia, Malaysia and the Philippines recommend
the use of RAT for determining previous exposure. China uses either RATs or laboratory-based
serological testing for determining past exposure and for serological survey. Indonesia uses a
negative RAT result as a requirement prior to entry to country. Malaysia and Taiwan use RATSs to
monitor recovery and convalescence of RT-PCR confirmed cases and to guide the decision on the
release of asymptomatic patients from home quarantine. The Philippines uses RATs as part of entry
to country and return to work guidelines. Meanwhile, there are five other countries (Canada, Japan,
Singapore, Taiwan, and US (CDC) and US (AMA) which declared using serological test for
seroprevalence survey, but have not defined if RATs or laboratory-based tests are used; while five
other countries (Germany, Italy, Switzerland, Philippines and the UK) use or recommend to use
laboratory-based serological test for seroprevalence survey

Only the Philippines currently allows use of antibody tests in general
(which includes RATs) for surveillance purposes in areas with suspected COVID-19 community
transmission, provided that these are properly validated by RITM, DOST, and FIND.

Further, three countries (Australia, Canada, and the US) recommend the use serology testing as
part of their contract tracing and outbreak investigations, but have not specified if RATS or
laboratory-based tests are used;while two more countries (Germany and the UK)
recommended laboratory-based serologic testing for epidemiologic surveillance.

Overall, countries are mostly applying RATs or serological testing for the determination of previous
infection specifically for seroprevalence surveys. It is notable that among countries conducting
seroprevalence surveys, more countries are using laboratory-based antibody tests than RATSs.
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What is the current position/ recommendation of HTA agencies regarding the use of RATs for diagnosis,
determination of previous exposure, or epidemiologic surveillance of COVID-19?

All five HTA agencies which published a review on serological tests do not recommend
its use for early diagnosis of COVID-19 due to high likelihood of false negative results as antibody
production starts roughly after the first week of infection. Further, false positive results may also
emerge because of cross-reactivity from a previous or current infection with other coronaviruses.
CADTH, one of the said agencies, mentioned though that these tests, when used in combination
with RT-PCR, can enhance the accuracy the detection of infection. Another report made by CEBM
added that once validated serological assays become available, antibody-based tests can support
diagnosis in cases where molecular tests are negative.

While all the reviews recognize that COVID-19 serological
tests may be better suited for determining previous exposure, the results of these tests are only
limited to indication of immune response to the virus which is not synonymous to protective
immunization against reinfection with the same virus. Considering time as a factor for presence of
antibodies, EUNetHTA said that the presence of IgM antibodies may imply a recent or potentially
active infection while the presence of IgG antibodies could identify past exposures. There remains
no evidence, however, that the presence of these antibodies to SARS-CoV-2 confers immunity to
subsequent infection.

Finally, serological testing can play a role in surveillance which may not
just provide insight to the extent of the infection but may also provide inputs to policies on PPE use
and distribution, social distancing relaxation, vaccination, and drug development.

DIAGNOSTIC PERFORMANCE
What is the accuracy of RATs in the following use cases:

This review detected many studies assessing the performance of RATs for use case
diagnosis in comparison to the limited evidence detected for the other use cases. Studies for this
use case compared RATs with either RT-PCR using different PCR test kit brands or MNT. We note
that most of the evaluations used RT-PCR as comparator for this use case. Majority of the studies
detected have not classified the population being studied in terms of presence of symptoms.
Further, there were more studies which have assessed and reported the diagnostic performance of
RATSs in terms of sensitivity than specificity.

Generally, the accuracy of RATs for diagnosis is highly varied across the different stratifications (e.g.,
0% to 96% sensitivity for IgM during late onset of disease among undefined cases of symptomatic
or asymptomatic; 0-100% sensitivity for IgG during late onset of disease among undefined cases of
symptomatic or asymptomatic) when compared to RT-PCR. As for the accuracy of RATs when
compared to MNT, very limited number of studies show variability of its accuracy as well (e.g. 46 —
81% sensitivity for IgM regardless of onset of disease among undefined cases of symptomatic or
asymptomatic; 56% to 72% sensitivity for IgG regardless of onset of disease among undefined cases
of symptomatic or asymptomatic). This general observation of highly varied accuracy of RATs for
diagnosis is based on wide ranges of both the point estimates and confidence intervals reported in
the studies. Further, we note that the RATs assessed by these studies were tested in a laboratory-
based setting [except the study of Dohla et al., (2020) which used RATs in the community setting];
hence, their accuracy performance may be variable in the real-world setting.
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While the reported ranges of both IgM and IgG sensitivity and specificity point estimates (versus
RT-PCR) do not suggest a trend based on onset of disease, there are noticeable clustering of point
estimates (for the population with undefined information on the presence of symptoms) during
early onset (<7 days) (i.e., < 40% for both IgM and IgG), mid onset (8-14 days) (i.e., at least 60% for
IgM; 40-80% for IgG), and late onset (215 days) (i.e., 60-96% for IgM; 60-80% for 1gG) of disease
based on the generated forest plots. An increasing clustered point estimates on the sensitivity data
for IgM and IgG (for population with undefined information on the presence of symptoms) as the
disease progresses (per week) was observed in the data. As there were no specificity data reported
based on onset of iliness, such observation and generalization on sensitivity in relation to onset of
illness cannot be drawn the same for the specificity of RATs. We can only estimate its diagnostic
performance in terms of specificity from studies involving population with undefined presence of
symptoms regardless of onset of disease. For this population, we observed that specificity point
estimates are closer to one another as compared to sensitivity and that majority (i.e., 26 out of 28
studies for IgM; 30 out of 31 studies for IgG) of these point estimates cluster on values greater than
80%.

It is also important to note that there were only few studies detected among defined symptomatic
and asymptomatic cases; hence, there is limited evidence to strongly conclude on the performance
of RATs for diagnosis among these populations.

Overall, based on the evidence gathered, it can be concluded that RATs are generally being studied
for its diagnostic potential for COVID-19. While relatively higher sensitivity values during late onset
of the disease were observed, there remains to be no conclusive evidence to show that any RAT
can generally be recommended for use in diagnosis due to the consistently high variability observed
in their performance (whether the comparator is RT-PCR or MNT). Hence, it is important that RAT
brands in the market undergo validation testing using appropriate study designs to ascertain its
performance in the real-world setting and in the local context; and, that specifications for RATs
must be set to ensure that only RATs with proven diagnostic accuracy for the intended population
shall be used.

As for the applicability of the conclusions drawn on use case diagnosis, we note that the patient
profile of the study sources presented for this use case are generally from Asia and Europe, and
hospitalized patients; hence, its performance on patients outside this profile may be deemed
variable. Furthermore, since majority of the studies did not define the patient profile in terms of
presence of symptoms and there are no other relevant patient characteristics reported in the
studies, it is difficult to establish its generalizability overall.

There is limited evidence to establish the accuracy of RATs
for use case determination of previous exposure. Based on two studies, we found varying
performance of RATs in terms of sensitivity and specificity of 10 RAT brands when compared with
RT-PCR. The sensitivity values of IgM and IgG can range from 43% to 91% and 39 to 93%,
respectively. On the other hand, the specificity shows to be quite higher (although based on one
study only) with a specificity for IgM at 100% (95% Cl: 97%-100%) and for IgG at 99% (95% Cl: 96%-
100%).

As for the applicability of the conclusions drawn on use case determination of previous exposure,
we note that the patient profile of the study sources presented for this use case are generally from
Europe, and hospitalized patients; hence, its performance on patients outside this profile may be
deemed variable. Furthermore, since the two study sources did not define the patient profile in
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terms of presence of symptoms and there are no other relevant patient characteristics reported in
the studies, it is difficult to establish its generalizability overall.

There is limited evidence to establish the accuracy of RATSs for use case
epidemiologic surveillance. Based on the 10 independent evaluation of the US National Cancer
Institute for 10 rapid antibody test kit brands against ELISA, the sensitivity values of IgM and IgG
can range from 27% to 100% and 30 to 97%, respectively. On the other hand, the specificity shows
to be quite higher and point estimates appear to be closer to one another, with the ranges for IgM
and IgG being 86% to 100% and 91% to 100% respectively.

As for the applicability of the conclusions drawn on use case epidemiologic surveillance, we note
that the patient profile of the ten study sources presented for this use case are generally from the
US, and without information on patient characteristics; hence, it is difficult to establish its
generalizability overall.

As for the validity of the studies included in this review, majority of the these critically appraised studies
were found to have moderate risk of bias. Some factors that may affect the validity of these studies
were noted such as non-independence on the performance of the index test and reference standard
due to lack of information on the testing of negative samples using reference standard, and non-
independence on the interpretation of the index test and reference standard.

This review also highlights several knowledge gaps relevant to RATs as discussed in the reviewed HTA
reports: antibody production kinetics against the virus in asymptomatic subjects; the link between the
presence of antibodies to SARS-CoV-2 and the immunity to subsequent infection and the durability of the
protection; diagnostic performance using clinical samples taken from community settings (which is
expected to show lower diagnostic performance compared to spiked samples in a controlled laboratory
environment); and, a clear understanding of the optimal population and role for these tests in the care
pathway.

Finally, as evidence on the different facets of COVID-19 is on-going and rapidly evolving, regular scoping
for evidence and updating of recommendations are advised.
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10. APPENDICES

Appendix A. Regulatory Approval Guidelines of Rapid Antibody Tests across Different Regulatory Agencies

Approved Validation Requirements
Country of
. Agency Test Use Performance Standards . .
Origin Case/s Population Reference Test Sample Size
United Food and Drug Determinati | Analytical sensitivity and specificity Individuals with an RT-PCR At least 30 antibody
States of Administration on of Cross-reactivity adaptive immune positive samples for
America previous (No specific standard set, only response to SARS- each
exposure guidance mentioned) CoV-2, indicating immunoglobulin
recent or prior claimed and 75
infection antibody negative
samples from
patients tested for
SARS-CoV-2
Canada Health Canada Determinati | Analytical sensitivity People who may RT-PCR No specific sample
on of Cross-reactivity have recovered size specified.
previous Specificity from suspected or If multiple sample
exposure Seroconversion confirmed SARS- types are intended
Stability CoV-2 infection for clinical testing,
(No specific standard set, only the performance
guidance mentioned) characteristics of
the test should be
established for each
claimed sample
type. Alternatively,
a sample matrix
equivalency study
should be
performed.
European European No data found
Union Medicines
Agency
United Medicines and Determinati | Clinical sensitivity: People who may RT-PCR At least 200
Kingdom Healthcare on of Greater than 98% (with 95% have recovered confirmed negative
Products confidence intervals of 96- 100%) on from suspected or cases and at least
specimens collected 20 days or more
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Administration

Regulatory previous after the appearance of first confirmed SAR- 200 true positive
Agency exposure symptoms. CoV-2 infection cases
Clinical specificity:
Greater than 98% (within 95%
confidence intervals 96- 100%)
Analytical specificity:
Minimal cross-reactivity with other
known coronavirus, or common
respiratory pathogens
Switzerland Swiss Agency for No report found
Therapeutic
Products
Germany Federal Ministry No report found
of Health
France National Drug No report found
and Health
Products Safety
Agency
Italy Italian No report found
Medicines
Agency
Australia Therapeutic Diagnosis Sensitivity Patients with SARS- | Enzyme 188 samples (with a
Goods (limited role) | Specificity CoV-2 detected by Immunoassay subset of 35 RT-PCR
Administration (No specific standard set, only RT-PCR from upper positive samples)
guidance mentioned) and / or lower Point-of-Care Test
respiratory tract
specimens RT-PCR
Japan Pharmaceutical No report found
and Medical
Devices Agency
Philippines Food and Drug No report found
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Appendix B. List of PHL-FDA-approved RATs for Commercial Use and their Use Case Classification/s

RAT brand name Manufacturer Instructions Manual Statement/s Use case Reference
1. NANIING Biolidics Limited. — 37 Jalan Pemimpin, Biolidics 2019-nCoV IgG/IgM Detection Kit is Diagnosis https://www.hsa.gov.
VAZYME 2019- | #02-07, Mapex, Singapore intended for the qualitative detection of 2019- sg/docs/default-
nCoV IgG/IgM nCoV 1gG/IgM antibodies in human serum, source/hprg-
DETECTION KIT plasma and whole blood. The results from this mdb/biolidics-
test is not to be used for confirmatory testing or limitedf4a2e74blcfb4
as sole basis for diagnosis. The results will have to 293ab970ab638db5e
be interpreted together with clinical presentation 77.pdf

and are to be confirmed with supplemental
testing (e.g. RT-PCR). The kit is not intended for
finger prick testing.

2. NOVEL Nanjing Vazyme Medical Technology Co., | The Vazyme 2019-nCoV IgG / IgM Detection Kit Diagnosis and https://www.mtendo
CORONAVIRUS | Ltd —Level 1-3, Bldg. C2, Red Maple Sci- (Colloidal Gold Based) is an in vitro diagnostic test | determination of | scopy.com/wp-
(2019-NCOV) Tech Park, Kechuang Road, Nanjing intended for the qualitative detection of 1gG / IgM previous content/uploads/202
IgM/1gG China antibodies to SARS-CoV-2 (or 2019-nCoV) in exposure 0/04/Vazyme 2019-
ANTIBODY human serum, plasma, and whole blood (detection of nCoV-lgG-IgM-
DETECTION KIT (venipuncture) samples collected by healthcare antibodies) Detection-Kit-
(COLLOIDAL professionals at the point-of-care. It is intended Instruction-for-
GOLD to be used as an aid in the diagnosis of patients Use04.28.20-Final.pdf
METHOD) with  suspected SARS-CoV-2 infection in

conjunction with clinical symptoms and other
clinical or laboratory tests. Results from the
Vazyme 2019-nCoV IgG / IgM Detection Kit
(Colloidal Gold-Based) should not be used as the
sole basis for diagnosis of a SARS-CoV-2 infection
Results are for the detection of 2019-nCoV
antibodies. The 2019-nCoV antibody IgM and IgG
are generally detectable in blood several days
after the acute phase of infection. Positive results
of IgM and IgG indicative of active infection.

3. DIAGNOSTIC Zhuhai Livzon Diagnostic Inc. — 1st The product is used for in-vitro qualitative Unclear https://pellecome.co

KIT FOR
1gM/1gG
ANTIBODY TO
CORONAVIRUS
(SARS-CoV-2)

Building, No. 266, Tongchang Road,
Xiangzhou District, Zhuhai, Guangdong
Province, People’s Republic of China

detection of coronavirus (SARS-CoV-2) IgM/IgG
antibody in human serum, plasma, and whole
blood samples.

m/wp-
content/uploads/202
0/04/LivzonlFUPage.p
df
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https://www.hsa.gov.sg/docs/default-source/hprg-mdb/biolidics-limitedf4a2e74b1cfb4293ab970ab638db5e77.pdf
https://www.hsa.gov.sg/docs/default-source/hprg-mdb/biolidics-limitedf4a2e74b1cfb4293ab970ab638db5e77.pdf
https://www.hsa.gov.sg/docs/default-source/hprg-mdb/biolidics-limitedf4a2e74b1cfb4293ab970ab638db5e77.pdf
https://www.hsa.gov.sg/docs/default-source/hprg-mdb/biolidics-limitedf4a2e74b1cfb4293ab970ab638db5e77.pdf
https://www.hsa.gov.sg/docs/default-source/hprg-mdb/biolidics-limitedf4a2e74b1cfb4293ab970ab638db5e77.pdf
https://www.hsa.gov.sg/docs/default-source/hprg-mdb/biolidics-limitedf4a2e74b1cfb4293ab970ab638db5e77.pdf
https://www.hsa.gov.sg/docs/default-source/hprg-mdb/biolidics-limitedf4a2e74b1cfb4293ab970ab638db5e77.pdf
https://www.mtendoscopy.com/wp-content/uploads/2020/04/Vazyme_2019-nCoV-IgG-IgM-Detection-Kit-Instruction-for-Use04.28.20-Final.pdf
https://www.mtendoscopy.com/wp-content/uploads/2020/04/Vazyme_2019-nCoV-IgG-IgM-Detection-Kit-Instruction-for-Use04.28.20-Final.pdf
https://www.mtendoscopy.com/wp-content/uploads/2020/04/Vazyme_2019-nCoV-IgG-IgM-Detection-Kit-Instruction-for-Use04.28.20-Final.pdf
https://www.mtendoscopy.com/wp-content/uploads/2020/04/Vazyme_2019-nCoV-IgG-IgM-Detection-Kit-Instruction-for-Use04.28.20-Final.pdf
https://www.mtendoscopy.com/wp-content/uploads/2020/04/Vazyme_2019-nCoV-IgG-IgM-Detection-Kit-Instruction-for-Use04.28.20-Final.pdf
https://www.mtendoscopy.com/wp-content/uploads/2020/04/Vazyme_2019-nCoV-IgG-IgM-Detection-Kit-Instruction-for-Use04.28.20-Final.pdf
https://www.mtendoscopy.com/wp-content/uploads/2020/04/Vazyme_2019-nCoV-IgG-IgM-Detection-Kit-Instruction-for-Use04.28.20-Final.pdf
https://www.mtendoscopy.com/wp-content/uploads/2020/04/Vazyme_2019-nCoV-IgG-IgM-Detection-Kit-Instruction-for-Use04.28.20-Final.pdf
https://pellecome.com/wp-content/uploads/2020/04/LivzonIFUPage.pdf
https://pellecome.com/wp-content/uploads/2020/04/LivzonIFUPage.pdf
https://pellecome.com/wp-content/uploads/2020/04/LivzonIFUPage.pdf
https://pellecome.com/wp-content/uploads/2020/04/LivzonIFUPage.pdf
https://pellecome.com/wp-content/uploads/2020/04/LivzonIFUPage.pdf

(COLLOIDAL

differentiation of anti-SARS-CoV-2 1gG and IgM
antibodies in human serum and plasma or whole
blood containing EDTA, heparin or citrate anti-

GOLD)

4. 2019-nCoV Innovita (Tangshan) Biological The kit is intended for the qualitative detection Diagnosis https://staticl.square
ANTIBODY TEST | Technology Co., Ltd. — No. 699 of IgM and IgG antibodies against 2019 Novel space.com/static/5¢7
(COLLOIDAL Juxin Street, High-Tech Industrial Coronavirus (2019-nCoV) in human dbd6e94d71a51298d
GOLD) Development Zone, Qian’an serum/plasma/ venous whole blood specimens. 7528/t/5e8514ec040

064400, Hebei, China It is only used as a supplementary detection ef321c8bd9b7f/1585
indicator for suspected nucleic acid negative 779996273/Package+
results or in conjunction with nucleic acid Insert+2019-
detection in the diagnosis of suspected cases. It NCoV+%285%26P%26
cannot be used as a basis for the diagnosis and WB%29.pdf
exclusion of COVID-19. It is not suitable for
general screening.

5.  WANTAI SARS- | Beijing Wantai Biological Pharmacy WANTAI SARS-CoV-2 Ab Rapid Test is a single use, Diagnosis and http://www.dbaitalia.
CoV Ab RAPID Enterprise Co., Ltd. —31 Kexueyuan Road, | rapid device for qualitative detection of total epidemiologic it/newsletter/wantai
TEST KIT Changping District Beijing, People’s antibodies against 2019 novel coronavirus (SARS- surveillance of sars-cov-

Republic of China CoV-2) in human serum, plasma or whole blood COVID-19 2 ab rapid test -
specimens. The kit is intended for screening of ce ifu.pdf
patients suspected for infection with SARS-CoV-2,
and as an aid in the diagnosis of the coronavirus
disease 2019 (COVID-19).

6. 2019 n-CoV Hangzhou Alltest Biotech Co., Ltd. — The 2019-nCoV IgG/1gM Rapid Test Cassette is an Unclear https://www.carolina
1gG/IgM RAPID | #550, Yinhai Street, Hangzhou Economy in vitro diagnostic test for the qualitative chemistries.com/wp-
TEST CASSETTE | and Technology Development Area, detection of IgG and IgM antibodies to SARS-CoV- content/uploads/202

310018, Hangzhou, People’s Republic of 2 in human whole blood (venipuncture or 0/04/146232801 INC

China fingerstick), serum or plasma specimen collected P-
in CLIA certified laboratory and/or healthcare 402 AllTest EN PI O
workers at the point-of-care. Testing is limited to 41420.pdf
laboratories  certified under the Clinical
Laboratory Improvement Amendments of 1988
(CLIA), 42 U.S.C. 263a, to perform moderate and
high complexity tests.

7. OnSite COVID- | CTK Biotech, Inc. — 13855 Stowe Dr. The OnSite COVID-19 IgG/IgM Rapid Test is a | Determination of | https://drive.google.c
19 IgG/IgM Poway California, USA single use lateral flow immunoassay rapid test previous om/file/d/1ATIHNAyK
Rapid Test intended  for qualitative  detection and exposure m_X9GPgJZER46e9YS

JZfuO6R/view
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https://static1.squarespace.com/static/5c7dbd6e94d71a51298d7528/t/5e8514ec040ef321c8bd9b7f/1585779996273/Package+Insert+2019-nCoV+%28S%26P%26WB%29.pdf
https://static1.squarespace.com/static/5c7dbd6e94d71a51298d7528/t/5e8514ec040ef321c8bd9b7f/1585779996273/Package+Insert+2019-nCoV+%28S%26P%26WB%29.pdf
https://static1.squarespace.com/static/5c7dbd6e94d71a51298d7528/t/5e8514ec040ef321c8bd9b7f/1585779996273/Package+Insert+2019-nCoV+%28S%26P%26WB%29.pdf
https://static1.squarespace.com/static/5c7dbd6e94d71a51298d7528/t/5e8514ec040ef321c8bd9b7f/1585779996273/Package+Insert+2019-nCoV+%28S%26P%26WB%29.pdf
https://static1.squarespace.com/static/5c7dbd6e94d71a51298d7528/t/5e8514ec040ef321c8bd9b7f/1585779996273/Package+Insert+2019-nCoV+%28S%26P%26WB%29.pdf
https://static1.squarespace.com/static/5c7dbd6e94d71a51298d7528/t/5e8514ec040ef321c8bd9b7f/1585779996273/Package+Insert+2019-nCoV+%28S%26P%26WB%29.pdf
https://static1.squarespace.com/static/5c7dbd6e94d71a51298d7528/t/5e8514ec040ef321c8bd9b7f/1585779996273/Package+Insert+2019-nCoV+%28S%26P%26WB%29.pdf
https://static1.squarespace.com/static/5c7dbd6e94d71a51298d7528/t/5e8514ec040ef321c8bd9b7f/1585779996273/Package+Insert+2019-nCoV+%28S%26P%26WB%29.pdf
https://static1.squarespace.com/static/5c7dbd6e94d71a51298d7528/t/5e8514ec040ef321c8bd9b7f/1585779996273/Package+Insert+2019-nCoV+%28S%26P%26WB%29.pdf
http://www.dbaitalia.it/newsletter/wantai_sars-cov-2_ab_rapid_test_-_ce_ifu.pdf
http://www.dbaitalia.it/newsletter/wantai_sars-cov-2_ab_rapid_test_-_ce_ifu.pdf
http://www.dbaitalia.it/newsletter/wantai_sars-cov-2_ab_rapid_test_-_ce_ifu.pdf
http://www.dbaitalia.it/newsletter/wantai_sars-cov-2_ab_rapid_test_-_ce_ifu.pdf
http://www.dbaitalia.it/newsletter/wantai_sars-cov-2_ab_rapid_test_-_ce_ifu.pdf
https://www.carolinachemistries.com/wp-content/uploads/2020/04/146232801_INCP-402_AllTest_EN_PI_041420.pdf
https://www.carolinachemistries.com/wp-content/uploads/2020/04/146232801_INCP-402_AllTest_EN_PI_041420.pdf
https://www.carolinachemistries.com/wp-content/uploads/2020/04/146232801_INCP-402_AllTest_EN_PI_041420.pdf
https://www.carolinachemistries.com/wp-content/uploads/2020/04/146232801_INCP-402_AllTest_EN_PI_041420.pdf
https://www.carolinachemistries.com/wp-content/uploads/2020/04/146232801_INCP-402_AllTest_EN_PI_041420.pdf
https://www.carolinachemistries.com/wp-content/uploads/2020/04/146232801_INCP-402_AllTest_EN_PI_041420.pdf
https://www.carolinachemistries.com/wp-content/uploads/2020/04/146232801_INCP-402_AllTest_EN_PI_041420.pdf
https://drive.google.com/file/d/1ATIHN4yKm_X9GPgJZER46e9YSJZfuO6R/view
https://drive.google.com/file/d/1ATIHN4yKm_X9GPgJZER46e9YSJZfuO6R/view
https://drive.google.com/file/d/1ATIHN4yKm_X9GPgJZER46e9YSJZfuO6R/view
https://drive.google.com/file/d/1ATIHN4yKm_X9GPgJZER46e9YSJZfuO6R/view

coagulants. The OnSite COVID-19 IgG/IgM Rapid
Test is intended for use as an aid in identifying
individuals with an adaptive immune response to
SARS-CoV-2, indicating recent or prior infection.
At this time, it is unknown for how long antibodies
persist following infection and if the presence of
antibodies confers protective immunity.

8. HIGHTOP SARS- | Qingdao Hightop Biotech Co., Ltd. — No. The SARS-CoV-2 IgM/IgG Ab Rapid Test is used to Diagnosis http://www.hightopbi
CoV-2 IgM/IgG 369 Hedong Road, Hi-tech Industrial detect the IgM and IgG antibodies to severe acute o.com/EN/productny.
ANTIBODY Development Zone, 266112 Qingdao, respiratory syndrome coronavirus 2 (SARS-CoV-2) aspx?Products|D=567
RAPID TEST Shandong, Peoples Republic of China in human serum, plasma or whole blood sample &oid=246&Cateld=76

qualitatively. It is to be used as an aid in the
diagnosis of coronavirus infection disease
(COVID-19), which is caused by SARS-CoV-2.

9. Cellex gSARS- Cellex, Inc., — 76 TW Alexander Drive, The Cellex qSARS-CoV-2 1gG/IgM Rapid Test is a Diagnosis
CoV-2 IgG/IgM | Research Triangle Park, Durham NC lateral flow immunoassay intended for the
Cassette Rapid | 27709-0002, USA qualitative detection and differentiation of IgM
Test and I1gG antibodies to SARS-CoV-2 in serum,

plasma (EDTA, citrate) or venipuncture whole
blood specimens from patients suspected of
COVID-19 infection by a healthcare provider. The
gSARS-CoV-2 1gG/IgM Rapid Test is an aid in the
diagnosis of patients with suspected SARS-CoV-2
infection in conjunction with clinical presentation
and the results of other laboratory tests. Results
from the qSARS-CoV-2 1gG/IgM Rapid Test should
not be used as the sole basis for diagnosis.

10. COVID-19 Hangzhou Biotest Biotech Co., Ltd. — 17# The COVID-19 IgG/IgM Rapid Test Cassette Diagnosis https://staticl.square
IgG/IgM RAPID | Futai Road Zhongtai Street, Yuhang (Whole Blood/Serum/ Plasma) is a rapid space.com/static/5e7
TEST KIT District, Hangzhou, People’s Republic of chromatographic ~ immunoassay  for  the 4ec9aa283b249a91fa

China qualitative detection of IgG and IgM antibodies to 9cl1/t/5e75a4e47c99
SARS-CoV-2 in human whole blood, serum, or b2674c1794ca/15847
plasma as an aid in the diagnosis of primary and 68230987/Rapid-
secondary SARS-CoV-2 infections. Test-Product-

Insert.pdf

11. COVID-19 Healgen Scientific Limited — Liability For professional in vitro diagnostic use only. Determination of | https://www.fda.gov/
1gG/IgM RAPID | Company 3818 Fuqua previous media/138438/downl
TEST CASSETTE | Street Houston, TX 77047, USA exposure oad
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http://www.hightopbio.com/EN/productny.aspx?ProductsID=567&oid=246&CateId=76
http://www.hightopbio.com/EN/productny.aspx?ProductsID=567&oid=246&CateId=76
http://www.hightopbio.com/EN/productny.aspx?ProductsID=567&oid=246&CateId=76
http://www.hightopbio.com/EN/productny.aspx?ProductsID=567&oid=246&CateId=76
https://static1.squarespace.com/static/5e74ec9aa283b249a91fa9c1/t/5e75a4e47c99b2674c1794ca/1584768230987/Rapid-Test-Product-Insert.pdf
https://static1.squarespace.com/static/5e74ec9aa283b249a91fa9c1/t/5e75a4e47c99b2674c1794ca/1584768230987/Rapid-Test-Product-Insert.pdf
https://static1.squarespace.com/static/5e74ec9aa283b249a91fa9c1/t/5e75a4e47c99b2674c1794ca/1584768230987/Rapid-Test-Product-Insert.pdf
https://static1.squarespace.com/static/5e74ec9aa283b249a91fa9c1/t/5e75a4e47c99b2674c1794ca/1584768230987/Rapid-Test-Product-Insert.pdf
https://static1.squarespace.com/static/5e74ec9aa283b249a91fa9c1/t/5e75a4e47c99b2674c1794ca/1584768230987/Rapid-Test-Product-Insert.pdf
https://static1.squarespace.com/static/5e74ec9aa283b249a91fa9c1/t/5e75a4e47c99b2674c1794ca/1584768230987/Rapid-Test-Product-Insert.pdf
https://static1.squarespace.com/static/5e74ec9aa283b249a91fa9c1/t/5e75a4e47c99b2674c1794ca/1584768230987/Rapid-Test-Product-Insert.pdf
https://static1.squarespace.com/static/5e74ec9aa283b249a91fa9c1/t/5e75a4e47c99b2674c1794ca/1584768230987/Rapid-Test-Product-Insert.pdf
https://www.fda.gov/media/138438/download
https://www.fda.gov/media/138438/download
https://www.fda.gov/media/138438/download

The sensitivity of COVID-19 IgG/IgM Rapid Test
Cassette (Whole

Blood/Serum/Plasma) early after infection in
unknown. Negative results do not preclude acute
SARS-CoV-2 infection. If acute infection is
suspected, direct testing

for SARS-CoV-2 is necessary.

The COVID-19 IgG/IgM Rapid Test Cassette
(Whole Blood/Serum/Plasma) should not be used
to diagnose acute SARS-CoV-2 infection.

12. COVID-19 Zhejiang Orient Gene Biotech Co., Ltd — This test only provides preliminary results. Diagnosis http://dailutb.com/w
1gG/IgM RAPID | 3787#, East Therefore, any reactive specimen with the p-
TEST CASSETTE | Yangguang Avenue, Dipu Street Anji, COVID-19 IgG/IgM Rapid Test Cassette (Whole content/uploads/202
Huzhou, 313300, P.R Blood/Serum/Plasma) must be confirmed with 0/03/Zhejiang-Orient-
China alternative testing method(s) and clinical Gene-Biotech-COVID-
findings. 19-0G.pdf
13. BIOLIDICS Biolidics Limited. — 37 Jalan Pemimpin, The results from this test is not to be used for Diagnosis https://www.biolidics
2019-nCoV #02-07, Mapex, confirmatory testing or as sole basis for diagnosis. .com/misc/2019-
1gG/IgM Singapore The results will have to be interpreted together nCoV_Product-
DETECTION KIT with clinical presentation and are to be confirmed Insert Final-(Ver-
with supplemental testing (e.g. RT-PCR). 4).pdf
14. VivaDiagTM Vivachek Biotech Hangzhou Co. Ltd. - The VivaDiag™ SARS-CoV-2 IgM/IgG Rapid Test Diagnosis https://www.vivachek
COVID-19 Level 2, Block 2, 146 (COVID-19 IgM/I1gG Rapid Test) has ONLY been .com/en/prods/prod-
1gM/1gG Rapid East Chaofeng Rd., Yuhang Economy designed to act as a supplementary test for rapidtest.ntml#:~:text
Test Development Zone, Hangzhou, 311100, suspected cases of negative coronavirus nucleic =The%20VivaDiag%E2
Zhejiang China acid detection or in conjunction with nucleic acid %84%A2%20SARS%2
detection in the diagnosis of suspected cases. DCoV,the%20diagnosi
Results from 1gM/1gG antibody testing should not s%200f%20suspected
be used as the sole basis to diagnose or exclude %20cases.
SARS-CoV-2 (COVID-19) infection or to inform
infection status.
15. DPP COVID-19 Chembio Diagnostic Systems, Inc. - 3661 The DPP COVID-19 IgM/IgG System is an aid in Diagnosis https://www.fda.gov/
1gM/1gG Horseblock Road Medford, NY 11763 USA | the diagnosis of patients with suspected SARS- media/136963/downl
System CoV-2 infection in conjunction with clinical oad

presentation and the results of other laboratory
tests. Results from the DPP COVID-19 IgM/IgG
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http://dailutb.com/wp-content/uploads/2020/03/Zhejiang-Orient-Gene-Biotech-COVID-19-OG.pdf
http://dailutb.com/wp-content/uploads/2020/03/Zhejiang-Orient-Gene-Biotech-COVID-19-OG.pdf
http://dailutb.com/wp-content/uploads/2020/03/Zhejiang-Orient-Gene-Biotech-COVID-19-OG.pdf
http://dailutb.com/wp-content/uploads/2020/03/Zhejiang-Orient-Gene-Biotech-COVID-19-OG.pdf
http://dailutb.com/wp-content/uploads/2020/03/Zhejiang-Orient-Gene-Biotech-COVID-19-OG.pdf
http://dailutb.com/wp-content/uploads/2020/03/Zhejiang-Orient-Gene-Biotech-COVID-19-OG.pdf
https://www.biolidics.com/misc/2019-nCoV_Product-Insert_Final-(Ver-4).pdf
https://www.biolidics.com/misc/2019-nCoV_Product-Insert_Final-(Ver-4).pdf
https://www.biolidics.com/misc/2019-nCoV_Product-Insert_Final-(Ver-4).pdf
https://www.biolidics.com/misc/2019-nCoV_Product-Insert_Final-(Ver-4).pdf
https://www.biolidics.com/misc/2019-nCoV_Product-Insert_Final-(Ver-4).pdf
https://www.vivachek.com/en/prods/prod-rapidtest.html#:~:text=The%20VivaDiag%E2%84%A2%20SARS%2DCoV,the%20diagnosis%20of%20suspected%20cases.
https://www.vivachek.com/en/prods/prod-rapidtest.html#:~:text=The%20VivaDiag%E2%84%A2%20SARS%2DCoV,the%20diagnosis%20of%20suspected%20cases.
https://www.vivachek.com/en/prods/prod-rapidtest.html#:~:text=The%20VivaDiag%E2%84%A2%20SARS%2DCoV,the%20diagnosis%20of%20suspected%20cases.
https://www.vivachek.com/en/prods/prod-rapidtest.html#:~:text=The%20VivaDiag%E2%84%A2%20SARS%2DCoV,the%20diagnosis%20of%20suspected%20cases.
https://www.vivachek.com/en/prods/prod-rapidtest.html#:~:text=The%20VivaDiag%E2%84%A2%20SARS%2DCoV,the%20diagnosis%20of%20suspected%20cases.
https://www.vivachek.com/en/prods/prod-rapidtest.html#:~:text=The%20VivaDiag%E2%84%A2%20SARS%2DCoV,the%20diagnosis%20of%20suspected%20cases.
https://www.vivachek.com/en/prods/prod-rapidtest.html#:~:text=The%20VivaDiag%E2%84%A2%20SARS%2DCoV,the%20diagnosis%20of%20suspected%20cases.
https://www.vivachek.com/en/prods/prod-rapidtest.html#:~:text=The%20VivaDiag%E2%84%A2%20SARS%2DCoV,the%20diagnosis%20of%20suspected%20cases.
https://www.fda.gov/media/136963/download
https://www.fda.gov/media/136963/download
https://www.fda.gov/media/136963/download

System should not be used as the sole basis for
diagnosis.

16. SARS-CoV-2 Beijing Lepu Medical Technology Co., Ltd | The test device is to be used as an aid in the Diagnosis https://www.imaxsho
Antibody Test — 3th Floor and 5th diagnosis of COVID-19 p.com/download/Lep
(COLLOIDAL Floor Building 7-1 No.37 Chaogian Road, u-Medical-COVID-19-
GOLD Changping District, All-Related-
IMMUNOCHRO | Beijing, 102200, P.R. China Documents.pdf
MATOGRAPHY)

17. COVID-19 IgM Hecin Scientific, Inc. — 4F Building A, #1 Expected Use: Diagnosis http://www.hecin-
Antibody Rapid | Ruifa Road, Luogang District, Guangzhou, | Used only as a supplementary detection index for scientific.cn/Channell
Test Kit 510700 P.R China new coronavirus nucleic acid detection negative magelist.aspx?id=b26

suspected cases or in conjunction with nucleic bb865-078b-4b2a-
acid detection in the diagnosis of suspected 91a0-
cases, and cannot be used as the basis for the 517f50cf346d&cid=6
diagnosis and exclusion of pneumonia with new 22&pcid=571
coronavirus infection, and is not suitable for
screening in the general population.

18. Diagnostic Kit Shanghai Kehua Bio-engineering Co., Ltd Complementary to nucleic acid detection Diagnosis https://www.skhb.co

for SARS-CoV-2
IgM/1gG
Antibody
(Colloidal Gold)

—1189 North
Qinzhou Road, Xuhui District, Shanghai,
200233, People’s Republic of China

methodologies can be better achieved, providing
a more comprehensive reference for clinical
diagnosis.

m/en/product/newde
tail.aspx?id=1868

19. CORONAVIRUS | MedicalSystem Biotechnology Co., Ltd.- No information available. No information http://en.nbmedicals
DISEASE 2019 No. 289, Qiming available ystem.com/EN/produ
ANTIBODY South Road, Yinzhou District, 315104 ctdetail/1002
(1gM/IgG) Ningbo, China
RAPID TEST
CASSETTE

20. CLONGENE Hangzhou Clongene Biotech Co Ltd. — No | IFU as of March 2020: Diagnosis IFU:

COvVID-19 1 Yichuang Road Results from antibody testing should not be used https://pellecome.co
IgG/IgM RAPID | Yuhang Sub district Yuhang District, as the sole basis to diagnose or exclude SARS- m/wp-
TEST CASSETTE | Hangzhou, 311121 China CoV-2 infection or to inform infection status. content/uploads/202

Product website:
“Product information is being updated...”

0/03/ClungenelFU-
Amended.pdf

Product website:
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https://www.imaxshop.com/download/Lepu-Medical-COVID-19-All-Related-Documents.pdf
https://www.imaxshop.com/download/Lepu-Medical-COVID-19-All-Related-Documents.pdf
https://www.imaxshop.com/download/Lepu-Medical-COVID-19-All-Related-Documents.pdf
https://www.imaxshop.com/download/Lepu-Medical-COVID-19-All-Related-Documents.pdf
https://www.imaxshop.com/download/Lepu-Medical-COVID-19-All-Related-Documents.pdf
http://www.hecin-scientific.cn/ChannelImagelist.aspx?id=b26bb865-078b-4b2a-91a0-517f50cf346d&cid=622&pcid=571
http://www.hecin-scientific.cn/ChannelImagelist.aspx?id=b26bb865-078b-4b2a-91a0-517f50cf346d&cid=622&pcid=571
http://www.hecin-scientific.cn/ChannelImagelist.aspx?id=b26bb865-078b-4b2a-91a0-517f50cf346d&cid=622&pcid=571
http://www.hecin-scientific.cn/ChannelImagelist.aspx?id=b26bb865-078b-4b2a-91a0-517f50cf346d&cid=622&pcid=571
http://www.hecin-scientific.cn/ChannelImagelist.aspx?id=b26bb865-078b-4b2a-91a0-517f50cf346d&cid=622&pcid=571
http://www.hecin-scientific.cn/ChannelImagelist.aspx?id=b26bb865-078b-4b2a-91a0-517f50cf346d&cid=622&pcid=571
http://www.hecin-scientific.cn/ChannelImagelist.aspx?id=b26bb865-078b-4b2a-91a0-517f50cf346d&cid=622&pcid=571
https://www.skhb.com/en/product/newdetail.aspx?id=1868
https://www.skhb.com/en/product/newdetail.aspx?id=1868
https://www.skhb.com/en/product/newdetail.aspx?id=1868
http://en.nbmedicalsystem.com/EN/productdetail/1002
http://en.nbmedicalsystem.com/EN/productdetail/1002
http://en.nbmedicalsystem.com/EN/productdetail/1002
https://pellecome.com/wp-content/uploads/2020/03/ClungeneIFU-Amended.pdf
https://pellecome.com/wp-content/uploads/2020/03/ClungeneIFU-Amended.pdf
https://pellecome.com/wp-content/uploads/2020/03/ClungeneIFU-Amended.pdf
https://pellecome.com/wp-content/uploads/2020/03/ClungeneIFU-Amended.pdf
https://pellecome.com/wp-content/uploads/2020/03/ClungeneIFU-Amended.pdf

http://en.clongene.co
m/home/product/inf
o/catld/40/id/1449/k
eyword/COVID-
19%201gG/1gM%20Ra
pid%20Test%20Casse
tte(WB/S/P)

21.

Anti-SARS-CoV-

Autobio Diagnostics Co., Ltd — No. 87,

“The Anti-SARS-CoV-2 Rapid Test is intended for

Determination of

https://www.fda.gov/

2 Rapid Test Jingbei Yi Rd, National Eco &Tech Zone, use as an aid in identifying individuals with an previous media/137367/downl
Zheng zhou, China adaptive immune response to SARS-CoV-2, exposure oad
indicating recent or prior infection.
....The Anti-SARS-CoV-2 Rapid Test should not be
used to diagnose acute SARSCoV-2 infection.”

22. Platelia SARS- Bio-Rad Laboratories -3, boulevard “The Platelia SARS-CoV-2 Total Ab assay is | Determination of | https://www.fda.gov/
CoV-2 Total Ab | Raymond Poincaré 92430 Marnes-la- intended for use as an aid in identifying previous media/137493/downl
assay Coquette - France individuals with an adaptive immune response to exposure oad

SARS-CoV2, indicating recent or prior infection.
....The Platelia SARS-CoV-2 Total Ab assay should
not be used to diagnose acute SARS-CoV-2
infection.”

23. SARS-COV-2 Zybio, Inc. — Floor 1 to Floor 4, Building No information available. No information http://www.adsbiote
1gGM/1gG 30, No.6 of Taikang Road, Block C of available c.com/product/sars-
ANTIBODY Jiangiao Industrial Park, Dadukou District, cov-2-antibody-test-
ASSAY KIT 400082 Chongging, China kit/

(COLLOIDAL
GOLD
METHOD)

24. QuickProfile LumiQuick Diagnostic, Inc.— 2946 Scott No information available. No information https://lumiquick.co/
COVID-19 Blvd. Santa Clara, USA available
1gG/IgM
Combo Test
Card

25. SARS- HangZhou Testsea biotechnology No information available. No information https://www.testseal
CoV2(COVID- Co.,Ltd— Building 6 No.8-2 Scien-tech available abs.com/one-step-
19) IgG/IgM Road, Yuhang Street Hangzhou - sars-cov2covid-

311121,China

19iggigm-test-2-
product/
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http://en.clongene.com/home/product/info/catId/40/id/1449/keyword/COVID-19%20IgG/IgM%20Rapid%20Test%20Cassette(WB/S/P)
http://en.clongene.com/home/product/info/catId/40/id/1449/keyword/COVID-19%20IgG/IgM%20Rapid%20Test%20Cassette(WB/S/P)
http://en.clongene.com/home/product/info/catId/40/id/1449/keyword/COVID-19%20IgG/IgM%20Rapid%20Test%20Cassette(WB/S/P)
http://en.clongene.com/home/product/info/catId/40/id/1449/keyword/COVID-19%20IgG/IgM%20Rapid%20Test%20Cassette(WB/S/P)
http://en.clongene.com/home/product/info/catId/40/id/1449/keyword/COVID-19%20IgG/IgM%20Rapid%20Test%20Cassette(WB/S/P)
http://en.clongene.com/home/product/info/catId/40/id/1449/keyword/COVID-19%20IgG/IgM%20Rapid%20Test%20Cassette(WB/S/P)
http://en.clongene.com/home/product/info/catId/40/id/1449/keyword/COVID-19%20IgG/IgM%20Rapid%20Test%20Cassette(WB/S/P)
https://www.fda.gov/media/137367/download
https://www.fda.gov/media/137367/download
https://www.fda.gov/media/137367/download
https://www.fda.gov/media/137493/download
https://www.fda.gov/media/137493/download
https://www.fda.gov/media/137493/download
http://www.adsbiotec.com/product/sars-cov-2-antibody-test-kit/
http://www.adsbiotec.com/product/sars-cov-2-antibody-test-kit/
http://www.adsbiotec.com/product/sars-cov-2-antibody-test-kit/
http://www.adsbiotec.com/product/sars-cov-2-antibody-test-kit/
https://lumiquick.co/
https://www.testsealabs.com/one-step-sars-cov2covid-19iggigm-test-2-product/
https://www.testsealabs.com/one-step-sars-cov2covid-19iggigm-test-2-product/
https://www.testsealabs.com/one-step-sars-cov2covid-19iggigm-test-2-product/
https://www.testsealabs.com/one-step-sars-cov2covid-19iggigm-test-2-product/
https://www.testsealabs.com/one-step-sars-cov2covid-19iggigm-test-2-product/

Antibody Test
(Colloidal Gold)

26. GenBody Genbody Inc.- GenBody Building, 3-18, “Results from antibody testing should not be used Diagnosis and http://genbody.co.kr/
COvID-19 Eopseong 2-gil, Seobuk-gu, Cheonan-si, as the sole basis to diagnose or exclude SARS- | determination of | bbs/board.php?bo ta
IgG/IgM RAPID | Chungnam, 31077, Korea CoV-2 infection or to inform infection status. previous ble=human01&wr id
DIAGNOSTIC Positive results may be due to past or present exposure =38
TEST infection with non-SARS-CoV-2 coronavirus

strains.”

27. 2019- Hangzhou Realy Tech Co., Ltd.- 4th floor, No information available. No information http://www.realytech
nCOV/COVID- #12 Building, Eastern Medicine Town, available .com/en/pro/Rapid T
19 IgG/IgM Xiasha Economic & Technological est/

Rapid Test Development Area, 310018 Hangzhou,

Device Zhejiang, People’s Republic of China

28. PCLCOVID19 PCL, Inc. —# 701, 99, Digital-ro 9-gil, “PCL COVID19 IgG/IgM Rapid Gold is an in vitro Diagnosis https://vitrexmedical.
1gG/IgM RAPID | Geumcheon-gu, Seoul, 08510, Republic diagnostic medical device for qualitative com/wp-

GOLD of Korea detection of 1gG and IgM antibodies of COVID19 content/uploads/202
infection in human serum, plasma, venous blood 0/05/IFU-
and capillary blood.” Cov03 2020-

05 GB.pdf

29. COVID-19 Hangzhou Clongene Biotech Co Ltd. —No | “The COVID-19 IgG/IgM Rapid Test Cassette is a Diagnosis https://pellecome.co
1gG/IgM RAPID | 1 Yichuang Road Yuhang Sub district lateral flow chromatographic immunoassay for m/wp-

TEST CASSETTE | Yuhang District, Hangzhou, 311121 China | the qualitative detection of antibodies (igG and content/uploads/202
IgM) to novel coronavirus in human whole blood/ 0/03/ClungenelFU-
serum/ plasma.” Amended.pdf

30. LYHER Novel Hangzhou Laihe Biotech Co Ltd. — Floor 1 | No information available No information No information

Coronavirus
(2019-nCoV)
1gM/1gG
Antibody
Combo Test Kit
(Colloidal Gold)

Room 505-512 Floor, 5 Building B 688
Bin'an Road, Binjiang District, Hangzhou,
310052, China

available

available

31

CovID-19
1gG/IgM RAPID
TEST DEVICE

Innovation Science Pty Ltd — 5/25
Stoddart Rd, Prospect, NSW,
2148, Australia

No information available

No information
available

No information
available
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http://genbody.co.kr/bbs/board.php?bo_table=human01&wr_id=38
http://genbody.co.kr/bbs/board.php?bo_table=human01&wr_id=38
http://genbody.co.kr/bbs/board.php?bo_table=human01&wr_id=38
http://genbody.co.kr/bbs/board.php?bo_table=human01&wr_id=38
http://www.realytech.com/en/pro/Rapid_Test/
http://www.realytech.com/en/pro/Rapid_Test/
http://www.realytech.com/en/pro/Rapid_Test/
https://vitrexmedical.com/wp-content/uploads/2020/05/IFU-Cov03_2020-05_GB.pdf
https://vitrexmedical.com/wp-content/uploads/2020/05/IFU-Cov03_2020-05_GB.pdf
https://vitrexmedical.com/wp-content/uploads/2020/05/IFU-Cov03_2020-05_GB.pdf
https://vitrexmedical.com/wp-content/uploads/2020/05/IFU-Cov03_2020-05_GB.pdf
https://vitrexmedical.com/wp-content/uploads/2020/05/IFU-Cov03_2020-05_GB.pdf
https://vitrexmedical.com/wp-content/uploads/2020/05/IFU-Cov03_2020-05_GB.pdf
https://pellecome.com/wp-content/uploads/2020/03/ClungeneIFU-Amended.pdf
https://pellecome.com/wp-content/uploads/2020/03/ClungeneIFU-Amended.pdf
https://pellecome.com/wp-content/uploads/2020/03/ClungeneIFU-Amended.pdf
https://pellecome.com/wp-content/uploads/2020/03/ClungeneIFU-Amended.pdf
https://pellecome.com/wp-content/uploads/2020/03/ClungeneIFU-Amended.pdf

32. ORIGHT COVID- | Hangzhou Biotest Biotech Co.,Ltd- #17, No information available No information No information
19 IgG/IgM Futai Road,Zhongtai available available
Rapid Test Street, Yuhang District, 311121
Cassette Hangzhou, P.R.China
(Whole
Blood/Serum/P
lasma)
33. NANIJING Nanjing Vazyme Medical Technology Co., | -used as an aid in the diagnosis of patients with Diagnosis https://www.mtendo
VAZYME 2019- | Ltd —Level 1-3, suspected SARS-CoV-2 infection in conjunction scopy.com/wp-
nCoV IgG/IgM Bldg. C2, Red Maple Sci-Tech Park, with clinical symptoms and other clinical or content/uploads/202

DETECTION KIT

Kechuang Road, Nanjing
China

laboratory tests. Results from the Vazyme 2019-
nCoV IgG / IgM Detection Kit (Colloidal Gold-
Based) should not be used as the sole basis for
diagnosis of a

SARS-CoV-2 infection

0/04/Vazyme 2019-
nCoV-IgG-IgM-
Detection-Kit-
Instruction-for-
Use04.28.20-Final.pdf

34. SAR-CoV-2 Zhuhai Encode Medical Engineering Co., No information available No information http://www.encode.c
1gG/IgM Rapid Ltd — No. 20, available om.cn/en/product m
Test Honghui 2nd Road, Hongqi Industrial ore.asp?id=569

Zone, Jinwan District,
Zhuhai, China

35. COVID-19 CHIL TIBBi MAL. SAN. TiC. LTD. STi. - No information available No information | https://www.chil.com

1gG/IgM Rapid 10028 sok. No.11 available .tr/urunkategori/rapi

Test Cassette

AOSB 35620 Cigli-lzmir/Turkey

d-test/infectious-

disease-rapid-tests

36. NADALCOVID- | nal von minden GmbH - Carl-Zeiss-Str. 12, | The test is intended as an aid in the diagnosis of Diagnosis and http://www.nal-
19 1gG/IgM 47445 Moers, primary infections and possible secondary determination of | vonminden.com/pdf/
Test Germany infections with SARS-CoV-2. previous EN-COVID19-

- infection Infoflyer.pdf

37. nCOVID-19 Technogenetics S.r.l. — 15 Corso Vittorio No information available No information https://www.technog

1gG&IgM POCT | Emanuele Il, 20122, available enetics.it/it/prodotti/
Milano, Italy covid-19

38. Rapid 2019- Xiamen Boson Biotech Co., Ltd - 90-94 Rapid 2019-nCoV 1gG/IgM Combo Test Card is a Diagnosis https://www.bosonbi
nCOV IgG/IgM Tianfeng Road, Jimei fabulous supplement detection for COVID-19 o.com/ivd-rapid-test-
Combo Test North Industrial Park 361021 Xiamen, suspected infected patients besides nucleic acid kits/infectious-
Card Fujian China test, which could greatly raise the accuracy of the diseases-test-

detection for COVID-19.

kits/2019-ncov-
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https://www.mtendoscopy.com/wp-content/uploads/2020/04/Vazyme_2019-nCoV-IgG-IgM-Detection-Kit-Instruction-for-Use04.28.20-Final.pdf
https://www.mtendoscopy.com/wp-content/uploads/2020/04/Vazyme_2019-nCoV-IgG-IgM-Detection-Kit-Instruction-for-Use04.28.20-Final.pdf
https://www.mtendoscopy.com/wp-content/uploads/2020/04/Vazyme_2019-nCoV-IgG-IgM-Detection-Kit-Instruction-for-Use04.28.20-Final.pdf
https://www.mtendoscopy.com/wp-content/uploads/2020/04/Vazyme_2019-nCoV-IgG-IgM-Detection-Kit-Instruction-for-Use04.28.20-Final.pdf
https://www.mtendoscopy.com/wp-content/uploads/2020/04/Vazyme_2019-nCoV-IgG-IgM-Detection-Kit-Instruction-for-Use04.28.20-Final.pdf
https://www.mtendoscopy.com/wp-content/uploads/2020/04/Vazyme_2019-nCoV-IgG-IgM-Detection-Kit-Instruction-for-Use04.28.20-Final.pdf
https://www.mtendoscopy.com/wp-content/uploads/2020/04/Vazyme_2019-nCoV-IgG-IgM-Detection-Kit-Instruction-for-Use04.28.20-Final.pdf
https://www.mtendoscopy.com/wp-content/uploads/2020/04/Vazyme_2019-nCoV-IgG-IgM-Detection-Kit-Instruction-for-Use04.28.20-Final.pdf
http://www.encode.com.cn/en/product_more.asp?id=569
http://www.encode.com.cn/en/product_more.asp?id=569
http://www.encode.com.cn/en/product_more.asp?id=569
https://www.chil.com.tr/urunkategori/rapid-test/infectious-disease-rapid-tests
https://www.chil.com.tr/urunkategori/rapid-test/infectious-disease-rapid-tests
https://www.chil.com.tr/urunkategori/rapid-test/infectious-disease-rapid-tests
https://www.chil.com.tr/urunkategori/rapid-test/infectious-disease-rapid-tests
http://www.nal-vonminden.com/pdf/EN-COVID19-Infoflyer.pdf
http://www.nal-vonminden.com/pdf/EN-COVID19-Infoflyer.pdf
http://www.nal-vonminden.com/pdf/EN-COVID19-Infoflyer.pdf
http://www.nal-vonminden.com/pdf/EN-COVID19-Infoflyer.pdf
https://www.technogenetics.it/it/prodotti/covid-19
https://www.technogenetics.it/it/prodotti/covid-19
https://www.technogenetics.it/it/prodotti/covid-19
https://www.bosonbio.com/ivd-rapid-test-kits/infectious-diseases-test-kits/2019-ncov-antibody-test-card.html
https://www.bosonbio.com/ivd-rapid-test-kits/infectious-diseases-test-kits/2019-ncov-antibody-test-card.html
https://www.bosonbio.com/ivd-rapid-test-kits/infectious-diseases-test-kits/2019-ncov-antibody-test-card.html
https://www.bosonbio.com/ivd-rapid-test-kits/infectious-diseases-test-kits/2019-ncov-antibody-test-card.html
https://www.bosonbio.com/ivd-rapid-test-kits/infectious-diseases-test-kits/2019-ncov-antibody-test-card.html

antibody-test-
card.html

39. GenBody GenBody Inc.- 3-18, Eopseong 2-gil, Results from antibody testing should not be used Diagnosis http://genbody.co.kr/
COovID-19 Seobuk-gu, Cheonan-si, as the sole basis to diagnose or exclude SARS- bbs/board.php?bo ta
1gG/IgM Chungcheongnam-do, Korea CoV-2 infection or to inform infection status. ble=human01&wr id

=38

40. SARS-CoV-2 HangZhou Testsea Biotechnology Co., No information available No information https://testsealabs.en
1gG/IgM Ltd— Building 6 No.8-2 available .alibaba.com/
Antibody Test Scien-tech Road, Yuhang Street

(Colloidal Gold)

Hangzhou -311121, China

41. SURGITECH CTK Biotech, Inc. — 13855 Stowe Dr. No information available No information https://ctkbiotech.co
COVID-19 Poway California, USA available m/?s=surgitech
1gG/IgM Rapid
Test

42. STANDARD™ Q | SD Biosensor, Inc.—C-4&5 Floor, 16, This test is for in vitro professional diagnostic use Epidemiologic http://sdbiosensor.co
COovID-19 Deogyeong-daero and intended as an aid to diagnosis of SARS-CoV- surveillance of m/xe/product/7662
1gG/IgM DUO 1556beon-gil, Yeongtong-gu, Suwon-si, 2 infection in convalescent phase of patient with COVID-19
TEST Gyeonggi-do, 16690, clinical symptoms with SARS-CoV-2 infection. It

Republic of Korea provides only an initial screening test result. More
specific alternative diagnosis methods should be
performed in order to obtain the confirmation of
SARS-CoV-2 infection.

43. STANDARD™ Q, | SD Biosensor, Inc.—C-4&5 Floor, 16, STANDARD Q COVID-19 Ag Test is a rapid | Determination of | http://sdbiosensor.co
COVID-19 Ag Deogyeong-daero chromatographic ~ immunoassay  for  the previous SARS- m/xe/product/7672
TEST 1556beon-gil, Yeongtong-gu, Suwon-si, qualitative detection of specific antigens to SARS- | CoV-2 infection

Gyeonggi-do, 16690, CoV-2 present in human nasopharynx.

Republic of Korea

44. SuperFlex Anti- | Suzhou Sym-Bio Lifescience Co., Ltd. — No information available No information http://www.sym-
SARS-CoV-2 No.115, North Tai available bio.com.cn/en/pro.ph
IgM Kit Ping Road, Taicang Economic P

Development Zone, Jiangsu

Province, 215400, China

45. COVID-19 Hangzhou Clongene Biotech Co Ltd. —No | No information available No information http://en.clongene.co
1gG/IgM RAPID | 1 Yichuang Road available m/home/product/inf
TEST CASSETTE | Yuhang Sub district Yuhang District, o/catld/40/id/1449/k

Hangzhou, 311121 China

eyword/covid-19
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https://www.bosonbio.com/ivd-rapid-test-kits/infectious-diseases-test-kits/2019-ncov-antibody-test-card.html
https://www.bosonbio.com/ivd-rapid-test-kits/infectious-diseases-test-kits/2019-ncov-antibody-test-card.html
http://genbody.co.kr/bbs/board.php?bo_table=human01&wr_id=38
http://genbody.co.kr/bbs/board.php?bo_table=human01&wr_id=38
http://genbody.co.kr/bbs/board.php?bo_table=human01&wr_id=38
http://genbody.co.kr/bbs/board.php?bo_table=human01&wr_id=38
https://testsealabs.en.alibaba.com/
https://testsealabs.en.alibaba.com/
https://ctkbiotech.com/?s=surgitech
https://ctkbiotech.com/?s=surgitech
http://sdbiosensor.com/xe/product/7662
http://sdbiosensor.com/xe/product/7662
http://sdbiosensor.com/xe/product/7672
http://sdbiosensor.com/xe/product/7672
http://www.sym-bio.com.cn/en/pro.php
http://www.sym-bio.com.cn/en/pro.php
http://www.sym-bio.com.cn/en/pro.php
http://en.clongene.com/home/product/info/catId/40/id/1449/keyword/covid-19
http://en.clongene.com/home/product/info/catId/40/id/1449/keyword/covid-19
http://en.clongene.com/home/product/info/catId/40/id/1449/keyword/covid-19
http://en.clongene.com/home/product/info/catId/40/id/1449/keyword/covid-19

46.

COVID-19
1gG/IgM
Antibody
Combo Rapid
Test (Colloidal
Gold)

Other name: Heales
COVID-19 IgG/IgM

Shenzhen Huisong Technology
Development Co., Ltd-

2F/3F/5F, building 114, Liantang
Industrial Park, Guowei

Road, Luohu District, Shenzhen, China

No information available

No information
available

http://www.huisong.c
om/en/NewsDetail/1
775493.html

Antibody Rapid Test
47. 2019-nCoV Dynamiker Biotechnology (Tianjin) Co., No information available No information http://en.dynamiker.c
1gG/IgM Rapid Ltd.-No. 14 Building, available om/index/index/pro i
Test Eco-Business Park, 2018 Zhongtian nfo/aid/606.html
Avenue, Sino-Singapore
Tianjin Eco-City, 300467 Tianjin, China
48. STANDARD Q SD Biosensor, Inc.—C-4&5 Floor, 16, -may cross-react with antibody against SARS-CoV- Epidemiologic http://sdbiosensor.co
COVID-19 Deogyeong-daero 1 surveillance of m/xe/product/12509
IgM/1gG 1556beon-gil, Yeongtong-gu, Suwon-si, -Results from antibody testing should not be used COVID-19
COMBO TEST Gyeonggi-do, 16690, as the sole basis to diagnose or exclude SARS-
Republic of Korea CoV-2 infection or to inform infection status
-Positive  results should be considered in
conjunction with the clinical history, RT-PCR
results, and other data available
49. Diagnostic Kit Shanghai Liangrun Biomedicine Diagnostic Kit for Antibody IgM/IgG of Novel | Determination of | https://lionrunbio.co
for Antibody Technology Co. Ltd- Level 4, Coronavirus COVID-19 has been designed to be previous m/how-covid-19-test-
IgM-1gG of Building 1, No. 271, Gang’ao Road, Pilot used for IN VITRO, is used for detection of SARS- exposure to kit-works/
Novel Free Trade Zone, CoV-2 virus-specific IgM and IgG antibodies in COVID-19 and
Coronavirus Shanghai, China human Whole blood/serum/plasma. It is suitable epidemiologic
CovID-19 for auxiliary diagnosis of suspected patients with surveillance of
novel coronavirus disease. COVID-19
50. Rapid Xiamen Biotime Biotechnology Co. — It is intended to detect SARS-CoV-2 IGg and IgM | Determination of | http://www.biotime.c
Immunochrom | No.188, Pingcheng antibody in human serum, plasma or whole blood previous SARS- n/En Pr d gci 80 id

atographic Test
for Detection
of 1gG/IgM
Antibodies to
Coronavirus
2019nCoV /
Standard Q

South Road, Haicang District, Xiamen
Fujian 361026, China /

No. 188, Pingcheng, South Road, Haikang
District, Xiamen

Fujian, China

by colloidal gold method.

CoV-2 exposure

_69.html
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http://www.huisong.com/en/NewsDetail/1775493.html
http://www.huisong.com/en/NewsDetail/1775493.html
http://www.huisong.com/en/NewsDetail/1775493.html
http://en.dynamiker.com/index/index/pro_info/aid/606.html
http://en.dynamiker.com/index/index/pro_info/aid/606.html
http://en.dynamiker.com/index/index/pro_info/aid/606.html
http://sdbiosensor.com/xe/product/12509
http://sdbiosensor.com/xe/product/12509
https://lionrunbio.com/how-covid-19-test-kit-works/
https://lionrunbio.com/how-covid-19-test-kit-works/
https://lionrunbio.com/how-covid-19-test-kit-works/
http://www.biotime.cn/En_Pr_d_gci_80_id_69.html
http://www.biotime.cn/En_Pr_d_gci_80_id_69.html
http://www.biotime.cn/En_Pr_d_gci_80_id_69.html

Covid-19
(lgM/IgG) duo

Other name: Biotime
SARS-CoV-2 1gG/IgM
Rapid Qualitative Test Kit

51. Diagnostic Kit

Zhuhai Livzon Diagnostics Inc.

Possible to find asymptomatic carriers and to

Diagnosis and

http://www.livzondia

for IgM/1gG 1st Building No. 266, Tongchang Road, confirm hospital discharge determination of | gnostics.com/en-
Antibody to Xiangzhou District, Zhuhai, Guangdong previous us/info/17.html
Coronavirus Province, People’s Republic of China infection

(SARS-CoV-2)

52. AtellicalMm Siemens Healthcare Diagnostics Inc. The Atellica® IM SARS-CoV-2 Total (COV2T) assay For https://www.fda.gov/
SARS-CoV-2 511 Benedict Avenue, Tarrytown, NY, is a chemiluminescent immunoassay intended for | determination of | media/138442/downl
TOTAL (COV2T) | 10591, USA qualitative  detection of total antibodies recent or past oad

(including 1gG and 1gM) to SARS-CoV-2 in human infection
serum and plasma (potassium EDTA and lithium

heparin) using the Atellica® IM Analyzer. The

Atellica IM SARS-CoV-2 Total (COV2T) assay is

intended as an aid in identifying patients with an

adaptive immune response to SARS-CoV-2,

indicating recent or prior infection.

53. ADVIA Centaur | Siemens Healthcare Diagnostics Inc. The ADVIA Centaur® SARS-CoV-2 Total (COV2T) For https://www.fda.gov/

SARS-CoV-2
Total (COV2T)

511 Benedict Avenue, Tarrytown, NY,
10591, USA

assay is a chemiluminescent immunoassay
intended for qualitative detection of total
antibodies (including IgG and IgM) to SARS-CoV-2
in human serum and plasma (potassium EDTA and
lithium heparin) using the ADVIA Centaur® XP and
ADVIA Centaur® XPT systems. The ADVIA Centaur
SARS-CoV-2 Total (COV2T) assay is intended as an
aid in identifying patients with an adaptive
immune response to SARS-CoV-2, indicating
recent or prior infection.

determination of
recent or past
infection

media/138446/downl

oad

54. SARS-CoV-2
1gG/IGM Rapid
Test

Zhuhai Encode Medical Engineering Co.,
Ltd

No. 20 Honghui 2nd Road, Honggi
Industrial Zone, Jinwan District, Zhuhai,
China

No information available

No information
available

no info available
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http://www.livzondiagnostics.com/en-us/info/17.html
http://www.livzondiagnostics.com/en-us/info/17.html
http://www.livzondiagnostics.com/en-us/info/17.html
https://www.fda.gov/media/138442/download
https://www.fda.gov/media/138442/download
https://www.fda.gov/media/138442/download
https://www.fda.gov/media/138446/download
https://www.fda.gov/media/138446/download
https://www.fda.gov/media/138446/download

55. Clungene Hangzhou Clogene Biotech Co LTd. The results obtained in this test are intended to Diagnosis https://pellecome.co
COVID-19 1gG/ | No 1 Yuchang Road Yuchang Sub district be an aid in diagnosis only. m/wp-

IgM Rapid Test | Yuhang District, Hangzhou 311121, China content/uploads/202
Cassette 0/03/ClungenelFU-
Amended.pdf

56. SGTi-flex Sugentech Inc. SGTi-flex COVID-19 1gM/IgG is a gold Diagnosis http://sugentech.com
COvID-19 721-26 Jeongjungyeonje-ro Osong-eup nanoparticle-based immunochromatographic /products/products-
IgM/1gG Heungdeok-gu, Cheongju-si, test kit for qualitative determination of COVID- view.php?ct=7&targe

Chungcheongbuk- do 28161, Republicof | 19’s IgM and IgG antibodies in human whole =32%27

Korea blood (finger prick or venous), serum or plasma.
The test detects the presence of antibodies,
which are specific proteins made in response to
infections. The antibodies detected by this test
indicate that a person had an immune response
to COVID-19, whether symptoms developed from
infection or the infection was asymptomatic.
SGTi-flex COVID-19 IgM/IgG enables to help for
community to identify infection and isolate
people without symptoms but suspected COVID-
19.

57. NTBIO One NTBIO Diagnostics Inc This makes our antibody test excellent for | Determination of | https://ntbio.ca/covid
Step Rapid Test | 104-18677 52 Avenue, Surrey BC< V3S research, or identifying patients who may have previous -19-rapid-test/
CoviID-19 8E5 Canada had the infection but have since developed infection
1gG/IgM immunity.

Antibody Test

58. COVID-19 1gG/ | Healgen Scientific Limited Liability The COVID-19 IgG/IlgM Rapid Test Cassette For
IgM Rapid Test | Company- 3818 Fuqua Street Housto, TX | (Whole Blood/Serum/Plasma) is intended for use | determination of
Cassette 77047, USA as an aid in identifying individuals with an previous
(Whole Blood/ adaptive immune response to SARS-CoV-2, | infection, should

Serum/ Plasma)

indicating recent or prior infection. At this time, it
is unknown for how long antibodies persist
following infection and if the presence of
antibodies confers protective immunity. The
COVID-19 1gG/IgM Rapid Test Cassette (Whole
Blood/Serum/Plasma) should not be used to
diagnose acute SARS-CoV-2 infection.

not be used to
diagnose acute
cases.
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https://pellecome.com/wp-content/uploads/2020/03/ClungeneIFU-Amended.pdf
https://pellecome.com/wp-content/uploads/2020/03/ClungeneIFU-Amended.pdf
https://pellecome.com/wp-content/uploads/2020/03/ClungeneIFU-Amended.pdf
https://pellecome.com/wp-content/uploads/2020/03/ClungeneIFU-Amended.pdf
https://pellecome.com/wp-content/uploads/2020/03/ClungeneIFU-Amended.pdf
http://sugentech.com/products/products-view.php?ct=7&target=32%27
http://sugentech.com/products/products-view.php?ct=7&target=32%27
http://sugentech.com/products/products-view.php?ct=7&target=32%27
http://sugentech.com/products/products-view.php?ct=7&target=32%27
https://ntbio.ca/covid-19-rapid-test/
https://ntbio.ca/covid-19-rapid-test/

59. Novel Genrui Biotech Inc No information available No information http://www.genrui-
Coronavirus 4-10F Building 3, Geya Technology Park available bio.com/products-
(2019-nCoV) Guangming District, 518106 Shenzhen detail.php?Prold=57
1gG/ IgM Test China
Kit (Colloidal
Gold)

60. 2019-nCoV Dynamiker Biotechnology ( Tianjin) Co. No information available No information http://en.dynamiker.c
IgG/ GiM Rapid | Ltd available om/index/index/pro i
Test (DNK- No. 14 Building, Eco-Business Park 2018 nfo/aid/606.html
1419-1) Zhongtian Avenue Sino-Singapore Tianjin

Eco-City 300467 Tianjin China

61. SARS-COV-2 Shenzhen Lifotronic Technology Co., Ltd.- | No information available No information http://en.lifotronic.co
IgM Assay Kits Unit A, 4th Floor, building 15, Yijing available m/productcenter/list.
(Lateral Flow Estate, N0.1008 Songbai Road, Nanshan aspx?lcid=1
Immunoassay) District, 518055, Shenzhen City,

Guangdong Province, P. R. China

62. SARS-COV-2 Shenzhen Lifotronic Technology Co., Ltd.- | No information available No information No information
1gG Assay Kits Unit A, 4th Floor, building 15, Yijing available available
(Lateral Flow Estate, No.1008 Songbai Road, Nanshan
Immunoassay) District, 518055, Shenzhen City,

Guangdong Province, P. R. China

Note: Rows in grey are deemed by the assessment team as potential duplicate entries in the list of

locally approved RATs. Meanwhile, rows in red were found to be non-RATs.
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http://www.genrui-bio.com/products-detail.php?ProId=57
http://www.genrui-bio.com/products-detail.php?ProId=57
http://www.genrui-bio.com/products-detail.php?ProId=57
http://en.dynamiker.com/index/index/pro_info/aid/606.html
http://en.dynamiker.com/index/index/pro_info/aid/606.html
http://en.dynamiker.com/index/index/pro_info/aid/606.html
http://en.lifotronic.com/productcenter/list.aspx?lcid=1
http://en.lifotronic.com/productcenter/list.aspx?lcid=1
http://en.lifotronic.com/productcenter/list.aspx?lcid=1

Appendix C. Global and Country Guidelines on RATs

l. Test Use Case: Diagnosis

World Health
Organization
(WHOQ)

Philippines

Department of
Health

Australia

Communicable
Disease Network
Australia
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(AMA, 2020)
(Bongarra,
F.,2020)
(WHO, 20204, b,
c)

DM 2020-0258

(CDNA, 2020)
(TGA, 2020)
(WA, 2020)




Canada

Public Health
Canada
China

Chinese Center
for Disease
Control and
Prevention

Europe

European Center

for Disease
Control and
Prevention

Germany

Robert Koch
Institute

Italy

Ministry of
Health

(Health Canada,
2020)
(PHA Canada,
2020)
(Chinese CDC,
20203, b, ¢)

(ECDC, 2020)

(Mclaughlin,
2020)

(RKI, 2020),
(RKITWG, 2020)
(Schmitz, R.,
2020)

(Bongarra, F.,
2020)
(The Local-Italy,
2020)
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Switzerland (FOPH
Switzerland,

Federal office of 2020)
Public Health
of the Swiss
Confederation
United Kingdom (DHSC UK,
2020a, b, c,
Department of d, e, f)
Health and

Social Care
us (USA CDC,
202043, b)

Center for
Disease Control

us (IDSA, 2020)

Infectious
Disease Society
of America
(IDSA)
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us (AMA, 2020)
American
Medical
Association
(AMA)

No information found regarding the use of RATS for Diagnosis in the fotiowntries: Indonesia, Malaysia,
Singapore, Taiwan, Thailand, and Vietnam.

1. Test Use Case: Determination of previous exposure

World Health (AMA, 2020)
Organization (Bongarra,
(WHO) F.,2020)
(WHO, 2020a,
b, c)
Philippines DM2020-0200

Department of
Health

129 | Rapid review: Use of Rapid Antibody-based Tests for Various Use Cases for COVID-19
DOH Health Technology Assessment Unit




In addition, DM2020-0220 allowed the use of FDA-approved rapid antibody-based tests among employees returning to work.
Employees can continue work if they are IgM (-) and 1gG (-), or 1gG (+) regardless of IgM result.

Employees who test IgM (+) but IgG (-) are quarantined for 14 days. Repeat RATSs are performed on the 14" day, with a possible
extension of quarantine for IgM (+) but IgG (-) results. It is noted that the cost of the test shall not be covered by the national
insurance agency PhilHealth, but shall be borne by the employer.

Confirmatory RT-PCR testing was not specified for these patients.

DM2020-0220

SEROLOGICAL TESTING FOR EXPLORATION BUT USING LABORATORY-BASED METHODS (for seroprevalence survey)

In the Philippines, the use of validated ELISA through sero-epidemiological studies, shall be explored for patients or healthcare
workers with no symptoms but with relevant history of travel/contact. This is because the testing of all asymptomatic contacts of
confirmed cases using RT-PCR is not currently recommended until there is enough testing capacity. Further, the results of such
validation and sero-epidemiological studies are required to be submitted to DOH, and to the Health Technology Assessment
Council (HTAC) for their review and consideration. The purpose is to inform future prospects of financing of DOH and PhilHealth
since both agencies may only finance or reimburse COVID-19 test kits that have been positively recommended by the HTAC as
required by the Universal Health Care Act

DM2020-0258

Canada SEROLOGICAL TESTING RECOMMENDED BUT DID NOT SPECIFY IF RATs OR LABORATORY-BASED TESTS (Health
Canada, 2020)
Public Health Under the leadership of Canada’s COVID-19 Immunity Task Force, at least one million Canadian blood samples will be collected (PHA Canada,
Canada and tested over the next two years as we track the virus in the general population and in specific groups at greater risk of having | 2020)
been infected, including health care workers and the elderly.
While serological testing does not currently have a role in COVID-19 infection diagnosis, it may be employed in the future in
targeted sampling studies to model the spread of the virus and the immune response dynamics to inform the risk of further
epidemic waves. It may also be used for retrospective case identification, diagnosing post-infectious complications, and to
determine the prevalence of COVID-19 infection more accurately.
China SEROLOGY TESTING (either laboratory-based or RATs) RECOMMENDED (Chinese CDC,
202043, b, )
Chinese Center | Serum antibody tests are used in past exposure and serological surveys of concerned population groups. Both laboratory-based
for Disease and POC antibody kits were mentioned.
Control and
Prevention
Germany SEROLOGICAL TESTING RECOMMENDED BUT USING LABORATORY-BASED METHODS (Mclaughlin,
2020)
(RKI, 2020),
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Robert Koch

Germany is carrying out Europe's first large-scale COVID-19 antibody testing to monitor infection rates and help prevent the (RKI TWG,
Institute spread of the virus. 2020)
(Schmitz, R.,
Their ministry recognizes the role of antibody detection using laboratory-based methods via ELISA/ CLIA for epidemiological 2020)
surveys of the population.
Italy SEROLOGICAL TESTING RECOMMENDED BUT USING LABORATORY-BASED TESTS (Bongarra, F.,
2020)
Ministry of Italy uses seroprevalence tests on the asymptomatic population. (The Local-
Health Italy, 2020)
Italy started carrying out 150,000 seroprevalence tests on the asymptomatic population on May 25th. Italian Red Cross will
contact potential participants from around Italy to invite them to submit to a voluntary blood test.
Currently there is no validated RAT in Italy.
Indonesia RECOMMENDED (German-
Indonesian
German- Indonesia requires a RAT negative for people entering Indonesia. Chamber of
Indonesian Industry and
Chamber of The Indonesian COVID-19 task force issued Circular No. 5/ 2020 that eases restrictions for people entering Indonesia. Previously Commerce,
Industry and a negative RT-PCR was needed to be allowed entry into the country, now only a negative RAT is needed. 2020)
Commerce (Indonesian
COVID TF,
2020)
(Textin
Indonesian)
Japan SEROLOGICAL TESTING RECOMMENDED BUT DID NOT SPECIFY IF RATs OR LABORATORY-BASED TESTS (MHLW Japan,
2020) (VOA
Ministry of Japan will use serology test to better understand how the coronavirus spreads. News, 2020)
Health, Labor
and Welfare Japan’s health ministry announced Friday plans to begin conducting 10,000 antibody tests on residents of Tokyo, Osaka and
northeastern Miyagi prefecture to better understand how the coronavirus spreads.
The test was not specified whether it was laboratory-based or POC.
Malaysia RECOMMENDED (Malaysia
MOH, 2020a,
Ministry of Malaysia uses RAT at 5 to 8 days for symptomatic patients and upon discharge and 13 days for asymptomatic patients. b, c)
Health
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For symptomatic patients. RT-PCR is done first then RAT is performed two times: at day 5 to 8 of symptom onset, and upon
discharge.
For asymptomatic contacts, RATs are performed at day 13 of home surveillance.

Singapore SEROLOGICAL TESTING RECOMMENDED BUT DID NOT SPECIFY IF RATs OR LABORATORY-BASED TESTS (NCID SG,
2020)
National Center | Singapore will conduct 3 seroepidemiological study at NCID with the concerned population:
for Infectious 1. Health care workers
Disease A seroepidemiological study is underway at NCédgess the exposure and infections amongst healthcare workers in Sing
2. General population (children + adults)
NCID and DukdUS Medical School are collaborating on a seroepidemiological study to measure how widesprek@l COV,
infection is in the comunity. This is particularly so given how some infections are mild or even with symptoms especially
children. This comparable way of measuring exposure to @9Wiboth adults and children hopes to ensure that the meas
in place in Singapore aaéso protecting children.
3.  Asymptomatic population
To estimate the number of asymptomatic CeGM hfections there are, and determine exposure risk factors for COWIQID
is reaching out to about 2,000 household and close contacts of -C@p@Bitivepersons to conduct a seroepidemiological sty
Serology testing whether via laboratdigsed or POC tests was not specified.
Switzerland SEROLOGICAL TESTING RECOMMENDED BUT USING LABORATORY-BASED METHODS (HUG, 2020)
(Textin
Hopitaux Switzerland uses laboratory-based test for seroprevalence study. French)
Universitaires de
Geneve Hopitaux Universitaires de Genéve (HUG) is conducting a seroprevalence study in population of Canton of Geneva (Translated
document protocol from French). The test used is a laboratory-based test. The recruitment is from March to May 2020 and may
be extended depending on the evolution of the epidemic.
Taiwan SEROLOGICAL TESTING RECOMMENDED BUT DID NOT SPECIFY IF RATs OR LABORATORY-BASED TESTS (Taiwan CDC,
2020)
Center for Taiwan uses serology testing to monitor recovery and seroconversion.

Disease Control
and Prevention

Results of serology testing are not included in the case definition. Serum antibody testiradlssvaal for RPCR confirmed
cases to monitor recovery and seroconversion. Serology testing whether via lafi@stdrpr POC tests was not specified.
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United Kingdom | SEROLOGICAL TESTING RECOMMENDED BUT USING LABORATORY-BASED TESTS (DHSC UK,
202043, b,
Department of | United Kingdom will use serology testing to test NHS, homecare staff to detect infections as well as the general population to ¢, d e f)
Health and Social | determine what proportion of the population already had the infection.
Care
Government plans to test the NHS and home care staff by the end of May.
Clinicians will also be able to request the tests for patients in both hospital and social care settings if they think it’s appropriate.
Antibody testing will help to understand levels of immunity and the role of genetics. Up to 20,000 people of all ages and walks of
life to take part for at least 6 months. The research will measure blood antibodies to help determine what proportion of the
population has already had the infection, the duration of immunity after being infected, and why the virus affects people
differently.
Antibody testing is laboratotyased.
us SEROPREVALANCE STUDIES: SEROLOGICAL TESTING RECOMMENDED BUT DID NOT SPECIFY IF RATs OR LABORATORY-BASED TESTS | (USA CDC,
2020a, b)
Center for CDC is conducting seroprevalence surveys called “large-scale geographic seroprevalence surveys” in locations across the United
Disease Control | States.
us (IDSA, 2020)
Infectious
Disease Society
of America
(IDSA)
us SEROPREVALANCE STUDIES: (AMA, 2020)

SEROLOGICAL TESTING RECOMMENDED BUT DID NOT SPECIFY IF RATs OR LABORATORY-BASED TESTS
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American Use of serology tests is currently recommended to be limited to population-level seroprevalence study, evaluation of recovered

Medical individuals for convalescent plasma donations, or other situations where they are used as part of a well-defined testing plan and
Association in concert with other clinical information by physicians well-versed in interpretation of serology test results.
(AMA)

No hformation found regarding the use of RATs for determination of previous exposure in the following countries:
Australia, ECDC, Thailand, and Vietnam.

Il Test Use Case: Epidemiologic Surveillance

World Health (AMA, 2020)
Organization (Bongarra,
(WHO) F.,2020)
(WHOQ, 2020a,
b, c)

Philippines (DM-0258

DOH, 2020)
Department of
Health
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Development and local health officials. Properly validated antibody tests by RITM, DOST or FIND, can be used for this purpose.
Testing of asymptomatic people should be performed with proper safety precautions, including hand hygiene, use of appropriate
PPEs for conducting the test, respiratory hygiene, waste disposal, and patient care equipment. All symptomatic patients should
be referred for RT-PCR testing and isolated accordingly.

Australia SEROLOGICAL TESTING RECOMMENDED BUT DID NOT SPECIFY IF RATs OR LABORATORY-BASED TESTS (CDNA, 2020)
(TGA, 2020)
Communicable If a validated serological assay is available, serological testing should also be considered for potential source contacts who are (WA, 2020)
Disease Network | currently well.
Australia
Canada SEROLOGICAL TESTING RECOMMENDED BUT DID NOT SPECIFY IF RATs OR LABORATORY-BASED TESTS (Health
Canada, 2020)
Public Health Canada uses serological testing to test patients with known exposure or if part of outbreak investigations. (PHA Canada,
Canada 2020)
Asymptomatic patients are tested if with known exposure/ part of outbreak investigations.
Germany SEROLOGICAL TESTING RECOMMENDED BUT USING LABORATORY-BASED METHODS (Mclaughlin,
2020)
Robert Koch Germany uses antibody test to help monitor the spread of coronavirus (RKI, 2020),
Institute (RKITWG,
According to the Robert Koch Institute, Germany's federal disease control and prevention agency, the country will be using 2020)
antibody testing via ELISA/ CLIA to help monitor the spread of the coronavirus. (Schmitz, R.,
2020)
United Kingdom | SEROLOGIC TESTING RECOMMENDED BUT USING LABORATORY-BASED METHODS (DHSC UK,
20203, b, c,
Department of United Kingdom will adopt a laboratory-based antibody test for population blood testing. d, e, f)
Health and Social
Care
us SEROLOGICAL TESTING RECOMMENDED BUT DID NOT SPECIFY IF RATs OR LABORATORY-BASED TESTS (IDSA, 2020)
Infectious As serological testing for SARS-CoV-2 advances, there are multiple issues that need to be addressed, from test
Disease Society | quality to interpretation. Unlike molecular tests for COVID-19 (e.g., PCR), antibody tests may be better suited for
of America public health surveillance and vaccine development than for diagnosis.
(IDSA)

No information found regarding the use of RATSs for epidemiologic surveillance in the following countries: China, ECDC,
Italy, Indonesia, Japan, Malaysia, Singapore, Switzerland, Taiwan, Thailand, and Vietnam.

*Cells witlgreen highlightire those which applies/ recommends RATs for that particular use case.
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Light greemrmeansserologic test is appliduit using laboratorpased tests, or the guideline did not specify whether
RATs or laboratoilyased methods will be used
Redhighlightindicates that the country explicitly stated that RATs are not tosoefaisthat particular usease
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Appendix D1. Performance Data of RATSs as presented in HTA Reports of Different

HTA Agencies
HTA Agency Diagnostic performance data presented in their report
CADTH Described data presented by two suppliers of LFIAs in Canada, three identified articles by search,
and one article that compared LFIA, CLIA, and ELISA
| Sensitivity |  Specificity | PPA NPA
Suppliers
Supplier 1 - - 93.75% 96.40%
(N=378 (95% ClI: 88.06% (95% CI: 92.26% -
patients; RT- -97.26%) 97.78%
PCR confirmed
patients = 128,
negative
patients = 250)
Supplier 2 - - 93.5% 90.2%
(N=71 (95% CI: 79.3% - (95% CI: 77.5% -
patients; RT- 98.2%) 96.1%)
PCR confirmed
patients = 31,
negative
patients = 41)
Articles
Article 1 (Li, et 88.66% 90.63% - -
al., 2020)
Article 2 18.4% 91.7% - -
(Cassanti, et al.,
2020)
Article 3 (Pan, 1-7 days - - -
etal., 2020) infection:
11.1%
8-14 days of
infection:
92.9%
>15 days of
infection:
96.8%
Additional studies
Findings of studies
Study 1 (Gao, et | LFIA with colloidal gold resulted in highest positive rate of IgM detection
al., 2020) e  1-7 days of infection (n= 10 samples): 50.0 %
e  8-14 days of infection (n=13 samples): 32.5%
e 14-24 days of infection (n=14 samples): 64.3%
ELISA resulted in highest positive of IgG detection
e 1-7 days of infection (n= 10 samples): 40.0 %
e  8-14 days of infection (n=13 samples): 61.5%
e 14-24 days of infection (n=14 samples): 85.7%
No conclusion made specific to RATs
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CEBM

Described data of five antibody based POC tests

Type of test Performance evidence
Product 1 Time-resolved “Tests validated by labs in Europe and China”
fluorescence
immunoassay
Product 2 Colloidal gold Tested directly against PCR:
immunochromatog | 1gG: 20/20 positive, 49/50 negative
raphy IlgM: 17/20 positive, 48/50 negative.
No cross-reactivity with influenza A, B, RSV,
Adenovirus, HBsAg, Syphilis, H. pylori, HIV and HCV.
Product 3 LFIA N = 525 patient samples
RT-PCR confirmed patients = 397
Negative patients = 128
352/397 tested positive and 116/128
tested negative
Product 4 LFIA Used 902 blood samples
“Sensitivity > 91% and Specificity > 99%”
Product 5 LFIA Validated against 200 PCR samples.
81% agreement with PCR at 4-10 days infection.
100% coincidence after 11 days infection and 100%
coincidence in healthy controls.

No conclusion made specific to RATs

Results of study:
Sensitivity: 88.66%
Specificity: 90.63%

EUNetHTA | Did a meta-analysis of Rapid tests, CLIA-based tests, and ELISA-based tests
At week 1 from symptom onset, pooled estimates were:
Sensi 95% Cl Speci 95% Cl
Rapid tests 33.8% 27% —41.4% 92% 84.7% - 96%
CLIA-based tests 83.3% 50.9% - 97.1% 80% 69.3% - 87.8%
ELISA-based tests 37.8% 27% - 49.9% 95.4% 8.6% - 100%
At week 2 from symptom onset, pooled estimates were:
Sensi 95% ClI Speci 95% ClI
Rapid tests 71.5% 65.7% — 76.6% 90.2% 75.9% - 96.4%
CLIA-based tests 87.9% 70.9% - 96% 80% 69.3% - 87.8%
ELISA-based tests 84.8% 27% - 49.9% 95.4% 8.6% - 100%
No conclusions made specific to RATS
MaHTAS Described data presented in a study by Li, et al. (2020):

No conclusions made specific to RATS
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Appendix D2. HTA agencies with reviews on the use of serology tests for COVID-19

HTA Agency

Methodology of
Evidence Synthesis
(SR, RR, Scoping
Review)

Test Use Case

Key Findings and Recommendations

References

Canada
Canadian
Agency for
Drugs and
Technologies
(CADTH)

Horizon scan

Unspecified
(general
remarks)

— There is a wide range of sensitivity and specificity across
antibody- based serological techniques.

— Antibody-based serological accuracy is highly dependent on the
timing of sampling in relation to symptom onset.

— Some manufacturers are making unfounded claims with the
performance of their kits.

—  Clinical performance is likely lower because of the low
presumed prevalence of infections.

—  Further research is needed to determine analytical sensitivity
and specificity of tests

Note: Agency noted thaheir study is not peaeviewed hence it is not
meant for recommendations

(Morrison, et. al, 2020)

Diagnosis

— Asan antibody response against SARS-CoV-2 may take several
days after infection to develop, antibody-based serological test
accuracy is dependent on the time of sampling and may not be
useful in the early days of infection because of the risk of false-
negative results.

— The combination of RT-PCR and antibody-based serological tests
may enhance the accuracy of infection detection.

Surveillance

— Antibody-based testing may have a role in contact tracing,
therapeutic studies, return to work decisions, and serologic
surveillance.

France

Haute Autorité
de Santé

(HAS)

Scoping review

Unspecified
(general
remarks)

— The appropriateness of the use of these tests in clinical practice
is dependent on prior availability of physiopathological,
technical and clinical knowledge enabling their assessment and
validation.

(HAS, 2020)
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The minimum threshold values estimated by the HAS are 98%
for clinical specificity, and 90% or 95% according to test use for
clinical sensitivity.

Antibody production kinetics against the virus remain poorly
characterized to date primarily in asymptomatic subjects. The
potential period of protection is also poorly elucidated.

Diagnosis

Serological tests are not recommended in the context of early
diagnosis of COVID-19 infection during the first week following
the onset of symptomes.

Previous
SARS-CoV-2
exposure

Serological Tests are only able to determine whether an
individual has produced antibodies in response to infection with
the virus, in other words, whether the individual has triggered
an immune response against the virus or not.

Serological tests are unable to determine how contagious an
individual is.

Surveillance

No information

Malaysia
Malaysian
Health
Technology
Section
(MaHTAS)

Rapid review

Diagnosis

Current evidence does not support the routine use of serology
tests for definitive diagnosis of COVID-19.

In the acute phase of iliness - serology testing is not
recommended for triage, clinical use, and diagnosis in the first
14 days of illness because of high false positive and high false
negative rates.

Cross-reactivity with other coronavirus proteins SARS-CoV and
MERS-CoV was found to occur in some studies and this can lead
to false positive results.

Previous
SARS-CoV-2
exposure

The serology tests could help identify people who have been
exposed to the virus by being able to detect antibodies to SARS-
CoV-2 virus.

Appropriately validated serology testing is recommended for
seroprevalence surveys in determining the true prevalence of
COVID19 (by identifying people who were not diagnosed by PCR

(MaHTAS, 2020)
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or who may have had asymptomatic or subclinical infection),
monitor the emergence of herd immunity and can potentially
help the medical community better understand how the
immune response against the SARS-CoV-2 virus develops in
patients over time, during the downward trend of the
pandemic.

Surveillance

The following are guidelines from different organizations found
by the agency:

- WHO recognizes the role of serological assays in
surveillance and it supports testing for SARS-CoV-2
antibodies at the population level or in specific groups.

- John Hopkins Center for Health Security recommends
accessibility of serology tests in correlation with
disease immunity to public health authorities for
surveillance

- The Philippines College of Physicians and the Philippine
Society for Microbiology and Infectious Diseases do not
recommend surveillance using serology tests during
the peak of pandemic.

UK

Center for
Evidence- Based
Medicine
(CEBM)

Rapid review

Diagnosis

Serological testing is not currently routinely offered as part of
the screening or diagnosis of COVID-19, as no validated assays
are available. These tests will not be positive until the body has
started to make antibodies to fight the virus, typically 5-10 days
post-infection.

In cases where the molecular test is negative but there is a
strong clinical suspicion of COVID-19 disease, serological testing
could support a diagnosis once validated assays become
available.

(CEBM, 2020)

Previous
SARS-CoV-2
exposure

Tests that detect antibodies are better suited for detecting
individuals who have been previously infected.
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There is little evidence as to the psychological and behavioral
consequences of knowing immunity status, whether or not
correctly diagnosed.

Surveillance Data from tests that detect antibodies may help inform public
health strategies at the end of periods of lockdown or as social
distancing restrictions are relaxed.

European Union | Rapid review Unspecified Antibody testing should not be considered as a competing (EUNetHTA, 2020)

European (general alternative for RT-PCR testing, and both approaches are

Network for Collaborative review remarks) clinically relevant at different time points during the clinical

Health between 4 HTA course of infection.

Technology agen.cies: . Measuring subjects” immune response to SARS-CoV-2 infection

Assessment -Regione Emilia- .

(EUnetHTA) Romagna (Italy) can represent an ad(:.l|t|or'1al mgans.to detect COVID-19, as the
Institute for Quality detection of IgM antibodies might imply recent or potentially
and Efficiency in active infection, while detection of IgG could identify past
Health Care Exposure.

(Germany) Sensitivity and specificity of antibody tests increase over the first
-Health Information week after infection or symptom onset

and Quality Authority Greater severity of disease might correlate with higher antibody
(HIQA) titers, but these do not seem to correlate with better outcomes

-Austrian Institute for

HTA (Austria)

-Health Technology Diagnosis Consistent with the expected course of development and

Wales (United
Kingdom)

-NHS Healthcare
Improvement
Scotland (United
Kingdom)

detection of antibodies, both IgM and IgG resulted adequately
detected from the second week of symptom onset.

The combined detection of IgM and IgG seems to improve the
diagnostic performance of serological tests.

The meta-analysis shows that sensitivity increases with time
since infection/symptom onset.

Calculations of pooled estimates showed a higher risk of
misdiagnosis with antibody tests at the first week of infection
that at second week, with the RT-PCR performing better than
any type of serological test in both time windows.
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Previous
SARS-CoV-2
exposure

e 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

e 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.

e No evidence was found suggesting that the presence of
antibodies can confer immunity or any other form of protection
against re-infection from SARSCoV-2.

e There is uncertainty in the potential role of serological testing in
selecting plasma donors from COVID-19 convalescents or in
evaluating vaccines against SARS-CoV-2

Surveillance

e  Point estimates of sensitivity and specificity in symptomatic
population cannot be extrapolated to an asymptomatic
population due to different pre-test probabilities. However, 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 lacking, it can be assumed that
sensitivity will be higher, for asymptomatic subjects tested in a
late phase of infection.

e There is uncertainty in the role of serological testing in
ascertaining immunity in the individual level and the population
level, and in estimating transmissibility.

e The CDC of Europe has recommended collection 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.

Switzerland
Federal Office
of Public Health
(FOPH)

Ongoing study

Previous
SARS-CoV-2
exposure

Ongoing FOPH-funded study by the University of Geneva will determine
the seroprevalence level for the whole population for epidemiological
surveillance and immunity development.

(FOPH, 2020)
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Partial results:
e Inthe 3 weeks that they tested, the immunity level of the
sample population is as follows:
o 1tweek-3.1%
o 2Mweek-6.1%
e 39week-9.7%
e Prevalence is cumulative and sample is representative of the
whole Geneva population
e Lower prevalence seen on 50 years old and above age bracket
probably due to increased social distancing measures among
these people.

Surveillance

Future plan:
e  Conduct study with same method for larger sample population
(8000 participants)
e Subgroup study on vulnerable populations, essential workers in
high risk environment, and children
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Appendix E. Critical Appraisal of Included Studies

“Post-market validation of three serological assays for COVID-19 (2 June 2020)”
Bond et al, 2020

1. DIRECTNESS
Does the studprovide a direct enough answer to your clinical question in terms of patients (P), examination (E)
used and disease or outcome (O) being diagnosed?

Yes. The study provides a direct enough answer to the clinical question.

Research Question

Sensitivity nalysis:
patients with SARS-CoV-2 detected by RT-PCR from upper and / or lower respiratory tract specimens.
(n=137)

Specificity analysis:

Serum from patients with infections with the potential for cross-reactivity in serological assays, namely
(i) patients with respiratory viral infections, including seasonal coronavirus infections and (ii) patients
with other acute infections (e.g dengue; CMV; EBV). (n= 36)

Serum from a representative sample of the Victorian population collected in 2018 and 2019 (‘pre-
pandemic controls’). (n=56)

OnSite COVID-19 1gG/1gM Rapid Test

VivaDiag COVID-19 IgM/IgG Rapid Test

| | Hangzhou IgG/IgM Rapid Test

Wondfo SARS-CoV-2 Antibody Test

Hightop SARS-CoV-2 IgM/IgG Antibody Rapid Test

C | RT-PCR (Coronavirus Typing assay - AusDiagnostics, Mascot, NSW)

O | Sensitivity and specificity

2. APPRAISAL OF VALIDITY
2.1. Was the reference standard an acceptable one?
Yes. The reference standard used is currently considered as the gold standard for diagnosis of COVID-19
which is RT-PCR.

22. Was “definition” of the index test and the referenc

Yes. The definition of the index test and the reference standard are independent.

“Patients wit H9 icfectior had SALHV2 Gadevtédising the Coronavirus Typing

assay (AusDiagnostics, Mascot, NSW). This isstégpheminested multiplex tandem PCR, with seven

coronavirus RNA targets plus a proprietary artificial sequence as an internal control. In addition, all

positive samples had SABS/2 detected at VIDRihere testing was first conducted using ahonse

assay for the SAR®V2 RdRp gene. If positive, subsequent testing for the GARSE gene was
performed, using previously published primers (2).

145 | Rapid review: Use of Rapid Antibody-based Tests for Various Use Cases for COVID-19
DOH Health Technology Assessment Unit

(p



“The OnSite | gG/ | gddlateral flowdest, whichinvolves detectisnioh8gtiRSe u

CoV2 IgM or IgG antibodies through binding to immobilised recombinant antigen attached to colloidal

gold, followed by detection of the conjugates by anfantian IgM or IgG antibody. A contiiaklis

also incorporated, which measures adequacy of fluid flow along the test strip. According to the
accompanying manufacturer’s instructions for use (I FU)
colour change.” (page 7, 29 April 2020 report

“The Vi v aDigMigG RaM Tebt is a single use lateral flow test, of the same overall design
as the OnSite IgG/IgM Rapid Test. The specificGARSecombinant antigen(s) incorporated into

the assay are not described in the IFU. The metuéa recommends taking either a positive IgM or a
positive 1gG as indication of CO¥infection, advising that the test result should be interpreted in
conjunction with clinical findings and cannot be alone used for the diagnosis ofICOVID (2page 7
April 2020 report)

“Testing was performed exactly as per the | FU, or as ¢
Hangzhou assays. Testing was undertaken in duplicate for the WondfGS8ARMtibody Test and

the Hightop SARSoV2 IgM/IgG Antibody Rapid Test, with a third test undertaken for discordant

results.” (page 8, 2 June 2020 report)

23. Was “performance” of the index test and the referen
No. Not all samples were subjected to both the index test and reference standard. As mentioned
in the one sample that was discordant was excluded and triplicate testing was not possible
anymore due to lack of testing kit. This could have led to possible bias in the estimate of accuracy
measures in the rapid test kit.

“One sample was excl uded-CoVR lgvilg® Antbody Ragid i n t he Hi gh
Test assay as results were discordant and insufficient test kits remained to test in triplicate,

and oneincluded negative cohort sample (testing negative) was tested once only in the

Wondfo SARGoV2 Antibody Test due to insufficient sample for replicate testing. The

majority result (i.e. 2/3) was taken as the final result, any faint line present at test

termination was considered a positive result. Due to the significant difference in packaging,

with no accompanying IFU, for the Hangzhou Alltest IgG/IgM Rapid Test and the Hangzhou

plain packaging, these results are presented separately. There were émsuégtikits to

repeat each packaging style in duplicate.” (page

“ Al testing was undertaken in a blinded manner

investigator at the conclusion.” (page 9, 2 June
24, Was “iateoptedf the index test and the reference st

No information. It was not mentioned whether the interpretation of the index test and reference standards
are independent, however, it is likely not to be independent since there is already knowledge of the results
of the gold standard when participants were included in the study.

3. APPRAISING THE RESULTS
The following are the results presented by the Doherty Institute for the Rapid Antibody Test Kits. Among the data
presented, we exclude in our independent calculation that of the ELISA IgA and IgG as this is not included in the
scope of our review.
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Table 3: Comparison of the Hangzhou Alltest 1gG/IgM Rapid Test with RT-PCR for 91
patients with confirmed COVID-19 infection, stratified by days post-symptom onset.

0-3 23

4-8 28

9-14 21
15-20 8
21-30 27
=30 30
Total 137

1(4.3) [1.1, 22.0]
5(17.9) [6.1, 36.9]
5(23.8) [8.2, 47.2]

4(50.0) [15.7, 84.3]

2(7.4) [0.9, 24.3]

1(3.3)[0.1,17.2]

18 (13.1) [8.0, 20.0]

Cl = Confidence interval (Cloppe r-PearSDnﬂ

0(0) [0, 14.8]
9(32.1) [15.9, 52.4]
14 (66.7) [43.0, 84.5]

8 (100) [63.1, 100]
25 (92.6) [75.7, 93.1]
26 (86.7) [69.3, 96.2]

82 (59.9) [51.1, 68.1]

1(4.3) 1.1, 22.0]

9 (32.1) [15.9, 52.4]
14 (66.7) [43.0, 84.5]
8 (100) [63.1, 100]
25 (92.6) [75.7, 99.1]
26 (86.7) [69.3, 96.2]

83 (60.6) [51.9, 69.8]

Table 4: Comparison of the Hangzhou unlabelled packaging with RT-PCR for 91 patients
with confirmed COVID-19 infection, stratified by days post-symptom onset.

0-3 23

4-8 28

9-14 21
15-20 8
21-30 27
>30 30
Total 137

0 (0.0) [0.0, 14.8]
7 (25.0) [10.7, 44.9]
5(23.8) [8.2, 47.2]
4(50.0) [15.7, 84.3]
4(14.8) [4.2, 33.7]
1(3.3)[0.1,17.2]

21 (15.3) [9.8, 22.5)

Cl = Confidence interval (Clopper-Pearson)
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2(8.7) [1.1, 28.0]
10 (35.7) [18.6, 55.9]
15 (71.4) [47.8, 88.7)
6 (75.0) [34.9, 96.8]
25 (92.6) [75.7, 99.1]
25 (83.3) [65.3, 94.4]

83 (60.6) [51.9, 68.8]

2 (8.7) [1.1, 28.0]

11 (39.3) [21.5, 59.4]
15 (71.4) [47.8, 88.7]
6 (75.0) [34.9, 96.8]
25 (92.6) [75.7, 99.1]
25 (83.3) [65.3, 94.4]

84 (61.3) [52.6, 69.5)



Table 5: Comparison of the Wondfo SARS-CoV-2 Antibody Test with RT-PCR for 91 patients
with confirmed COVID-19 infection, stratified by days post-symptom onset.

0-3 23 3(13.0) [2.8, 38.6]
1-8 28 14 (50.0) [30.7, 53.4]
9-14 21 16 (76.2) [52.8, 91.8]
15-20 8 8 (100) [63.1, 100]
21-30 27 26 (96.3) [81.0, 93.9]
>30 30 27 (90.0) [73.5, 97.9]
Total 137 94 (68.6) [60.1, 76.3]

Cl = Confidence interval (Clopper-Pearson)

Table 6: Comparison of the Hightop SARS-COV-2 IgM/1gG Antibody Rapid Test with RT-PCR
for 91 patients with confirmed COVID-19 infection, stratified by days post-symptom onset.

0-3 23 0(0.0) [0.0, 14.8] 0 (0.0} [0.0, 14.8] 0(0.0) [0.0, 14.8]
18 28 5(17.9) [6.1, 36.9] 7 (25.0) [10.7, 44.5] 8 (28.6) [13.2, 48.7]
9-14 21 10(47.6) [25.7, 70.2] 13 (61.9) [38.4,81.9] 15 (71.4) [47.8, 88.7]
15-20 8 6 (75.0) [34.9, 96.8] 7 (87.5) [47.4, 93.7] 7 (87.5) [47.4, 99.7]
21-30 26 15(57.7)[36.9, 76.7] 25 (96.2) [80.4,99.9] 25 (96.2) [80.4, 99.9]
>30 30 17(56.7) [37.4,74.5]  28(93.3)[77.9,99.1]  28(93.3) [77.9, 99.1]
Total 136 53 (30.0) [30.7,47.7] 80 (58.8) [50.1, 67.2] 83 (61.0) [52.3, 69.3]

Cl = Confidence interval (Clopper-Pearson)

148 | Rapid review: Use of Rapid Antibody-based Tests for Various Use Cases for COVID-19
DOH Health Technology Assessment Unit



Table 2: Comparison of the Onsite IgM/IgG Rapid Test with RT-PCR for 90 patients with

confirmed COVID-19 infection, stratified by days post-symptom onset.

0-3 22 0(0.0) [0.0, 15.4] 0(0.0) [0.0, 15.4] 0 (0.0} [0.0, 15.4]

48 28 10(35.7) [18.6, 55.9] 6(21.4) [8.3, 41.0] 10 (35.7) [18.6, 55.9]
914 21 12(57.1)[34.0,78.2]  6(28.6) [11.3,52.2] 12 (57.1) 34.0, 78.2]
15-20 3 7(77.8) [40.0, 97.2] 6 (66.7) [29.9, 92.5] 7 (77.8) [40.0, 97.2]
21-30 27 20(74.1)[53.7,88.9]  23(85.2)[66.3,95.8]  24(88.9) [70.8, 97.7]
>30 30 19 (63.3) [43.9,801]  23(76.7)[76.7,57.7]  25(83.3) [65.3, 94.4]
Total 137 68 (49.6) [40.6,58.0] 64 (46.7) [38.2,55.4] 78 (56.9) [48.6, 64.9]

Cl = Confidence interval {Clopper-Pearson)

Table 3: Comparison of the VivaDiag IgM/IgG Rapid Test with RT-PCR for 90 patients with
confirmed COVID-19 infection, stratified by days post-symptom onset.

0-3 22 0(0.0) [0.0 15.4] 0(0.0) [0.0 15.4] 0(0.0) [0.0 15.4]
4-8 28 8(28.6) [13.2, 48.7] 8(28.6) [13.2, 48.7] 8 (28.6) [13.2, 48.7]
9-14 21 11(52.4) [29.8,74.3]  11(52.4)[29.8,74.3]  11(52.4) [29.8, 74.3]
15-20 3 7(77.8) [40.0, 97.2] 7(77.8) [40.0, 97.2] 7(77.8) [40.0, 97.2]
21-30 27 21(77.8)[57.7,91.4]  21(77.8)[57.7,91.4]  21(77.8) [57.7, 91.4]
>30 30 24(80.0) [61.4,92.3]  24(80.0)[61.4,92.3]  24(80.0) [61.4, 92.3]
Total 137 71(51.8)[43.1,60.4]  71(51.8)[43.1,60.4] 71 (51.8) [43.1, 60.4]

Cl = Confidence interval

149 | Rapid review: Use of Rapid Antibody-based Tests for Various Use Cases for COVID-19
DOH Health Technology Assessment Unit



Table 7: Comparative performance of serological assays with RT-PCR for 229 samples from
183 patients, regardless of days post-symptom onset.

Performance
Characteristic

Test Assay

OnSite IgM

OnSite IgG

Onsite IgM or IgG
VivaDiag lgM

VivaDiag 1gG

VivaDiag IgM or
IgG

ELISA IgA
ELISA IgG
ELISA IgA or IgG

Hangzhou AllTest
g

Hangzhou AllTest
IgG

Hangzhou AllTest
Ig or 1gG

Hangzhou
Unlabelled 1gM

Hangzhou
Unlabelled 1gG

Hangzhou
Unlabelled 1gM
or IgG

Wondfo SARS-
CoV-2 Antibody
Test

Hightop IgM
Hightop IgG

Hightop IgM or
IgG

Sensitivity
(%)
[95% CI]

49,6 [41.0, 58.3]

46.7 [38.2, 55.4]

56.9 [48.2, 65.4]
51.8[43.1, 60.4]

51.8 [43.1, 60.4]

51.8 [43.1, 60.4]

63.7 [57.1, 73.6]
56.2 [47.5, 64.7]
67.9 [59.4, 75.6]

13.1 [8.0, 20.0]

59.9 [51.1, 68.1]

60.6 [51.9, 68.8]

15.3 [9.8, 22.5]

560.6 [51.9, 68.8]

61.3 [52.6, 69.5]

68.6 [60.1, 76.3]

39.0 [30.7, 47.7]
58.8 [50.7, 67.2]

61.0 [52.3, 69.3]

Specificity
(%)
[95% CI1]

96.7 [90.8, 99.3]

98.9 [94.1,
99.97]

95.6 [89.2, 98.8]
97.8 [92.4, 99.7]

98.9 [94.1,
99.97]

97.8 [92.4, 99.7]

73.9 [63.7, 82.5]
97.8 [92.4, 99.7]
72.8 [62.6, 81.6]

96.7 [90.8, 99.3]

100 [96.1, 100]

96.7 [90.8, 99.3]

96.7 [90.8, 99.3]

97.8 [2.4,93.7]

94.6 [87.8, 98.2]

97.8 [92.4, 97.9]

100 [96.1, 100]
100 [96.1, 100]

100 [96.1, 100]

Positive
Predictive Value
(%)

[95% CI]

95.8 [88.1, 99.1]

98.5 [91.7, 99.96]

95.1 [88.0, 98.7]
97.3 [90.5, 99.7]

98.6 [92.5, 99.96]

97.3 [90.5, 99.7]

78.3 [69.5, 85.4]
97.5[91.2, 93.7]
78.8 [70.3, 85.8]

83.7 [63.7, 97.0]

100 [95.5, 100]

96.5 [90.1, 99.3]

87.5[67.3, 97.3]

97.6 [91.8, 99.7]

94.4 [87.4, 98.2]

97.9 [92.7, 99.8]

100 [93.3, 100]
100 [95.5, 100]

100 (95.7, 100]

Negative
Predictive Value
(%)

[95% CI]
56.3 [48.2, 64.2]

55.5 [47.5, 63.2]

59.9 [51.5, 67.9]
57.6 [49.5, 65.6]

58.0 [49.8, 65.8]

59.1[49.6, 68.2]

58.7 [49.2, 67.9]
60.0 [51.7, 67.9]
60.4 [50.6, 69.5]

42.8 [36.0, 49.8]

62.6 [54.2, 70.4]

62.2 [53.8,70.2]

43.4 [36.5, 50.5]

62.5 [54.0, 70.4]

62.1[53.6,70.2]

67.7 [59.0, 75.5]

52.6 [44.8, 60.2]
62.2 [53.8, 70.0]

63.4 [55.1,71.3]
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Total
(samples/
patients)

229/183

229183

229183
229/183

229183

229/183

229/183
229183
229/183

229/183

229/183

229/183

229/183

229/183

229/183

229/183

228/182
228/182

228/182



Table 8: Comparative performance of serological assays with RT-PCR for 157 samples from

155 patients, collected >14 days post symptom onset,

Performance
Characteristic

Test Assay

OnSite IgM

OnSite IgG

Onsite IgM or IgG
VivaDiag IgM
VivaDiag IgG
VivaDiag IgM or
IgG

ELISA IgA

ELISA IgG

ELISA IgA or IgG

Hangzhou AllTest
IgM

Hangzhou AllTest
IgG

Hangzhou AllTest
IgM or IgG

Hangzhou
Unlabelled 1gM

Hangzhou
Unlabelled 1gG

Hangzhou
Unlabelled 1gn
or IgG

Wondfo SARS-
CoV-2 Antibody
Test

Hightop IgM
Hightop IgG

Hightop IgM or
IgG

Sensitivity
(%)
[95% CI]

69.2 [36.6, 80.1]

80.0 [68.2, 88.9]

84.6 [73.5,92.4]

78.5 [66.5, 87.7]

78.5 [66.5, 87.7]

78.5 [66.5, 87.7]

89.2 [79.1, 85.6]
92.3 [83.0, 97.5]

93.8 [85.0,98.3]

10.8 [4.4, 20.9]

90.8 [81.0, 96.3]

90.8 [81.0, 96.5]

13.8 [6.5, 24.7]

86.2 [75.3, 93.5]

86.2 [75.3,93.5]

93.8 [85.0,98.3]

59.4 [46.4, 71.5]

93.8 [85.0, 98.3]

93.8 [84.8,98.3]

Specificity
(%)
[95% C1]

96.7 [90.8, 99.3]

98.9 [94.1,
99.97]

95.6 [89.2, 98.8]
97.8 [92.4, 99.7]

98.9 [34.1,
99.97]

97.8 [92.4, 99.7]

73.9 [63.7, 82.5]
97.8 [92.4, 99.7]

72.8 [62.6, 81.6]

96.7 [90.8, 99.3]

100 [986.1, 100]

96.7 [90.8, 99.3]

96.7 [90.8, 99.3]

97.8 [92.4, 99.7]

94.6 [87.8, 98.2]

97.8 [92.4, 99.7]

100 [96.1, 100]

100 [986.1, 100]

100 [96.1, 100]

Positive
Predictive Value

(%)
[95% 1]

93.8 [82.8, 93.7]

98.1 [89.9, 99.95]

93.2 [83.5, 98.1]

96.2 [87.0, 99.5]

98.1 [89.9, 99.95]

96.2 [87.0, 99.5]

70.7 [59.7, 80.3]
96.8 [88.8, 99.6]

70.9 [60.1, 80.2]

70 [34.8, 93.3]

100 [93.9, 100]

95.2 [86.5, 99.0]

75.0 [42.8, 94.5]

96.6 [88.1, 99.6]

91.8 [81.9,97.3]

96.8 [89.0, 99.6]

100 [90.8, 100]

100 [34.1, 100]

100 [94.1, 100]

Negative
Predictive Value

(%6)
[95% C1]

81.7 [73.1, 83.4]

87.5 [79.6, 93.2]

89.8 [82.0, 95.0]

86.5 [78.5, 92.4]

86.7 [78.5, 92.5]

86.5 [78.5,92.4]

90.7 [81.7, 96.2]
94.7 [88.1, 98.3]

94.4 [86.2, 98.4]

60.5 [52.5, 68.5]

93.9 [87.2, 97.7]

93.7 [86.8, 97.7]

61.4 [52.9, 69.3]

90.9 [83.4, 95.8]

90.6 [83.0, 95.6]

95.7 [89.5, 98.7]

77.3 [68.7, 84.5]

95.8 [89.7, 98.9]

95.8 [89.7, 98.9]
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Total
(samples/
patients)
157/155

157/155

157/155

157/155

157/155

157/155

157/155
157/155

157/155

157/155

157/155

157/155

157/155

157/155

157/155

157/155

156/154

156/154

156/154



Independent Calculations:
R IgG IeM
Days Sensitivity | Specificity PPV (95% NPV (95% Sensitivity | Specificity o
T | onset | (95%c) | (95%c) cl) cl) LR+ LR @s%cy | (osway |PPVSBCINPV(SS%CY LR+ LR
0% No data No data No data No data No data 4.35% No data No data No data No data No data
0-3 (0.00 - (0.11-
14.82%) 21.95%)
32.14% No data No data No data No data No data 17.86% No data No data No data No data No data
4-8
(15.88 — (6.06 —
52.35%) 36.89%)
66.67% No data No data No data No data No data 23.81% No data No data No data No data No data
9-14 (43.03 - (8.22 -
85.41%) 47.17%)
a
(]
E 100% No data No data No data No data No data 50.00% No data No data No data No data No data
<l 1520 | (63.06- (15.70 -
2 100%) 84.30%)
&
2 92.59% No data No data No data No data No data 7.41% No data No data No data No data No data
21-30 (75.71 - (0.91-
99.09%) 24.29%)
86.67% No data No data No data No data No data 3.33% No data No data No data No data No data
>30 (69.28 — (0.08 —
96.24%) 17.22%)
59.85% 100.00% 62.59% 0.40 13.14% 96.74% 85.71% 42.79% 4.03 0.90
Total (51.14 - (96.07—0 100% (57.69 - - (0.33 - (7.98 - (90.77 - (64.53 - (40.96 - (1.22- © 83; 0.97)
68.13%) ' 67.24%) 0.49) 19.97%) 99.32%) 95.19) 44.64%) 13.29) ' '
100.00%)
o 0% No data No data No data No data No data 0% (0- No data No data No data No data No data
g 0-3 (0.00 - 15.44)
14.82%)
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R F={¢} IeM
Days | Sensitivity | Specificity | PPV (95% NPV (95% Sensitivity | Specificity 0
T| onset | (95%cl) | (95%ci) cl) cl) LR+ LR @s%ay | (asway |PPVSRCINPV(SS%CY LR+ LR
21.43% No data No data No data No data No data 35.71% No data No data No data No data No data
4-8
(8.30— (18.64-
40.95%) 55.93)
28.57% No data No data No data No data No data 57.14 No data No data No data No data No data
9-14 | (11.28- (34.02-
52.18%) 78.18)
75.0% No data No data No data No data No data 77.78% No data No data No data No data No data
15-20 (34.91 - (39.99-
96.81%) 97.19)
85.19% No data No data No data No data No data 74.07% No data No data No data No data No data
21-30 | (66.27 - (53.72-
95.81%) 88.89)
76.67% No data No data No data No data No data 63.33% No data No data No data No data No data
>30 (57.72 - (43.86-
90.07) 80.07)
46.72% 98.91% 98.46% 55.49% 42.98 0.54 49.64% 96.74% 95.77% 56.33% 15.22 052
Total | (38.15- (94.09 - (90.04 - (51.55 - (6.07 - (0.46 - (40.99 - (90.77 - (88.03 - (52.10 - (4.94 - 0 440 62)
55.43%) 99.97%) 99.78%) 59.35%) 304.36) 0.63) 58.30%) 99.32%) 98.59%) 60.47%) 46.92) ' '
0% No data No data No data No data No data No data No data No data No data
0-3 0154 | N
(0.00 - reported
& 14.82%)
G
§ 4.8 28.57% No data No data No data No data No data 28.57% No data No data No data No data
- . 0
13.22 (13.22- re Noc;:ed
(13.22 - 48.67) P
48.67%)
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R F={¢} IeM
Days | Sensitivity | Specificity | PPV (95% NPV (95% Sensitivity | Specificity 0
T| onset | (95%cl) | (95%ci) cl) cl) LR+ LR @s%ay | (asway |PPVSRCINPV(SS%CY LR+ LR
57.14% No data No data No data No data No data 57 38% No data No data No data No data
. 0
914 34.02 (29.78- re Noc;ted
(34.02 - 74.29) P
78.18%)
No data No data No data No data No data No data No data No data No data
75.00% 77.78%
Not
15-20 (39.99- reported
(34.91 - 97.19) P
96.81%)
77.78% No data No data No data No data No data 17.78% No data No data No data No data
. 0
#0 57.74 (57.74- re Nooried
(57.74 - 91.38) P
91.38%)
80.00% No data No data No data No data No data 80% No data No data No data No data
0
>30 o143 (6143 | Noc;te .
(61.43 - 92.29) P
92.29%)
0, [) 0, 0, 0, 0,
51.82% 98.91% 98.61% 57.96% 47.68 0.49 51.82% 97.83% 97.26% 57.69% 7384 0.49
Total
(43.13 - (94.09 - (90.94 - (53.65 — (6.74 - (0.41 - (43.13 - (92.37 - (89.93 - (53.34 - (6.00 - (0.41to
0, 0, : 0, 0, : 0, 0, "
60.44%) 99.97%) 99.80%) 62.16%) 337.13) 0.58) 60.44%) 99.74%) 99.30%) 61.93%) 94.78) 0.59)
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R 1gG IgM
A
T | Days Sensitivity | Specificity PPV (95% NPV (95% ) Sensitivity | Specificity o )
onset | (95%Cl) | (95%cI) cl) cl) LR+ LR @s%cy | (osway |PPVSBCINPV(SS%CY LR+ LR
8.7% 0%
0-3 (1.1- No data No data No data No data No data (0.00 - No data No data No data No data No data
28.0%) 14.82%)
4.8 35.7% 25.00%
(18.6 - No data No data No data No data No data (10.7 - No data No data No data No data No data
55.9%) 44.9%)
71.4% 23.8%
9-14 (47.8 - No data No data No data No data No data (8.2— No data No data No data No data No data
3 88.7%) 47.2%)
8
= 75.0% 50.0%
2 15-20 (34.9- No data No data No data No data No data (15.7 - No data No data No data No data No data
2 96.8%) 84.3%)
80
c
2 92.6% 14.8%
21-30 (75.7 - No data No data No data No data No data (4.2 - No data No data No data No data No data
99.1%) 33.7%)
83.3% 3.3%
>30 (65.3— No data No data No data No data No data (0.1- No data No data No data No data No data
94.4%) 17.2%)
60.6% 97.8% 97.65% 62.5% 27.87 15.33% 96.74% 87.5% 43.4%
Total (51.9- (92.4- (91.28- (57.47- (7.03- 0'40(2')3 3 (9.8- (90.8- (68.25- (41.45- 4'712 (31;)14' o.sg é%)&'
68.8%) 99.7%) 99.40%) 67.28%) 110.49) ' 22.5%) 99.3%) 95.80) 45.40) ' '
0% 0%
)
% 0-3 No data No data No data No data No data No data No data No data No data No data
T (0.00 - (0.00 -
14.82%) 14.82%)
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R 18G IeM
A
T Days Sensitivity | Specificity PPV (95% NPV (95% ) Sensitivity Specificity o )
onset | (95%Cl) | (95%cI) cl) cl) LR+ LR @s%cy | (osway |PPVSBCINPV(SS%CY LR+ LR
48 25.0% 17.9%
(10.7 No data No data No data No data No data 6.1 No data No data No data No data No data
44.9%) 36.9%)
61.9% 47.6%
9-14 (38.4 No data No data No data No data No data (25.7 No data No data No data No data No data
81.9%) 70.2%)
87.5% 75.0%
15-20 No data No data No data No data No data No data No data No data No data No data
(47.4 - (34.9-
99.7%) 96.8%)
96.2% 57.7%
21-30 (80.4 No data No data No data No data No data (36.9 No data No data No data No data No data
99.9%) 76.7%)
93.3% 56.7%
>30 (77.9 No data No data No data No data No data (37.4 No data No data No data No data No data
99.2%) 74.5%)
0, 0, 0,
58.8% 100% 62.16% 001 (034 38.97% 100% 5957 061 (053
Total 100% - ' ' (30.73- 100% - ' :
(50.1- (96.1- (57.34 - 0-50) 47.70) (96.07 (49.22 0.70)
o, o, o : T e
67.2%) 100%) 66.76%) 100%) 55.90)
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Days post-symptom onset Sensitivity Specificity PPV NPV LR+ LR-
0-3 13.04% (2.78-33.59) No data No data No data No data No data
4-8 50% (30.65-69.35)
No data No data No data No data No data
g
5 | 914 76.19% (52.83-91.78) No data No data No data No data No data
= | 15-20 100% (63.06-100) No data No data No data No data No data
21-30 96.3% (81.03-99.91) No data No data No data No data No data
>30 90% (73.47-97.89) No data No data No data No data No data
Total 68.61% (60.13-76.3) 97.83% (92.37- 97.92% (92.23- 67.67% (61.99- 31.56 (7.98- 0.32 (0.25-0.41)
99.74) 99.47) 72.87) 124.89)

Our independent calculations showed similar point estimates for the sensitivity and specificity of the different test kits compared to RT-PCR. We were able to compute for the PPV,
NPV, LR+, and LR- for the data regardless of onset of symptoms as the subgroups did not present any data on negatives. All test kits had a weakly negative LR- for both IgM and IgG.
On the other hand, all test kits had a strongly positive LR+ for I1gG while only two test kits (Hangzhou Alltest and Hangzhou unlabeled) obtained a moderately positive LR+, with the
rest being strongly positive. Wondfo also obtained a strongly positive LR+ but a weakly negative LR-.
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4. APPLICABILITY

Are there biologic issues that may affect accuracy of the test? (Consider the influence ahegbidity, race,
age, and pathology). Are there seemnomic issues that may affect a@ayr of the test?

No information. While the report mentioned that clinical and epidemiological details were retrieved, only the
onset of symptoms was presented, hence there is limited information to assess applicability.

“Clinical and epidemiol ogical d e tipagk 9, 3Junwv®®20e r et ri ev
report)

5. CONCLUSION
Based on the results of the appraisal, we found that the study had some concerns in terms of the risk of bias given
that the performance of the index and reference test were not independent and that there was a lack of
information to ascertain whether interpretation of results were independent. In addition, there was a lack of
information on patient characteristics limiting our appraisal on the applicability domain. However, the study
overall provides a direct enough answer to our clinical question and an acceptable reference standard was used.

“Dynamic profile for the detection of anti-SARS-CoV-2 antibodies using four immunochromatographic assays”
Demey, 2020

DIRECTNESS
Does the study provide a direct enough answer to your clinical question in terms of patients (P), examination (E)
used and disease or outcome (O) being diagnosed?

Yes.
Research Question
Patients diagnosed positive in Amiens University hospital for SARS-CoV-2 on a nasopharyngeal swab
using a RT-PCR technique. (N=22 patients) positive sample = 22 serum samples; negative sample = no
negative samples
P
“Twenty-two patients diagnosed positive in Amiens University hospital for SARS-CoV-2 on a
nasopharyngeal swab using a RT-PCR technique (National Reference Center in Pasteur Institute, Paris,
France) were included in our study.” (Page 1 Paragraph 2)
Rapid immunochromatographic tests
4 brands: Biotime Biotechnology Co, Autobio Diagnostics Co, ISIA BIO-Technology Co and Biolidics.
| | “We evaluated 4 immunochromatographic tests for the detection of IgM and IgG directed against SARS-
CoV-2.” (Page 1 Paragraph 3)
“These tests were kindly provided by Asian manufacturers, namely Biotime Biotechnology Co, Autobio
Diagnostics Co, ISIA BIO-Technology Co and Biolidics.”(Page 2 Paragraph 1)
RT-PCR tests
C “...diagnosed positive in Amiens University hospital for SARS-CoV-2 on a nasopharyngeal swab using a
RT-PCR technique...” (Page 1 Paragraph 2)
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Sensitivity, Specificity

“The clinical sensitivity of the different tests could be assessed longitudinally during follow-up and we
observed an increasing sensitivity in the post-symptom period” (Page 2, paragraph 2)

“In order to evaluate the specificity of these different immunochromatographic tests, particularly
regarding previous infections to other viruses of the human coronavirus family, we evaluated 12 sera
from patients who had a RT-PCR diagnosis of respiratory infection by different coronaviruses in 2019”
(Page 2, paragraph 6)

APPRAISAL OF VALIDITY
2.1. Was the reference standard an acceptable one?

Yes, the reference standard used is RT-PCR which is the current gold standard for detection of SARS-CoV-2

“...diagnosed positive in Amiens University hospital for SARS-CoV-2 on a nasopharyngeal swab using a RT-
PCR technique...” (Page 1 Paragraph 2)

2.2. Was “definition” of the index test and the reference standard independent?

Yes, the criteria to say that a sample is positive in RT-PCR is different from a positive in antibody detection
test.

“For the Biotime, Autobio, and Biolidics tests the detection of IgM and IgG is performed on the same
diagnostic cassette. For ISIA 2 different cassettes are available. Each test requires between 10 and 20 uL
of serum, plasma or whole blood and is read 10 to 15 minutes after the sample and diluent have been
deposited.” (Page 2, Paragraph 1)

2.3. Was “performance” of the index test and the reference standard independent?
No. Index test was done on samples which were known to have been positive in RT-PCR tests. There was no

mention of blinding on any part of the procedure.

“...patients diagnosed positive in Amiens University hospital for SARS-CoV-2 on a nasopharyngeal swab using
a RT-PCR technique (National Reference Center in Pasteur Institute, Paris, France) were included in our
study.” (Page 1 Paragraph 2)

2.4. Was “interpretation of the index test and the reference standard independent?

No. Index test interpretation is not independent of the results of the RT-PCR test as the samples used were
already positive with RT-PCR. Blinding was also not done on any part of the procedure.

“...patients diagnosed positive in Amiens University hospital for SARS-CoV-2 on a nasopharyngeal swab using
a RT-PCR technique (National Reference Center in Pasteur Institute, Paris, France) were included in our
study.” (Page 1 Paragraph 2)

“For the Biotime, Autobio, and Biolidics tests the detection of IgM and IgG is performed on the same
diagnostic cassette. For ISIA 2 different cassettes are available. Each test requires between 10 and 20 uL
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of serum, plasma or whole blood and is read 10 to 15 minutes after the sample and diluent have been
deposited.” (Page 2, Paragraph 1)

APPRAISING THE RESULTS
What were the likelihood ratios of the various test results? (Show your independent calculations as well. After
doing so, compare this with the reported values. In addition, can sensitivity analysis be done? Are equivocal
results present?)

The following sensitivity data were presented by the authors:

Semsitivity (o)
BIOTIME AUTOBIO L EIOLIDICS
BIOTECHNOLOGY
Days after
symptoms IGM IGG IGM IGG IGM IGG IGM 1GG
onset

0 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
1 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00
2 0,00 0,00 4,55 455 0,00 0,00 0,00 0,00
3 11,76 11,76 4,55 9,08 4,55 0,00 6,67 6,67
4 29,41 23,53 13,64 22,7 9,09 9.09 13,33 13,33
5 2941 23,53 13,64 22,73 9,09 9,09 13,33 13,33
6 2941 29,41 22,73 27,27 9,09 13,64 26,67 26,67
7 41,18 41,18 36,36 45,45 22,73 22,73 40,00 40,00
8 52,94 52,54 4545 63,64 40,91 27,27 46,67 46,67
9 58,82 58,82 50,00 63,64 45,45 31,82 53,33 53,33
10 70,59 70,59 59,09 81,82 68,18 54,55 66,67 6667
11 76,47 7647 72,73 86,36 68,18 68,18 80,00 80,00
12 82,35 82,35 81,82 86,36 72.73 7727 86,67 B667
13 88,24 88,24 81,82 95,45 77,27 81,82 93,33 53,33
14 9412 94,12 86,36 100,00 77.27 90,91 100,00 100,00
15 100,00 100,00 86,36 100,00 81,82 100,00 100,00 100,00
16 100,00 100,00 86,36 100,00 81,82 100,00 100,00 100,00
17 100,00 100,00 86,36 100,00 81,82 100,00 100,00 100,00
18 100,00 100,00 86,36 100,00 81,82 100,00 100,00 100,00
19 100,00 100,00 86,36 100,00 81,82 100,00 100,00 100,00
20 100,00 100,00 B6,36 100,00 86,36 100,00 100,00 100,00
21 100,00 100,00 86,36 100,00 86,36 100,00 100,00 100,00
22 100,00 100,00 B6.36 100,00 86,36 100,00 100,00 100,00
23 100,00 100,00 86,36 100,00 86,36 100,00 100,00 100,00
24 100,00 100,00 86,36 100,00 86.36 100,00 100,00 100,00

Independent calculations to validate the data is not possible because individual data per sample was not presented.

APPLICABILITY
Are there biologic issues that may affect accuracy of the test? (Consider the influence of sex, co-morbidity, race,
age, and pathology). Are there socio-economic issues that may affect accuracy of the test?

Aside from age, no other baseline characteristics of the sample were presented in the study. The test to

determine specificity used sera from patients within the sample population who had a RT-PCR diagnosis of
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respiratory infection different from SARS-CoV-2 in year 2019. There were no socio-economic issues found. Hence,
applicability cannot be determined.

“In order to evaluate the specificity of these different immunochromatographic tests, particularly regarding
previous infections to other viruses of the human coronavirus family, we evaluated 12 sera from patients who
had a RT-PCR diagnosis of respiratory infection by different coronaviruses in 2019 (Table 2).” (Page 2, paragraph
4)

CONCLUSION
We deem that the study has low internal validity as a result of the following issues: 1) non-independence of the
performance of the index test from the reference standard; 2) non-independence of the interpretation of the
index test from the reference standard; 3) non-reporting of individual data for validating calculations.

“Rapid point-of-care testing for SARS-CoV-2 in a community screening shows low sensitivity”
Dohla, 2020

1. DIRECTNESS
Does the study provide a direct enough answer to your clinical question in terms of patients (P), examination (E)
used and disease or outcome (O) being diagnosed?

Yes.

Research Question

Randomly selected individuals at a COVID-19 screening center in a high prevalence (N=49 patients)
positive sample = 10 serum samples; negative sample = 39 samples simultaneously tested with index
and reference test

P | “Thirty-nine randomly selected individuals at the center were tested simultaneously using the SARS-
CoV-2 rapid test and the gold standard RT-qPCR method (Altona Diagnostics). In addition, collected and
stored serum samples of 10 previously diagnosed individuals with known SARS-CoV-2 infection were
analyzed.” (Page 2, paragraph 2)

SARS-CoV-2 rapid test

“The rapid test used for evaluation is a qualitative IgG/IgM detection system to test for a current or past
infection of SARS-CoV2. The chemical coupling pad contains gold-labelled SARS-CoV-2 antigens and
mouse IgG controls.” (Page 2, paragraph 3)

RT-gPCR tests

C
“Thirty-nine randomly selected individuals at the center were tested simultaneously using the SARS-
CoV-2 rapid test and the gold standard RT-gPCR method (Altona Diagnostics).” (Page 2 Paragraph 2)
0 Sensitivity, Specificity
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“The test reached a sensitivity of 36.4% [95% confidence interval (Cl): 17.2; 59.4] and a specificity of
88.9% [95% Cl: 70.8; 97.7]. Based on a prevalence of 44.9%, the test reached a positive predictive value
of 72.7% [95% Cl: 39.0; 94.0] and a negative predictive value of 63.1% [95% ClI: 46.0; 78.2].” (Page 2,
Paragraph 8)

(Page 3, paragraph 2)

APPRAISAL OF VALIDITY

2.1.

2.2.

2.3.

2.4.

Was the reference standard an acceptable one?
Yes, the reference standard used is RT-PCR which is the current gold standard for detection of SARS-CoV-2

“In this real-life study setting at a community SARS-CoV-2 testing site after a cluster outbreak, we
investigated the superiority of an antibody-based rapid test in comparison with the current SARSCoV-2 RT-
gPCR gold standard.” (Page 3, paragraph 2)

Was “definition” of the index test and the reference standard independent?
Yes. The criteria to say that a sample is positive in RT-PCR is different from a positive in antibody detection
test.

“When a test sample is added to the sample-loading area, the antigen forms an immune conjugate with
the gold-labelled antibodies and then move to the detection zone by a capillary action.” (Page 2 paragraph
3)

Was “performance” of the index test and the reference standard independent?
Yes. Testing on all samples using the index and reference tests was done simultaneously.

“randomly selected individuals at the center were tested simultaneously using the SARS-CoV-2 rapid test
and the gold standard RT-qgPCR method (Altona Diagnostics).” (Page 2 paragraph 3)

Was “interpretation of the index test and the reference standard independent?
Yes. Index test interpretation does not depend on the results of the RT-PCR test as tests were done
simultaneously on the samples.

“Thirty-nine randomly selected individuals at the centre were tested simultaneously using the SARS-CoV-2
rapid test and the gold standard RT-gPCR method (Altona Diagnostics). In addition, collected and stored
serum samples of 10 previously diagnosed individuals with known SARS-CoV-2 infection were analysed. All
individuals accepted testing via written informed consent.” (Page 2 paragraph 2)

APPRAISING THE RESULTS

What were the likelihood ratios of the various test results? (Show your independent calculations as well. After
doing so, compare this with the reported values. In addition, can sensitivity analysis be done? Are equivocal results
present?)

The following are the data reported by the authors:

Cut-off pt. Sensitivity Specificity

Correctly

classified LR+ LR-
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Weak and 36.36% 88.89% 65.31% 3.2727 0.7159
strong bands

Strong bands 18.18% 100% 63.27% - 0.8182
only

The Likelihood Ratio presented above were computed by the authors by separating the strong bands from the
overall results. On the other hand, presented below are results based on when they treated all bands, weak or
strong, as positive results.

Rapid test positive Rapid test negative Total
PCR positive 8 14 22
PCR negative 3 24 27
Total 11 38 49
Sensitivity 36.4% (95%Cl, 17.2-59.3) PPV 72.7% (95%Cl, 39.0-94.0)
Specificity 88.9% (95% Cl, 70.8, 97.7) NPV 63.2% (95% Cl, 46.0-78.2)

To validate the data reported by the authors, independent calculations were done and are presented below:

Rapid test positive Rapid test negative Total
PCR positive 8 14 22
PCR negative 3 24 27
Total 11 38 49

*weak and strong bands were counted as positive

Sensitivity 36.36% (95% Cl, 17.20-59.34) PPV 72.7% (95%Cl, 39.0-94.0)
Specificity 88.89% (95% Cl, 70.84-97.65 NPV 63.2% (95% Cl, 46.0-78.2)
LR+ 3.27 (95% Cl, 0.98-10.88) LR- 0.72 (95% Cl, 0.51-1.01)

Based on the results, independent calculations done were consistent with the authors’ report. The kit being studied
has a moderately positive likelihood ratio and a moderately negative likelihood ratio.

4. APPLICABILITY

Are there biologic issues that may affect accuracy of the test? (Consider the influence of sex, co-morbidity, race,
age, and pathology). Are there socio-economic issues that may affect accuracy of the test?

Age (median=46 years old), gender (49% female), and the symptoms (89.8% with reported symptoms) of the
sample population were briefly described by the authors. After doing the Exact test, they found out that there was
no statistical correlation between the rapid test results and population characteristics. There were no details on
the severity of the COVID-19 patients. Socio-economic issues were also not presented as the patients are of the
COVID-19 screening center already.

“The study population was well balanced in terms of age (median: 46 years, interquartile range [IQR]: 28e72) and
gender (24/49 female [49.0%]). The majority described symptoms including dry coughing (70.8%), fatigue (64.6%)
and a runny nose (45.8%). Only five individuals had no symptoms. Twenty-two individuals were tested positive by
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repeated RT-qPCR, while 27 were tested negative. Positive individuals reported five symptoms in median (IQR:
3e7), while negative individuals reported only 4 (IQR: 2e5) symptoms. We were able to identify the probable date
of exposure of 22 individuals (44.9%). Median time between exposure and test was 18.5 days (IQR: 15-24).” (Page
2 paragraph 5)

CONCLUSION
We deem that the study has high internal validity as a result of simultaneous testing of the samples making the
performance of the index test independent of the reference standard and making the interpretation of the results
independent from each other. Independent calculations also showed consistency with the authors’ report.

“Detection of serum immunoglobulin M and Immunoglobulin G antibodies in 2019-nCaV infected cases from different
stages”
Gao, 2020

1. DIRECTNESS

Does the study provide a direct enough answer to your clinical question in terms of patients (P), examination (E)
used and disease or outcome (O) being diagnosed?
Yes.

Research Question

COVID-19-positive patients as determined by RT-PCR (N=22 patients)
positive samples = 37 serum samples; negative samples = no negative samples reported

P | “Atotal of 22 confirmed cases were admitted to the Fifth Hospital of Shijiazhuang, the designated
hospital for 2019-nCoV infection, from January 21, 2020 to February 24, 2020. All patients were
confirmed by reverse-transcriptase polymerase-chain-reaction (RT-PCR) assay (2019-nCoV RNA Test
Kit, Daan Gene Company, China) for nasal and pharyngeal swab.” (Page 2 paragraph 2)

IgG and IgM antibodies as detected via CLIA, GICA, and ELISA (developed by the Beier Bioengineering
Company; Beijing, China)

“In this study, the serum immunoglobulin (Ig) M and IgG antibodies were detected in 2019-nCoV
confirmed cases of different stages. Furthermore, three different immunological assays,
chemiluminescent immunoassay (CLIA), gold immunochromatographic assay (GICA), and enzyme-linked
immunosorbent assay (ELISA) were used for IgM and IgG detection.”

(Page 2 paragraph 1)

RT-PCR tests

C | “All patients were confirmed by reverse-transcriptase polymerase-chain-reaction (RT-PCR) assay (2019-
nCoV RNA Test Kit, Daan Gene Company, China) for nasal and pharyngeal swab.”
(Page 2 paragraph 2)

Presence of COVID-19 antibodies

O | “CLIA, GICA, and ELISA are important detection methods in clinical immunological diagnosis.
Nevertheless, the positive rates of the three methods differed in detection of 2019nCoV infection.
GICA possessed a relatively higher positive rate in serum IgM detection (5/10, 5/13, and 9/14 in the
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early, middle, and late stages, respectively) and ELISA exhibited a comparatively higher positive rate in
serum IgG testing (4/10, 8/13, and 12/14 in the early, middle, and late stages, respectively).”
(Page3, paragraph 3)

APPRAISAL OF VALIDITY

2.1

2.2.

2.3.

2.4.

Was the reference standard an acceptable one?
Yes. The standard used was RT-PCR test which is the current gold standard for diagnosis of COVID-19.

“All patients were confirmed by reverse-transcriptase polymerase-chain-reaction (RT-PCR) assay (2019-
nCoV RNA Test Kit, Daan Gene Company, China) for nasal and pharyngeal swab.” (Page 2 paragraph 2)

Was “definition” of the index test and the reference standard independent?
Yes. The criteria to say that a sample is positive in RT-PCR is different from a positive in antibody detection
test.

“For CLIA, samples with an concentration =8 arbitrary unit (AU)/mL were considered positive. For GICA,
positive results showed the appearance of both control line and testing line. For ELISA, the absorbance at
450 nm (Assonm) of each well was determined within 10 min using a microplate reader, and the cutoff value
was 0.10+Anegative control. A value higher than the cutoff value was considered a positive result.” (Page 3
paragraph 3)

Was “performance” of the index test and the reference standard independent?
No. The index test was done on samples which were known to have been positive in RT-PCR tests. Blinding
on any part of the procedure was also not done.

“All patients were confirmed by reverse-transcriptase polymerase-chain-reaction (RT-PCR) assay (2019-
nCoV RNA Test Kit, Daan Gene Company, China) for nasal and pharyngeal swab.” (Page 2 paragraph 2)

Was interpretation of the index test and the reference standard independent?

No. The index test interpretation is not independent of the reference standard as the samples subjected to
antibody test were positive already in RT-PCR test. In addition, blinding was not done in any part of the
procedure.

“All patients were confirmed by reverse-transcriptase polymerase-chain-reaction (RT-PCR) assay (2019-
nCoV RNA Test Kit, Daan Gene Company, China) for nasal and pharyngeal swab.” (Page 2 paragraph 2)

APPRAISING THE RESULTS
The authors reported the following information:

Stages of lgM gG

infection | " | AW CLIA ELISA GIcA Any CLIA ELISA GICA
positive positive

Early 10 6 4 4 5 5 4 4 2

stage (1-7

days)
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Middle
stage (8-
14 days)

13

10 6

Late stage
(14-24
days)

14

11

14 9

12

11

Any positive means at least one assay was positive

The authors did not report sensitivity, however, an available table of values were present to do our independent

calculations. The following are the results:

IgM GICA results among 2019-nCoV infected patients

GICA positive GICA negative Total Sensitivity 95% C.1.
Early Stage 5 5 10 50% 18.71-81.29
Middle Stage | 5 8 13 38.46% 13.85-68.42
Late Stage 9 5 14 64.29% 35.14-87.24
Total 19 18 37 51.35% 34.40-68.08

IgG GICA results among 2019-nCoV infected patients

GICA positive GICA negative Total Sensitivity 95% C.1.
Early Stage 2 3 5 40% 5.27-85.34
Middle Stage | 6 4 10 60% 26.24-87.84
Late Stage 11 3 14 78.57% 49.20-95.34
Total 19 10 29 65.52% 45.67-82.06

APPLICABILITY

Aside from age, sex, travel history, and contact history, no other patient baseline characteristics were
enumerated. Use of oxygen therapy and antiviral medication was stated but in a general manner only; authors
did not indicate how many used the said therapies. Of the 22 patients, 36.36% were male while the remaining
were females. 50% had recently traveled to epidemic areas and 45.45% had contact with a known COVID-19 case.
It was also not reported why the authors had to use 37 sera from 22 patients and whose sera is duplicated from
whom. Socioeconomic issues were not stated but it must be noted that the test site is a designated COVID-19
center. Given the lack of information on relevant patient characteristics, applicability cannot be determined

“Of the 22 patients, 8 were females and 14were males. Eleven patients had recent history of travel to epidemic
areas, and the remaining 10 had close contacts with their family members, who were confirmed to be infected
by 2019-nCoV. The patients aged from 4 to 72 years, with the median age of 40 years. Most of the patients
received oxygen therapy and anti-virus medication. Currently, all patients had recovered and discharged from
hospital.” (Page 2 paragraph 2)
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“Due to the late delivery of the testing kits, some serum samples were not available. A total of 37 serum samples
from 22 patients were obtained, of which 10 came from the early stage (1 to 7 days after the onset of infection),
13 from the middle stage (8 to 14 days after the onset of infection), and 14 from the late stage (14 to 24 days
after the onset of infection).” (Page 2 paragraph 3)

CONCLUSION

We deem that the study has low internal validity as a result of the following points: 1) performance of the index
and reference tests were not independent; 2) information on the independence of interpretations were lacking;
and, 3) inconsistencies on the reported results were detected.
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“Evaluation of a COVID-19 IgM and IgG rapid test; an efficient tool for assessment of past exposure to SARS-CoV-2"
Hoffman, 2020

1. DIRECTNESS
Does the study provide a direct enough answer to your clinical question in terms of patients (P), examination (E)

used and disease or outcome (O) being diagnosed?

Yes.

Research Question
Patients with or without COVID-19 (N=153)
positive samples = 29; negative samples = 124
“Capillary blood samples or serum from 29 PCR-confirmed COVID-19 patients or convalescents, and

p capillary blood samples from 24 healthy volunteers, without any known history of SARS-CoV-2
infection/COVID-19, were included in the study. Anonymous blood donor sera from healthy adults (n =
80) and 20
serum samples from babies (6—12 months) collected before or during 2018 from the Uppsala Academic
Hospital were used as negative controls.”
(Page 1 paragraph 4)
COVID-19 1gG/IgM Rapid Test Cassette (Zhejiang Orient Gene Biotech Co Ltd,
Huzhou, Zhejiang, China),

| | “In the present study, we evaluated a commercially available assay, the COVID-19 1gG/IgM Rapid Test
Cassette (Zhejiang Orient Gene Biotech Co Ltd,
Huzhou, Zhejiang, China), developed for detection of SARS-CoV-2-specific antibodies.” (Page 1,
paragraph 3)
RT-PCR test

¢ “For the evaluation, samples from COVID-19 cases, obtained during disease or convalescence and
previously confirmed by PCR, were used as ‘true positives’. (Page 3 paragraph 1)
Presence of COVID-19

0 “The results were read after 10 min (max 15 min), by the naked eye. Only tests in which the control line
changed its color were regarded as valid (3 out of 156 (1.9%) cassettes did not function). If a line was
observed for IgM and/or 1gG, the test was considered positive.”
Page 2 paragraph 2

APPRAISAL OF VALIDITY
2.1. Was the reference standard an acceptable one?

Yes, the reference standard is the current gold standard for diagnosing COVID-19

“For the evaluation, samples from COVID-19 cases, obtained during disease or convalescence and
previously confirmed by PCR, were used as ‘true positives’. (Page 3 paragraph 1)

2.2. Was “definition” of the index test and the reference standard independent?
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Yes, to say that a sample is positive in RT-PCR is different from a positive in the rapid test.

“Briefly, 5 ul of serum or one drop of capillary blood were added to the test slide, followed by 80 ul of the
buffer provided in the kit. The results were read after 10 min (max 15 min), by the naked eye. Only tests in
which the control line changed its color were regarded as valid (3 out of 156 (1.9%) cassettes did not
function). If a line was observed for IgM and/or IgG, the test was considered positive. The intensity of the
color was not judged.” (Page 2 paragraph 2)

2.3. c. Was “performance” of the index test and the reference standard independent?
No information. The independence of the performance of the index test and the reference standard from
each other cannot be determined. While all the samples from the COVID-19 positive individuals were tested
in both the index and reference test and all sera tested in the index test, no statement was said on the
treatment of the sera from the healthy individuals and the negative controls undergoing RT-PCR test.

“None of the 80 negative sera from healthy blood donors tested IgM positive in the assay, while one tested
IgG positive (1/80, 1.25%, 95% confidence level: 0.03—-6.77%)” (Page 2 paragraph 2)

“None of the 24 healthy volunteers, without any known history of SARS-CoV-2 infection/COVID-19, tested
positive for IgM or IgG.” (Page 2 paragraph 4)

“Altogether 20 of 29 (69%) samples from PCR-confirmed COVID-19 patients tested IgM positive and 27
tested (93.1%) IgG positive” (Page 2 paragraph 5)

2.4. d.Was “interpretation of the index test and the reference standard independent?
No information. There is no statement in the article which mentions any attempt of ensuring independence
of interpretation of index and reference test such as blinding.

APPRAISING THE RESULTS
The following are the data presented by the authors:

For IgM
RT-PCR (+) RT-PCR (-) Total
IlgM + 20 0 20
IgM - 9 124 133
Total 29 124 153
Sensitivity 69% PPV 100%
Specificity 100% NPV 93.2%
Accuracy 94.1%
For IgG
RT-PCR (+) RT-PCR (-) Total
lgG + 27 1 28
IgG - 2 123 125
Total 29 124 153

169 | Rapid review: Use of Rapid Antibody-based Tests for Various Use Cases for COVID-19
DOH Health Technology Assessment Unit




Sensitivity 93.1% PPV 96.4%
Specificity 99.2% NPV 98.4%
Accuracy 98%

To validate the reported data, independent calculations were done and are presented below:

For IgM
RT-PCR (+) RT-PCR (-) Total
lgM + 20 0 20
IgM - 9 124 133
Total 29 124 153
Sensitivity 68.97% (95% Cl: PPV 100%
49.17-84.72)
Specificity 100% (95% CI: 97.07- | NPV 93.2% (95% Cl: 88.9-
100) 95.95)
Accuracy 94.12% (95% Cl:
89.13-97.28)
For 1gG
RT-PCR (+) RT-PCR (-) Total
IgG + 27 1 28
IgG - 2 123 125
Total 29 124 153
Sensitivity 93.10% (95% Cl: PPV 96.43% (95%Cl: 79.27-
77.23-99.15) 99.48)
Specificity 99.19% (95% Cl: NPV 98.4% (95% Cl: 94.17-
95.59-99.98) 99.57)
Accuracy 98.04% (95% Cl:
94.38-95.59)

The results of the independent calculations are well aligned with the authors’ report. In addition, we have
computed the 95% confidence intervals of the parameters and computed the likelihood ratios as well. Based on
the computations, the test kit used in this study has a strongly positive likelihood ratio and a weakly negative

likelihood ratio.

APPLICABILITY

Are there biologic issues that may affect accuracy of the test? (Consider the influence of sex, co-morbidity, race,

age, and pathology). Are there socio-economic issues that may affect accuracy of the test?
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Baseline characteristics of the 29 COVID-19 confirmed individuals and 24 healthy volunteers were not reported.
No details on the severity of the disease was also presented and socioeconomic issues were not reported as well.
Hence, applicability cannot be determined.

CONCLUSION
We deem that the study has moderate internal validity because of the lack of information on the independence
of the interpretations of the tests and lack of information on the independence of the performance of the tests.
Applicability of results cannot also be determined as baseline characteristics of the sample were not presented.
Nonetheless, there was consistency in the reported results.

“Evaluation of eleven rapid tests for detection of antibodies against SARS-CoV-2"
Tollanes et al, 2020

1. DIRECTNESS
Does the study provide a direct enough answer to your clinical question in terms of patients (P), examination (E)
used and disease or outcome (O) being diagnosed?

Yes. The study provides a direct enough answer to the clinical question.

Research Question

1. Arm 1: 20 patients hospitalized at Oslo University hospital, Ulleval, with PCR-confirmed
COVID-19. Days since onset of symptomes:
a. <7 days for one patient
b. 7-13 days for three patients
c. 14+ days for 16 patients
P 2. Arm 2: 23 participants with previously PCR-confirmed COVID-19 in the municipality of
Kristiansand, who had not required hospitalization.
a. Median days since onset of symptoms was 30 (range 27-36)
3. Arm 3: 49 participants fulfilling the criteria for being PCR-tested for COVID-19 at the primary
care emergency room of Bergen municipality.
a. Median days since onset of symptoms was 8 (range 2-34)

Rapid tests by the following manufacturers: (1) Acro Biotech Inc, USA, (2) CTK Biotech, Inc, USA, (3)
WuHanUNscience Biotechnology Co., China, (4) Jiangsu Medomics medical technology Co., China, (5)
| | Beijing Wantai Biological Pharmacy Enterprise Co, China, (6) Hangzhoue Laihe Biotech Co, China. (LYHER),
(7) RayBiotech, USA, (8) Hangzhou Biotest Biotech Co., China, (9) SureScreen Diagnostics, UK, (10) Zhuhai
Encode Medical Engineering Co., China

C | RT-PCR (details not provided)

O | Sensitivity and specificity

2. APPRAISAL OF VALIDITY
2.1. Was the reference standard an acceptable one?
Yes. The reference standard used is currently considered as the gold standard for diagnosis of COVID-19
which is RT-PCR.

2.2. Was “definition” of the index test and the referen
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2.3.

2.4,

No information. The report only mentioned that for rapid test kits were performed in accordance to the
manufacturers’ instructions with no further description of the RT-PCR test used as well as the criteria for
considering a positive test.

Was “performance” of the index test and the
Likely no. Based on the reported results, not all patients in some of the rapid test kit brands were subjected
to rapid antibody tests as there were discrepancies with the number of patients enrolled and the total
number of samples included in the analysis. For example, in Arm 2 which enrolled 23 patients with
previously PCR-confirmed COVID-19 tests, only 20 tests were reported for test kit brand D. According to the
supplementary file that was provided to us by the study authors, not all enrolled patients underwent the

rapid antibody test for some brands due to the lack of test kits provided.

Was “interpretation of the index test and
No information. It was not mentioned whether the interpretation of the index test and reference standard
were independent. There was no mention of blinding or any effort to ensure that info on results will not
influence the interpretation of each other; however, it is unlikely to be independent given that it was not
mentioned how weakly positive results were treated and there was knowledge of the PCR result already for
arms 1 and 2. However, for arm 3, it is likely to be independent since both index and reference tests were
conducted prospectively.

3. APPRAISING THE RESULTS
What were the likelihood ratios of the various test results?

Likel

ihood ratios were not reported by the study authors, only sensitivity and specificity estimates were

presented. The following are the results reported:

Table 2. Test results, IgM.

t he

Arm 1 Arm 2 Arm 3 Inconclusive
(N=20) (N=23)? (N=49)° tests

Sensitivity Sensitivity Sensitivity Specificity N (arm 1,2,3)
A 0.30 (0.19-0.44) 0.52 (0.39-0.65) | 0.35(0.23-0.48) 0.85 (0.73-0.92) 0,0,0
B 0.80(0.66-0.89) | 0.87(0.75-0.94) | 0.22(0.13-0.35) 0.92 (0.82-0.97) 0,0,0
c 0.35(0.23-0.49) | 0.48(0.35-0.61) | 0.00(0.00-0.22) 0.75 (0.56-0.88) 94,4
D 0.65(0.51-0.77) | 0.60(0.46-0.73) | 0.24(0.13-0.39) 0.87 (0.75-0.94) 0,1,0
F 0.80 (0.66-0.89) | 0.91(0.80-0.97) | 0.48(0.35-0.61) 0.88 (0.78-0.95) 0,0,0
G 0.15 (0.07-0.28) 0.43 (0.31-0.57) | 0.27(0.14-0.47) 0.68 (0.54-0.80) 63,3
I 0.80 (0.66-0.89) 0.83 (0.70-0.91) | 0.30(0.20-0.44) 0.88 (0.78-0.95) 0,0,0
J 0.65 (0.51-0.77) | 0.83(0.70-0.91) | 0.30(0.20-0.44) 0.85 (0.73-0.92) 0,0,0
K 0.80 (0.66-0.89) | 0.74 (0.61-0.84) | 0.22(0.13-0.35) 0.96 (0.87-0.99) 0,0,0

N for test D: 20
°N for test C: 15, for test D: 40, for test G: 30
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Table 3. Test results, IgG.

Arm 1 Arm 2 Arm 3 Inconclusive
(N=20) (N=23)? (N=49)" tests

Sensitivity Sensitivity Sensitivity Specificity N (arm 1,2,3)
A 0.90 (0.78-0.96) | 0.87(0.75-0.94) | 0.17(0.09-0.30) | 0.92(0.82-0.97) 0,0,0
B 0.85(0.72-0.93) | 0.83(0.70-0.91) | 0.04(0.01-0.14) 1.00 (0.97-1.00) 0,0,0
C 0.80 (0.66-0.89) | 0.87(0.75-0.94) | 0.00(0.00-0.22) | 0.67 (0.48-0.81) 3,13
D 0.85(0.72-0.93) | 0.85(0.72-0.93) | 0.06(0.01-0.19) | 0.91(0.80-0.97) 0,0,0
EC 0.65(0.51-0.77) | 0.52(0.39-0.65) | 0.04 (0.01-0.14) | 0.96 (0.87-0.99) 0,0,0
F 0.75(0.61-0.85) | 0.39(0.27-0.52) | 0.04(0.01-0.14) | 1.00(0.97-1.00) 00,0
H 0.60 (0.46-0.73) | 0.48(0.35-0.61) | 0.09(0.02-0.27) | 0.79(0.65-0.89) 4,76
| 0.80 (0.66-0.89) | 0.52(0.39-0.65) | 0.04 (0.01-0.14) | 1.00(0.97-1.00) 0,0,0
J 0.80 (0.66-0.89) | 0.52(0.39-0.65) | 0.04 (0.01-0.14) | 1.00(0.97-1.00) 0,0,0
K 0.80 (0.66-0.89) | 0.74(0.61-0.84) | 0.13 (0.06-0.25) 1.00 (0.97-1.00) 0,0,0

N for test C: 20
N for test C: 15, for test D: 40, for test H: 30
“Total antibodies

For the independent calculation, we utilized the supplementary table provided to us by the study authors. For Arms
1 and 2, only sensitivity values can be calculated as there were no negative samples utilized. For Arm 3, we present
the sensitivity, specificity, positive and negative predictive values, and likelihood ratios whenever applicable.

Arm 1
IgG Sensitivity (95% C.1.) IgM Sensitivity (95% C.1.)
A 18/20 90% (68.3-98.77) 6/20 30% (11.89-54.28)
B 17/20 85% (62.11-96.79) 16/20 80% (56.34-94.27)
C 16/20 (3 inconclusive 80% (56.34-94.27) 7/20 (9 inconclusive 35% (15.39-59.22)
considered as negative) considered as negative
D 17/20 85% (62.11-96.79) 13/20 65% (40.78-84,61)
F 15/20 75% (50.9-91.34) 16/20 80% (56.34-94.27)
G N/A N/A 3/20 (6 inconclusive 15% (3.21-37.89)
considered as negative)
H 12/20 (4 inconclusive 60% (36.05-80.88) N/A N/A
considered as negative)
| 16/20 80% (56.34-94.27) 16/20 80% (56.34-94.27)
J 16/20 80% (56.34-94.27) 13/20 65% (40.78-84,61)
K 16/20 80% (56.34-94.27) 16/20 80% (56.34-94.27)
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Arm 2

IgG Sensitivity (95% C.1.) IgM Sensitivity (95% C.1.)
A 20/23 86.96% (66.41-97.22) 12/23 52.17% (30.59-73.18)
B 19/23 82.61% (61.22-95.05) 20/23 86.96% (66.41-97.22)
C 20/23 (1 inconclusive 86.96% (66.41-97.22) 11/23 (4 inconclusive 47.83 (26.82-69.41)
considered as negative) considered as negative
D 17/20 85% (62.11-96.79) 12/20 (1 inconclusive 60% (36.05-80.88)
considered as negative)
F 9/23 39.13 (19.71-61.46) 21/23 91.3% (71.96-98.93)
G N/A N/A 10/23 (3 inconclusive 43.48% (23.19-65.51)
considered as negative)
H 11/23 (7 inconclusive 47.83 (26.82-69.41) N/A N/A
considered as negative)
I 12/23 52.17% (30.59-73.18) 19/23 82.61% (61.22-95.05)
J 12/23 52.17% (30.59-73.18) 19/23 82.61% (61.22-95.05)
K 17/23 73.91% (51.59-89.77) 17/23 73.91% (51.59-89.77)
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Arm 3

IgG IgM
Days | Sensitivity | Specificity | PPV (95% NPV (95% Sensitivity | Specificity 0 0
onset | (95%Cl) | (95% cI) cl) cl) LR+ LR ©95%Cl) | (os%cny |PPV(S3%CNINPV(S5%CI) LR+ LR
4/13 7/8
0, 0,
o | o13(0% |88 (00%, _ (338;50/? ] ) (30.77%, | (87.50%, |80% (34.97- ?;‘)7252/‘_’ 2.46 (0.33- | 0.79 (0.51-
0-24.71) | 63.06-100) 2510) 9.09- 47.35- 96.75) o1 53) 18.31) 1.4
: 61.43) 99.68) :
3/6 (50% 57.14% 1/6 3/4 (75% 37.50%
' | 4/ (100%, : 050(0.22- | (16.67%, ' | 50% (7.83- ' 0.67 (0.06- | 1.11(0.57-
713 | 1w81 | S| 100% (37.46- - 1) S, 19.41- 021 (23.50- 7 8] 217)
88.19) : 74.80) ' ' 99.37) ' 53.96) ' :
64.12)
A
12/14 12/14 (85.
) ) (o) 0,
" 1/ g (6235_”" (85.71%, 3(35‘232/ 80% (68.6- | 1.75 (0.21- | 0.88 (0.48- 3/149(4751’_4” 71%, | 60% (26.96- ?62;414/? 5.25 (1.29- | 0.29 (0.05-
' 57.19- ' 87.99) 14.69) 1.60) ' 57.19- 85.91) ' 21.34) 1.61)
80.59) 0522) 80.76) 99.37) 05.22) 98.52)
24/26 . . 8/23 22/26 .
ot 49/;3 4(2753 (92.31%, ?268'677;’ (555(')831;’ 2.26(0.46- | 0.89(0.72- | (34.78%, | (84.62%, | 66.67% f’;’fgg 2.26(0.78- | 0.77 (0.55-
i ) 74.87- 5085 o1 10) 11.22) 1.11) 16.38- 6513 |(40.985.25) oy 6.53) 1.08)
' 99.05) : ' 57.27) 95.64) '
38.10% 1/13
o | or13(0% | 8/ (100%, ] 5610, ] ) (7.69%, | 8/8(100%, | o, | 40%(363- ] 0.92 (0.79-
0-24.71) | 63.06-100) : 019- | 63.06-100) ° 43.82) 1.08)
38.10)
36.03)
B
1/6 44.44% 2/6
a3 | (1667% | 4/a00%, | e o ] 0.83(0.58- | (3333%, | 4/4(100%, | . . |50%(36.22- ] 0.67 (0.38-
042- | 39.76-100) ° £3 56) 1.19) 433- | 39.76-100) ° 63.78) 1.17)
64.12) : 77.72)
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18G IeM
Days Sensitivity | Specificity PPV (95% NPV (95% Sensitivity | Specificity o o
onset | (95%Cl) | (95%cI) cl) cl) LR+ LR (@s%c) | (osway |PPVSBCINPV(SS%CY LR+ LR
12/14
0, 0, 0,
0/4 (0%, O- 14/14 77.78% 2/4 (50%, (85.71%, | 50% (16.6- 85.71% 3.5(0.7- | 0.58(0.21-
14+ 60.24) (100%, - (77.78- - 1(1-1) 6.76- 19, 53.4) (68.76- 17.50) 159)
' 76.84-100) 77.78) 93.24) ' ' 94.24) ' '
98.22)
1/23 24/26 o
(4.35%, 26/26 54.17% 0.96 (0.88- 5/23 (92.31%, 7143% og 14 (51.13- 2.83 (0.61- | 0.85 (0.67-
Tot 0.11- (100%, 100% (52-56.32) i 1.04) (21.74%, 74.87- (34.87- 62.95) 13.19) 1.08)
21.95) 86.77-100) 7.46-43.7) 99.05) 92.11)
2/3 (1 1/3 (2
inconclusiv inconclusiv
o | 92(0%,0- e) 0 50% (31- 0 1.50 (0.67- | 0/2 (0%, O- e) 0 33.33% o 3(0.61-
84.19) (66.67%, 69) 3.34) 84.19) (33.33%, (9.17-71.24) 14.86)
9.43- 0.84-
99.16) 90.57)
1/2 (1
0/1(1 1/2 (1 50% inccc)a/nlcfjsiv inconclusiv 33.33%
7-13 | inconclusiv | inconclusiv 0 (20.01- 0 2 (0.50-8) e) (50%, 0 (11.112- 0 2 (0.5-8)
e) (0%, O-
C e) e) 79.99) 84.91) 1.26- 66.66)
' 98.74)
5/7
(71.43%, 7/7 (100%,
14+ 0/0 29.04- 0/0 59.04-100)
96.33)
8/12 . .
Tot 0/3 (0%, O- (66.67%, 0 (76247132/(—) 0 1.50 (1.01- | 0/3 (0%, O- 9/415 ;715_4' 0 75% (68.39- 0 1.33 (0.96-
70.76) 34.89- ) 2.24) 70.76) ' 80.62) 1.85)
90.08) 79.91) 94.51)
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8G lgM
Days Sensitivity | Specificity PPV (95% NPV (95% Sensitivity | Specificity o o
onset | (95%Cl) | (95%cI) cl) cl) LR+ LR (@s%c) | (osway |PPVSBCINPV(SS%CY LR+ LR
Ve 41.18% 47.06%
o | 0/10(0% | (875%, 0 (35.01- 0 1.14(0.88- | 1/10(10%, | 8/8(100%, | o (41.96- ) 0.90 (0.73-
0-30.85) | 47.35- ' 149) | 0.25-44.5) | 63.06-100) ’ ' 1.11)
47.63) 52.22)
99.68)
3/4 (75% 50% 13 3/4 (75%
Sz | 0310%0- | LT 0 (36.22- 0 133(076- | (33.33%, | ~ 07" | 50%(8.84- | 60% (36.02-| 1.33(0.13- | 0.89(0.33-
70.76) 99.37) 63.78) 2.35) 0.84- 05.37) 91.16) 79.99) 13.74) 2.37)
90.57)
D
11/11 9/11
0, 0, 0,
14+ 1/3 (6235_@ (100% L0 (76875576/ ) 075 (0.43- | ¥ g (7560_6' (81.82&, [50% (16.92-| 81.82% | 2.75(0.56- | 0.61(0.22-
50.50) (71.51- ’ 56.59) 1.32) 05.24) 48.22- 83.08) [(61.9-92.57)| 13.50) 1.69)
‘ 100) ‘ ' 97.72)
117 21/23 33.33% 56.76% 4/17 20/23 57.14% 60.61%
(5.88%, | (91.30%, R 17| 0.68(0.07- | 1.03 (0.87- (86.96%, L 0| 1.80(0.46- | 0.88 (0.65-
ot 0.15- 71.96- (4.70 (52.46- 6.86) 1.23) (23.54%, 66.41- (2551 (53.08 7.02) 1.20)
28.69) 68.93) 83.54) 60.95) 6.81-49.9) | o)) 83.85) 67.66)
5/13
0/13 (0%, | 8/8(100%, . (38.46%, | 8/8 (100%, o, | 50%(39.42- 0.62 (0.4-
<7 | 02471) | 63.06-100) 38.10% 1i-1) 1386- | 6306-100) | 109 60.58) 0.95)
68.42)
Ve 44.44% 3/6 (50%, | 3/4(75%
e 5z | (1667% | 4/4(100%, | o (35.87 0.83(0.58- | "o | Tigan. |75%(31.48-[50% (27.29-| 2(0.31- | 0.67(0.25-
- (4 . - - . - . -
0.42- | 39.76-100) 53.36) 1.19) 88.19) 02.37) 95.14) 72.71) 13.06) 1.78)
64.12)
12/14
0, 0, 0,
o/a (0%, 0- | 14/14 77.78% (5% g5 71%, [60% (2696-| 2231% | 525 (129- | 0,29 (0.05-
1 |0 (100%, : (77.78- - 1(1-1) 19.41- 10, 85.91) (68.44- 21.34) 161)
‘ 76.84-100) 77.78) 99.37) 98.22) ' 98.52) ' '

177 | Rapid review: Use of Rapid Antibody-based Tests for Various Use Cases for COVID-19
DOH Health Technology Assessment Unit




1gG IgM
Days Sensitivity | Specificity PPV (95% NPV (95% Sensitivity | Specificity o o
onset | (95%Cl) | (95%cI) cl) cl) LR+ LR (@s%c) | (osway |PPVSBCINPV(SS%CY LR+ LR
1/23 11/23 23/26 . \
Tot (4.35%, (21%/020/6 100% 54.17% ) 0.96 (0.88- | (47.83%, (88.46%, (7;5871{’ (6555'781; 4.14 (1.32- | 0.59 (0.39-
0.11- 26 77-1060) ? (52-56.32) 1.04) 26.82- 69.85- . '03) e '38) 13.05) 0.89)
21.95) ' 69.41) 97.55) ' ‘
4/6 (1
o (. inconclusiv 44.44%
<7 N/A N/A N/A N/A N/A nva | Y ‘22(01/;')0 e) (66.67% 0% (31.24- 0 1'52(255'
: (22.27- 58.48) '
95.67)
2/3 (1
inconclusiv
1/2 (50% 66.67%
’ e) 50% (10.75- 1.5-(0.18- | 0.75(0.15-
7-13 N/A N/A N/A N/A N/A N/A 1.26 (66.67%, 89.25) (28.76 12.46) 3.72)
98.74) 90.83)
9.43-
G 99.16)
7/10 (1
2/4 (50% inconclusiv
’ 40% (14.58- 77.78% 1.67(0.43- | 0.71(0.25-
14+ N/A N/A N/A N/A N/A N/A 6.76- e) (70%,
53.24) 2475, 72.26) (54.79-91) 6.51) 2.06)
93.33)
(zi/;’/ (61834/1122/ 33.33% 61.90% | 0.86(0.27- | 1.06 (0.66
. o, . o, . () . L= . .00b-
Tot N/A N/A N/A N/A N/A N/A 5.02- 43.45- (6113;113) (50.3-72.29)|  2.78) 1.71)
60.97) 87.42) '
o5 | 8B
) .| inconclusiv 37.50%
inconclusiv 2 (0.9-
H| <7 e) (50%, 0% (21.23- 0 N/A N/A N/A N/A N/A N/A
e) (0%, O- 4.45)
52.18) 11.81- 57.18)
' 88.19)
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1gG IgM
Days Sensitivity | Specificity PPV (95% NPV (95% Sensitivity | Specificity o o
onset | (95%Cl) | (95%cI) cl) cl) LR+ LR (@s%c) | (osway |PPVSBCINPV(SS%CY LR+ LR
2/3 (1
inconclusiv
0/2 (0%, O- e) . 50% (31- 1.50 (0.67-
7-13 84.19) (66.67%, 0% 59) 0 3.34) N/A N/A N/A N/A N/A N/A
9.43-
99.16)
1/4 (1
inconclusiv 10/10 76.92% 0.75 (0.43-
14+ e) (25%, (100%, 100% (65.43- - ' 1 32') N/A N/A N/A N/A N/A N/A
0.63- 69.15-100) 85.44) '
80.59)
1/11 15/19 60%
(9.09%, (78.95%, 20% (3.08- 0 0.43 (0.05- | 1.15 (0.85-
Tot 0.23- 54.43- 66.27) (22'69? 3.39) 1.55) N/A N/A N/A N/A N/A N/A
41.28) 93.95) '
2/13
0, 0,
o | 0/13(0% | 8/8(100%, ) (f’élfé’ ) (1) (15.38%, | 8/8 (100%, 100% ?32 élés/f ) 0.85 (0.67-
0-24.71) 63.06-100) 33 '10) 1.92- 63.06-100) ? 47 .83) 1.07)
' 45.45) '
1/6 . 2/6 .
| 545 | (1667%, | 4/4(100%, 100% ?;484;’ ) 0.83(0.58- | (33.33%, 3/149(3&_"' 66.67% 42.86% | 1.33(0.17- | 0.89(0.4-
0.42- 39.76-100) ? o3 ‘36) 1.19) 4.33- 99'37) (20.64-93.9) | (25.2-62.54)|  10.25) 1.98)
64.12) ' 77.72) '
12/14
0, [0) 0,
0/4 (0%, O- 14/14 77.78% 3/4 (75%, (85.71%, |60% (26.96- 92.31% 5.25(1.29- | 0.29 (0.05-
14+ 60.24) (100%, - (77.78- - 1(1-1) 19.41- 57 19- 85.91) (68.44- 21.34) 1.61)
) 76.84-100) 77.78) 99.37) 98'22) ' 98.52) ' '
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IgG lgM
Days Sensitivity | Specificity PPV (95% NPV (95% Sensitivity | Specificity o o
onset | (95%Cl) | (95%cI) cl) cl) LR+ LR (@s%c) | (osway |PPVSBCINPV(SS%CY LR+ LR
1/23 7/23 23/26 ,
Tot (4.35%, (21%/020/6 L00% 54.17% ) 0.96 (0.88- | (30.43%, | (88.46%, |70% (40.53- éf'%;’_ 2.64 (0.77- | 0.79 (0.58-
0.11- 26 77-1060) ? (52-56.32) 1.04) 13.21- 69.85- 88.87) s 08)° 9.03) 1.07)
21.95) ' 52.92) 97.55) ‘
< | 0/13(0% | 8/8(100%, ) 38.10% ) (1) 0/13 (0%, | 8/8 (100%, ) 38.1% (38.1- ) 1 (11)
0-24.71) | 63.06-100) (38.1-38.1) 0-24.71) | 63.06-100) 38.1)
1/6 , 1/6 ,
(16.67%, | 4/4 (100%, 44.44% 0.83(0.58- | (16.67%, 3/4(75%, | ¢, (7.83- [37.5% (23.5-| 0.67 (0.06- | 1.11(0.57-
7-13 100% (35.87- - 19.41-
0.42- 39.76-100) ° o3 ‘36) 1.19) 0.42- 99‘37) 92.17) 53.96) 7.85) 2.17)
64.12) ‘ 64.12) '
J , 11/14 ,
0/4 (0%, O- 14/14 77.78% 0/490%, | (78.57%, /3.33% 1.27 (0.97-
14+ 60.24) (100%, - (77.78- - 1(1-1) 0.60.24) s 0 (67.66- 0 167)
‘ 76.84-100) 77.78) ' o '34) 78.33) '
1/23 26/26 1/23 22/26
. (4.35%, (100% 100% 54.17% ) 0.96 (0.88- | (4.35%, (84.62%, | 20% (2.92- | 50%, 45.37- | 0.28 90.03- | 1.13 (0.94-
0.11- 26 77-1060) ° (52-56.32) 1.04) 0.11- 65.13- 67.52) 54.63) 2.35) 1.36)
21.95) ' 21.95) 95.64)
< | 0/13(0% | 8/8(100%, ) 38.10% ) (1) 0/13 (0%, | 8/8 (100%, ) 38.1(38.1- ) 1 (11)
0-24.71) | 63.06-100) (38.1-38.1) 0-24.71) | 63.06-100) 38.1)
2/6 509 2/6
(33.33%, | 4/4 (100%, . > 0.67(0.38- | (33.33%, | 4/4 (100%, . 50% (36.22- 0.67 90.38-
K| 713 4.33- 39.76-100) 100% (236'7282) 1.17) 4.33- 39.76-100) 100% 63.78) 1.17)
77.72) ' 77.72)
o) [)) [)) 0,
1/4 (25%, 14/14 82.35% 0.75 (0.43- 3/4 (75%, 1314 |75% (29.46-| 2285% | 105 (1.46- | 0.27 (0.05-
14+ 0.63- (100%, 100% (72.6- - 132) 19.41- (92.86% 95 56) (70.29- 75.42) 1.48)
80.59) | 76.84-100) 89.15) ' 99.37) R ' 98.62) ' '
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18G IeM
Days Sensitivity | Specificity PPV (95% NPV (95% Sensitivity | Specificity o o
onset | (95%Cl) | (95%cI) cl) cl) LR+ LR (@s%c) | (osway |PPVSBCINPV(SS%CY LR+ LR
66.13-
99.82)
3/23 25/26
26/26 56.52% 5/23 83.33% 58.14%
0, - 0, - -
Tot (1;3;%' (100%, 100% (52.60- - 0'817 (()2')74 (21.74%, (9860 13566 (38.63- (52.49- 5'624((;')71 0'811 (()2')65
33.59) 86.77-100) 60.36) 7.46-43.7) 99.9) 97.54) 63.58)

We were able to obtain similar results for the point estimates of the sensitivity and specificity of evaluated RATs for both IgM and IgG. Furthermore, we computed the sensitivity
and specificity of the tests according to onset of disease whereas the paper only grouped the analysis for onset of disease to less than 7 days and 7 days and above. When applicable,
we also computed for the PPV, NPV, and positive and negative likelihood ratios. Based on our independent calculations, no test was able to have a strongly positive and strongly
negative LR+ and LR- respectively for IgG. For IgM, only Test K at 14+ days onset of symptom had a strongly positive LR+ while the rest were weakly to moderately positive. For the
LR-in IgM, no test obtained a value that is strongly negative, with majority being weakly negative as well. For the confidence intervals, different results were obtained as the study
authors used an 80% C.I. while our independent calculations utilized the 95% C.1I.
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4. APPLICABILITY

Are there biologic issues that may affect accuracy of the test? (Consider the influence aherbidity, race,
age, and pathology). Are there seetmnomic issues that may affect accuracy of the test?

No information. There are no patient characteristics provided other than onset of illness, hence applicability
cannot be determined.

5. CONCLUSION
The study can be considered to have low internal validity due to a general lack of information in the domains of
independence of performance, definition, and interpretation of both the index and reference tests. In addition,
there is a lack of description on patient characteristics which limits evaluation of possible bias from the
applicability domain.

“Serology Test Evaluation Reports
US National Cancer Institute, 2020

1. DIRECTNESS
Does the study provide a direct enough answer to your clinical question in terms of patients (P), examination (E)
used and disease or outcome (O) being diagnosed?

Yes. The study provides a direct enough answer to the clinical question.

Research Question

SARS-CoV-2 antibody-positive serum samples (n = 30): patients previously confirmed to have SARS-
CoV-2 infection with a nucleic acid amplification test (NAAT)

Antibody-negative serum and plasma samples (n = 80): collected prior to 2020, before the SARS-CoV-2

virus is known to have circulated in the US. Includes:

P ¢ “Negatives” (n = 70): selected without regard for clinical status. This group includes a sample,
C0063, that showed reactivity in the Pan-lg CDC spike ELISA at FNLCR. It includes another sample,
C0087, that showed reactivity in the IgG RBD ELISA at FNLCR.

e “HIV+” (n = 10): selected from banked serum from HIV+ patients. This group includes 3 samples,
C0018, C0155, and C0182, that showed reactivity in the IgG RBD ELISA at FNLCR.

Abacus Pharma International SARS-CoV-2 IgM/I1gG AB Antibody Rapid Test

COVID-19 IgG/IgM Rapid Test from Aurora Biomed Inc

COVID-19 IgM-IgG Rapid Test kit from Biomedomics

DPP COVID-19 IgM/IgG System from ChemBio

Covid-19 1gG/IgM Rapid Test Cassette from Hangzhou Biotest Biotech, Co., Ltd.
COVID-19 IgG/IgM Rapid Test Cassette from Healgen

COVID19 RAPID TEST from Phamatech

SARS-COV-2-1gG/IgM Test Cassette from TESTSEALABS

SARS-COV-2 IgG/IgM Antibody Detection Kit from Tianjin Beroni Biotechnology Co., Ltd.
Covisure Covid-19 1gM/IgG Rapid Test from W.H.P.M, Inc.

C [ ELISA
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| (0] ‘ sensitivity and specificity ‘

2. APPRAISAL OF VALIDITY

2.1.

2.2.

2.3.

2.4.

Was the reference standard an acceptable one?
There is no established reference standard yet on use of serologic assays for detecting antibodies for COVID-
19. However, we know from experience that ELISAs play a role as an acceptable reference standard for

antibody detection for certain diseases.

Was “definition” of the index test and the refereni
No information. There is no sufficient information to ascertain independence of the definition of both the
index test and the reference standard, specifically in terms of the criteria for detecting a positive result.

Was “performance” of the index test and the referei
Yes. All samples, both negative and positive underwent both the reference standard (ELISA) and the index
test.
“The Cent er s rofand preZentisre(@RCe det€ated the presence of IgG and IgM
antibodies at their laboratory using their SARS?2 spike enzymlinked immunosorbent assay
(ELI SA) tests.1 The presence of antibodies was ¢co
(Panlg, IgG, and IgM) as well as an IgG Receptor Binding Domain (RBD) ELISA developed by the
Krammer Laboratory at the I cahn School of Medi ci n

Was “interpretation” of the index test and the ref:
Yes. It was stated in the report that the personnel who performed the testing were blinded to the
identity/code of the sample and the expected results.

“A single operator conducted and read the test.
“The personnel who perfor med todeofthesampleand wer e bl i
the expected results.”

“Negative and positive samples were ordered rando
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3. APPRAISING THE RESULTS
What were the likelihood ratios of the various test results?

The following are the reported sensitivity and specificity values from the NCI reports on rapid antibody tests:

SARE0V2 IgM/IgG AB Antibody Rapid Test (Immunochromatography) from Abacus Pharma International
Table 1: Summary Results

Comparator Method Collected pre-2020

Antibody Positive Antibody Negative
SARS-CoV-2 g+, Ight+, IgM-,  Megative HIV+ Total
lgMlgG AB lgG+ lgG- lgG+
Antibody
Rapid Test
(Immunochro-
matography)
Ighl+, IgG+ 15 15
Igh+, 1gG- 1 i
Igh-, 1gG+ 7 1 8
Igh-, 1gG- 7 69 10 86
Total 30 70 10 110
Table 2: Summary Statistics
Measure Estimate Confidence Interval
IgM Sensitivity 53.3% (16/30) (36.19%:; 69.8%,)
IgM Specificity 100% (80/80)  (95.4%; 100%)
IgG Sensitivity 73.3% (22/30)  (55.8%; 85.8%)
IgG Specificity 08.8% (79/80) (93.3%:;99.8%)
Combined Sensitivity 76.79% (23/30) (59.1%; 88.2%,)
Combined Specificity 08.8% (79/80) (93.3%; 00.8%,)
Combined PPV for prevalence = 76.3% (31.8%; 95.5%:)
5.0%
Combined NPV for prevalence = 98.8% (97.7%; 99.4%)
5.0%
Cross-reactivity with HIV+ 0.0% (0/10),
not detected
Independent Calculation:
IgM IgG
Sensitivity 53.33% (34.33-71.66) 73.33% (54.11-87.72)
Specificity 100% (95.49-100) 98.75% (93.23-99.97)
PPV 100% 95.65% (75.61-99.36)
NPV 85.11% (79.58-89.34) 90.80% (84.50-94.70)
LR+ - 58.67 (8.27-416.34)
LR- 0.47 (0.32-0.68) 0.27 (0.15-0.49)
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COVID-19 1gG/IgM Rapid Test from Aurora Biomed Inc

Table 1: Summary Results

Comparator Method Collected pre-2020
Anfibody Positive Antibody Negative
COVID-19 IgM=, Ighl+, IgM-,  Megative HIV+ Total
lgG/1gM Rapid IgG+ IgG- IgG+
Test
lgM+, IgG+ 20 20
lgM+, IgG-
Igh-, 1gG+ 3 3
Ight-, 1gG- 7 70 10 87
Total 30 70 10 110
Table 2: Summary Stafistics
Measure Estimate Confidence Interval
Igh Sensitivity 66.7% (20/30)  (48.8%; B0.6%)
IgM Specificity 100%: (BO/BO)  (95.4%%; 1009%%)
IgG Sensitivity TE6.79% (23/30) (59.1%; BB.2%)
IgG Specificity 100%: (BO/BO)  (95.4%%; 1009%)
Combined Sensitivity TET% (23/30) (59.1%; BB.2%)
Combined Specificity 100% (B0/BO)  (95.4%; 100%)
Combined PPV for prevalence = 100% (40.4%; 100%:)
5.0%
Combined NPV for prevalence = 98.8% (97.8%; 99.49%)
5.0%
Cross-reactivity with HIV+ 0.0% (0/M10),
not detected
Independent Calculation:
IsM IgG
Sensitivity 66.67% (47.19-82.71) 76.67% (57.72-90.07)
Specificity 100% (95.49-100) 100% (95.49-100)
PPV 100% 100%
NPV 88.89% (82.83-92.99) 91.95% (85.66-95.63)
LR+ - -
LR- 0.33 (0.20-0.55) 0.23 (0.12-0.45)
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COVID-19 IgM-IgG Rapid Test kit from Biomedomics

Table 1: Summary Results

Comparator Method

Collected pre-2020

Antibody Positive Antibody Megative
COVID-19 Igh+, Ight+, IgM-,  Megative HIV+ Total
IgM-1gG Rapid lgG+ lgG- IgG+
Test kit
lghl+, 1gG+ 19 19
Igh+, IgG- 7 2 2 11
Ig-, IgG+ 3 3
Igh-, IgG- 1 68 ;] 77
Taotal 30 70 10 110
Table 2: Summary Stafistics
Measure Estimate Confidence Interval
IgM Sensitivity 86.7% (26/30) (70.3%; 94.7%)
IgM Specificity 97.1% (BR/T0)  (90.29%; 99.2%)
IgG Sensitivity 73.3% (22/30) (55.6%; B5.8%)
IgG Specificity 100% (FO/T0)  (94.8%; 1009:)
Combined Sensitivity 96.7% (29/30) (B3.3%; 99.4%)
Combined Specificity 97.1% (68/70)  (90.2%; 99.2%)
Combined PPV for prevalence = 64% (30.8%; B86.9%)
5.0%
Combined NPV for prevalence = 99.8% (99%; 100%:)
B.0%
Cross-reactivity with HIV+ 20.0% (2M10),
detected
Independent Calculation:
IgM 1g8G
Sensitivity 86.67% (69.28-96.24) 73.33% (54.11-87.72)
Specificity 95% (87.69-98.62) 100% (95.59-100)
PPV 86.67% (71.23-94.7) 100%
NPV 95% (88.40-97.93) 90.91% (84.67-94.76)
LR+ 17.33 (6.60-45.52) -
LR- 0.14 (0.06-0.35) 0.27 (0.15-0.48)
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DPP COVID-19 IgM/IgG System from ChemBio

Table 1: Summary Results

Comparator Method

Collected pre-2020

Antibody Positive Antibody Negative
DPP Igh+,  IgM+, IgM-,  Negative HIVs+ Total
COVID-19 InG+ lgG- lgG+
lgM/1gG
System
Igh+, 19G+ 15 1 2 18
IgM+, 1gG- 1 [ 2 9
IgM-, IgG+ 7 4 11
IgM-, IgG- 5 58 [ 70
Missing 2 2
Total 30 70 10 110
Table 2: Summary Statistics

Measure Estimate Confidence Interval

IgM Sensitivity 57.19% (16/28)  (39.1%; 73.5%)

IgM Specificity 86.2% (69/80) (77%:92.1%)

1gG Sensitivity 7B.6% (22/28)  (B0.5%; B9.B%)

IgG Specificity 91.2% (73/80) (B3%: 95.7%)

Combined Sensitivity
Combined Specificity

Combined PPV for prevalence = 18.7%

5.0%

Combined NPV for prevalence = 98.9%

5.0%

Cross-reactivity with HIV+ 40.0% (410,
may be
present

82.1% (23/28)  (64.4%; 92.1%)

81.2% (65/80)  (71.3%; B8.3%)
(10.6%; 29.3%)

(97.4%; 99.59%)

Independent Calculation:

IgM I8G
Sensitivity 57.14% (37.18-75.54) 78.57% (59.05-91.70)
Specificity 86.25% (76.73-92.93) 91.25% (82.80-96.41)
PPV 59.26% (43.51-73.31) 75.86% (60.15-86.75)
NPV 85.19% (78.80-89.90) 92.41% (85.65-96.13)
LR+ 4.16 (2.20-7.85) 8.98 (4.31-18.70)
LR- 0.50 (0.32-0.77) 0.23 (0.12-0.48)
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Covid-19 IgG/IgM Rapid Test Cassette from Hangzhou Biotest Biotech, Co., Ltd.

Table 1: Summary Results

Comparator Method Collected pre-2020
Antibody Positive Antibody Megative
Covid-19 g+, Igh+, IgM-,  Megative HIV+ Total

1gG/IgM Rapid laG+ 1gG-

Test Cassette

IgG+

Igh+, IgG+ 28
IgM+, 1aG- 2
IgM-, IgG+
IgM-, IgG-
Total 30

28

2

70 10 80
70 10 110

Table 2: Summary Statistics

Measure Estimate Confidence Interval
lgM Sensitivity 100% (30/30)  (8B.7%; 100%)
IgM Specificity 100% (80/80)  (95.4%; 100%:)
IgG Sensitivity 93.3% (28/30) (7B7%; 98.2%)
19G Specificity 100% (80/80)  (95.4%; 100%:)
Combined Sensitivity 100% (30/30)  (8B.7%; 100%)
Combined Specificity 100% (80/B0)  (95.4%; 100%)
Combined PPV for prevalence = 100% (50.5%; 1009%)
5.0%
Combined NPV for prevalence = 100% (99.49%; 1009%)
5.0%
Cross-reactivity with HIV+ 0.0% (0r10),

not detected

Independent Calculation:

IgM Ig8G
Sensitivity 100% (88.43-100) 93.33% (77.93-99.18)
Specificity 100% (95.49-100) 100% (95.49-100)
PPV 100% 100%
NPV 100% 97.56% (91.29-99.53)
LR+ - -
LR- 0 0.07 (0.02-0.25)
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COVID-19 1gG/IgM Rapid Test Cassette from

Healgen

Table 1: Summary Results

Comparator Method

Collected pre-2020

Antibody Positive Antibody Negative
COVID-19 Igh+, Igh+, IgM-,  Negative HIV+ Total
IgG/1IgM Rapid lgG+ lgG- IgG+
Test Cassette
IgM+, 1gG+ 29 29
lgM+, 19G- 1 1
lgM-, 1gG+ 2 2
IgM-, IgG- 68 10 78
Total 30 70 10 110
Table 2: Summary Statistics
Measure Estimate Confidence Interval
IgM Sensitivity 100% (30/30)  (B8.7%; 100%)
IgM Specificity 100% (B0/B0)  (95.4%; 100%)
IgG Sensitivity 96.7% (29/30)  (B3.3%; 99.4%)
IgG Specificity 97.5% (78/80) (91.3%; 99.3%)
Combined Sensitivity 100% (30/30)  (88.79%,; 1007%%)
Combined Specificity 97.5% (78/80)  (91.3%; 99.3%)
Combined PPV for prevalence = 67.8% (35%:; BB.4%)
5.0%
Combined NPV for prevalence = 100% (99.4%; 100%:)
5.0%
Cross-reactivity with HIV+ 0.0% (0/10),
not detected

Independent Calculation:

IgM IgG
Sensitivity 100% (88.43-100) 96.67% (82.78-99.92)
Specificity 100% (95.49-100) 97.50% (91.26-99.70)
PPV 100% 93.55% (78.65-98.28)
NPV 100% 98.73% (91.90-99.81)
LR+ - 38.67 (9.82-152.18)
LR- 0 0.03 (0.00-0.23)
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COVID19 RAPID TEST from Phamatech

Table 1: Summary Results

Comparator Method Collected pre-2020
Antibody Positive Antibody Megative
COVID19 Ighd+, Ight, Igh-,  Negative HIV+ Total
RAPID TEST 19G+ 19G- IgG+
Ight+, IgG+ 8 8
IgM+, IgG- 1 1 2
IgM-, 1gG+ 18 3 21
Igh-, 1gG- 4 66 9 79
Total 30 70 10 110

Table 2: Summary Statistics

Measure Estimate Confidence Interval
Igh! Sensitivity 26.7% (8/30) (14.2%:; 44.4%)
Igh! Specificity 97.5% (78/80)  (91.3%; 99.3%)
IgG Sensitivity 86.7% (26/30)  (70.3%; 94.7%)
IgG Specificity 96.2% (77/80) (899.5%; 98.7%)
Combined Sensitivity 86.7% (26/30)  (70.3%; 94.7%)

Combined Specificity
Combined PPV for prevalence =
5.0%

Combined NPV for prevalence =
5.0%

Cross-reactivity with HIV+

93.8% (75/80)
42.2%

99.3%
10.0% (1/10),

may be
present

(86.2%; 97.3%)
(21.1%; 64.9%)

(98.2%; 99.7%)

Independent Calculation:

IgM IgG
Sensitivity 26.67% (12.28-45.89) 86.67% (69.28-96.24)
Specificity 97.50% (91.26-99.70) 96.25% (89.43-99.22)
PPV 80% (47.37-94.67) 89.66% (73.89-96.37)
NPV 78% (74.02-81.52) 95.06% (88.54-97.96)
LR+ 10.67 (2.40-47.41) 23.11 (7.55-70.76)
LR- 0.75 (0.6-0.94) 0.14 (0.06-0.35)
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SARS-COV-2-1gG/IgM Test Cassette from TESTSEALABS

Table 1: Summary Results

Comparator Method Collected pre-2020
Antibody Positive Antibody Megative
SARS-CON-2- lgM+, Igh+, IgM-,  MNegative HIV+ Total
1gG/IgM Test l9G+ 1gG- IgG+
Cassette
Igh+, IgG+ 9 9
IgM+, IgG- 13 1 14
IgM-, 1gG+ 3 4 1 8
Igh-, IgG- 5 B6 a 79
Total 30 70 10 110
Table 2: Summary Statistics
Measure Estimate Caonfidence Interval
lgM Sensitivity 73.3% (22/30) (55.6%; 85.8%)
lgM Specificity 98.8% (79/80) (93.3%; 99.8%)
1gG Sensitivity 40.0% (12/30)  (24.6%; 57.7%)
lgG Specificity 93.8% (75/80) (86.2%; 97.3%)

Combined Sensitivity
Combined Specificity
Combined PPV for prevalence =
5.0%

Combined NPV for prevalence =
5.0%

Cross-reactivity with HIV+

83.3% (25/30)

92.5% (74/80)
36.9%

99.1%
20.0% (2M10),

may be
present

(66.4%; 92.7%)

(84.6%; 96.5%)
(18.5%; 58.3%)

(98%: 99.6%)

Independent Calculation:

IgM IgG
Sensitivity 73.33% (54.11-87.72) 40% (22.66-59.40)
Specificity 98.75% (93.23-99.97) 93.75% (86.01-97.94)
PPV 95.65% (75.61-99.36) 70.59% (48.01-86.18)
NPV 90.80% (84.50-94.70) 80.65% (75.57-84.87)
LR+ 58.67 (8.27-416.34) 6.40 (2.46-16.63)

LR- 0.27 (0.15-0.49) 0.64 (0.48-0.86)

191 | Rapid review: Use of Rapid Antibody-based Tests for Various Use Cases for COVID-19
DOH Health Technology Assessment Unit




SARS-COV-2 1gG/IgM Antibody Detection Kit from Tianjin Beroni Biotechnology Co., Ltd.

Table 1: Summary Results

Comparator Method Collecied pre-2020
Antibody Positive Antibody MNegative

SARS-CON-2 lgM+, g+, IgM-,  Negative HIV+ Total
IgG/IgM 19G+ 1gG- lgG+
Antibody
Detection Kit
Igh+, IgG+ 7 7
Igh+, 1IgG- 18 1 19
IgM-, IgG+ 2 2
IgM-, 1gG- 3 70 9 a2
Total 30 70 10 110

Table 2: Summary Statistics

Measure Estimate Confidence Interval
IgM Sensitivity 83.3% (25/30) (66.4%; 92.7%)
lgM Specificity 100% (FO/70)  (94.8%; 100%)
1gG Sensitivity 30.0% (9/30) (16.79%; 47.9%)
lgG Specificity 100% (FO/70)  (94.8%; 100%)
Combined Sensitivity 90.09% (27/30)  (V4.4%; 96.5%)
Combined Specificity 100% (FO/70)  (94.8%; 100%:)
Combined PPV for prevalence = 100% (42.9%; 1009%:)
5.0%
Combined NPV for prevalence = 99.5% (98.6%; 99.8%)
5.0%
Cross-reactivity with HIV+ 10.0% (1/10),

detected

Independent Calculation:

IgM IgG
Sensitivity 83.33% (65.28-94.36) 30% (14.73-49.40)
Specificity 98.75% (93.23-99.97) 100% (95.49-100)

PPV 96.15% (77.98-99.44) 100%

NPV 94.05% (87.65-97.24) 79.21% (75.09-82.8)
LR+ 66.67 (9.44-470.59) -

LR- 0.17 (0.08-0.38) 0.70 (0.55-0.88)
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Covisure Covid-19 IgM/IgG Rapid Test from W.H.P.M, Inc.

Table 1: Summary Results

Comparator Method Collected pre-2020

Antibody Positive Antibody Megative
Covisure lgM+, Igh+, IgM-, MNegative HIV+ Total
Covid-19 l9G+ 1gG- IgG+
IgM/1gG Rapid
Test
lgh+, IgG+ 21 2 2 25
lgM+, laG- 2 2
IgM-, IgG+
lgh-, lgG- 7 B8 8 83
Total 30 70 10 110
Table 2: Summary Statistics
Measure Estimate Confidence Interval
Igh Sensitivity 76.7% (23/30) (59.1%; 8B.2%:)
IgM Specificity 97.1% (88/70)  (90.29%; 99.2%)
IgG Sensitivity 70.0% (21/30)  (52.1%; 83.3%:)
1gG Specificity 97.1% (88/70)  (90.29%; 99.2%)
Combined Sensitivity 76.7% (23/30)  (59.1%; 8B.2%)
Combined Specificity 97 1% (B8/70)  (90.2%; 99.2%)
Combined PPV for prevalence = 58.5% (24%; 85.5%)
5.0%
Combined NPV for prevalence = 98.8% (97 7%; 99.4%)
5.0%
Cross-reactivity with HIV+ 20.0% (210),
detected
Independent Calculation:
IgM Ig8G
Sensitivity 76.67% (57.72-90.07) 70% (50.6-85.27)
Specificity 95% (87.69-98.62) 95% (87.69-98.62)
PPV 85.19% (68.43-93.85) 84% (66.26-93.35)
NPV 91.57% (85-95.41) 89.41% (82.99-93.60)
LR+ 15.33 (5.78-40.67) 14 (5.24-37.43)
LR- 0.25 (0.13-0.47) 0.32 (0.18-0.55)

All computed sensitivity and specificity point estimates for all rapid test kit brands were the same except for the kits
of Biomedomics, Tianjin Beroni, and WHPM Inc. For specificity analysis, discordant results for HIV+ samples were
presented separately and were not included in the denominator for calculating specificity. Other brands reported
by US National Cancer Institute still included the discordant results in HIV+ samples in the denominator for
computing specificity values. In the three brands mentioned, there is an apparent increase in the specificity point
estimates reported as compared to our independent calculations due to the removal of discordant results in the
analysis. Furthermore, we computed for PPV and NPV of IgG and IgM separately instead of the combined values as
presented by the reports.

All test kit brands had strongly positive LR+ for IgM except for Chembio which was found to be moderately positive.
In terms of 1gG, 8 test kit brands had a strongly positive LR+ except for Chembio and TESTSEALABS which had a
moderately positive result. For the LR-, only Hangzhou Biotest and Healgen were found to be strongly negative for
IgM and IgG while the rest were weakly to moderately negative.
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4. APPLICABILITY

Are there biologic issues that may affect accuracy of the test? (Consider the influence ahegbidity, race,
age, and pathology). Are there seeimnomic issues thatay affect accuracy of the test?

No information. There is no sufficient information on biologic and socio-economic issues to ascertain whether
these factors may have affected accuracy of the test. Furthermore, it was stated in the reports that the time
between symptom onset, NAAT testing and sample collection were not known for all samples.

5. CONCLUSION
While there are issues on the applicability and independence of the definition of the index and reference test,
the study can be considered to have moderate internal validity as it provides direct enough answer to the clinical
question of the review and there is independence of the performance and interpretation of the tests under
evaluation. Furthermore, we found that majority of the parameters reported were also similar to the independent
calculations that we have conducted.

“Evaluation of SARS-CoV-2 Antibody Test (Wondfo) for the detection of SARS-CoV-2 1gM and IgG in serum samples”
Wondfo_RITM, 2020

1. DIRECTNESS
Does the study provide a direct enough answer to your clinical question in terms of patients (P), examination (E)

used and disease or outcome (O) being diagnosed?
Yes.

Research Question

Patients with symptoms consistent with COVID-19, 8 days from disease onset (N=97)
Positive samples = 27; Negative samples = 70

It did not specify if the RT-PCR negative samples were also collected at least 8 days from the onset of
symptoms.

“We have chosen 27 serum samples from confirmed cases which fits the definition of true
positives. That is, those with both positive laboratory test and with clinical symptoms associated
with COVID-19. We only included samples collected at least 8 days from the onset of symptoms as
indicated in the Case Investigation Form (CIF). “ (Page 2)

“A panel of SARS-CoV-2 serum samples from PCR negative and confirmed cases were selected and
included in the study. To calculate for the number of negative panels to be tested, the authors
assumed that the test kit submitted for evaluation has at least 90% specificity.” (Page 2)

| | Wondfo SARS-CoV-2 Antibody Test by Guangzhou Wondfo Biotech Co., Ltd.

C [ RT-PCR

Sensitivity, specificity, PPV and NPV
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“The main objective of our validation is to evaluate the clinical application of this rapid test using
PCR results as point of comparison in order to come up with recommendation regarding the
proper timing in the use of this kit during the course of the disease.”

Page 2

APPRAISAL OF VALIDITY

1.1.

1.2.

1.3.

1.4.

Was the reference standard an acceptable one?
Yes. The reference standard is RT-PCR which measures the circulating levels of SARS-CoV-2.
“A panel of SARS-CoV-2 serum samples from PCR negative and confirmed cases were selected and included

in the study.” (Page 2)

Was “definition” of the index test and the reference standard independent?
Yes. The diagnosis of a case via RDT does not rely on the same criteria from the diagnosis via RT-PCR. RT-
PCR detects SARS-CoV-2 viral molecules while LFIA tests determine SARS-CoV-2 IgM/IgG.

Was “performance” of the index test and the reference standard independent?
Yes. The performance of both reference and index tests have been performed on all samples included in the

study.

“A panel of SARS-CoV2 serum samples from PCR negative and confirmed cases were selected in the study.”

(Page 2)

Was “interpretation of the index test and the reference standard independent?
Not mentioned. The study did not mention any step/ effort to ensure that the interpretation of the index
and reference tests did not affect each other such as the performance of blinding.

APPRAISING THE RESULTS
What were the likelihood ratios of the various test results? (Show your independent calculations as well. After

doing so, compare this with the reported values. In addition, can sensitivity analysis be done? Are equivocal
results present?)

The authors of the paper presented the following information in their report:

RT-PCR (+) RT-PCR (-) Total
RAT + 21 2 23
RAT - 6 68 74
Total 27 70 97
Statistic Results
Sensitivity (%) 77.8(57.7 t0 91.4, 95% Cl)
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Specificity (%) 97.1(90.1 to 99.7, 95% Cl)

Positive predictive value 91.3(72.0t098.9, 95% Cl)

Negative predictive value 91.9(91.9,97.0, 95% Cl)

The results of independent calculations are as follows:

Statistic Value 95% Cl
Sensitivity 77.78% 57.74% t0 91.38%
Specificity 97.14% 90.06% to 99.65%
Positive Likelihood Ratio 27.22 6.84 to 108.29
Negative Likelihood Ratio 0.23 0.11to 0.46
Disease prevalence (*) 27.84% 19.21% to 37.86%
Positive Predictive Value (¥*) 91.30% 72.52% to 97.66%
Negative Predictive Value (*) 91.89% 84.82% t0 95.83%
Accuracy (*) 91.75% 84.39% t0 96.37%

We note that the authors were not able to separately assess the diagnostic accuracy for IgG and IgM because the
test kit has only one line and does not distinguish the type of antibody detected. The calculated performance
values were consistent with the reported values by the authors. Based on the calculated likelihood ratios of LR+
27.22 (strongly positive) and LR- 0.23 (moderately negative), the index test is good at ruling in COVID-19. This test
can be used as a confirmatory test.

APPLICABILITY
For the selected population, there was no mention of the age, severity of COVID-19, and nutritional status which
can affect the level of circulating antibodies in a symptomatic patient.

CONCLUSION
We deem that the overall internal validity of the study is moderate. We have only noted one area which may
affect the validity of the study which is the lack of information on the independence of interpretation of index
test and reference standard.

“Clinical Performance Evaluation of
Boson BIOTECH RAPID 2019-NCOV IgM/ IgG COMBO TEST CARD”
Boson_RITM, 2020

1. DIRECTNESS
Does the study provide a direct enough answer to your clinical question in terms of patients (P), examination (E)

used and disease or outcome (O) being diagnosed?
Yes.

Research Question

Patients with symptoms consistent with COVID-19, 8 to 35 days from disease onset (N=21)
Positive samples = 21; Negative samples = 21

“A total of 42 serum samples were used with 21 collected from SAR-CoV2 (sic) PCR
positive patients and 21 negative samples collected in 2019 from Dengue Surveillance.
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The samples from SARS-CoV2 PCR positive patients were collected 8 to 35 days post onset
of symptoms.” (Page 2)

It was not indicated if the negative samples had negative RT-PCR results

Boson BIOTECH RAPID 2019-NCOV IgM/ IgG COMBO TEST CARD

C | RT-PCR

O | Sensitivity, specificity

APPRAISAL OF VALIDITY
2.1. Was the reference standard an acceptable one?
Yes. The reference standard is RT-PCR which measures the circulating levels of SARS-CoV-2.
“A total of 42 serum samples were used with 21 collected from SAR-CoV2 (sic) PCR positive patients
and 21 negative samples collected in 2019 from Dengue Surveillance. The samples from SARS-CoV2
PCR positive patients were collected 8 to 35 days post onset of symptoms.” (Page 2)

2.2. Was “definition” of the index test and the reference standard independent?
Yes. The diagnosis of a case via RDT does not rely on the same criteria from the diagnosis via RT-PCR. RT-
PCR detects SARS-CoV-2 viral molecules while LFIA tests determine SARS-CoV-2 IgM/IgG.

2.3. Was “performance” of the index test and the reference standard independent?
No. The negative samples were collected in 2019 from dengue surveillance. The report did not explicitly
mention whether these samples were tested by RT-PCR to confirm whether these are negative.

2.4. Was “interpretation” of the index test and the reference standard independent?

Not mentioned. The study did not mention any step/ effort to ensure that the interpretation of the index and

reference tests did not affect each other such as the performance of blinding.

APPRAISING THE RESULTS
The 2x2 table where the number of true positives and negatives, and the index test results were not included in
the paper. Only the index test results, the sensitivity values for I1gG and IgM of the rapid diagnostic test were
shown. The authors have reported that all archived serum samples from the 2019 Dengue Surveillance were
negative for both IgM and IgG, but did not mention the allocation of negative samples for each symptom onset
grouping. The following values were reported by the author:

IgM IgG
D .
ays afteronset | No. of samples Positive Negative Positive Negative
814 12 > ! s :
15-35 9 6 > ° :
Total 21 11 10 = >
IgM Sensitivity IgG Sensitivity
Days after onset Number of samples (95% Cl) (95% Cl)
41.67% 66.67%
8-14 12 (15.17 t0 72.33) (34.89 t0 90.08)
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15-35

(29.33 t0 92.51)

66.67%

88.89%
(51.75 t0 99.72)

Below are our independent calculations:

IlgM [8 to 14 days after symptom onset] (reconstructed 2x2 table)

RT-PCR (+) RT-PCR (-) Total
IgM (+) 5 0 5
IgM (-) 7 0 7
Total 12 0 12
Statistic Value 95% Cl
Sensitivity 41.67% 15.17% t0 72.33%

IgM [15 to 35 days after symptom onset] (reconstructed 2x2 table)

RT-PCR (+) RT-PCR (-) Total
IgM (+) 6 0 6
IgM (-) 3 0 3
Total 9 0 9
Statistic Value 95% Cl
Sensitivity 66.67% 29.93% t0 92.51%

lgG [8 to 14 days after symptom onset] (reconstructed 2x2 table)

RT-PCR (+) RT-PCR (-) Total
18G (+) 8 0 8
IgG (-) 4 0 4
Total 12 0 12
Statistic Value 95% Cl
Sensitivity 66.67% 34.89% to 90.08%

IgG [15 to 35 days after symptom onset] (reconstructed 2x2 table)
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RT-PCR (+) RT-PCR (-) Total
IgG (+) 8 0 8
1gG (-) 1 0 1
Total 9 0 9
Statistic Value 95% Cl
Sensitivity 88.89% 51.75% t0 99.72%

The authors found that the reported results were consistent with the results from independent calculation. The
likelihood ratios cannot be calculated because no RT-PCR negative samples were tested against the index test.

APPLICABILITY
There was no mention of the age, severity of COVID-19, and nutritional status. Both of which can affect the level
of circulating antibodies in a symptomatic patient.

CONCLUSION
We deem that the study has low internal validity as a result of the non-independence of the performance of the
index and reference tests, lack of information on the independence of interpretations, and the inconsistencies
detected in their reported results.

“Reliability and usefulness of a rapid IgM-1gG antibody test for
the diagnosis of SARS-CoV-2 infection: A preliminary report.”
Spicuzza, 2020

1. DIRECTNESS
Does the study provide a direct enough answer to your clinical question in terms of patients (P), examination (E)
used and disease or outcome (O) being diagnosed?
Yes.

Research Question

Symptomatic and asymptomatic patients consistent with COVID-19 (N = 37)
Positive samples = 23; Negative samples = 14

“The study population was divided in three groups:

(1) 23 patients with confirmed COVID-19 who had, according to the WHO definition,

P consistent radiological/clinical findings and positive molecular tests for SARS-Cov-2;
(2) 7 patients with suspected COVID-19 who had suggestive radiological/clinical findings but
negative molecular tests;
(3) 7 asymptomatic controls with negative molecular tests “
Page 1, paragraph 2

Beijing Diagreat Biotechnologies Co., Ltd: 2019-nCoV IgG/ IgM Antibody Rapid Test Kit
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“Qualitative assessment of IgG and IgM was performed using the rapid
immunochromatographic assay during hospital stay (confirmed cases) or upon
admission to the emergency room (suspicious cases).”

Page 1, paragraph 3

C [ RT-PCR

O | Sensitivity, specificity, PPV, NPV

APPRAISAL OF VALIDITY
2.5. Was the reference standard an acceptable one?

Yes. The reference standard is RT-PCR which measures the circulating levels of SARS-CoV-2.

1.1. Was “definition” of the index test and the reference standard independent?
Yes. Since the diagnosis of a case via RDT does not rely on the same criteria from the diagnosis via RT-PCR.
RT-PCR detects SARS-CoV-2 viral molecules while LFIA tests determine SARS-CoV-2 IgM/IgG.

1.2. Was “performance” of the index test and the reference standard independent?
Yes. All collected samples were tested for both index and reference tests.

1.3. Was “interpretation of the index test and the reference standard independent?
Not mentioned. The study did not mention any step/ effort to ensure that the interpretation of the index and
reference tests did not affect each other such as the performance of blinding.

APPRAISING THE RESULTS
The study presented the following information on the diagnostic accuracy:

RT-PCR (+) RT-PCR (-) Total
RDT + 19 1 20
RDT - 4 13 17
Total 23 14 37

The reported sensitivity and specificity of all 37 patients were 83% and 93%, respectively.
Below are our independent calculations:

If all 37 were included

Statistic Value 95% Cl
Sensitivity 82.61% 61.22% to 95.05%
Specificity 92.86% 66.13% t0 99.82%
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Positive Likelihood Ratio 11.57 1.73t077.17
Negative Likelihood Ratio 0.19 0.08 t0 0.46
Disease prevalence (*) 62.16% 44.76% to 77.54%
Positive Predictive Value (*) 95.00% 74.01% t0 99.22%
Negative Predictive Value (*) 76.47% 56.86% to 88.91%
Accuracy (*) 86.49% 71.23% to 95.46%

If the 2 patients with early symptoms (Day 3 and 5) with a RT-PCR positive result that were excluded from the test.

RT-PCR (+) RT-PCR (-) Total

RDT + 19 1 20

RDT - 2 13 15

Total 21 14 37
Statistic Value 95% Cl
Sensitivity 90.48% 69.62% to 98.83%
Specificity 92.86% 66.13% t0 99.82%
Positive Likelihood Ratio 12.67 1.91to 84.16
Negative Likelihood Ratio 0.10 0.03t00.39
Disease prevalence (*) 60.00% 42.11% t0 76.13%
Positive Predictive Value (*) 95.00% 74.09% t0 99.21%
Negative Predictive Value (*) 86.67% 63.31% to 96.08%
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Accuracy (*)

91.43%

76.94% to 98.20%

The reported sensitivity and specificity was consistent with the independent calculations. Furthermore, we included
a calculation where we excluded the patients that presented in Day 3 and 5 from symptom onset. This increased the
sensitivity from 82.61% to 90.48%, while the specificity of the test remained unchanged. Based on the calculated
likelihood ratios, the LR+ was strongly positive and LR- was moderately negative in both scenarios. This means that

the index test is good as a screening and as a confirmatory test.

APPLICABILITY

There were incomplete details on the age, severity of COVID-19 of the patient with a negative RT-PCR/ positive
IlgG/ 1gM result, and nutritional status. These can affect the level of circulating antibodies in a symptomatic
patient. As such, applicability cannot be determined.

CONCLUSION

We deem that the overall internal validity of the study is moderate. We have only noted one area which may
affect the validity of the study which is the lack of information on the independence of interpretation of index

test and reference standard.

202 | Rapid review: Use of Rapid Antibody-based Tests for Various Use Cases for COVID-19

DOH Health Technology Assessment Unit




“The value of rapid tests for the detection of specific IgM and IgG antibodies
in the detection of SARS CoV-2 virus infection”
Vasarhelyi, 2020

1. DIRECTNESS
Does the study provide a direct enough answer to your clinical question in terms of patients (P), examination (E)

used and disease or outcome (O) being diagnosed?
Yes.

Research Question

Patients tested for COVID-19 (N=1,654)

“In the study period, 20,120 records were submitted via the laboratory microbiological IT system. A
P | record assigned to a person contains a result. (Each PCR or IgM or IgG result is displayed on a separate
record.) Based on the records examined, 4140 individuals were tested for the presence of IgM and IgG
only; 3210 individuals underwent PCR testing only and 1654 individuals underwent PCR and rapid test
testing (Anhui: 625, Clungene: 1029) with a maximum deviation of 3 days.” (Page 2)

Anhui Deep Blue Medical Technology Co., Ltd., China
Clungene Biotech Co., Ltd., China

“Two types of rapid tests were used in our laboratory: March 28 to April 2, 2020 in Anhui (manufacturer:
Anhui Deep Blue Medical Technology Co., Ltd., China), followed by a SARS-CoV-2-specific.” (Page 3)

C [ RT-PCR

O | Sensitivity, specificity, PPV and NPV

2. APPRAISAL OF VALIDITY
1.4. Was the reference standard an acceptable one?

Yes. The reference standard is RT-PCR which measures the circulating levels of SARS-CoV-2.

“Based on the records examined, 4140 individuals were tested for the presence of IgM and IgG only; 3210
individuals underwent PCR testing only and 1654 individuals underwent PCR and rapid test testing (Anhui:
625, Cleninge: 1029) with a maximum deviation of 3 days.” (Page 2)

1.5. Was “definition” of the index test and the reference standard independent?
Yes. The diagnosis of a case via RDT does not rely on the same criteria from the diagnosis via RT-PCR. RT-
PCR detects SARS-CoV-2 viral molecules while LFIA tests determine SARS-CoV-2 IgM/IgG.

1.6. Was “performance” of the index test and the reference standard independent?
No. Not all samples included in the study were tested for both RT-PCR and RDT.
“Based on the records examined, 4140 individuals were tested for the presence of IgM and IgG only; 3210
individuals underwent PCR testing only and 1654 individuals underwent PCR and rapid test testing (Anhui:
625, Clungene: 1029) with a maximum deviation of 3 days.” (Page 2)

1.7. Was “interpretation” of the index test and the reference standard independent?
Not mentioned. The study did not mention any step/ effort to ensure that the interpretation of the index and
reference tests did not affect each other such as the performance of blinding.
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APPRAISING THE RESULTS

What were the likelihood ratios of the various test results? (Show your independent calculations as well. After
doing so, compare this with the reported values. In addition, can sensitivity analysis be done? Are equivocal

results present?)

The study presented the following information on the diagnostic accuracy:

(69.11-76.36)

Anhui (at 95% Cl) Clungene
Sensitivity 33.33% 35.48%

(14.59- 56.97) (19.23-54.63)
Sensitivity 72.85% 85.02%

(82.64-87.19)

(92.65-95.88)

Positive predictive value 7.27% 13.13%
(4.05-12) (8.42-19.91)
Negative predictive value 94.48% 95.38%

(94.08-96.41)

Independent calculations were done for both test kits, either or both positive 1gG or IgM antibody result will be
treated as a positive antibody result for the 2x2 table.

Anhui
RT-PCR (+) RT-PCR (-) Total
RAT (+) 7 164 171
RAT (-) 14 440 454
Total 21 604 625
Statistic Value 95% Cl
Sensitivity 33.33% 14.59% to 56.97%
Specificity 72.85% 69.11% to 76.36%
Positive Likelihood Ratio 1.23 0.66t0 2.28
Negative Likelihood Ratio 0.92 0.67to 1.24
Disease prevalence (*) 3.36% 2.09% to 5.09%
Positive Predictive Value (*) 4.09% 2.25% to 7.34%
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Negative Predictive Value (*) 96.92% 95.86% t0 97.71%

Accuracy (*) 71.52% 67.81% to 75.03%
Clungene
RT-PCR (+) RT-PCR (-) Total

RAT (+) 11 158 169
RAT (-) 20 840 860
Total 31 998 1029

Statistic Value 95% Cl

Sensitivity 35.48% 19.23% to 54.63%

Specificity 84.17% 81.75% to 86.38%

Positive Likelihood Ratio 2.24 1.37t03.68

Negative Likelihood Ratio 0.77 0.59to 1.00

Disease prevalence (¥*) 3.01% 2.06% to 4.25%

Positive Predictive Value (*) 6.51% 4.07% to 10.26%

Negative Predictive Value (*) 97.67% 97.00% to 98.20%

Accuracy (*) 82.70% 80.25% to 84.97%

The results of independent calculation were consistent with the results of the authors. In addition, the authors did a
sensitivity analysis testing for the sensitivity and specificity results at different prevalence values (6%, 2%, 10%, and
30%). Based on the calculated likelihood ratios, the LR+ of both Anhuiand Clungene were weakly positive at 1.23 and
2.24, respectively. Also, the LR- of both Anhui and Clungene were weakly negative at 0.92 and 0.77, respectively. This
indicates that both rapid antibody tests are not useful as screening and confirmatory tests.

3. APPLICABILITY

Are there biologic issues that may affect accuracy of the test? (Consider the influence of sex, co-morbidity, race, age,
and pathology). Are there socio-economic issues that may affect accuracy of the test?

No.
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Patient details such as the severity of symptoms consistent with COVID-19 infection was not specified in the study. In
addition, the authors recognized that there were multiple limitations in their study: such as the absence of data
regarding the medical history of the patients, the 6% prevalence was estimated to be higher than the estimated
prevalence in the general Hungarian population, and the use of serum instead of whole blood for the rapid antibody
test. They suggest pre-screening patients prior to rapid antibody testing to improve the performance of the test. In
addition, there were incomplete details on the age, no details on the severity and timing of testing in relation to
disease onset of COVID-19 of the patient, and nutritional status. These can affect the level of circulating antibodies in
a symptomatic patient. Hence, applicability cannot be determined.

4. CONCLUSION

We deem that the study has moderate internal validity as a result of the non-independence of the performance of
the index and reference tests and lack of information on the independence of interpretations.

“Development and Clinical Application of A Rapid IgM-IgG Combined Antibody Test for SARS-CoV-2 Infection
Diagnosis”
Li, 2020

1. DIRECTNESS

Yes. The study was done among known and unknown cases of COVID-19. In our setting, the question is whether
it can be used among a specific subgroup of the population for either diagnosis, determination of previous
exposure or surveillance - to which this study uses RATs for diagnosis.

“The patients were recruited who conform to the diagnostic criteria of a suspected case of COVID-19 according
to the guidelines of diagnosis and treatment of COVID-1915 including typical epidemiological history and clinical
characteristics.”

Page 3, Paragraph 3

Research Question
Patients with suspected case of COVID-19 (N=525) (undefined symptomatic or asymptomatic cases)
Positive samples = 397; Negative samples = 128

P
“[...] we carried out clinical studies to validate its clinical efficacy uses. The clinical detection sensitivity
and specificity of this test were measured using blood samples collected from 397 PCR confirmed COVID-
19 patients and 128 negative patients at eight different clinical sites.” (Page 1, Paragraph 1)
IgG/IgM rapid test kits (designed and manufactured by Jiangsu Medomics Medical Technologies)

| “We have developed a rapid and simple point-of-care lateral flow immunoassay that can detect
immunoglobulin M (IgM) and IgG antibodies simultaneously against SARS-CoV-2 virus in human blood
within 15 minutes which can detect patients at different infection stages.”
(Page 1, Paragraph 1)
RT-PCR

c “A total of 525 cases were tested: 397 (positive) clinically confirmed (including PCR test) SARS-CoV-2-
infected patients and 128 non-SARS-CoV-2-infected patients (128 negative).”
(Page 5, Paragraph 1)
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Turnaround time, Sensitivity, Specificity, Detection consistency

“The specificity and sensitivity of the rapid test kits were calculated according to the following
formulas...”

Page 3, Paragraph 6

2. APPRAISAL OF VALIDITY
2.1. Was the reference standard an acceptable one?

Yes, the reference test is RT-PCR.

“The respiratory tract specimen, including pharyngeal swab and sputum, was used to confirm COVID-19
cases” (Page 3, Paragraph 1)

“A total of 525 cases were tested: 397 (positive) clinically confirmed (including PCR test) SARS-CoV-2-
infected patients and 128 non-SARS-CoV-2-infected patients (128 negative).” (Page 5, Paragraph 1)

2.2. Was “definition” of the index test and the reference standard independent?
Yes.
The defined set of criteria for the reference standard and index tests are independent of each other. RT-PCR
detects SARS-CoV-2 viral molecules while LFIA tests determine SARS-CoV-2 IgM/IgG.

2.3. Was “performance” of the index test and the reference standard independent?
Not mentioned.
It was not mentioned if the performance of the test and reference standard are independent. In addition,
there was no mention whether the negative samples were tested as well with PCR.

“The tests were done separately at each site. A total of 525 cases were tested: 397 (positive) clinically
confirmed (including PCR test) SARS-CoV-2-infected patients and 128 non-SARS-CoV-2-infected patients
(128 negative).” (Page 5, Paragraph 1)

2.4. Was “interpretation of the index test and the reference standard independent?
Not mentioned.
It was not mentioned if the interpretation of the index test and reference standards are independent.
However, it is likely not to be independent since the results of the supposed gold standard were already
known when the participants were included in the study.

“Because this test can detect IgM and IgG simultaneously, it could be used for both early diagnosis (IgM)
and for monitoring during treatment. SARS-CoV-2 infection starts at the lungs, not in the upper respiratory
tract, therefore, sampling during the early infection stage using throat swab or sputum may not detect the
virus. This is one possible explanation for high false negatives in the nucleic acid PCR test. However, this
sampling effect should not have any effect on IgM and IgG detection with this rapid test.” (Page 6, Paragraph
2)

3. APPRAISING THE RESULTS
The study reported the following information:
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Rapid Antibody Test (RAT) (Reconstructed 2x2 Table)

RT-PCR (+) RT-PCR (-) Total
RAT + 352 12 364
RAT - 45 116 161
Total 397 128 525
Reported performance of Rapid Antibody Test (RAT)

Sensitivity Specificity PPV NPV LR(+) LR(-)
[95% CI] [95% Cl] [95% CI] [95% CI] [95% CI] [95% CI]
88.66% 90.63%

Not reported Not reported Not reported Not reported
[Not reported] [Not reported]

PPV: Positive Predictive Value | NPV: Negative Predictive Value | LR (+): Positive Likelihood Ratio |

LR (-): Negative Likelihood Ratio

Our independent calculation are as follows:
Calculated performance of Rapid Antibody Test (RAT)

Sensitivity Specificity PPV NPV LR(+) LR(-)
[95% ClI] [95% Cl] [95% Cl] [95% Cl] [95% CI] [95% Cl]
88.66% 90.62% 96.70% 72.05% 9.46 0.13

[85.13-91.61] | [84.20-95.06] [94.47-98.05] | [66.07-77.34] [5.51-16.23] [0.09 - 0.17]

PPV: Positive Predictive Value | NPV: Negative Predictive Value | LR (+): Positive Likelihood Ratio |
LR (-): Negative Likelihood Ratio

Although there is a marginal difference by 0.01 percent in the reporting of specificity, the overall reported values are
deemed to be consistent with the independent calculations. The IgG/IgM rapid test kits used in this study showed a
moderately positive likelihood ratio and a moderately negative likelihood ratio.

4. APPLICABILITY
None mentioned.
However, while the only patient characteristic reported was median age of the participants, there was no
discussion correlating the age and the results of the study. The authors noted that differences in individual
immune response antibody production may have affected the reporting of the accuracy of the test.
“the difference in individual immune response antibody production could be one reason for the false-negative
results in COVID-19 patients.”
Page 5, Discussion section, Paragraph 5
Are there socio-economic issues that may affect accuracy of the test?
None identified.

5. CONCLUSION

We deem that the overall validity of this study is moderate. There are some issues observed that may affect the
internal validity of the study - the lack of information on the independence of both the performance and the
interpretation of the index and reference tests.
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“Serological immunochromatographic approach in diagnosis with SARS-CoV-2 infected COVID-19 patients”
Pan, 2020

1. DIRECTNESS

Yes.

Research Question
Patients with suspected case of COVID-19 (N=108) (undefined symptomatic or asymptomatic cases)
Positive samples = 86; Negative samples = 22

p “A total of 86 samples from 67 cases of real-time RT-PCR confirmed SARS-CoV-2 positive patients with
disease duration information were subjected to the analysis.” (Page 2, Methods section, Sensitivity of
IgM or IgG ICG strip assay subsection, Paragraph 1)
“Detection capability of viral IgM or IgG in real-time RT-PCR negative patients [...] total number of
samples = 22”. (Page 3 Table 2)
Colloidal gold-based immunochromatographic (ICG) strip (IgG/IgM rapid antibody test)
(designed and manufactured by Zhuhai Livzon Diagnostic Inc.)

| | “The blood samples were collected, and blood serum, plasma or whole blood were subjected to ICG
assay in accordant with the manufacturer’s protocol (Zhuhai Livzon Diagnostic Inc.).” (Page 2, Paragraph
3)
RT-PCR recommended kit (BioGerm, Shanghai, China)

C
“Throat swab samples were collected and tested for SARS-CoV- 2 with the Chinese Center for Disease
Control and Prevention (CDC) recommended Kit (BioGerm, Shanghai, China)...” (Page 2, Paragraph 4)
Sensitivity

0 “In the ICG strip sensitivity assay with real-time RT-PCR confirmed cases and ICG detection capability
with nucleic acid negative cases, the numbers of IgM positive, 1gG positive and either IgM or IgG positive
were counted, and the percentages and 95% confi- dence intervals were presented.” (Page 2, Paragraph
5)

APPRAISAL OF VALIDITY
1.1. Was the reference standard an acceptable one?

Yes. The reference standard in the study is RT-PCR.

“Atotal of 86 samples from 67 cases of real-time RT-PCR confirmed SARS-CoV-2 positive patients with disease
duration information were subjected to the analysis.” (Page 2, Methods section, Sensitivity of IgM or IgG ICG
strip assay subsection, Paragraph 1)

“Detection capability of viral IgM or IgG in real-time RT-PCR negative patients [...] total number of samples =
22" (Page 3 Table 2)
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1.2. Was “definition” of the index test and the reference standard independent?

Yes. The defined set of criteria for the reference standard and index tests are independent of each other.
RT-PCR detects SARS-CoV-2 viral molecules while LFIA tests determine SARS-CoV-2 IgM/IgG.

1.3. Was “performance” of the index test and the reference standard independent?

Not mentioned.
It was not mentioned if the performance of the test and reference standard are independent.

While the positive samples were tested with RT-PCR, the “negative” samples (as tested also with RT-PCR)
were classified as positive for COVID-19 by clinical diagnosis. Hence, a confusion arises on what is the true
reference standard used in the study. Based on the study, the clinical diagnosis acted as the confirmatory
test for determining these “negative” samples.

According to the 5th edition of the guideline on diagnosis and treatment of the novel coronavirus
pneumonia, highly suspected COVID-19 patients with real-time RT-PCR negative but with radiographic viral
pneumonia were regarded as “clinically diagnosed” patients. (Page 3, Antibody detection in nucleic acid-
negative “clinically diagnosed” patients, Paragraph 1)

“Among all the samples, 39 “clinically diagnosed” samples from 37 patients were subjected to antibody
detection capability in nucleic acid negative patients; 47 of the samples were used for the comparison of
the consistency in plasma and whole blood samples, 13 of which were ruled out as the samples were
expired.” (Page 2, Results section, Information of COVID-19 confirmed or suspected patients subsection,
Paragraph 2)

1.4. Was “interpretation” of the index test and the reference standard independent?

No. It is likely that the interpretation between the two was not independent since the results of the
supposed gold standard were already known when the participants were included in the study.

“A total of 86 samples from 67 cases of real-time RT-PCR confirmed SARS-CoV-2 positive patients with
disease duration information were subjected to the analysis.” (Page 2, Paragraph 9)

APPRAISING THE RESULTS
The study reported the following information:

IgM [regardless of disease duration] (Reconstructed 2x2 Table)

RT-PCR (+) RT-PCR (-) Total
IgM + 48 - -
IgM - 38 - -
Total 86 - -

IgM [Disease duration: 1-7 days] (Reconstructed 2x2 Table)

RT-PCR (+) RT-PCR (-) Total
IgM + 3 - -
IgM - 24 - -
Total 27 - -
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IgM [Disease duration: 8-14 days] (Reconstructed 2x2 Table)

RT-PCR (+) RT-PCR (-) Total
IgM + 22 - -
IgM - 6 - -
Total 28 - -
IgM [Disease duration: 15th day and onwards] (Reconstructed 2x2 Table)
RT-PCR (+) RT-PCR (-) Total
IgM + 23 - -
IgM - 8 - -
Total 31 - -
IgG regardless of disease duration (Reconstructed 2x2 Table)
RT-PCR (+) RT-PCR (-) Total
lgG + 47 - -
IgG - 39 - -
Total 86 - -
IgG Disease duration: 1-7 days (Reconstructed 2x2 Table)
RT-PCR (+) RT-PCR (-) Total
IgG + 1 - -
1gG - 26 - -
Total 27 - -
IgG Disease duration: 8-14 days (Reconstructed 2x2 Table)
RT-PCR (+) RT-PCR (-) Total
1gG + 16 - -
IgG - 12 - -
Total 28 - -
IgG Disease duration: 15th day and onwards (Reconstructed 2x2 Table)
RT-PCR (+) RT-PCR (-) Total
1gG + 30 - -
G - 1 - -
Total 31 - -
Overall 1gG or IgM regardless of disease duration (Reconstructed 2x2 Table)
RT-PCR (+) RT-PCR (-) Total
IgG or IgM + 59 - -
lgG-or IgM - 27 - -
Total 86 - -

Reported sensitivity results

Disease duration

Sensitivity (IgM)

Sensitivity (1gG)

after onset

Early duration, between 1-7 days

11.1%
[2.9-30.3]

3.6%
[0.2-20.9]
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Immediate duration, between 8-14 78.6% 57.1%
days after onset [58.5 - 91.0] [37.4 - 75.0]
Late duration, 15th day and 74.2% 96.8%
onwards after onset [55.1-87.5] [81.5 - 99.8]
Regardless of disease duration 55.8% 54.7%
[44.7 - 66.4] [43.6-65.3]

Results (overall IgM or 1gG) regardless of disease stage: 68.6% [57.6 - 77.9]

Reported specificity results

Disease duration

Specificity (IgM)

Specificity (1gG)

Early duration, between 1-7 days
after onset

Not reported

Not reported

Immediate duration, between 8-14
days after onset

Not reported

Not reported

Late duration, 15th day and
onwards days after onset)

Not reported

Not reported

Regardless of disease duration

Not reported

Not reported

Results (overall IgM or 1gG) regardless of disease stage: Not reported

Our independent calculation are as follows:

These values presented below were derived based on the true positives and true negatives mentioned in the study.

Calculated Results for IgM

lgM
Di
du"::;f; Sensitivity | Specificity PPV NPV LR(+) LR(-)
[95% Cl] [95% ClI] [95% ClI] [95% ClI] [95% ClI] [95% CI]
Early duration 11.11% - - - - -
[2.35-29.16]
Immediate 78.57% - - - - -
duration [59.05 -
91.70]
Late duration 74.19% - - - - B
[55.39 -
88.14]
Regardless of 55.81% - - - - -
duration [44.70 -
66.52]

PPV: Positive Predictive Value | NPV: Negative Predictive Value | LR (+): Positive Likelihood Ratio |

LR (-): Negative Likelihood Ratio
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Calculated Results for IgG

IgG
Disease e e
duration Sensitivity Specificity PPV NPV LR(+) LR(-)
[95% Cl] [95% CI] [95% CI] [95% CI] [95% CI] [95% CI]
Early duration 3.70% - - - - -
[0.09 - 18.97]
Immediate 57.14% - - - - _
duration [37.18 -
75.54]
Late duration 96.77% - - B B -
[83.30 -
99.92%)]
Regardless of 54.65% - - - - -
duration [43.55 -
65.42

PPV: Positive Predictive Value | NPV: Negative Predictive Value | LR (+): Positive Likelihood Ratio |
LR (-): Negative Likelihood Ratio

Calculated Results (overall IgM or IgG) regardless of disease stage:
1. Sensitivity: 68.60% [57.70 - 78.19]

The reported sensitivity point estimates values were similar to our computations. However, the reported 95%
confidence intervals differ in decimal values. We used Clopper-Pearson method in computing these 95% confidence
intervals. It was not mentioned in the study how the 95% confidence intervals were computed.

APPLICABILITY
Are there biologic issues that may affect accuracy of the test? (Consider the influence of sex, co-morbidity, race,
age, and pathology).
None mentioned.

Are there socio-economic issues that may affect accuracy of the test?
None mentioned.

CONCLUSION
We deem that this study has low internal validity due to the non-independence on the interpretation of the index
test and reference standard, lack of information on the independence on the performance of the index test and
reference standard and inconsistencies detected in the results.
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“Clinical evaluation of a rapid colloidal gold
immunochromatography assay for SARS-Cov-2 IgM/1gG”
Shen, 2020

1. DIRECTNESS
Yes.

Research Question

Patients with suspected case of COVID-19 (N=150) (undefined symptomatic or asymptomatic cases)

“We identified 150 patients who met the suspected COVID-19 case definition according to the

P Diagnosis and Treatment Guideline (trial version 5) of China.” (Page 1349, Paragraph 4)
Positive samples = 97; Negative samples = 53

| Immunochromatography assay test (designed and manufactured by Shanghai Outdo Biotech Co. Ltd,
China, LOT: 20200101)

C | RT-PCR

O | Sensitivity, Specificity, Seroconversion

APPRAISAL OF VALIDITY
2.1. Was the reference standard an acceptable one?

Yes.
The reference standard in the study is RT-PCR.

“Nasopharyngeal and oropharyngeal swab samples were collected and sent to referral laboratory for RT-
PCR test. If the RT-PCR result was negative or indetermined [sic], a repeated sample collection and PCR test
would be performed by CDC.” (Page 1350, Paragraph 5)

2.2. Was “definition” of the index test and the reference standard independent?
Yes.
The defined set of criteria for the reference standard and index tests are independent of each other. RT-
PCR detects SARS-CoV-2 viral molecules while LFIA tests determine SARS-CoV-2 IgM/IgG.

2.3. Was “performance” of the index test and the reference standard independent?
Yes.
All positive and negative samples in the study were reported to have been subject to index test and
reference test.

“Nasopharyngeal and oropharyngeal swab samples were collected and sent to referral laboratory for RT-
PCR test. If the RT-PCR result was negative or indetermined [sic], a repeated sample collection and PCR test
would be performed by CDC, Taizhou. All patients would be quarantined for at least 2 weeks according to
the clinical guideline of China.

Blood samples of participants were tested for IgM/IgG antibodies against COVID-19 using the colloidal gold
immunochromatography antibody detection kit.” (Page 1350, Paragraphs 5 and 6)
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2.4. Was “interpretation” of the index test and the reference standard independent?
Not mentioned. It was not mentioned if the interpretation of the test and reference standard are
independent.

“A patient with at least one positive RT-PCR result (CT threshold <37) was defined as PCR positive, and was
clinically confirmed COVID-19 diagnosis. Patient with two consecutive negative RT-PCR results (CT threshold
>40) was defined as PCR negative, but exclusion of COVID-19 could not be made merely based on PCR results
as the sensitivity of current RT-PCR analysis for COVID-19 is still unsatisfactory. In this study, a PCR negative
patient would be further diagnosed as non-COVID-19 if the symptom could be well explained by identified
condition or infection of the patient and recover after corresponding treatments. Other PCR negative
patients were considered inconclusive.” (Page 1350, Paragraph 1)

APPRAISING THE RESULTS

The study reported the following information:
Performance of Rapid Antibody Test (RAT) - subgroup analysis based on patient characteristics:

Subgroup: Sex (Male) (Reconstructed 2x2 Table)

RT-PCR (+) RT-PCR () Total
RAT (+) 45 Not reported -
RAT (-) 14 Not reported -
Total 59 - -

RAT: Rapid Antibody Test

Subgroup: Sex (Female) (Reconstructed 2x2 Table)

RT-PCR (+) RT-PCR (-) Total
RAT (+) 24 Not reported -
RAT (-) 14 Not reported -
Total 38 - -
Subgroup: Age < 20-35 (Reconstructed 2x2 Table)
RT-PCR (+) RT-PCR (-) Total
RAT (+) 10 Not reported -
RAT (-) 7 Not reported -
Total 17 - -
Subgroup: Age 36-55 (Reconstructed 2x2 Table)
RT-PCR (+) RT-PCR (-) Total
RAT (+) 40 Not reported -
RAT (-) 14 Not reported -
Total 54 - -
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Subgroup:

Age 56-65 (Reconstructed 2x2 Table)

RT-PCR (+) RT-PCR (-) Total
RAT (+) 12 Not reported -
RAT (-) 5 Not reported -
Total 17 - -
Subgroup: Age >65 (Reconstructed 2x2 Table)
RT-PCR (+) RT-PCR (-) Total
RAT (+) 9 Not reported -
RAT (-) 0 Not reported -
Total 9 - -
Subgroup: Symptom onset (0-7 days) (Reconstructed 2x2 Table)
RT-PCR (+) RT-PCR (-) Total
RAT (+) 22 Not reported -
RAT (-) 18 Not reported -
Total 40 - -
Subgroup: Symptom onset (8-14 days) (Reconstructed 2x2 Table)
RT-PCR (+) RT-PCR (-) Total
RAT (+) 24 Not reported -
RAT (-) 9 Not reported -
Total 33 - -
Subgroup: Symptom onset (15-28 days) (Reconstructed 2x2 Table)
RT-PCR (+) RT-PCR (-) Total
RAT (+) 23 Not reported -
RAT (-) 1 Not reported -
Total 24 - -
Subgroup: Clinical Severity (Ordinary) (Reconstructed 2x2 Table)
RT-PCR (+) RT-PCR (-) Total
RAT (+) 51 Not reported -
RAT (-) 25 Not reported -
Total 76 - -
Subgroup: Clinical Severity (Severe) (Reconstructed 2x2 Table)
RT-PCR (+) RT-PCR (-) Total
RAT (+) 18 Not reported -
RAT (-) 3 Not reported -
Total 21 - -
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Overall Rapid Antibody Test (RAT) performance regardless of patient characteristics (Reconstructed 2x2 Table)

RT-PCR (+) RT-PCR (-) Total
RAT (+) 69 2 71
RAT (-) 28 51 79
Total 97 53 150

*Reported Performance Results of RAT (subgroup analysis based on patient characteristics)

Patient
characteristic

Subgroup analysis

Sensitivity
[95% Cl]

Specificity
[95% Cl]

PPV
[95% Cl]

NPV
[95% Cl]

LR(+)
[95% Cl]

LR(-)
[95% Cl]

Sex
(Male)

76%
(63 - 86]

Not reported

Not reported

Not reported

Not reported

Not reported

Sex

(Female)

63%
[46 - 78]

Not reported

Not reported

Not reported

Not reported

Not reported

Age
(£20-35)

59%
[33-82]

Not reported

Not reported

Not reported

Not reported

Not reported

Age
(£ 36-55)

74%
[60 - 85]

Not reported

Not reported

Not reported

Not reported

Not reported

Age
(< 56-65)

71%
[44 - 90]

Not reported

Not reported

Not reported

Not reported

Not reported

Age
(>65)

100%
[66 - 100]

Not reported

Not reported

Not reported

Not reported

Not reported

Symptom onset
(0-7 days)

55%
[38 - 71]

Not reported

Not reported

Not reported

Not reported

Not reported

Symptom onset
(8-14 days)

73%
[54 - 87]

Not reported

Not reported

Not reported

Not reported

Not reported

Symptom onset
(15-28 days)

96%
[79 - 100]

Not reported

Not reported

Not reported

Not reported

Not reported

Clinical severity
(Ordinary)

67%
[55-77]

Not reported

Not reported

Not reported

Not reported

Not reported

Clinical severity

(Severe)

86%
(64 -97]

Not reported

Not reported

Not reported

Not reported

Not reported
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Reported Performance Results of RAT (regardless of patient characteristics)

Sensitivity Specificity PPV NPV LR(+) LR(-)
[95% Cl] [95% CI] [95% Cl] [95% Cl] [95% Cl] [95% Cl]
71.1% 96.2% 97.2% 64.6%
Not reported Not reported
(60.9 - 79.7] [85.9 -99.3] [89.3-99.5] [52.9 - 74.8]

Our independent calculation are as follows:

Calculated Performance Results of RAT (subgroup analysis based on patient characteristics)

Subgroup analysis
Patient Sensitivity Specificity PPV NPV LR(+) LR(-)
characteristic [95% ClI] [95%cl [95% Cl] [95% Cl] [95% ClI] [95% CI]
Sex 76.27%
(Male) [63.41 - 86.38] ) ) ' ) )
Sex 63.16%
(Female) [45.99 - 78.19] ' ' _ ' _
Age 58.82% - - - - -
(£20-35) [32.92 - 81.56]
Age 74.07% - - - - -
(<36-55) [60.35 - 85.04]
Age 70.59% - - - - -
(£56-65) [44.04 - 89.69]
Age 100.00% - - - - -
(>65) [66.37 - 100.00]
Symptom onset 55.00% - - - - -
(0-7 days) [38.49 to 70.74]
Symptom onset 72.73% - - - - -
(8-14 days) [54.48 - 86.70]
Symptom onset 95.83% - - - - -
(15-28 days) [78.88 - 99.89]
Clinical severity 67.11% - - - - -
(Ordinary) [55.37 - 77.46]
Clinical severity 85.71% - - - - -
(Severe) [63.66 - 96.95]
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Calculated Performance Results of RAT (regardless of patient characteristics)

o Specificity
Sensitivity PPV NPV LR(+) LR(-)
[95% CI]
[95% Cl] [95% Cl] [95% Cl] [95% Cl] [95% Cl]
71.13% 96.23% 97.18% 64.56% 18.85 0.30
[61.05 - 79.89] [87.02 - 99.54] [89.80 - 99.27] [57.02 - 71.43] [4.81-73.84] [0.22-0.41]

The reported sensitivity point estimates values were similar to our computations. However, the reported 95%
confidence intervals differ in decimal values. We used Clopper-Pearson method in computing these 95% confidence

intervals. It was not mentioned in the study how the 95% confidence intervals were computed.

Based on the computed likelihood ratios, the immunochromatography assay test used in this study demonstrated a
strongly positive likelihood ratio and a moderately negative likelihood ratio. While its LR (+) point estimate exceeded
the cut-off of 10 to be considered “strong”, the wide confidence interval may suggest that it can moderately to

strongly rule the presence of the disease (confirmatory test).

APPLICABILITY

Are there biologic issues that may affect accuracy of the test? (Consider the influence of sex, co-morbidity, race,
age, and pathology).
Yes. Some of the biological factors claimed to have affected the results of the test include age, history of exposure,
symptoms and presence of comorbidities.

“Comparing the PCR positive and PCR negative groups, some characteristics seemed to associate [sic] with the
presence of COVID-19, including age =35, related exposure history, ground glass opacity in chest CT, fever,
comorbidities like diabetes. However, none of these characteristics showed high enough specificity, which
illustrated the difficulty of differential diagnosis in the suspect COVID-19 cases.”
Page 1351, Paragraph 4

Are there socio-economic issues that may affect accuracy of the test?

None mentioned.

CONCLUSION

We deem that this study has moderate internal validity given the provided information on the independence of
the definition and performance of the index test and reference standard. Given the high positive likelihood ratio,

LFIA test used in this study can be potentially used for confirmatory testing.
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Diagnostic performance of a SARS-CoV-2 1gG/IgM lateral flow immunochromatography assay in symptomatic
patients presenting to the emergency department
Bernasconi, 2020

1. DIRECTNESS
Does the study provide a direct enough answer to your clinical question in terms of patients (P), examination (E)
used and disease or outcome (O) being diagnosed?

Yes.

Research Question

Symptomatic patients presenting to the emergency department of the Kantonsspital Aarau,
Switzerland from March to April 2020 (N = 143)

Positive cases = 67

Negative cases = 76

“A total of 215 samples from 139 ED patients (67 COVID-19 positive and 72 COVID-19 negative) and
100 SARS-CoV-2 seronegative samples collected between May and October 2018 (pre-COVID-19
P | outbreak control group) were included in the study.” (Page 1)

Note: In the abstract the number of negatives claimed were 172 (100 seronegative samples collected
pre-COVID + 72 samples collected from symptomatic patients presenting at the emergency
department of Kantonsspital Aarau, Switzerland). On the other hand, in the results, the number of
negatives were claimed to be 176 (100 seronegative samples collected pre-COVID + 76 samples
collected from symptomatic patients presenting at the emergency department of Kantonsspital Aarau,
Switzerland. For their analysis, the latter computation is used.

Maccura LFIA (SARS-CoV-2 IgM/IgG, Maccura Biotechnology, Chengdu, China

“We evaluated the performance and usefulness of the Maccura LFIA (SARS-CoV-2 IgM/IgG, Maccura
| | Biotechnology, Chengdu, China) to rapidly detect IgG and IgM immune response against recombinant
spike and nucleocapsid proteins of the SARS-CoV-2 in symptomatic patients presenting to the ED of the
Kantonsspital Aarau, Switzerland from March to April 2020.”

Page 1

Seegene RT-PCR test

C | “Molecular testing for SARS-CoV-2 by RT-PCR (Seegene Inc., Seoul, Republic of Korea) on
nasopharyngeal swab samples or nasopharyngeal fluid”
Page 1

Specificity, PPV, NPV, Seroconversion

“We evaluated the performance and usefulness of the Maccura LFIA (SARS-CoV-2 IgM/IgG, Maccura

O | Biotechnology, Chengdu, China) to rapidly detect IgG and IgM immune response against recombinant
spike and nucleocapsid proteins of the SARS-CoV-2 in symptomatic patients presenting to the ED of the
Kantonsspital Aarau, Switzerland from March to April 2020.”

Page 1
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APPRAISAL OF VALIDITY
1.1. Was the reference standard an acceptable one?

Yes. RT-PCR was used as a reference test.

“Molecular testing for SARS-CoV-2 by RT-PCR (Seegene Inc., Seoul, Republic of Korea) on nasopharyngeal
swab samples (transportation medium ESwab, Copan ltalia, Brescia, Italy) or nasopharyngeal fluid was done
in parallel.” (Page 1)

1.2. Was “definition” of the index test and the reference standard independent?
Yes. The defined set of criteria of the reference standard and index test are independent of each other. RT-
PCR detects SARS-CoV-2 viral molecule while LFIA tests determine SARS-CoV-2 IgM/IgG.

“To date, the gold standard assay for the diagnosis of COVID-19 is the real-time reverse transcription
polymerase chain reaction (RT-PCR) performed in swab samples from the upper or fluid samples from the
lower respiratory tract. In the last few weeks, in vitro diagnostic manufacturers all over the world have
released many rapid assays based on lateral flow immunochromatography assay (LFIA). These tests allow
the rapid and cost-effective detection of SARS-CoV-2-specific antibodies.” (Page 1)

1.3. Was “performance” of the index test and the reference standard independent?
Not mentioned. It was unclear if all the samples tested for RATs were tested with RT-PCR or not.

“Molecular testing for SARS-CoV-2 by RT-PCR (Seegene Inc., Seoul, Republic of Korea) on nasopharyngeal
swab samples (transportation medium ESwab, Copan ltalia, Brescia, Italy) or nasopharyngeal fluid was done
in parallel.” (Page 1)

1.4. Was “interpretation” of the index test and the reference standard independent?
Not mentioned. There were no mentioned statements if the interpreters of the index test were blinded to
the results of the RT-PCR test of the patients.

APPRAISING THE RESULTS
The reported results are as follows:

Test Result Reference Standard
Disease present Disease absent Row total
Positive 40 Not reported Not reported
Negative 20 Not reported Not reported
Column Total 67 Not reported Not reported
Statistic Result
Sensitivity Not reported
Specificity 88.2%
PPV IgG 65%
PPV IgG + IgM 100%
NPV 70%

Upon review of the figures, the following inconsistencies in their reporting were detected:
1. Based on its abstract, the study collected 215 samples from only 139 patients; while Table 1 in the results

section of the paper declared only 143 patients.
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2. The abstract specified there were 67 positives and 72 negatives; while Table 1 stated that there are 67
positives and 76 negatives.

3. Out of the subjects with negative RT-PCR results (72 subjects), 9/76 had positive result in 1gG/ IgM (false
positive). There is a confusion on what the total number of patients who tested negative — whether 72 or 76.

Due to the inconsistency in the total number of participants, total negatives and total false positives, own

computation cannot be done with certainty.

If we assume that there are 9 false positives, this will be the independent computation:

RT-PCR (+) RT-PCR (-) Total
RAT + 40 9 49
RAT - 27 67 94
Total 67 76 143
Statistic Value 95% Cl
Sensitivity 59.70% 47.00% to 71.51%
Specificity 88.16% 78.71% to 94.44%
Positive Likelihood Ratio 5.04 2.65t09.60
Negative Likelihood Ratio 0.46 0.34t00.62
Disease prevalence (*) 46.85% 38.47% to 55.37%
Positive Predictive Value (¥*) 81.63% 70.00% to 89.43%
Negative Predictive Value (*) 71.28% 64.70% to 77.06%
Accuracy (*) 74.83% 66.89% to 81.70%

Based on the independent calculation, the specificity matched the results of the study. Likelihood ratio was found to
be moderately positive and moderately negative for LR+ and LR-, respectively. However, other parameters such as
NPV and PPV did not match the independent calculation.

APPLICABILITY
No. Although it was mentioned in the study that the median age of the population in the study is 69 years old,
with 59% of the subjects being males, age alone cannot be ascertained to have affected the results of the study.

CONCLUSION
We deem that the study has low internal validity as a result of the non-independence of the performance of the
index and reference tests, lack of information on the independence of interpretations, and the inconsistencies
detected in the reported results.
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Performance of VivaDiag COVID-191gM/IgG Rapid Test is inadequate for diagnosis of COVID-19 in acute patients
referring to emergency room department
Cassaniti, 2020

1. DIRECTNESS
Does the study provide a direct enough answer to your clinical question in terms of patients (P), examination (E)

used and disease or outcome (O) being diagnosed?

Yes.

Research Question

Patients at their first access to emergency room department with fever and respiratory syndrome,
patients in the ICU and healthy volunteers (N = 50)

Positive cases = 38

Negative cases = 12

“Finally, the performance of VivaDiag COVID-19 IgM/IgG Rapid Test LFIA was tested in 50 patients at
their first access at emergency room department with fever and respiratory in comparison with results
of nasal swab molecular screening.” (Page 1)

VivaDiag COVID-19 IgM/IgG Rapid Test lateral flow immunoassay (LFIA)

“VivaDiag COVID-19 IgM/IgG from VivaChek was performed according to manufacturer's instruction by
adding 10uL of serum or whole blood sample into the sample port followed by adding 2 to 3 drops
(70100pL) of dilution buffer.6 After about 15 minutes, results were read.”

(Page 1)

Qiagen

“Respiratory samples (FLOQSwabs; Copan ltalia, Brescia, Italy) were collected from all the patients.

C | Total nucleic acids (DNA/RNA) were extracted from 200uL of UTM using the QIAsymphony instrument
with QIAsymphony DSP Virus/Pathogen Midi Kit (complex 400 protocols) according to the
manufacturer's instructions (QIAGEN; Qiagen, Hilden, Germany)”

(Page 1)

Specificity, sensitivity, PPV, and NPV

“In the cohort of patients admitted to the emergency room department, data from serological tests
were compared to molecular results to define specificity, sensitivity, positive predictive value (PPV),
and negative predictive value (NPV) of the rapid serological test.”

(Page 1)

APPRAISAL OF VALIDITY
2.1. Was the reference standard an acceptable one?

Yes. The reference standard used was RT-PCR.
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“Total nucleic acids (DNA/RNA) were extracted from 200 pL of UTM using the QlAsymphony instrument
with QlAsymphony DSP Virus/Pathogen Midi Kit (complex 400 protocols) according to the manufacturer's
instructions (QIAGEN; Qiagen, Hilden, Germany).” (Page 1)

2.2. Was “definition” of the index test and the reference standard independent?

Yes. The defined set of criteria of the reference standard and index test are independent of each other.
RT-PCR detects SARS-CoV-2 viral molecule while LFIA tests determine SARS-CoV-2 1gM/IgG.

“To date, real-time reverse transcription-polymerase chain reaction (RT-PCR) in respiratory samples is the
current gold standard method for the diagnosis of COVID-19.4,5 However, molecular testing are time
consuming and require specialized operators, factors that limit their use in real life when the rapid diagnosis
is required for fast intervention decisions. Recently, an easy to perform serological assay has been
assessedb to differentiate COVID-19 positive patients from negative subjects.” (Page 1)

2.3. Was “performance” of the index test and the reference standard independent?

Yes. Both RT-PCR and LFIA tests were done on all patients included. Individual test results for each patient
were provided for both the reference and independent tests.

“In the cohort of patients admitted to the emergency room department, data from serological tests were
compared to molecular results to define specificity, sensitivity, positive predictive value (PPV), and negative
predictive value (NPV) of the rapid serological test. As expected, all 30 COVID-19 negative volunteers were
negative for both immunoglobulin G (IgG) and immunoglobulin M (IgM) using the VivaDiag COVID-19
IgM/1gG Rapid Test. Serum samples were obtained at a median 7 days (interquartile range, 4-11) after the
first COVID-19 positive result from 30 hospitalized patients.” (Page 1)

2.4. Was “interpretation” of the index test and the reference standard independent?

Not mentioned. The study did not mention any step/ effort to ensure that the interpretation of the index
and reference tests did not affect each other.

APPRAISING THE RESULTS
The reported results are as follows

gM [regardless of disease duration] (reconstructed 2x2 table)

RT PCR (+) RT PCR (-) Total
IgM(+) 6 1 7
IlgM(-) 32 11 43
Total 38 12 50

gG [regardless of disease duration] (reconstructed 2x2 table)

RT PCR (+) RT PCR (-) Total
1gG(+) 5 0 5
1gG(-) 33 12 45
Total 38 12 50

gG and/or IgM [regardless of disease duration] (reconstructed 2x2 table)

RT PCR (+) RT PCR (-) Total
IgG and/or IgM (+) 7 1 8
IgG and/or 1gM (-) 31 11 42
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Total | 38 \ 12 | 50

Reported sensitivity results for IgM [regardless of disease duration]

Disease stage Sensitivity (IgM or 1gG) Sensitivity (1gG or IgG)

Regardless of diseases duration Not reported Not reported

Reported specificity results for IgG [regardless of disease duration]

Disease duration Specificity (IgM) Specificity (1gG)

Regardless of diseases duration Not reported Not reported

Reported sensitivity and specificity results for IgG and/or IgM [regardless of disease duration]

Disease duration Sensitivity (IgM and/or IgG) Specificity (IgM and/or IgG)

Regardless of diseases duration 18.4% 91.7%

Based on our independent calculations, the data are as follows:

Results for IgM [regardless of disease duration]

Statistic Value 95% Cl
Sensitivity 15.79% 6.02% to 31.25%
Specificity 91.67% 61.52% t0 99.79%

Positive Likelihood Ratio 1.89 0.25t0 14.21
Negative Likelihood Ratio 0.92 0.74t0 1.14
Disease prevalence (*) 76.00% 61.83% to 86.94%
Positive Predictive Value (*) 85.71% 44.44% t0 97.83%
Negative Predictive Value (*) 25.58% 21.64% t0 29.97%
Accuracy (*) 34.00% 21.21% to 48.77%

Results for IgG [regardless of disease duration]

Statistic Value 95% Cl
Sensitivity 13.16% 4.41% to 28.09%
Specificity 100.00% 73.54% to 100.00%

Positive Likelihood Ratio Cannot be computed Cannot be computed
Negative Likelihood Ratio 0.87 0.77 t0 0.98
Disease prevalence (*) 76.00% 61.83% to 86.94%
Positive Predictive Value (*) 100.00%
Negative Predictive Value (*) 26.67% 24.32% t0 29.16%
Accuracy (*) 34.00% 21.21% to 48.77%

Results for IgG and/or IgM [regardless of disease duration]

Statistic Value 95% Cl
Sensitivity 18.42% 7.74% to 34.33%
Specificity 91.67% 61.52% t0 99.79%

Positive Likelihood Ratio 2.21 0.30to 16.21
Negative Likelihood Ratio 0.89 0.71to 1.12
Disease prevalence (*) 76.00% 61.83% to 86.94%
Positive Predictive Value (*) 87.50% 48.84% to 98.09%
Negative Predictive Value (*) 26.19% 22.03% to 30.83%
Accuracy (*) 36.00% 22.92% to0 50.81%
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Based on our independent calculations, the computed sensitivity, specificity, PPV and PCV for IgG/IgM matched
the values presented in the study for I1gG and/or IgM arm only. The likelihood ratios computed were weakly
positive and weakly negative for LR+ and LR-, respectively.

APPLICABILITY
No. Although median age was presented, the applicability of the median age is unclear as there are 3 distinct
populations included in the study. In addition, age alone cannot be ascertained to have affected the results of
the study.

“Overall, 110 subjects were tested for COVID-19-specific serological assay at Fondazione IRCCS Policlinico San
Matteo. In detail, we enrolled 30 healthy volunteers with documented negative results for COVID-19 RT-PCR in
respiratory samples (M 11/F 19; median age, 38.5; range, 25-69 years). Ten of them (33.3%) had been infected
in the past with one of the common 0C43, 229E, HKU1, and NL63 coronavirus. Thirty COVID-19- positive patients
(25 M/5 F; median age, 73.5; range, 38-86 years) admitted to the Infectious Diseases Department or at the
Intensive Care Unit were tested as positive controls. Finally, the performance of VivaDiag COVID-19 1gM/IgG
Rapid Test LFIA was tested in 50 patients at their first access at emergency room department with fever and
respiratory syndrome (34 M/16 F; median age, 61.50; range, 33-97 years) in comparison with results of nasal
swab molecular screening.” (Page 1)

CONCLUSION
We deem that the study has moderate internal validity as a result of lack of information on the independence
of interpretation of the reference test and the index test and missing data noted in the results.
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Diagnostic performance of immunochromatography assay for rapid detection of IgM and IgG in coronavirus disease
2019
Choe 2020

1. DIRECTNESS
Does the study provide a direct enough answer to your clinical question in terms of patients (P), examination (E)

used and disease or outcome (O) being diagnosed?

Yes.

Research Question

Symptomatic patients in quarantine ward in Daegu, Republic of Korea (N = 149)
Positive cases = 70
Negative cases =79

“The present study enrolled 149 subjects who had been tested by real-time reverse transcription-
polymerase chain reaction (RT-PCR) for COVID-19 and were classified into two groups: 70 who were
positive for COVID-19 and 79 who were negative for COVID-19 based on RT-PCR” (Page 1)

PCL COVID-19 IgG/IgM Rapid Gold®

| | “The immunochromatography tool used to detect COVID-19 IgG and IgM antibodies
for SARS-CoV-2 infection was the PCL COVID-19 1gG/IgM Rapid Gold®” (Page 6)

PowerChekTM 2019-nCoV Real-time PCR kit

“Nasopharyngeal swabs and sputum were obtained from each patient for RT-PCR, which

C | was performed using the CFX96 Real-time PCR Detection System (Bio-Rad Laboratories,

Hercules, CA, USA) with a PowerChekTM 2019-nCoV Real-time PCR kit (KOGENEBIOTECH Co., Ltd.,
Seoul, Korea) according to the manufacturer’s instructions.” (Page 2)

Sensitivity, specificity, positive predictive value

“An immunochromatography-based COVID-19 1gG/IgM rapid test on the sera of the study
O | population was applied to measure the sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and receiver operating characteristic (ROC) curve
compared to RT-PCR, with a 95% confidence interval (Cl)” (Page 1)

APPRAISAL OF VALIDITY
2.1. Was the reference standard an acceptable one?

Yes. RT-PCRis considered the gold standard in diagnosing COVID-19.
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2.2.

2.3.

2.4.

“Currently, the diagnosis of COVID-19 has been confirmed using next-generation sequencing or real-time
reverse transcription-polymerase chain reaction (RT-PCR) to directly detect SARS-CoV-2 in specimens
obtained from the upper and lower respiratory tracts of affected patients .“ (Page 3)

Was “definition” of the index test and the reference standard independent?
Yes. The defined set of criteria of the reference standard and index test are independent of each other. RT-
PCR detects SARS-CoV-2 viral molecules while LFIA tests determine SARS-CoV-2 IgM/IgG.

“Currently, the diagnosis of COVID-19 has been confirmed using next-generation sequencing or real-time
reverse transcription-polymerase chain reaction (RT-PCR) to directly detect SARS-CoV2 in specimens
obtained from the upper and lower respiratory tracts of affected patients. However, this process takes a
relatively long time (at least six hours) to produce the final results regarding COVID-19 infection via
detection of the virus itself. Recently, new serologic laboratory diagnostic tests, such as enzyme-linked
immunosorbent assay (ELISA) and immunochromatography, have been developed to identify the presence
of COVID-19 antibodies in blood or tissue samples following SARSCoV-2 infection.” (Page 3-4)

Was “performance” of the index test and the reference standard independent?
Yes. Both RT-PCR and LFIA tests were done on all patients included.

“The present study enrolled 149 subjects who had been tested by real-time reverse transcription
Polymerase chain reaction (RT-PCR) for COVID-19 and were classified into two groups: 70 who were
positive for COVID-19 and 79 who were negative for COVID-19 based on RT-PCR. An
immunochromatography-based COVID-19 IgG/IgM rapid test on the sera of the study population was
applied to measure the sensitivity, specificity, positive predictive value (PPV), negative predictive value
(NPV), and receiver operating characteristic (ROC) curve compared to RT-PCR, with a 95% confidence
interval (Cl).”

Page 1

Was “interpretation of the index test and the reference standard independent?
Not mentioned. There were no statements mentioned if the interpreters of the index test were blinded to

the results of the RT-PCR test of the patients. However, results of LFIA stands for itself and cannot be influenced
by the result of RT-PCR.

APPRAISING THE RESULTS
The reported results are as follows:

IgG or IgM (reconstructed 2x2 table)

RT-PCR (+) RT-PCR (-) Total

IgG or IgM + 46 2 48

IgG or IgM - 24 77 101

Total 70 79 149

lgG and IgM (reconstructed 2x2 table)

RT-PCR (+) RT-PCR (-) Total

lgG and IgM + 65 1 66

lgG and IgM - 5 78 83

Total 70 79 149
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IgG or IgM results

Parameter Study
Sensitivity 92.9% (95% Cl: 84.1-97.6)
Specificity 96.2% (95% Cl: 89.3-99.2)

lgG and IgM results

Parameter Study
Sensitivity 65.7% (95% Cl: 53.4-76.7)
Specificity 100%

Based on our independent calculations, the accuracy data are as follows:

IgG or IgM results

Statistic Value 95% Cl
Sensitivity 92.86% 84.11% to 97.64%
Specificity 98.73% 93.15% t0 99.97%

Positive Likelihood Ratio 73.36 10.45 to 514.90
Negative Likelihood Ratio 0.07 0.03t00.17
Disease prevalence (*) 46.98% 38.76% t0 55.32%
Positive Predictive Value (*) 98.48% 90.25% t0 99.78%
Negative Predictive Value (*) 93.98% 87.01% t0 97.32%
Accuracy (*) 95.97% 91.44% to0 98.51%
lgG and IgM results

Statistic Value 95% Cl
Sensitivity 65.71% 53.40% to 76.65%
Specificity 97.47% 91.15% t0 99.69%

Positive Likelihood Ratio 25.96 6.54 to 103.04
Negative Likelihood Ratio 0.35 0.25t00.49
Disease prevalence (*) 46.98% 38.76% t0 55.32%
Positive Predictive Value (*) 95.83% 85.28% t0 98.92%
Negative Predictive Value (*) 76.24% 69.84% to 81.64%
Accuracy (*) 82.55% 75.49% to 88.27%

Based on our independent calculations, only the computed sensitivity matched the values presented in the
study. The likelihood ratios computed were 24.47 +LR and 0.07 —LR. The computed +LR indicates that the
test is strongly positive while the computed -LR indicates that the test is strongly negative which means that

the test can be useful in ruling in and ruling out COVID-19.

APPLICABILITY

No.

Despite the median age being mentioned, age alone cannot be ascertained to have affected the results of

the study.

3. CONCLUSION
We deem that the study has moderate internal validity due to the lack of information on the independence

of interpretation of the reference test and the index test and inconsistencies detected in the results.
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Clinical evaluation of an immunochromatographic IgM/1gG antibody assay and chest computed tomography for the
diagnosis of COVID-19
Imai, 2019

1. DIRECTNESS
Does the study provide a direct enough answer to your clinical question in terms of patients (P), examination (E)

used and disease or outcome (O) being diagnosed?
Yes

Research Question

Patients with laboratory-confirmed COVID-19 (composed of symptomatic and asymptomatic cases)
who were referred to the Self-Defense Forces Central Hospital and Saitama Medical University Hospital
in Japan from February 11 to March 31, 2020 (N = 187)

Positive cases = 139

P | Negative cases =48

“We examined 139 serum specimens collected from 112 patients with COVID-19 and 48 serum
specimens collected from 48 non-COVID-19 patients.”
Page 1

One Step Novel Coronavirus (COVID-19) IgM /IgG AntibodyTest

“The presence of IgM/IgG antibody for SARS-COV2 was determined using the One Step Novel
Coronavirus (COVID-19) IgM/IgG Antibody Test. Chest CT was performed in COVID-19 patients on
admission.”

Page 1

RT-PCR

“All patients were examined by RT-gPCR for SARS-CoV2 using pharyngeal and nasopharyngeal swabs
collected at public health institutes or hospitals in accordance with the nationally recommended
method in Japan”

Page 2

Sensitivity, specificity

O | “We evaluated the clinical performance of an immunochromatographic (IC) IgM/1gG antibody assay for
severe acute respiratory syndrome coronavirus 2 (SARS-CoV2) and chest computed tomography (CT)
for the diagnosis of Coronavirus disease 2019 (COVID-19).” Page 1

APPRAISAL OF VALIDITY
1.1. Was the reference standard an acceptable one?

Yes.

“Quantitative reverse-transcription polymerase chain reaction (RT-qPCR) analysis for
SARS-CoV2 is considered the gold standard for diagnosing COVID-19” (page 1)
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1.2. Was “definition” of the index test and the reference standard independent?
Yes. The defined set of criteria of the reference standard and index test are independent of each other. RT-
PCR detects SARS-CoV-2 viral molecules while IC assay determines SARS-CoV-2 IgM/IgG.

“Quantitative reverse-transcription polymerase chain reaction (RT-qPCR) analysis for SARS-CoV2 is
considered the gold standard for diagnosing COVID-19. RT-qPCR has been used to analyze specimens from
the upper and lower respiratory tracts for clinical diagnosis during outbreaks of other disease. (page 1) An
immunochromatographic (IC) assay for IgM and IgG antibodies against the virus is widely accepted as a
point-of-care test because it is an easy-to-perform, rapid, and high-throughput method for diagnosing viral
infections.” (Page 2)

1.3. Was “performance” of the index test and the reference standard independent?
No. RT-PCR was not used to test the serum samples collected pre-COVID and was automatically marked as
negative under the assumption that it will be negative for COVID-19 since it was collected before COVID-
19 outbreak. Non-testing of negative samples may result to an increase of the agreement between the
index and reference test, possibly making the index test look better than it actually is.

“We examined 139 serum specimens collected from 112 patients with COVID-19 and 48 serum specimens
collected from 48 non-COVID-19 patients” (Page 1)

“To evaluate the analytical specificity of the IC assay, we used serum samples collected from patients at
Saitama Medical University Hospital, Japan, from April to October 2019, before SARS-CoV2 was first
reported in China. Clinical information was collected from the medical records, and all serum samples were
stored at -80 °C before use in the IC assay.” (Page 2)

1.4. Was “interpretation” of the index test and the reference standard independent?
Not mentioned. There were no statements that mentioned if the interpreters of the index test were
blinded to the results of the RT-PCR test of the patients or if they were aware of the source of the
samples (swabs for COVID-19 positive and stored serum for COVID-19 negative)

APPRAISING THE RESULTS
The reported results are as follows:
IlgM regardless of disease duration (reconstructed 2x2 table)

RT PCR (+) RT PCR (-) Total
lgM(+) 60 1 61
IgM(-) 79 47 126
Total 139 48 187
lgG regardless of disease duration (reconstructed 2x2 table)
RT PCR (+) RT PCR (-) Total
1gG(+) 20 0 20
1gG(-) 119 48 167
Total 139 48 187
IgM + 1gG regardless of disease duration (reconstructed 2x2 table)
RT PCR (+) RT PCR (-) Total
IgM + 1gG (+) 60 0 60
IgM + 1gG (-) 79 48 127
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Total

139

48

| 187 |

Reported sensitivity results

Disease stage Sensitivity (IgM) Sensitivity (1gG)
Less than a week after onset 27.78% 3.33%
1-2 weeks after onset 48.00% 8.00%
More than 2 weeks after onset 95.83% 62.50%
Regardless of disease duration 55.80% 54.7%

Only sensitivity can be computed as the negative samples did not undergo RT-PCR. Data for computing
sensitivity among asymptomatic COVID-19 confirmed patients are as follows:

Antibody

Overall (n=38)

<1 week (n=35)

1-2 weeks (n=3)

1gG+

15

14

1

lgM+

0

0

The following are the reported sensitivity values of the rapid antibody test kit among COVID-19 confirmed

patients.
. Time from first RT-qPCR e
ATIEITe}7 positive day to adm?ssion sensitivity
Overall 39.5%
lgG+ <1 week 40%
1-2 weeks 33.3%
Overall 0%
lgM+ <1 week 0%
1-2 weeks 0%
Our independent calculations are as follows:
Antibody T'm‘? from first RT-gP;R Sensitivity 95% C.1.
positive day to admission
Overall 39.47% 24.04-56.61
lgG+ <1 week 40% 23.87-57.89
1-2 weeks 33.3% 0.84-90.57
Overall 0% 0-9.25
lgM+ <1 week 0% 0-10
1-2 weeks 0% 0-70.76

Based on our independent calculations, computed statistics matched the values presented in the study.

APPLICABILITY

No. Despite age being discussed as a factor affecting the accuracy of the test. It cannot be ascertained alone.

“Briefly, patients were aged 20-93 years (median, 67 years; IQR, 45—74 years), and 64 (57.1 %) were men.” (Page

2)

CONCLUSION

We deem that the study has moderate internal validity as a result of the non-independence of the performance

of the index and reference tests and lack of information on the independence of interpretations.
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“Rapid and Sensitive Detection of anti-SARS-CoVZ 1gG, Using
Lanthanide-Doped Nanoparticles-Based Lateral Flow Immunoassay”
Chen et al, 2020

1. DIRECTNESS
Does the study provide a direct enough answer to your clinical question in terms of patients (P), examination (E)
used and disease or outcome (O) being diagnosed?
Yes.

Research Question

Serum samples from human (N = 19)
p Positive samples = 7; Negative samples = 12
“51 normal serum samples and 7 samples that were determined to be positive by RT-PCR.”
(Page 7729)
Lanthanide-doped nanoparticles-based lateral flow immunoassay
|
“LFIA strips were prepared as described in our previous work.” (Page 7729)
RT-PCR
c C
O | No explicit reporting of sensitivity and specificity, however, a 2x2 table was presented

APPRAISAL OF VALIDITY
1.1. Was the reference standard an acceptable one?

Yes. The reference standard used is the currently recognized gold standard for diagnosis of SARS-CoV-2
infection among individuals.
“51 normal serum samples and 7 samples that were determined to be positive by RT-PCR.” (Page 7229)

1.2. Was “definition” of the index test and the reference standard independent?
No sufficient information to determine independence of definition of the index test and reference test.
While an R cut-off value was calculated for the index test, no information on the definition of the reference
standard was given.

1.3, Was “performance” of the index test and the reference standard independent?
No information was provided regarding independence of performance of the index test and reference test.
However, it is possible that there are issues in this domain as the researchers were already aware of the
results of the reference test based on the samples used.

“In order to define the appropriate cutoff value for our assay, we tested 51 normal serum samples
and 7 samples that were determined to be positive by RT-PCR.” (Page 7229)

1.4. Was “interpretation of the index test and the reference standard independent?
Likely no. While no explicit mention of interpretation of the index and reference test was mentioned, it is
likely that the interpretation was not independent given the fact that the researchers were already aware of
the disease status of the samples used.
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APPRAISING THE RESULTS
What were the likelihood ratios of the various test results?

No sensitivity and specificity values were reported by the study however, a 2x2 tables was presented. Hence, we
independently calculated these values as well as PPV, NPV, and likelihood ratios. The following presents the 2x2

table and results of our independent calculation:

RT-PCR (+) RT-PCR (-) Total
LFIA (1gG) positive 7 1 8
LFIA (1gG) negative 0 11 11
Total 7 12 19
Sensitivity 100% (95% Cl: 59.04-100) Specificity 91.67% (95% Cl: 61.52-99.79)
PPV 87.50% (95% Cl: 51.73-97.86) NPV 100%
LR (+) 12 (95% Cl: 1.84-78.37) LR (-) 0

Based on the independent calculations done for likelihood ratios, the LR+ is strongly positive and may greatly help
in ruling a condition while the LR- is strongly negative and may help as well in ruling out a condition.

APPLICABILITY
Are there biologic issues that may affect accuracy of the test? (Consider the influence of sex, co-morbidity, race,
age, and pathology). Are there socio-economic issues that may affect accuracy of the test?

No information. There was no reported specific patient characteristics such as age and sex, hence applicability or
biologic issues that may affect the accuracy cannot be determined.

CONCLUSION
Overall, the study can be considered to have low internal validity. While the reference standard used was an
acceptable one and reported parameters were relatively good, there was a lack of information in the
independence of the performance, definition, and interpretation of the test. Furthermore, there was no sufficient
information to determine applicability of the test in the target population specified in the review.

234 | Rapid review: Use of Rapid Antibody-based Tests for Various Use Cases for COVID-19
DOH Health Technology Assessment Unit



