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Abstract
Background: The Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) epidemic broke out in December 2019 and is
now characterized as a pandemic. Effective control of this infectious disease requires access to diagnostic techniques, for both
case finding and epidemic size estimation. The molecular technique is routinely used worldwide. Although it is the “standard”
case detection and management method, it has its own shortcomings. Thus, some easy-to-use rapid serological tests have been
developed.
Methods: One hundred and fourteen positive RT-PCR-diagnosed patients were tested by VivaDiag Kit, a brand of rapid serological
kits available in hospitals affiliated to Tehran University of Medical Sciences (TUMS), Tehran, Iran. Frozen serum specimens taken
from healthy people in summer and fall 2019 were also tested as negative controls.
Results: Test sensitivity was 47.9% (95% confidence interval [CI]: 38.8-56.9) for IgM and 47.0% (95% CI: 38.0–56.0) for IgG.
There was no difference between IgG and IgM seropositivity except in one case. Specificity was calculated as 99.0% (95% CI:
96.4–99.9) for IgM and of 100.0% (95% CI: 0.98.2–100.0) for IgG. Sensitivity was higher in men and older participants.
Conclusion: This test can be used for epidemiological investigations, especially for the estimation of the level of infection in the
community, after it is properly corrected for sensitivity and specificity. The low sensitivity could be attributed to the technical
limitations of the kit or low levels of antibodies after infection. The different sensitivity in age and sex groups supports the hypothesis
that different people show different immune responses to this virus.
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Introduction
The World Health Organization (WHO) has recommended
some strategies to control the transmission of Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) in the
general population. One of the most important of these
strategies is active case finding and isolation, followed by
contact tracing and social distancing (physical distancing).1
The key factor contributing to successful isolation of
infected cases is early diagnosis of infection with high
sensitivity, especially in asymptomatic and/or preclinical
cases. As reported in a study at Columbia University
Irving Medical Center (CUIMC) (New York, USA), 29
out of 33 pregnant women who tested positive (based
on nasopharyngeal PCR test) on admission to hospital

were asymptomatic.2 Hence, availability of appropriate
diagnostic tests is crucial for a successful strategy. Reverse
transcription-polymerase chain reaction (RT-PCR) is the
proposed method for diagnostic purposes for those who
are suspected of COVID-19 infection.3 Nevertheless, there
are some problems with widespread use of this test. For
a successful RT-PCR test, an appropriate nasopharyngeal
sampling is required at the onset of virus shedding. This is
difficult and may endanger healthcare personnel in some
cases, requiring well-trained health workers as well as
suitable transport media for taking the sample and sending
it to the laboratory. RT-PCR itself needs trained virologists
and appropriate devices for genomic DNA (gDNA)
extraction and performing the test. Besides, it takes 1 to 2

#Equally contributed as first authors
*Corresponding Author: Masud Yunesian, MD, PhD.; Address: School of Public Health, Tehran University of Medical Sciences, Tehran, Iran. Tel: +98-21-88954914;
Fax: +98-21-88950188; Email: Yunesian@tums.ac.ir

Shamsollahi et al

days for the result to be ready, and RT-PCR cannot detect
infections before or after the onset of virus shedding (i.e.
in pre-clinical cases and recovered patients). In addition,
since RT-PCR is an expensive test, many companies are
trying to develop serological test kits to facilitate the
diagnosis of COVID-19 based on the detection of IgM and
IgG. Rapid test kits are commonly developed and used by
some institutes for this purpose, which can return results
within 15 minutes, according to the developers.4 Thanks
to their advantages (e.g., cost-effectiveness, simplicity,
and rapidness of the results), using rapid serological tests
seems more tempting for case detection in comparison to
molecular tests. They can also be used in epidemiological
studies for detection of infection history in recovered
patients. There are, however, some technical problems
with using these tests. As the WHO has mentioned in
its technical document, these tests are only applicable
for epidemiological purposes and should not be used in
clinical settings right now,3 mainly due to the incubation
period between infectivity and seropositivity. Even for
epidemiological purposes, it is crucial to know the exact
sensitivity and specificity of these tests as evaluated by
independent researchers, before applying them in largescale studies in the general population. In this study, we
evaluated the sensitivity and specificity of one of these
tests which is commonly used in some research settings
in Iran. This test was developed to detect IgM and IgG
antibodies in patients’ whole blood, serum, and plasma.
The developer claims very high sensitivity (94.4%) and
specificity (100%) for the test within 11-24 days after
infection.
Materials and Methods
The test kit used in this research for the detection of
COVID-19 antibodies is manufactured by VivaChek
Inc., based in China, under the commercial name
“VivaDiag” lot No. E2002002. A sample kit was donated
to Tehran University of Medical Sciences (TUMS) by the
Ministry of Health and Medical Education (MOHME).
It reports the presence or absence of both IgM and IgG
antibodies in samples qualitatively. IgM usually indicates
active or recently resolved infection and IgG can detect
the infection history several months or even years after
recovery.5 We assumed a sensitivity and specificity of
about 50% and 98% based on preliminary observations,
respectively. We calculated sample sizes for estimating
these figures with 10% and 2% margins of error for these
proportions yielding 97 confirmed cases (true positives)
and 189 confirmed non-cases (true negatives) using
binomial distribution. One hundred and fourteen RTPCR-confirmed COVID-19 cases in several hospitals
affiliated to TUMS were enrolled as true positive cases.
Likewise, a random sample of frozen sera from healthy
people participating in TUMS Employees COHORT
(TEC) study that was taken in summer and autumn 2019
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(months before the first case of COVID-19 was reported
by China) was used as the true negative sample. Based on
kit instructions, 10 µL blood was put in the kit specimen
well. Then, two to three drops of buffer solution were
added according to the kit’s instructions. Then, the kit was
left for 15 minutes, after which the results for IgM and
IgG were recorded. The same process was repeated for true
negative frozen serum specimens after thawing. Age, sex,
time of first sign/symptom, time of serological test, and
some other demographic characteristics were also recorded
through interviews using a researcher-made checklist. For
true negative samples, demographic variables were acquired
from TEC records. The sensitivity of the kit was calculated
by dividing the number of positive test results for IgG,
IgM, or each of these markers by total RT-PCR confirmed
COVID-19 cases. Its specificity was calculated separately
for IgG and IgM antibodies by dividing the number of
negative test results by the total true negative samples. A
95% confidence interval was calculated for both sensitivity
and specificity based on the binomial distribution. The
sensitivity and specificity of the kit were evaluated by
dividing the number of positive and negative test results
by true positive and true negative numbers, respectively.
A 95% confidence interval (CI) was calculated assuming
a binomial distribution for each index. The sensitivity of
the kit was compared between different sub-groups using
chi-square test and P values less than 0.05 were regarded
as significant. All statistical analyses were done using SPSS
software version 21. The chi-square was used to compare
claimed and measured sensitivity and specificity.
Results
A total of 114 PCR-confirmed patients and 198 negative
sera were tested. The average age was 44.0 (± 12.1) years
for the first group and 39.2 (± 8.0) years for the second
group. Moreover, it took 5-53 days (mean: 27.9) from the
appearance of the first sign or symptom to testing.
The sensitivity and specificity of the applied kit for IgM
and IgG are shown in Table 1.
The results were also classified into three groups based
on the time it took from the appearance of the first signs
or symptoms of the illness and serological test, as shown
in Table 2.
Different age and sex groups were also compared in
terms of the detection rate. Men and those older than 50
had higher detection rates (Table 3).
Discussion
This study evaluated VivaDiag, a COVID-19 commercial
rapid test kit, to determine its capability in diagnosing
PCR-confirmed COVID-19 patients rather than truly
infected people. As claimed by the manufacturer, the kit
was expected to have a sensitivity of 94.4% and 100% for
IgM and IgG, respectively, 11-24 days after infection.
According to the results of this study, the sensitivity ranged

Validity of SARS CoV-2 Serological Kit
Table 1. Sensitivity and Specificity of the VivaDiag Test Kit
Antibody

Total Tests (n)

True Responses (n)

Point Estimate (%)

95% CI

IgM

114

54

47.4

37.9 –56.9

IgG

114

53

46.5

37.1 –56.1

IgM or IgG

114

54

47.4

37.9 –56.9

IgM

198

196

99.0

96.4 –99.9

IgG

198

198

100

98.2 –100

Sensitivity

Specificity

CI, confidence interval.

Table 2. Sensitivity of the VivaDiag Test Kit at Different Intervals from the Onset of Symptoms to Testing
Interval (Days)

IgM (%) (95% CI)

IgG (%) (95% CI)

IgG or IgM (%) (95% CI)

0–19

41.9 (24.6–60.9)

38.7 (21.9–57.8)

41.9 (24.6–60.9)

20–39

52.3 (39.5–64.9)

52.3 (39.5–64.9)

52.3 (39.5–64.9)

≥40

38.9 (17.3–64.3)

38.9 (17.3–64.3)

38.9 (17.3–64.3)

P value*

0.467

0.358

0.467

P value for trend

0.964

0.762

0.964

CI, confidence interval.
* Pearson chi-square test.

Table 3. Sensitivity of the VivaDiag Test Kit for Different Sex and Age Groups
Variables

IgM (%) (95% CI)

IgG (%) (95% CI)

IgG or IgM (%) (95% CI)

Male

63.0 (48.8–75.7)

63.0 (48.8–75.7)

63.0 (48.8–75.7)

Female

33.3 (21.7–46.7)

31.7 (20.2-45.0)

33.3 (21.7–46.7)

P value

0.001

0.002

0.001

<50 years

40.7 (30.0–52.2)

39.5 (28.8–51.0)

40.7 (30.0–52.2)

≧50 years

63.6 (45.1–79.6)

63.6 (45.1–79.6)

63.6 (45.1–79.6)

0.026

0.019

0.026

Sex

Age group

P value *

CI, confidence interval.
* Pearson chi-square test.

from 38.9 to 52.3 at different time intervals after infection,
with no statistically significant difference between the type
of antibody (IgG and IgM) or different intervals from
disease onset to antibody testing.
Other researchers have reported lower sensitivity levels
for this kit, or other commercial kits. Cassaniti et al, for
example, reported 18.4% sensitivity for this kit based on
IgM or IgG in a sample of 50 confirmed cases in Italy.
They were not adjusted, however, for the time interval
from disease onset to testing time.6 In a study conducted
in Santa Clara, California, Bendavid et al also reported
67.65% sensitivity for IgM in Premier Biotech (USA)
kits as opposed to the 91.8% sensitivity claimed by the
manufacturer.7
It is difficult to justify the apparent difference between
the sensitivity of the same kit in different studies or
subgroups of people, as the sensitivity and specificity of
the tests are expected to be independent of the population
being tested, from a technical point of view. This may be
due to the fact that different people respond differently
to virus exposure, as a hypothesis. This hypothesis was
strengthened by different sensitivities observed in different

age and sex groups, which may be due to different immune
responses to infection in these groups. These different
immune responses may also be attributed to higher case
fatality rates in men and older people. The specificity for
both antibodies was claimed to be 100%. The results of
this study also confirmed high specificity (99% for IgM
and 100% for IgG) with 96.4 and 98.2 as the lower bounds
of the 95% confidence interval, respectively. Based on our
findings, the positive cases detected by this kit are reliable.
Moreover, using this test for epidemiological purposes will
be useful, provided that the actual prevalence of infection
is not less than 2% (the upper bound of the confidence
interval for false-positive results).
Although rapid serological tests cannot be regarded
as useful in “effective screening”, they can be applied in
epidemiological studies if the exact (narrow) estimate of test
sensitivity and specificity is available. By knowing the exact
number of infected cases, we can calculate the infection
fatality rate of infectious diseases. Although Bendavid et
al announced a 50-85-fold under-ascertainment rate in
their paper, this finding is highly associated with the test
performance, especially to the test specificity.7
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In conclusion the evaluated rapid kit lacks acceptable
sensitivity to be able to detect infected people properly.
Positive results, however, can yield a good estimate of
the prevalence of infection and may help us get a better
idea of the infection fatality rate, after being corrected for
incomplete sensitivity by dividing the observed proportion
of positive results in each sex/age group by sensitivity of
the kit for that age/sex group. No further correction is
needed for specificity as we observed almost complete
(100%) specificity for this kit. COVID-19 is a novel viral
infection and the serological tests for its detection are still
in their infancy. Any recommendation on general uses of
these kits for diagnostic or even epidemiological purposes
entails the evaluation of their accuracy using a reasonable
sample size of confirmed positive and negative samples
by independent researchers in different populations.
Different sensitivities in different age and sex groups could
be ascribed to different immune system responses and
antibody titers among these groups.
Authors’ Contribution
HRS: Writing the article. MA, SA, AAS, MR and SFA: Thechnical
support; SN, AF and MY: Data analysis- project handeling.
Conflict of Interest Disclosures
The authors declare no conflict of interest.
Ethical Statement
The study has been approved by TUMS Ethics Committee (approval
No. IR.TUMS.VCR.REC.1399.045). All participants completed the
questionnaires after being informed of research objectives and
providing their verbal consent.

Acknowledgements
The authors are grateful to the deputy secretary of treatment affairs
at Tehran University of Medical Sciences (TUMS), Tehran, Iran for
his contribution to testing and filling out the questionnaire. We also
thank Ms. Masoumeh Barati, Ms. Elaheh Kimiaei, Ms. Asma Javadi
Rad, Ms. Zahra Kashani, Mr. Alireza Ranjbarian, and Ms. Anahita
Sedaghat for their kind contribution in data collection.
References
1. WHO. Coronavirus disease 2019 (COVID-19) Situation Report
– 72. 1 April 2020. Available from: https://www.who.int/docs/
default-source/coronaviruse/situation-reports/20200401sitrep-72-covid-19.pdf?sfvrsn=3dd8971b_2.
2. Sutton D, Fuchs K, D’Alton M, Goffman D. Universal screening
for SARS-CoV-2 in women admitted for delivery. N Engl J Med.
2020;382(22):2163-4. doi: 10.1056/NEJMc2009316.
3. WHO. Laboratory testing for coronavirus disease 2019
(COVID-19) in suspected human cases: interim guidance,
2 March 2020. Available from: https://apps.who.int/iris/
handle/10665/331329.
4. VivaChek. VivaDiag™ SARS-CoV-2 IgM/IgG Rapid Test
(COVID-19 IgM/IgG Rapid Test). Available from: https://www.
vivachek.com/en/prods/prod-covid19.html.
5. Knipe DM, Howley P. Fields virology. 6th ed. Lippincott
Williams & Wilkins, 2013.
6. Cassaniti I, Novazzi F, Giardina F, Salivaro F, Sachs M, Perlini
S, et al. Performance of VivaDiagTM COVID-19 IgM/IgG
Rapid Test is inadequate for diagnosis of COVID-19 in acute
patients referring to emergency room department. J Med Virol.
2020;1–4. doi: 10.1002/jmv.25800.
7. Bendavid E, Mulaney B, Sood N, Shah S, Ling E, BromleyDulfano R, et al. COVID-19 Antibody Seroprevalence
in Santa Clara County, California. MedRxiv. 2020. doi:
10.1101/2020.04.14.20062463.

© 2020 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.
org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

632

Arch Iran Med, Volume 23, Issue 9, September 2020

