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Out of the Darkness, Into the Light: Value of
SARS-CoV-2 Antibody Testing in Populations to
Benefit Public Health and in Individuals for

Peace of Mind

Robert H. Christenson”

The coronavirus disease 2019 (COVID-19) pan-
demic has been nothing short of horrible and so
terribly disruptive to an estimated 3 billion lives
worldwide from health, economic, and social per-
spectives. No event in my nearly 40-year laboratory
medicine career has had such a tragic impact. This
event has been global; the WHO declared COVID-
19 a pandemic with millions of people infected (7).
The severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) virus is capable of human-to-human
transmission and spreads via respiratory droplets,
causing a respiratory illness that closely resembles
severe acute respiratory syndrome (SARS) infection
from about 20years ago (2). The disease occurs
from an infection by SARS-CoV-2, which is a mem-
ber of the Betacoronavirus genus. The immune sys-
tem's fulminant inflammatory response to SARS-
CoV-2 can result in airway damage, respiratory fail-
ure, cardiac injury, and multiorgan failure, which can
lead to death in vulnerable patients (3, 4). No other
occurrence in the past 40years has more clearly
underscored the value and central importance of
laboratory testing. Real-time reverse transcription

PCR (RT-PCR) testing is key to acute detection of
SARS-CoV-2 virus infection and diagnosis of COVID-
19. The recognized need and critical importance of
greater access to RT-PCR testing in most areas of
the United States and the world is abundantly clear
from daily media reports. However, although RT-
PCR assesses whether the patient currently has the
SARS-CoV-2 virus, it is not able to inform about the
disease’s true prevalence in populations or assist in
determining if the patient had COVID-19 previously
and recovered. In this article, | address questions
regarding reported and unreported COVID-19 and
the prevalence of previous exposure to SARS-CoV-2
infection. The value of anti-SARS-CoV-2 testing will
be the focus as a population surveillance tool of
SARS-CoV-2 exposure and as a way of informing
individuals about whether they had past exposure
to, and infection by the SARS-CoV-2 virus.

The task now facing governments and national
regulators is to balance urgency against the every-
day sensitivity and specificity concerns that apply
to any novel medical diagnostic test (5). We must
also keep in mind the powerful influence that
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prevalence has on both negative predictive value
and, predominately, positive predictive value. An
example of this impact is demonstrated in Table 1
for a test with 89% sensitivity and 96% specificity.
\For any laboratory measurement to be optimally
informative, the assay's design must target the best
measurand available, and this is particularly true re-
garding the diagnostic specificity of anti-SARS-CoV-2
testing. One potential candidate for targeting is the
virus's nucleocapsid protein, which is SARS-CoV-2's
most abundant viral protein; therefore, the immune
response to this antigen is likely to be most robust
and easiest to detect (5). However, cross-reactivity
must be a fundamental concern and depends on
whether the results of the new test are distinct
from related coronaviruses (5). SARS-CoV-2 is but
one of several coronaviruses, and any proposed as-
say must offer the best specificity for minimizing
cross-reactivity and false-positive results from other
coronaviruses that are common in virtually all popu-
lations. The SARS-CoV-2 spike protein has been
championed as the best target because among the
coronaviruses, it offers a great number of unique
epitopes to optimize specificity. Evidence indicates
that the primary structure of the SARS-CoV-2 spike
protein is more specific than and has only 75%
identity with the amino acid structure of the earlier
SARS virus (5, 6). Furthermore, the homology of
amino acids between the SARS-CoV-2 spike protein
and those of the common cold-causing coronavi-
ruses is in the range of about 50%-60% (5).
Although the nucleocapsid protein is abundant,

Table 1. Influence of prevalence on predictive
value in a test with 89% sensitivity and 96%
specificity.

Predictive
value

Prevalence

1% 25% 5% 10% 15% 20%

Positive,% 168 339 513 690 779 833
Negative, % 923 924 927 933 938 944

assays targeting key regions of the spike protein are
distinct across coronaviruses; therefore, the spike
protein of SARS-CoV-2 has been the focus for
assessing exposure to the virus (5).

Early data indicate that the spike protein is the
main antigen that elicits neutralizing antibodies,
likely because this protein is the sole protein on
the viral surface that is responsible for entry into
the host cell (5). For this same reason, the SARS-
CoV-2 spike protein is a viable candidate for vac-
cine development because the antibody response
against the spike protein attacks the sole protein
on the viral surface that contacts the host cell (5).
Extending this rationale, another assay target
could be the “the business end” of the spike pro-
tein, which is termed the receptor binding domain
(RBD). The RBD has been identified as residues
331-524 of the SARS-CoV-2 spike protein. The
RBD of the spike protein binds to the ACE2 cell re-
ceptor (7), which is nearly identical mechanistically
to the SARS virus from 20vyears ago (7, §).
However, reactivity of COVID-19 sera was docu-
mented as, in general, more avid against the full-
length spike protein than against the RBD, likely
reflecting the higher number of unique epitopes
found on the larger spike protein (9). Regarding
specificity of the spike protein, an early clinical
study demonstrated that all patients but 3 out of
1343 (0.25%) with confirmed SARS-CoV-2 sero-
converted to having anti-SARS-CoV-2 spike protein
(10). Thus, practically all infected patients showed
a robust anti-SARS-CoV-2 response to the spike
protein. Of interest, the levels of antibodies pro-
duced did not vary between those with minimal or
severe symptoms, but the neutralizing effect of
these antibodies is incompletely understood (77).

IMPORTANCE TO PUBLIC HEALTH
Is determining the prevalence of exposure to

the SARS-CoV-2 virus important to public health?
The answer is a resounding yes, and quality



Anti-SARS-CoV-2 Testing: Out of the Darkness—Into the Light

laboratory measurements of anti-SARS-CoV-2
assays represent the most effective and objective
strategy to obtain this valuable information. As
stated in a thoughtful editorial by Kenyon, serolog-
ical testing is essential for estimating the preva-
lence of infections, including those that are
asymptomatic (72). Reportedly, at least 30% of
infected persons will not develop any symptoms
at all (13). A small study of pregnant women admit-
ted for delivery found that 13.5% were infected
with SARS-CoV-2  but  asymptomatic  (74).
Furthermore, approximately 80% of symptomatic
individuals infected with SARS-CoV-2 experience
signs and symptoms that are mild (75), so they
may not seek care or be tested by RT-PCR for
acute COVID-19.

Dealing with COVID-19 policy is not a “one size
fits all” proposition. For example, the state of New
York had overall prevalence of 14.9% based on
7500  anti-SARS-CoV-2  measurements  (76).
However, testing in New York City found a much
higher rate of 24.7% positivity for antibodies to
SARS-CoV-2. Prevalence of SARS-CoV-2 antibodies
in the Westchester/Rockland area of New York
was 15.1%, which was about the same as in the
Long Island area at 14.4%. The rest of the state
had relatively low prevalence of 3.2% antibody
positivity (76). This information is valuable for de-
termining hotspots, allocating resources, and
making decisions about implementing policies
that are more or less stringent. The assay for this
study was developed by the New York State
Department of Health and is coined the
Wadsworth Center SARS-CoV-2 IgG test. Initially,
data on the characteristics of this test were
unavailable. More recently, however, this test has
been reported to be 93%-100% specific, and liter-
ature states that significant cross-reactivity to
other known respiratory viruses is not expected
(17). However, 93% specificity can be character-
ized as moderate depending on the design and
extent of the cross-reactivity studies conducted.

Inadequate knowledge about the extent of the
COVID-19 epidemic poses a risk that public health
response and planning will not be adequate or ac-
curate. Because of the large number of asymp-
tomatic individuals with COVID-19, medical and
scientific surveyors may not be aware of the true
disease prevalence because infections would likely
go uncounted without broad population surveil-
lance. Another example of the importance of anti-
SARS-CoV-2 testing can be gleamed from the ex-
perience in Los Angeles, California (18), which
caused 2 Stanford University faculty to opine in a
Wall Street Journal article that the WHO's estimate
of the fatality rate from COVID-19 at between 2%
and 4% may be far too high (79). At this point,
much of the information is based on expert opin-
ion, but Dr. Jay Bhattacharya of Stanford
University strongly supports the need for anti-
SARS-CoV-2 testing because “the facts to date are
consistent with a wide range of uncertainty re-
garding the fatality rate from COVID-19." His col-
league Dr. Eran Bendavid also strongly supports
population testing with anti-SARS-CoV-2 tools be-
cause “we desperately need a population-
representative estimate of the seroprevalence of
the disease so we can reduce that uncertainty
and make better policy on the basis of our im-
proved knowledge” (20). One must interpret the
findings of this study with caution, however, be-
cause the anti-SARS-CoV-2 assay used in this
study (i.e., Premier Biotech) was one of 12 tests
with reliability that was openly called into ques-
tioned by the Congressional Committee on
Oversight and Reform (27) based on data from a
study conducted at the University of California,
San Francisco (22).

Here in the state of Maryland, there is also a
paucity of information. This is problematic, as illus-
trated by the fact that, to date, 44 424 individuals
have been diagnosed with COVID-19, of which
2207 have died, for a mortality rate of 5%.
Although these numbers change each day, the
mortality is about 2-fold higher than the
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presumably inflated WHO number of 2%-4% (79).
One possible reason for a disparity between the
Maryland and other regions is that 60% of the
deaths in the Old Line State were residents in
long-term care facilities. Broader anti-SARS-CoV-2
testing in Maryland will provide greater knowledge
about the actual prevalence of past SARS-CoV-2
infection and a better estimate of the overall mor-
tality rate.

VALUE OF TESTING INDIVIDUALS

A second question concerns the value of testing
and informing individuals regarding past infection
with the SARS-CoV-2 virus. Like many people, al-
most everyone | speak with seems to have an an-
ecdote about being ill with headache, respiratory
symptoms with or without a fever, sore throat,
gastrointestinal illnesses, and so forth in the
weeks and months before the SARS-CoV-2 pan-
demic was known to have hit US shores. Although
many people believe there is a good chance that
they had COVID-19, as far as we know the proba-
bility is likely very low. A question such as “Do indi-
viduals consider such a test valuable for them?” is
being “voted on” currently. In the Baltimore,
Maryland, area, anti-SARS-CoV-2 testing is being
offered to the public by commercial laboratories
at a price of approximately $120. It is uncertain at
this point how many people will find it valuable to
have the test run, whether or not it is free. | would
opine, judging in part from the >26 million
Americans who have paid between $100 and
$200 for 23andMe-type ancestry services, that
people will find the information valuable. Based
on my personal interactions and reports from
others who have offered this testing asan
“occupational benefit,” | believe many will indeed
consider anti-SARS-CoV-2 testing valuable.

One area of particular importance is the un-
precedented risk of exposure to SARS-CoV-2
posed to healthcare workers on the front lines

2020

(22). In an environment with high risk of SARS-
CoV-2 infection, good estimates of past infection
prevalence, rate of subsequent infection, and pos-
sible development of immunity are unknown and
a serious knowledge gap during such a pandemic.
We are offering anti-SARS-CoV-2 testing to ap-
proximately 30 000 individuals who are employ-
ees of, or associates at, our university medical
system, using an orthogonal testing strategy given
the suspected low prevalence. These measure-
ments are offered as a free service to our medical
system'’s occupational community. We are learning
how valuable our colleagues find this knowledge;
however, care must be taken to caution individu-
als that because of the knowledge gap mentioned
above, the presence of antibodies to SARS-CoV-2
in their blood is not known definitively to confer
immunity. For this reason, we include an interpre-
tation with reports of employee results that are
positive or reactive for anti-SARS-CoV-2 testing:
“we strongly encourage you to follow all hospital and
infection control practices including personal protec-
tive equipment.”

In conclusion, there needs to be movement out
of the “darkness” of inadequate information and
knowledge into the “light” of insights provided by
population science and individual preference,
guided by quality information. Like any other labo-
ratory test, anti-SARS-CoV-2 measurements must
target the correct measurand, be well validated,
and be conducted in an appropriately licensed
laboratory. An accurate assessment of prevalence
of SARS-CoV-2 exposure and infection, both past
and present, is necessary to guide public health
efforts. Furthermore, the scientific literature, lay
media, and expert opinion can more accurately
tailor their messages if informed by a better esti-
mate of overall disease prevalence. The value of
individuals knowing their exposure to the virus is
unknown currently and needs to be determined.
Wouldn't you like to know? Stay tuned.



Anti-SARS-CoV-2 Testing: Out of the Darkness—Into the Light

Nonstandard Abbreviations: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus
2; SARS, severe acute respiratory syndrome; RT-PCR, reverse transcription PCR; RBD, receptor binding domain.

Author Contributions: All authors confirmed they have contributed to the intellectual content of this paper and have met the follow-
ing 4 requirements: (a) significant contributions to the conception and design, acquisition of data, or analysis and interpretation of
data; (b) drafting or revising the article for intellectual content; (c) final approval of the published article; and (d) agreement to be ac-
countable for all aspects of the article thus ensuring that questions related to the accuracy or integrity of any part of the article are ap-
propriately investigated and resolved.

Authors' Disclosures or Potential Conflicts of Interest: Upon manuscript submission, all authors completed the author disclo-
sure form. Disclosures and/or potential conflicts of interest: Employment or Leadership: R.H. Christenson, The journal of Applied
Laboratory Medicine, AACC. Consultant or Advisory Role: R.H. Christenson, Siemens Healthineers, Roche Diagnostics, Becton
Dickinson, PixCell Medical, Beckman Coulter, Sphingotec, Quidel Diagnostics. Stock Ownership: None declared. Honoraria:
R.H. Christenson, Siemens Healthineers, PixCell Medical, Becton Dickinson, Beckman Coulter, Sphingotec, Roche Diagnostics,
Quidel Diagnostics. Research Funding: None declared. Expert Testimony: None declared. Patents: None declared.

REFERENCES

1. WHO. Coronavirus disease (COVID-19) pandemic. https:// nlm.nih.gov/pmc/articles/PMC7138378/#bib0040.
www.who.int/emergencies/diseases/novel-coronavirus-20 12. Kenyon C. The serostatus approach to fighting COVID-19.
19 (Accessed May 2020). Int J Infect Dis 2020;94:53-4.

2. Cherry]D, Krogstad P. SARS: the first pandemic of the 13. Nishiura H, Kobayashi T, Miyama T, Suzuki A, Jung S,
21st century. Pediatr Res 2004;56:1-5. Hayashi K, et al. Estimation of the asymptomatic ratio of

3. Faudi AS, Lane HC, Redfield RR. Covid-19—navigating the novel coronavirus infections (COVID-19). Int J Infect Dis
uncharted. N Engl | Med 2020;382:1268-9. 2020;94:154-5.

4. GuoT FanY,Chen M,Wu X Zhang L, He T, et al. 14. Sutton D, Fuchs K, DAlton M, Goffman D. Universal
Cardiovascular implications of fatal outcomes of patients with screening for SARS-CoV-2 in women admitted for
coronavirus disease 2019 (COVID-19). JAMA Cardiol 2020. delivery. N Engl ) Med 2020;382:2163-4.

5. Petherick A. Developing antibody tests for SARS-CoV-2. 15. Wu Z, McGoogan JM. Characteristics of and important
Lancet 2020;395. https://www.thelancet.com/pdfs/ lessons from the coronavirus disease 2019 (COVID-19)
journals/lancet/PlIS0140-6736(20)30788-1.pdf (Accessed outbreak in China: summary of a report of 72 314 cases
May 2020). from the Chinese Center for Disease Control and

6. Kirkcaldy RD, King BA, Brooks JT. COVID-19 and Prevention. JAMA 2020;323:1239-42. doi:
postinfection immunity limited evidence, many remaining 10.1001/jama.2020.2648.
questions. JAMA 2020;323:2245. 16. Saplakoglu Y. 1 in 5 people tested in New York City had

7. Tai W, He L, Zhang X, Pu J, Voronin D, Jiang S, et al. antibodies for the coronavirus. Live Science 2020 Apr 23.
Characterization of the receptor-binding domain (RBD) https://www.livescience.com/covid-antibody-test-results-n
of 2019 novel coronavirus: implication for ew-york-test.html (Accessed May 2020).
development of RBD protein as a viral attachment 17. New York State Department of Health. The NYSDOH
inhibitor and vaccine. Cell Mol Immunol 2020;17: Wadsworth Center’s assay for SARS-CoV-2 IgG. https:/
613-8. coronavirus.health.ny.gov/system/files/documents/2020/

8. LiF, LiW, Farzan M, Harrison SC. Structure of SARS 04/updated-13102-nysdoh-wadsworth-centers-assay-for-
coronavirus spike receptor-binding domain complexed sars-cov-2-igg_1.pdf (Accessed May 2020).
with receptor. Science 2005;309:1864-8. 18. Sood N, Simon P, Ebner P, Eichner D, Reynolds J,

9. Amanat F, Nguyen THO, Chromikova V, Strohmeier S, Bendavid E, Bhattacharya J. Seroprevalence of SARS-CoV-
Stadlbauer D, Javier A, et al. Serological assay to detect 2-specific antibodies among adults in Los Angeles
SARS-CoV-2 seroconversion in humans. Nat Med 2020. County, California, on April 10-11, 2020. JAMA 2020;323:
doi:10.1038/s41591-020-0913-5. e208279.

10. Wajnberg A, Mansour M, Leven E, Bouvier NM, Patel G, 19. Bendavid E, Bhattacharya J. Is the coronavirus as deadly
Firpo A, et al. Humoral immune response 1 and as they say? Wall Street Journal 2020 Mar 24. https://
prolonged PCR positivity in a cohort of 1343 SARS-CoV-2 www.wsj.com/articles/is-the-coronavirus-as-deadly-as-the
patients in the New York City region. doi: 10.1101/ y-say-11585088464 (Accessed May 2020).
2020.04.30.20085613. 20. Sheyner G, Gauthier M. Volunteers help Stanford search

11.  Woelfel R, Corman VM, Guggemos W. Clinical for COVID-19 clues in blood samples. Palo Alto Weekly
presentation and virological assessment of hospitalized 2020 Apr 4. https://www.paloaltoonline.com/news/2020/
cases of coronavirus disease 2019 in a travel-associated 04/04/volunteers-help-stanford-search-for-covid-19-
transmission cluster. medRxiv 2020; https://www.ncbi. clues-in-blood-samples (Accessed May 2020).


https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(20)30788-1.pdf
https://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(20)30788-1.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7138378/#bib0040
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7138378/#bib0040
https://www.livescience.com/covid-antibody-test-results-new-york-test.html
https://www.livescience.com/covid-antibody-test-results-new-york-test.html
https://coronavirus.health.ny.gov/system/files/documents/2020/04/updated-13102-nysdoh-wadsworth-centers-assay-for-sars-cov-2-igg_1.pdf
https://coronavirus.health.ny.gov/system/files/documents/2020/04/updated-13102-nysdoh-wadsworth-centers-assay-for-sars-cov-2-igg_1.pdf
https://coronavirus.health.ny.gov/system/files/documents/2020/04/updated-13102-nysdoh-wadsworth-centers-assay-for-sars-cov-2-igg_1.pdf
https://coronavirus.health.ny.gov/system/files/documents/2020/04/updated-13102-nysdoh-wadsworth-centers-assay-for-sars-cov-2-igg_1.pdf
https://www.wsj.com/articles/is-the-coronavirus-as-deadly-as-they-say-11585088464
https://www.wsj.com/articles/is-the-coronavirus-as-deadly-as-they-say-11585088464
https://www.wsj.com/articles/is-the-coronavirus-as-deadly-as-they-say-11585088464
https://www.paloaltoonline.com/news/2020/04/04/volunteers-help-stanford-search-for-covid-19-clues-in-blood-samples
https://www.paloaltoonline.com/news/2020/04/04/volunteers-help-stanford-search-for-covid-19-clues-in-blood-samples
https://www.paloaltoonline.com/news/2020/04/04/volunteers-help-stanford-search-for-covid-19-clues-in-blood-samples

21.

22.

Anti-SARS-CoV-2 Testing: Out of the Darkness—Into the Light

Krishnamoorthi R. Letter to Nancy Chen, UCP
Biosciences, Inc. US House of Representatives
Committee on Oversight and Reform. https://oversight.
house.gov/sites/democrats.oversight.house.gov/files/202
0-04-28.RK%20to%20UCP%20Biosciences%20re%20Sero
logy%20Tests.pdf (Accessed May 2020).

Whitman JD, Hiatt J, Mowery CT, Shy BR, Yu R, Yamamoto
TN, et al. Test performance evaluation of SARS-CoV-2

23.

serological assays. Unpublished manuscript. https://www.
dropbox.com/s/cd1628cau09288a/SARS-CoV-2_Serology_
Manuscript.pdf? dl=0%29 (Accessed May 2020).

Chang D, Xu H, Rebaza A, Sharma L, Dela Cruz CS.
Protecting health-care workers from subclinical
coronavirus infection. Lancet Respir Med 2020;8:e13.


https://oversight.house.gov/sites/democrats.oversight.house.gov/files/2020-04-28.RK&hx0025;20to&hx0025;20UCP&hx0025;20Biosciences&hx0025;20re&hx0025;20Serology&hx0025;20Tests.pdf
https://oversight.house.gov/sites/democrats.oversight.house.gov/files/2020-04-28.RK&hx0025;20to&hx0025;20UCP&hx0025;20Biosciences&hx0025;20re&hx0025;20Serology&hx0025;20Tests.pdf
https://oversight.house.gov/sites/democrats.oversight.house.gov/files/2020-04-28.RK&hx0025;20to&hx0025;20UCP&hx0025;20Biosciences&hx0025;20re&hx0025;20Serology&hx0025;20Tests.pdf
https://oversight.house.gov/sites/democrats.oversight.house.gov/files/2020-04-28.RK&hx0025;20to&hx0025;20UCP&hx0025;20Biosciences&hx0025;20re&hx0025;20Serology&hx0025;20Tests.pdf
https://oversight.house.gov/sites/democrats.oversight.house.gov/files/2020-04-28.RK&hx0025;20to&hx0025;20UCP&hx0025;20Biosciences&hx0025;20re&hx0025;20Serology&hx0025;20Tests.pdf
https://oversight.house.gov/sites/democrats.oversight.house.gov/files/2020-04-28.RK&hx0025;20to&hx0025;20UCP&hx0025;20Biosciences&hx0025;20re&hx0025;20Serology&hx0025;20Tests.pdf
https://oversight.house.gov/sites/democrats.oversight.house.gov/files/2020-04-28.RK&hx0025;20to&hx0025;20UCP&hx0025;20Biosciences&hx0025;20re&hx0025;20Serology&hx0025;20Tests.pdf
https://oversight.house.gov/sites/democrats.oversight.house.gov/files/2020-04-28.RK&hx0025;20to&hx0025;20UCP&hx0025;20Biosciences&hx0025;20re&hx0025;20Serology&hx0025;20Tests.pdf
https://oversight.house.gov/sites/democrats.oversight.house.gov/files/2020-04-28.RK&hx0025;20to&hx0025;20UCP&hx0025;20Biosciences&hx0025;20re&hx0025;20Serology&hx0025;20Tests.pdf
https://oversight.house.gov/sites/democrats.oversight.house.gov/files/2020-04-28.RK&hx0025;20to&hx0025;20UCP&hx0025;20Biosciences&hx0025;20re&hx0025;20Serology&hx0025;20Tests.pdf
https://www.dropbox.com/s/cd1628cau09288a/SARS-CoV-2_Serology_Manuscript.pdf? dl=0&hx0025;29
https://www.dropbox.com/s/cd1628cau09288a/SARS-CoV-2_Serology_Manuscript.pdf? dl=0&hx0025;29
https://www.dropbox.com/s/cd1628cau09288a/SARS-CoV-2_Serology_Manuscript.pdf? dl=0&hx0025;29
https://www.dropbox.com/s/cd1628cau09288a/SARS-CoV-2_Serology_Manuscript.pdf? dl=0&hx0025;29
https://www.dropbox.com/s/cd1628cau09288a/SARS-CoV-2_Serology_Manuscript.pdf? dl=0&hx0025;29



