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T here has been an immense amount of 
discussion regarding the potential useful-

ness of serologic testing for COVID-19. Se-
rologic testing has never been routinely used 
for diagnosing infections with “respiratory 
viruses” such as infl uenzae, parainfl uenzae, 
respiratory syncytial viruses, adenoviruses, or 
metapneumovirus, nor was it used routinely 
for diagnosis during the global epidemics of 
severe acute respiratory syndrome (SARS), 
Middle East respiratory syndrome (MERS), 
and H1N1 infl uenza. However, the pandemic 
status of COVID-19 and the shortage of nu-
cleic acid detection kits and swabs in certain 
areas raise the prospect of resorting to serology 
as an alternative to direct testing for the virus, 
and it is relevant to ask how useful it may be. 
The Infectious Diseases Society of America 
has recently issued a clear statement on CO-
VID-19 serology.1 
 The following addresses some common 
questions regarding serologic testing for CO-
VID-19.

Is IgM/IgA serology reliable for diagnosing 
acute symptomatic COVID-19?
Based on recent publications,2 the appear-
ance of detectable immunoglobulin M (IgM) 
antibodies after infection with COVID-19 
is delayed, resulting in abysmal sensitivity 
ranging from 17% to 50% in the fi rst 10 to 
14 days after the “onset” of symptoms. Note 
that this is not days after exposure or infec-
tion, but rather days after the onset of clinical 
symptoms. Unfortunately, the results may not 
be clinically useful because COVID-19 often 
progresses very quickly within the fi rst 7 to 10 
days.3 Thus, by the time of seroconversion, pa-
tients could be critically ill with septic shock 

or multiorgan failure, or they could die before 
seroconverting.
 Most hospitalized patients typically re-
ceive the diagnosis of COVID-19 by nucleic 
acid testing before admission or up to 24 hours 
after admission. Unfortunately, by the time of 
serologic diagnosis, the patient may have in-
advertently infected innumerable contacts.
 There are no carefully peer-reviewed studies 
regarding the specifi city of IgM and IgA tests, 
even though numerous point-of-care and non-
point-of-care enzyme immunoassays (EIAs) 
are commercially available. IgM serologic tests, 
in general, have an inherent predisposition to 
false-positive results. Viruses as distantly related 
as Dengue virus have been reported to cause 
false-positive IgM results in COVID-19 point-
of-care serologic tests.4 
 COVID-19 IgA EIAs had false-positive re-
sults in 20% of samples from 2,018 patients in 
the United States (author’s personal communi-
cations). The potential for a rapidly progress-
ing clinical course of COVID-19, combined 
with the low sensitivity of IgM testing during 
the fi rst 10 days of clinical infection, makes 
this low specifi city of IgA testing a concern, 
since class-switching to IgA typically occurs 
after the appearance of IgG. 

Is IgG serology a reliable option for diagnosing 
acute or convalescent COVID-19? 
IgG seroconversion is delayed after the onset of 
symptoms (more than 35 days in some cases), 
but typically occurs in 2 to 3 weeks, at which 
time it can be detected if the test specifi city is 
high. Commercially available serologic assays, 
typically enzyme-linked immunosorbent assays 
(ELISAs), require validation with a plaque-
reduction neutralization test (PRNT). 
 In brief, PRNT requires mixing live vi-
ruses with serially diluted serum followed by 
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cell cultures to view cytopathic effect. PRNT 
is a functional assay that requires signifi cant 
expertise and a biosafety level 3 facility (not 
available in hospitals), and it is not amenable 
to automation; however, it is necessary when 
any new assay is being validated. Ideally, this 
test should be done by manufacturers prior to 
US Food and Drug Administration submis-
sion; if this is a lab-developed test, the onus is 
on the lab to ensure PRNT is done on-site or 
in collaboration with a reference lab that has 
PRNT capability. Additionally, PRNT needs 
to be done head-to-head against other known 
coronaviruses, particularly those that are com-
monly acquired in the community (eg, 229E, 
OC43, NL63, HKU1), which have always 
been detected using nucleic acid amplifi cation 
tests. Thus far, none of the published studies 
or commercially available kits have documen-
tation of such validation. 
 That said, PRNT has its limitations. Pre-
vious exposure to common coronaviruses 
may lead to an early and high-titer humoral 
immune response to SARS-CoV-2. As time 
elapses, however, the humoral response prob-
ably becomes more specifi c to SARS-CoV-2. 
Studies have shown greater than 90% sero-
prevalence of common coronaviruses in the 
United Sates. Interestingly, Wölfel et al2 re-
port fi nding a signifi cant degree of serologic 
cross-reactivity between SARS-CoV-2 and 
common coronaviruses. Further, IgG respons-
es were much stronger and appeared earlier 
than IgM responses. It seems that exposure 
to SARS-CoV-2 triggers previous memory 
response to all common coronaviruses. Based 
on the current information, it is not clear 
which target provides the best specifi city, but 
specifi city should increase over time as the 
immune response becomes more fi ne-tuned. 
This, however, will be well beyond the recov-
ery time and, thus, of no use for diagnostic 
purposes.
 In addition to cross-reactivity with com-
mon coronaviruses, false-positive results are 
seen using serum with elevated antinuclear 
antibody titers. Elevated titers are relatively 
common in patients over age 50, which hap-
pens to overlap with the median age for CO-
VID-19 diagnosis. False-positive results have 
also been documented with serum from pa-
tients with infl uenza or infl uenza vaccine re-

cipients. Flu vaccine recipients constitute a 
large population—45% of the adult US popu-
lation, according to the US Centers for Dis-
ease Control and Prevention (CDC)—who 
may have overlapping signs and symptoms of 
infl uenza and COVID-19.
 On the IgG side, false-positives using both 
EIA and point-of-care testing kits also have 
been observed in serum samples from patients 
with herpes simplex virus type 1, human meta-
pneumovirus, enterovirus, parvovirus B19, 
and sera-positive rheumatoid factor, among 
others. Finally, even if IgG is to be used with 
a highly specifi c ELISA for diagnosing acute 
COVID-19 infection, one still has to wait sev-
eral weeks to see a minimum 4-fold rise in an-
tibody levels. This would be too late to be of 
clinical use. And testing requires a minimum 
of 2 blood draws (acute and convalescent), ex-
posing sick patients to even more healthcare 
environments.

Is IgG serology reliable for evaluating 
infectivity and clinical immunity 
to reinfection with COVID-19?
No one knows. Patients with a positive IgG 
result may still be sick and can shed the virus 
through their respiratory secretions or stools. 
SARS-CoV-2 is an enveloped RNA virus be-
longing to the Coronaviridae family, which 
includes common coronaviruses such as 229E, 
OC43, NL63, HKU1, and several that infect 
animals. Upper respiratory samples can re-
main positive for viral RNA for a few weeks 
after onset, when patients are supposed to 
have IgG antibodies. Viral shedding in stool 
has been reported for up to 47 days, which 
speaks against authentic neutralizing capac-
ity of tissue-transudated IgG and secretory 
IgA antibodies.5 SARS-CoV (a SARS-CoV-2 
sister virus) has been grown in cultures from 
upper respiratory samples in 54% of cases at 
2 weeks after symptom onset and in 16% of 
cases at 3 weeks after symptom onset, despite 
documented seroconversion in more than 
92% of patients assessed by PRNT that de-
tected “neutralizing antibodies.”6 Thus, hav-
ing circulating neutralizing antibodies may 
not ensure lack of infectivity. This has yet to 
be shown in SARS-CoV-2. 
 As of this writing, the CDC has not estab-
lished guidelines for occupational health isola-
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tion disposition based on serologic testing, other 
than using 2 consecutive negative nucleic-acid 
amplifi cation tests at least 24 hours apart.7 
 Regarding COVID-19, the correlate of 
protection is not known, although these levels 
have been established for many other viral dis-
eases. For example, the correlate of protection 
for hepatitis B is a surface antibody level at or 
very close to 10 mIU/mL, and this measure is 
routinely used for occupational health purpos-
es. For COVID-19, the correlate of protection 
has to be established in large, well-designed 
randomized controlled trials, which have not 
been conducted. Therefore, determination 
of “immune status” of individuals, including 
healthcare workers, to SARS-CoV-2 cannot 
be established at this time using serology. To 
further confound matters, all individuals can 
be infected and become sick with common 
coronaviruses in the community in almost ev-
ery season and sometimes several times dur-
ing a season. This suggests that immunity to 
some coronaviruses is short-lived, and linger-
ing IgG antibodies from previous seasons does 
not mean an individual is necessarily immune 
to infection with the same coronaviruses. Fur-
thermore, cell-mediated immunity (typically 
mediated through CD8+ memory T cells) also 
plays a role. 
 More recently, it has been shown that 20% 
of individuals do not mount neutralizing an-
tibodies and over 50% mount only low titer 
neutralizing antibodies with geometric titer of 
142. The rest (< 30%) are able to mount high-
titer neutralizing antibodies, but whether they 
will last and whether they are protective is not 
known.8

Is IgG serology reliable for screening 
a COVID-19-convalescent donor?
The discussions in the previous 2 items pro-
vide a segue to answer this question. First, 
we do not know if EIA results correlate well 
with PRNT (ie, ELISA antibodies vs neutral-
izing antibodies). And if they do correlate 
well, then second, we do not know if the so-
called neutralizing antibodies are neutralizing 
enough to confer immunity. 
 Shen et al9 gave critically ill patients infu-
sions of 400 mL of convalescent plasmas col-
lected from donors with clinically resolved 
COVID-19. Interestingly, the critically ill 

recipients’ pretransfusion neutralization titers 
were approximately only 1 dilution different 
than those of the donors (pretransfusion neu-
tralizing antibody geometric titers of 192 and 
80, in donors and patients, respectively). Fur-
ther, Duan et al10 found that severely ill pa-
tients had neutralization titers as high as 1:640 
before receiving transfusions of convalescent 
plasma. Healthy and COVID-19-resolved do-
nors had titers higher than 640. 
 These results raise the question as to why 
patients who already had mounted neutral-
izing antibody titers were still critically ill. 
This could be explained by the phenomenon 
called antibody-dependent enhancement, in 
which viruses can gain access to Fc gamma 
receptor-expressing cells via antibody-recog-
nizing receptors as opposed to viral receptors 
and proliferate or trigger those cells to re-
spond with a vigorous and potentially harm-
ful cytokine release (cytokine storm). More 
recently, Wölfel et al2 grew SARS-CoV-2 
in upper and lower respiratory samples from 
onset until day 8 but not beyond that. This 
suggests that transfusion of convalescence-
phase plasma may not have a role beyond 
day 8 after onset. This is important, as pas-
sive immunotherapy is typically considered 
in critically ill patients who are well beyond 
this time point. 
 Antibody-dependent enhancement has 
been shown in coronaviruses, which may 
potentially lead to more severe subsequent 
coronaviral diseases. Although this may 
have implications for vaccine design (simi-
lar to those of Dengue vaccine), it may 
also lead to potential adverse outcomes for 
convalescent plasma therapy. At this junc-
ture, we do not have any evidence that 
plasma from patients who have recovered 
offers clear clinical benefi t, as it showed 
mixed results for SARS or MERS.11 Further, 
SARS-CoV and SARS-CoV-2 can cause 
syncytium formation among lung epithelial 
cells, thereby paving the way for cell-to-cell 
transmission of the virions. In this way, vi-
rions may be protected from antibody neu-
tralization.
 Using a serologic test with poor or un-
known performance characteristics to “green-
light” distributing blood products (plasma) is 
not really an undertaking for hospital labs. The 
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US Food and Drug Administration (FDA),12 
however, recommends neutralizing antibody 
titers of at least 1:160, but a titer of 1:80 may 
be considered acceptable if an alternative 
matched unit is not available. The FDA also 
recommends that convalescent plasma be 
considered only for patients with severe or im-
mediately life-threatening COVID-19. The 
FDA further clarifi es that, although promis-
ing, convalescent plasma has not yet been 
shown to be effective in every disease studied. 
It is therefore important to determine through 
clinical trials, before routinely administering 
convalescent plasma to patients with COV-
ID-19, that it is safe and effective to do so.12 
 In short, at this point, using serology to screen 
COVID-19-convalescent donors is fraught with 
risk, not only because there is no robust science 
to back it up, but also because there are no FDA-
approved products for donor screening. Further, 
the correlation between neutralization assays 
and other test formats has been poor,2 making it 
hard to use commercial assays for this purpose.

Is IgG serology reliable 
for SARS-CoV-2 serosurveys? 
Maybe, but it very much depends on the speci-
fi city of the assay. Serology may only be good 
for surveillance or seroepidemiologic studies, 
which is a public health function or an academ-
ic project. Once fi ne-tuned assays are available 
and resources allow, impact assessments will 
need to be done on a large scale in collabora-
tive studies performed using well-balanced and 
unbiased samples that include multiple age, 
sex, and geographic cohorts. 
 Another aspect here is to assess what per-
centage of infected individuals remain asymp-
tomatic and to calculate the case-fatality rate 
(CFR). The former is helpful as background 
epidemiologic knowledge, but the CFR is even 
more important, although it comes at a poten-
tial cost. The cost is that taking asymptomatic 
cases into account when the CFR is calculated 
amid an outbreak, a sudden drop in the pub-
licly announced CFR would potentially lead 
to loosening precautionary measures such as 
social distancing by the general public, which 
may lead to further spread of the infection.
 Here’s some math to consider. As of May 
13, 2020, there were 1,420,581 cases in the 
United States. Also, let’s say only 20% of cases 

become severely symptomatic, which is a gross 
underestimation because according to the Mor-
bidity and Mortality Weekly Report, 87% will be 
symptomatic.13 Thus, at most, we’ll have a to-
tal of 7,102,905 infected cases in the United 
States so far. Given the 2019 US population 
of 328.2 million, this means a seroprevalence 
of 2.16%. An ideal IgG kit (for serosurveys) 
with a sensitivity of 100% and specifi city of 
95%, used in a context of a pretest probability 
of 2.16%, would give us a positive predictive 
value (PPV) of 30% (best-case scenario). Al-
though a very big claim to make, even a speci-
fi city of 99% would yield a PPV of 69%, mean-
ing out of 100 positive IgG results, between 31 
and 70 of them are more likely false-positive. 
This is of course for the whole country; a state 
such as New York can immensely skew the cal-
culations, given the disproportionately high 
number of cases.
 The seroprevalence in the State of Ohio is  
estimated as about 1.06% (based on published 
state government data as of May 13, 2020). 
Therefore, the PPV will be 17%, based on 
specifi city of 95%, and 51% based on a speci-
fi city of 99%. Again, all of these are calculated 
very generously.
 Let’s take a recent example from the me-
dia on coronavirus infections in Northern 
California.14 This study by Stanford University 
researchers suggested a seroprevalence of 2.5% 
to 4.2% in Santa Clara County. According to 
the above calculations and based on the prem-
ise for the test performance (sensitivity 100%, 
specifi city 95%), the PPV for the California 
study would be 33% to 46%, which is trans-
lated to a large false alarm. Another way to 
look at this is to compare their claim with peer-
reviewed literature. According to this serosur-
vey, the actual numbers of cases is estimated to 
be 50 to 85 times higher than what the county 
has announced. This roughly means that only 
1.17% to 2% of infected individuals become 
symptomatic.
 On a related note, according to a CDC 
study from the state of Washington, 87% of 
coronavirus-infected individuals became symp-
tomatic.13 This fi nding (87%) is in sharp con-
trast with the results of the Stanford University 
serosurvey estimates. A subsequent study by 
Arons et al15 reported that 94% of residents 
of a skilled nursing facility with confi rmed sta-
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tus became symptomatic. More recently, the 
CDC reported that of 4,336 exposed health-
care workers (median age 42) with confi rmed 
COVID-19 diagnosis (by RNA testing), only 
8% did not report any symptoms.16 It should 
also be mentioned that according to an earlier 
study, also from California, about 5% of indi-
viduals with fl ulike illness tested positive for 
COVID-19 by RNA testing.17

 Serosurveys may help with understanding 
herd immunity. With a minimum calculated 
basic reproduction number of 2.2, a minimum 
of 55% of the population is needed to be im-
mune to prevent large outbreaks. With current 
interventions we may never reach such a point 
unless an effective vaccine becomes available. 
Therefore, a serosurvey may not necessarily 

help with this aspect. 
 Finally, according to a large epidemiologic 
joint report from China and the World Health 
Organization,18 only 1% of cases were asymp-
tomatic based on typical symptoms; of symp-
tomatic cases, 81% were mild or moderate and 
19% were severe or critical. This was also re-
viewed and summarized later by Wu and Mc-
Googan19; although in almost all jurisdictions 
severe and critical cases get tested for RNA (as 
are less-severe cases based on expanded other 
indications), it is relatively safe to multiply the 
announced number of confi rmed cases by 5 to 
arrive at the estimated total number.
 All in all, a careful analysis of harm and cost 
vs benefi t needs to be done prior to conducting 
such large-scale serosurveys, if needed at all. 
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