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A simple rule for interpreting COVID-19
antibody test results, by seroprevalence
and vaccination status
Dear editor,

A positive COVID-19 antibody (serological) test result sup-
posedly indicates immunity, safety for business travel, and
no need for further vaccination. False positive results,
however, will mislead important decisions.

Risk of false positive results is not only determined by
specificity/sensitivity but also by prevalence.1 Prevalence
of COVID-19 antibody is estimated by seroprevalence sur-
veys using a serological test. Nevertheless, since the sero-
logical test itself is not perfect, the seroprevalence can be
substantially different from the true prevalence.

Theoretically, the (unadjusted) seroprevalence should
be no less than one minus specificity and no larger than
sensitivity. If one knows exact sensitivity and specificity, it
is feasible to calculate the true prevalence by adjusting
seroprevalence with sensitivity and specificity. However,
sensitivity and specificity information provided by the
manufacturers can be over-optimistic, because the United
States Food and Drug Administration (FDA) Emergency Use
Authorization (EUA) for COVID-19 serological test does not
require the demonstration of a lack of cross-reactions with
common cold coronaviruses (e.g. HKU1, NL63, OC43,
229E).2,3

If the exact sensitivity and specificity of a test are un-
certain, it is still possible to estimate sensitivity, speci-
ficity, and prevalence using one of latent class model-based
numerical methods.4 But this approach is cumbersome, and
not suitable for practical use.

To develop a simple and accurate rule for correct
interpretation of COVID-19 serological test results, we solve
for the probability that a positive result is false (false
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discovery rate, FDR), in terms of crude (unadjusted) sero-
prevalence, for EUA authorized COVID-19 serological tests
(�95% specificity and �90% sensitivity):3 (Supplementary
Appendix):

FDRZ1� SE$ðSeroPrev þ SP� 1Þ
SeroPrev$ðSE þ SP� 1Þ

SeroPrev, crude (unadjusted) seroprevalence; SE, sensi-
tivity; SP, specificity (SE and SP values are assumed error-
free, without bias).

Fig. 1 shows that, when the crude (unadjusted) sero-
prevalence is higher than 9.5%, an EUA authorized COVID-19
serological test offers clinically meaningful positive test
results (more likely to be true positive than to be false
positive). Confirmation with a second test (orthogonal
testing algorithm) will further improve the PPV.1 However,
when crude seroprevalence is between 2.0% and 9.5%, the
chance of a false positive result varies from less than 10%
(when specificity is 99% and sensitivity is 99%) to nearly
100% (when specificity is 95% and sensitivity is 90%). In such
seroprevalence range, interpretation of serological test
results highly depends on the specificity of test kits used.
For settings with a crude seroprevalence lower than 2.0%,
serological testing using a test kit with a specificity of less
than 99% are not advisable due to a nearly 100% false pos-
itive rate. On the other hand, since authorized COVID-19
vaccines are expected to yield a protective antibody
response in � 70% vaccinees,5 the risk of false positive
result will be less than 1.7% for an EUA antibody test
(Fig. 1).

Our results show that, for an unvaccinated person from
settings with seroprevalence less than 9.5% and without a
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Figure 1. Chance that a positive result of FDA EUA authorized COVID-19 serological test is false, by unadjusted seropre-

valence. The blue line shows the relationship when specificity (SP) is 95% and sensitivity (SE) is 99%. The green line shows the
relationship when SP is 99% and SE is 99%. Right arrow marks the seroprevalence threshold (9.5%) for a >50% false discovery rate
when the test just meets the minimum EUA requirement (an SP of 95% plus an SE of 90%); while left arrow marks the 50% false
discovery rate threshold (2.0%) for a test with SP 99% and SE 99%. The relationship when SP is 99% and SE is 90% is nearly identical to
the relationship when SP is 99% and SE is 99%.
history of PCR-confirmed COVID-19, a positive COVID-19
antibody test result must be interpreted skeptically. In
contrast, for vaccinated persons, current available EUA
COVID-19 antibody tests provide highly accurate results on
whether the immunization is successful.

Author contributions

Conceptualization: YHC, CTF; Methodology: YHC, CTF;
Writing: YHC, CTF; Visualization: YHC, CTF. YHC and CTF
contributed equally.

Source of funding

Taiwan Centers for Disease Control (MOHW-109-CDC-
ZH108028). The funders have no role in study design, data
analysis, preparation of manuscript, or the decision to
submit.

Declaration of competing interest

The authors have no conflicts of interest to declare.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jmii.2021.02.008.
342
References

1. Centers for Disease Control and Prevention. Interim guidelines
for COVID-19 antibody testing (Updated on May 23, 2020).
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/
antibody-tests-guidelines.html. [Accessed 14 June 2020].

2. Infectious Diseases Society of America. IDSA COVID-19 antibody
testing primer (update: May 4, 2020). https://www.idsociety.
org/globalassets/idsa/public-health/covid-19/idsa-covid-19-
antibody-testing-primer.pdf. [Accessed 1 September 2020].

3. Food and Drugs Administration. Umbrella letter to manufac-
turers of in vitro diagnostic SARS-CoV-2 antibody tests on
issurance of Emergence Use Authorization. April 28, 2020.
https://www.fda.gov/media/137470/download. [Accessed 14
June 2020].

4. Collins J, Huynh M. Estimation of diagnostic test accuracy
without full verification: a review of latent class methods.
Stat Med 2014;33(24):4141e69. https://doi.org/10.1002/sim.
6218.

5. Voysey M, Clemens SAC, Madhi SA, Madhi SA, Weckx LY,
Folegatti PM, et al. Safety and efficacy of the ChAdOx1 nCoV-19
vaccine (AZD1222) against SARS-CoV-2: an interim analysis of
four randomised controlled trials in Brazil, South Africa, and the
UK. Lancet 2021;397(10269):99e111. https://doi.org/10.1016/
S0140-6736(20)32661-1.

Yi-Hsuan Chen1

Institute of Epidemiology and Preventive Medicine, College
of Public Health, National Taiwan University, Taipei,

Taiwan

https://doi.org/10.1016/j.jmii.2021.02.008
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html
https://www.idsociety.org/globalassets/idsa/public-health/covid-19/idsa-covid-19-antibody-testing-primer.pdf
https://www.idsociety.org/globalassets/idsa/public-health/covid-19/idsa-covid-19-antibody-testing-primer.pdf
https://www.idsociety.org/globalassets/idsa/public-health/covid-19/idsa-covid-19-antibody-testing-primer.pdf
https://www.fda.gov/media/137470/download
https://doi.org/10.1002/sim.6218
https://doi.org/10.1002/sim.6218
https://doi.org/10.1016/S0140-6736(20)32661-1
https://doi.org/10.1016/S0140-6736(20)32661-1


Journal of Microbiology, Immunology and Infection 55 (2022) 341e343
Ministry of Health and Welfare and National Taiwan
University Infectious Diseases Research and Education

Center, Taipei, Taiwan

Chi-Tai Fang*,1

Institute of Epidemiology and Preventive Medicine, College
of Public Health, National Taiwan University, Taipei,

Taiwan
Ministry of Health and Welfare and National Taiwan

University Infectious Diseases Research and Education
Center, Taipei, Taiwan

Advisory Committee, Taiwan Central Epidemic Command
Center for Severe Special Infectious Pneumonia (COVID-

19), Taipei, Taiwan
343
Division of Infectious Diseases, Department of Internal
Medicine, National Taiwan University Hospital, Taipei,

Taiwan

*Corresponding author. Institute of Epidemiology and Pre-
ventive Medicine, College of Public Health, National Taiwan
University, 17 Xuzhou Road, Taipei, Taiwan. Fax: þ886 2

2351 1955.
E-mail address: fangct@ntu.edu.tw (C.-T. Fang)

17 January 2021
Available online 27 February 2021
1 Contributed equally to this work.

mailto:fangct@ntu.edu.tw

	A simple rule for interpreting COVID-19 antibody test results, by seroprevalence and vaccination status
	Author contributions
	Source of funding
	Declaration of competing interest
	Declaration of competing interest
	Appendix A. Supplementary data
	References


