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COVID-19 Antibody Tests: A Valua
Health Tool with Limited Relevance
to Individuals

Rachel West," Amanda Kobokovich,' Nancy Connell," and Gigi Kwik Gronvall

Antibody tests for detecting past infection with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) have many uses for public health decision
making, but demand has largely come from individual consumers. This review fo-
cuses on the individual relevance of antibody tests: their accuracy in detecting
prior infection, what past SARS-CoV-2 infection can currently infer about future
immunity or possible medical sequelae, and the potential future importance of
antibody tests for vaccine selection and medical screening. Given uncertainty
about the antibody tests (quality, accuracy level, positive predictive value) and
what those tests might indicate immunologically (durability of antibodies and
necessity for protection from reinfection), seropositive test results should not be
used to inform individual decision making, and antibody testing should remain a
tool of public health at this time.

Advent of the Coronavirus Disease 2019 Antibody Testing Market

Serology testing (or equivalently, serological, or antibody testing) for coronavirus disease 2019
(COVID-19) is useful to determine whether people were previously infected by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). This capability contrasts with diagnostic
tests, which are used to determine if someone is currently infected and presumably capable of
infecting others. Diagnostic tests either amplify viral genomic material or detect viral antigens
present in a patient sample. Although patients can simultaneously have a positive test result for
diagnostic and serologic tests, seropositivity is typically later in the course of disease. Serology
tests also require a blood sample, as opposed to the upper respiratory specimens typically
needed for molecular diagnostics. Given rampant problems in diagnostic testing accessibility
and the high incidence of asymptomatic infections, not everyone who is infected has the oppor-
tunity to be tested before clearing the virus [1,2]. Antibody tests for SARS-CoV-2 can therefore
provide important information about a person’s medical history.

The presence of antibodies to SARS-CoV-2 was originally hoped to be sufficient for release from
physical distancing early in the pandemic, particularly in March 2020 [3]. Various nations,
including the UK, Germany, and Italy, considered using antibody testing for ‘immunity passports,’
or official documentation designating an individual immune to SARS-CoV-2 reinfection, and this
cohort of already-recovered people was considered to be critical to opening the economy
[4-6]. Only a few months into the pandemic, it was too soon to determine if the presence of an-
tibodies truly indicated protective immunity. Although serology tests have an international scope,
this discussion focuses primarily on the United States. On 31 March 2020, a bipartisan group of
113 members of the US Congress urged the US Department of Health and Human Services to
rapidly deploy antibody tests to help individuals determine if they had already had the disease
[7]. ‘It will be an unnecessary economic tragedy if our citizens remain cowering at home because
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we failed to provide them with the simple, inexpensive means of proving their immunity,” they
wrote [7]. The FDA issued guidance indicating that they would not object to use of unreviewed
serology tests, as long as they were not used as the sole method for diagnosis [8].

High consumer demand and light regulation led to a deluge of antibody tests — more than 200 [9].
Most insurance companies do not cover antibody testing, so individuals paid between $300 and
$600 per test, including specimen collection [10]. Independent validation studies indicated many
tests were of poor quality, which led to media attention and Congressional hearings [11-13]. On 4
May 2020, the FDA announced a validation process conducted by the National Cancer Institute
to determine test accuracy, in addition to required data submissions to the FDA, and a higher ac-
curacy threshold for tests to be marketed [14]. Hopes for instituting an immunity passport faded
due to the challenges in getting accurate tests, questions about how long immunity may last,
and pragmatic considerations due to low disease prevalence: If only 5% of the population had
COVID-19 and were presumed to be immune from further infection, that would be insufficient to
‘open’ the economy [15]. The ethical ramifications of serology testing and use of test results include
potential discriminatory practices based on serostatus, profiling based on high-risk populations,
and violations of workers’ rights [16-18]. Also, if only the previously infected could be employed,
it would create perverse incentives, driving people to try to become infected.

Inaccurate tests are still in use; yet, there have been no recalls. Though some major biotechnology
companies have stopped selling tests following poor independent validation studies, the FDA
issued guidance revoking Emergency Use Authorization (EUA) for just two tests [19-21]. Some
test manufacturers fraudulently claimed FDA approval for their tests [22]. Independent research
groups have led the way in monitoring evaluations of antibody tests [23-26]. The FDA now
maintains a list of tests that have not received EUA and that should not be distributed, now
including 155 serology tests, but this information is not prominently displayed [27]. The lack of
clear messaging on FDA EUA status has led to the use of potentially inaccurate tests [28].

Antibody tests should not be used for individual decision making at this time. This paper de-
scribes why this is the case: (i) antibody test results may be inaccurate without multiple sequential
testing due to low disease prevalence and statistical limitations; (i) many tests on the market are
not of good quality, leading to inaccurate results; (iii) it is unknown whether past exposure to
SARS-CoV-2 leads to durable immunity or if reinfection is possible; and (iv) it is unknown whether
transmission is possible even if reinfection does not lead to clinical symptoms. Antibody tests are
valuable at the population level to support serosurveillance studies, to determine the case fatality
rate, to track increases or decreases in incidence and prevalence, and to grow the body of scien-
tific knowledge about medical sequelae following recovery [29]. For example, in the latest Centers
for Disease Control and Prevention—led seroprevalence survey, antibody tests indicated that
there was much higher COVID-19 prevalence than molecular tests showed [30]. Many people
wish to be tested because a seropositive result may theoretically release them from the
constraints of physical distancing measures [31]. Although reinfection with SARS-CoV-2 has
been very rare, it is possible, and the presence of antibodies cannot serve as proof of immunity
to reinfection [32]. Consequently, individuals who have had past SARS-CoV-2 infection could po-
tentially be reinfected and then contribute to viral transmission. Given current uncertainties about
immunity and SARS-CoV-2, individual use of antibody tests could lead to a false sense of
security.

Accuracy of the Tests
There are several different tests to measure the presence of antibodies to SARS-CoV-2. For the
remainder of this discussion, an accurate test would have over 90% sensitivity and 95%
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specificity, as defined by FDA templates for EUA applications [33]. Briefly, ‘sensitivity’ refers to
the ability of a test to capture all true-positive results while minimizing false-negative findings.
‘Specificity’ refers to the ability of a test to define all truly negative samples while minimizing
false-positive results. No currently available test can tell an individual that they are immune to re-
infection by SARS-CoV-2, and no commercially available test can detect neutralizing antibodies.
Quantitative tests, such as ELISAs and chemiluminescent immunoassays, provide richer data,
such as levels of antibodies in a patient sample. Importantly, even quantitative tests such as
ELISAs often have stipulated within the EUA that the test is for qualitative use only in patients;
quantification of antibody levels may be used for research only. Rapid diagnostic tests, typically
lateral flow assays, are qualitative and provide a positive/negative readout of serostatus. The ac-
curacy and performance of SARS-CoV-2 serology tests vary; quantitative tests are generally
more accurate than qualitative tests, partially due to the detailed data generated [34]. Antibody
test accuracy also increases with time since symptom onset, with greater than 14 days after
symptom onset being the optimal time for testing. Antibody levels after SARS-CoV-2 infection
wane, especially after mild or asymptomatic infections, which may result in a negative test result
if levels dip below the detection threshold [35]. Independent evaluations of test performance are
essential in understanding the accuracy of a test. Such evaluations have revealed sensitivities as
low as 66%, whereas the FDA currently maintains a threshold of 90% sensitivity to even apply for
an EUA [33,36].

Due to statistical realities, test results are less accurate for an individual than for a population, if the
test is less than 100% accurate, and if the disease is of low prevalence. This has to do with the pre-
dictive value, also referred to as the ‘base rate fallacy,” which takes into account both test perfor-
mance and the background population prevalence of disease. In other words, the more prevalent
a disease, the higher the predictive value for a positive test [37]. Performance statistics for tests
with EUA are available [34]. For example, the Cellex test has 93.8% sensitivity and 95.8% specificity,
S0 6.2% of tests will yield false-negative results, and 4.2% of tests will yield false-positive results [38].
If disease prevalence is 5%, the positive predictive value is low: The probability that a positive test is
truly positive would only be 53%. The positive predictive value climbs with disease prevalence; for
15% disease prevalence, the probability that a positive test result is accurate is 80%. There are online
calculators to determine these probabilities [26,39]. For diseases in which accuracy is medically
important even in low-prevalence settings, such as HIV/AIDS, the standard is to administer up to
three sequential tests [40].

Serostatus and Immunity

While knowledge of the presence (and levels) of antibodies is important in understanding past in-
fections within a population, this section explores the significant knowledge gaps that exist in our
understanding of protective immunity to SARS-CoV-2.

Durability of Immunity

While the role of antibodies in protection against reinfection remains under investigation, the pres-
ence of antibodies to SARS-CoV-2 does indicate previous infection. The ability of the immune
system to prevent reinfections differs with each pathogen; some pathogens elicit long-lasting,
specific immunity, whereas others do not. Immunity also differs among individuals, from the mag-
nitude of the response to the specificity of the response [41,42]. Antibody levels, or titers, may
change rapidly over the course of infection and afterward [43].

Past infection with SARS-CoV-2 is thought to lead to immunity from reinfection, but this remains

an open research question. Studies in nonhuman primates show that recovered animals have de-
tectable immune responses and are protected from advanced disease upon reinfection [44,45].

216  Trends in Microbiology, March 2021, Vol. 29, No. 3



Trends in Microbiology

Past studies of patients infected with SARS-CoV-1 or Middle East respiratory syndrome show
that patients have persistent immune cells, including memory T cells, for years after exposure
to the virus [46,47].

Correlates of Immunity

It is unclear which components of the immune system are most important in fighting SARS-CoV-2
and what levels of antibodies are required to maintain immunity. Most patients seroconvert, or be-
come antibody positive, after 2 weeks of infection [48]. Antibodies are detected as early as 6 days
after symptom onset and increase steadily over the first 3-4 weeks after symptom onset [35].
Overall, antibodies appear to peak 14-30 days after symptom onset and then slowly decline for
2-3 months [43,49].

Antibody levels vary with isotype and disease severity; patients with severe disease have higher
antibody levels that may persist longer. IgA and IgM levels decline after 60 days post-symptom
onset, though IgG levels remain significant [42,50]. IgG antibodies have been shown to persist
up to 90 days, even in mild cases [51,52]. Patients with severe COVID-19 appear to have higher
levels of antibodies than those with mild/asymptomatic cases, but the kinetics of antibody levels
are similar across all cases [53]. In a study in Wuhan, China, researchers found that spike receptor
binding domain (RBD)—-specific IgG levels in asymptomatic patients were lower than in symptom-
atic patients, though prevalence was similar between the two groups (IgG prevalence of over
80% of all cases 3—4 weeks after exposure) [35]. Importantly, antibodies are only one element
of the immune response. The cellular immune response, which involves T cells, cannot be
measured through an antibody test.

Neutralizing Antibodies

Many studies analyzing antibody levels over time do not indicate if these antibodies are neutralizing
and protect against infection in laboratory tests. In blood donors who recovered from COVID-19
and were eligible to donate convalescent plasma, neutralizing antibody levels were highly variable
[54,55]. Therefore, neutralizing antibodies must be quantified on a case-by-case basis. Although
neutralizing antibodies can be difficult to quantify outside of a laboratory setting, recent work
shows that IgG levels correlate well with neutralizing antibody levels [56]. Levels of antibodies are
measured using dilution factors; convalescent plasma should have a titer higher than 1:160, but
the range of neutralizing antibody concentrations in convalescent plasma can be from 1:60 to
1:2650 [56,57]. Neutralizing antibody levels could offer a method to screen potential donors
through quantification of levels of IgG. Researchers have also identified that neutralizing IgG anti-
bodies can emerge as early as 9 days after symptom onset, appearing to peak at 31-35 days
[68,59]. These levels also appear to correlate with the severity of disease [60]. Titers of neutralizing
antibodies in patients with severe COVID-19 are up to seven times higher than in those
with mild disease [54,60-62]. Neutralizing antibodies may decline below detection thresholds by
2-3 months after symptom onset [48,63]. Importantly, it should be noted that some neutralization
studies use pseudoviruses (nonpathogenic viruses that have been genetically modified to present
SARS-CoV-2-specific proteins) that are manipulated at lower biosafety containment levels, but
these are not standard neutralization assays.

Role of T Cells and Innate Immunity

‘Cell-mediated immunity’ refers to the adaptive immune response that is independent of antibodies
but involves immune cells that specifically recognize, target, and clear infected host cells. Cell-
mediated immunity and how it correlates to antibody levels should be further investigated in the
context of SARS-CoV-2. T cells (both CD4* and CD8™) are important mediators of infection in
other coronavirus diseases. CD8* cells, or ‘killer’ cells, are capable of destroying virus-infected
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cells, whereas CD4™ cells, or ‘helper’ T cells, act indirectly to control or direct other compo-
nents of the immune system to control the infection, including directing CD8" cells to kill in-
fected cells. Other T cells called ‘memory T cells’ circulate in small numbers after an infection
and can activate the immune system quickly in response to the same pathogen. Recent
work in convalescent patients demonstrated that SARS-CoV-2-specific CD4™ T cells were
present in all patients and that CD8" T cells were present in 90%, indicating a potential role
for cell-mediated immunity for SARS-CoV-2 infections [64].

In both severe and mild COVID-19 patients, patients have SARS-CoV-2—-specific T cell responses
[65,66]. In recovered patients, CD4" and CD8" T cell responses were more robust in patients with
severe COVID-19 [65]. Importantly, mild and asymptomatic cases of COVID-19 also appear to
have SARS-CoV-2-specific T cell responses [67]. These responsive T cell titers appeared to
correlate with antispike, anti-RBD, and anti-nucleoprotein (NP) antibody levels. Although mild
cases had lower specific memory T cell responses, they did have active, mature membrane
protein (M)- and NP-specific CD8" T cells. A smaller study of index patients diagnosed with
mild COVID-19 and their familial contacts showed persistent SARS-CoV-2-specific T cells up
to 80 days after symptom onset [68]. Importantly, even without seroconversion, contact cases
still had active T cell responses. The presence of reactive T cells in all patient populations holds
promise for a multipronged immune defense. While more accessible tests are being created to
study neutralizing antibodies in lower biocontainment settings, T cell screening is more difficult
to scale up because most T cell assays rely on flow cytometry methods, which require a
laboratory.

Current and Potential Uses for Antibody Tests for Individuals

Identifying and Managing Patient Care after Recovery from COVID-19

CQOVID-19 infection history could be important for future medical management. There is a grow-
ing body of evidence for medical sequelae following SARS-CoV-2 infection, even in mild cases.
Serology testing to identify past SARS-CoV-2 infection could be particularly helpful in pediatric
patients with multisystem inflammatory syndrome in children (MIS-C), as recommended by the
Infectious Diseases Society of America [69]. Recent increases of cases of MIS-C alerted
healthcare professionals to the possible link to SARS-CoV-2 infection; indeed, there is high
seroprevalence in children presenting with MIS-C, accompanied by neutralizing antibodies to
the virus [70-72]. In adults, multiple sequelae have been associated with long-term health
impacts. Cardiovascular impacts, for instance, are seen in 20-35% of patients, and long-term
cardiovascular impacts such as myocarditis have been observed in young adults recovered
from COVID-19 [73-75]. As this understanding evolves, the use of antibody tests to determine
past infection may become more important [76]. In resource-limited settings, serologic testing
may offer a method for screening symptomatic patients and following their contacts. The Africa
Centers for Disease Control and Prevention has provided interim guidance for the use of rapid
serology tests, and this could better inform patient care and community surveillance [77].

Cytokine Storm and Sequelae in COVID-19 Patients

Inflammation is a major part of the body’s defense against infection and other assaults, but a hall-
mark of many SARS-CoV-2 infections is the loss of regulation of the inflammatory response. Severe
cases of COVID-19 (i.e., those with acute respiratory distress syndrome) are characterized by
systemic hyperinflammation, or ‘cytokine storm.” The hyperexpression of proinflammatory
cytokines and chemokines leads to increased infiltration of immune cells (e.g., macrophages and
neutrophils) to the lungs, damaging other immune cells and the lung’s architectural components.
Subsequently, the virus can leak out of the lungs and spread to other organs by moving through
the vascular system and infecting other cells that express the ACE2 receptor; the virus can also

218  Trends in Microbiology, March 2021, Vol. 29, No. 3



Trends in Microbiology

spread between adjacent cells [106,107]. Coagulation defects lead to microvascular COVID-19
lung vessel obstructive thromboinflammatory syndrome, or ‘microCLOTS’: thousands of tiny
clots throughout the entire vasculature. Blood clotting, strokes, embolism, and heart, kidney,
and neurological damage have been observed in these severe cases [78]. Such impacts of hyper-
immune activation may lead to long-term COVID-19 sequelae in patients, who are now described
as ‘long haulers.” Long haulers can be any age and of any health status, with children and adults
alike experiencing these impacts [79-81]. Serology testing for such individuals, especially if they
have had asymptomatic infections, could provide causation for their symptoms [82].

Of particular concern is long-lasting neurologic damage: in recovered SARS patients, persistent
neurocognitive deficits lasted up to 18 months after discharge [83]. Early reports from Wuhan
and ltaly suggested similar effects will be associated with SARS-CoV-2 infections as well; reports
of anxiety, depression, malaise, and muscle weakness (demyelination and other neuromuscular
complications) are accumulating [84,85]. It is already clear that recovery from COVID-19 can take
months and, as the pandemic progresses, perhaps years.

Donating Convalescent Plasma

Serology testing is often necessary to determine eligibility to donate convalescent plasma, a ther-
apy for COVID-19 that is currently being investigated in several clinical trials and has been given
EUA from the FDA [86]. Convalescent plasma therapy is also known as ‘passive immunization’;
in theory, giving plasma from recovered COVID-19 patients who have SARS-CoV-2-specific an-
tibodies to patients with active infections bolsters the recipients’ immune response [87]. The FDA
now requires a confirmatory laboratory-based test (molecular or serology) for COVID-19 infection
before plasma donation, with resolution of symptoms at least 14 days prior to donation [88].
Convalescent plasma appears to have limited clinical benefit but appears most effective if admin-
istered early and with high antibody titers [89-93]. Levels of overall antibodies appear to vary
greatly among convalescent plasma donors [54,55]. Blood donation centers, including the
American Red Cross, are now offering serology tests to all blood donors, providing data that
could be used to identify potential donors [94-96]. Additionally, serology testing of all donors
could identify asymptomatic individuals who may have sufficient levels of antibody to donate
plasma.

Vaccine Selection

Another important use of individual testing is determining the risk of antibody status before immu-
nization. Phases | and Il clinical trials testing the safety and efficacy of a new vaccine measure the
immune response to the immunization; hence, individuals with previous exposure should be dif-
ferentiated in evaluating the response to vaccination.

In addition, vaccine manufacturers are watching carefully for any signs of antibody-dependent
enhancement (ADE). Briefly, ADE occurs when antibody levels specific to a virus are low enough
to allow increased reinfection by the same virus. There are multiple mechanisms described, but
generally ADE occurs when the binding of non-neutralizing antibodies enhances viral entry into
cells. There is evidence for ADE in SARS-CoV-1-infected nonhuman primates, but currently
there is no evidence of ADE associated with SARS-CoV-2 infection [97,98]. If evidence of ADE
in SARS-CoV-2 infections does emerge, it may be important to assess antibody levels in individ-
uals before and after vaccination. This could ensure that levels are sufficiently high to neutralize
the virus and not contribute to ADE. Variable levels could in fact dictate vaccination schedules.

As vaccine candidates advance worldwide, with several entering Phase Il trials, serostatus could
be relevant to the patient and the healthcare provider [99,100]. If it is determined that a single
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SARS-CoV-2 exposure induces long-lasting protective immunity, a positive serology test could
indicate that an individual does not require vaccination or should not receive priority for vaccina-
tion. This ‘triage’ of individuals eligible for vaccination could be useful if vaccine doses are limited.
However, antibody levels have been shown to wane over time. Therefore, an individual who was
exposed several months before taking a serology test may have a negative test result.

A Tool for Public Health, Not Individuals

Recent public discussion has given many the false impression that a seropositive antibody test
result indicates a return to ‘normal’ and release from physical distancing public health measures
[101,102]. However, given uncertainty about the antibody tests (quality, accuracy level, positive
predictive value) and what those tests might indicate immunologically (durability of antibodies
and necessity for protection from reinfection), seropositive test results should not be used to
avoid appropriate physical distancing or mask wearing.

Individual antibody test results should also be used with caution by employers or other institutions
because they may be inaccurate or have performance discrepancies from those reported by the
manufacturer. The US Equal Employment Opportunity Commission clarified that it is unlawful for
employers to require antibody testing as a prerequisite for their employees to return to work
under the Americans with Disabilities Act [18]. However, there are reports of some universities con-
sidering allowing only those with seropositive test results to participate in certain group activities,
which creates perverse incentives [103]. The US Department of Defense considered a proposal
to bar seropositive recruits, presumably because COVID-19 may lead to medical sequelae in the
future; it will be important to monitor these efforts to protect individuals from ethical hazards and
from discrimination [104,105].

Concluding Remarks

Validated and highly accurate antibody tests have an important role in the ongoing response to
the COVID-19 pandemic at the population level. With the current limited understanding of
correlates of immunity, prevalence of disease, and durability of immunity, antibody testing should
remain a tool of public health until more is understood about long-term impacts of SARS-CoV-2
on the immune system. When more is understood about how antibodies reflect protective immu-
nity and how serostatus correlates with medical sequelae, the value of antibody testing at the
individual level can be re-evaluated (see Outstanding Questions).

References

1. Kim, S.R. et al. (2020) Which cities have the biggest racial gaps 6.

in COVID-19 testing access? FiveThirtyEight. Published online
July 22, 2020. https://fivethirtyeight.com/features/white-
neighborhoods-have-more-access-to-covid-19-testing-sites/

Horowitz, J. (2020) In Italy, going back to work may depend on
having the right antibodies. New York Times. Published online
April 4, 2020. https://www.nytimes.com/2020/04/04/world/
europe/italy-coronavirus-antibodies.html

2. Courage, K.H. (2020) Should we be testing fewer people to 7. Foster, B. et al. (2020) Letter from 113 members of Congress
stop the spread of Covid-19? Vox. Published online July 31, urging HHS to rapidly deploy COVID-19 antibody testing.
2020. https://www.vox.com/2020/7/31/21336212/covid-19- March 31 2020. https://foster.house.gov/sites/foster.house.
test-results-delays gov/files/2020.03.31%20Foster%20Brooks %20Bera%20An-
3. Proctor, K. et al. (2020) ‘Immunity passports’ could speed up tibody%20Testing%20Letter_Final.pdf
return to work after Covid-19. The Guardian Published online 8. Food, U.S. and Administration, Drug (2020) Policy for corona-
March 30, 2020. https://www.theguardian.com/world/2020/ virus disease-2019 tests during the public health emergency
mar/30/immunity-passports-could-speed-up-return-to-work- (Revised). FDA. Published online May 2020. https://www.fda.
after-covid-19 gov/regulatory-information/search-fda-guidance-documents/
4. Wakefield, J. (2020) Coronavirus: NHS app paves the way for policy-coronavirus-disease-2019-tests-during-public-health-
‘immunity passports’. BBC News. Published online May 26, emergency-revised
2020. https://www.bbc.com/news/technology-52807414 9. Deeks, J.J. et al. (2020) Antibody tests for identification of cur-
5. Bienkov, A. (2020) Germany could issue thousands of people rent and past infection with SARS-CoV-2. Cochrane Database
coronavirus ‘immunity certificates’ so they can leave the Syst. Rev. 6, CD013652
lockdown early. Business Insider. Published online March 30, 10.  Kurani, N. et al. (2020) COVID-19 test prices and payment

2020. https://www.businessinsider.com/coronavirus-germany-
covid-19-immunity-certificates-testing-social-distancing-
lockdown-2020-3

220  Trends in Microbiology, March 2021, Vol. 29, No. 3

policy. Peterson-KFF Health System Tracker. Published online
July 15, 2020. https://www.healthsystemtracker.org/brief/
covid-19-test-prices-and-payment-policy/

Trends in Microbiology

Outstanding Questions

Which components of the immune
system are most important in fighting
SARS-CoV-2, and, if antibodies,
what titers are required to maintain
immunity?

Will past infection by SARS-CoV-2
have future importance for medical
screening, vaccine selection, or vac-
cine prioritization?

How long do neutralizing antibodies
last?

Is a single infection sufficient to induce
memory B and T cell development?

Will changes in disease prevalence
substantially affect performance and
utility of serology tests?


https://fivethirtyeight.com/features/white-neighborhoods-have-more-access-to-covid-19-testing-sites/
https://fivethirtyeight.com/features/white-neighborhoods-have-more-access-to-covid-19-testing-sites/
https://www.vox.com/2020/7/31/21336212/covid-19-test-results-delays
https://www.vox.com/2020/7/31/21336212/covid-19-test-results-delays
https://www.theguardian.com/world/2020/mar/30/immunity-passports-could-speed-up-return-to-work-after-covid-19
https://www.theguardian.com/world/2020/mar/30/immunity-passports-could-speed-up-return-to-work-after-covid-19
https://www.theguardian.com/world/2020/mar/30/immunity-passports-could-speed-up-return-to-work-after-covid-19
https://www.bbc.com/news/technology-52807414
https://www.businessinsider.com/coronavirus-germany-covid-19-immunity-certificates-testing-social-distancing-lockdown-2020-3
https://www.businessinsider.com/coronavirus-germany-covid-19-immunity-certificates-testing-social-distancing-lockdown-2020-3
https://www.businessinsider.com/coronavirus-germany-covid-19-immunity-certificates-testing-social-distancing-lockdown-2020-3
https://www.nytimes.com/2020/04/04/world/europe/italy-coronavirus-antibodies.html
https://www.nytimes.com/2020/04/04/world/europe/italy-coronavirus-antibodies.html
https://foster.house.gov/sites/foster.house.gov/files/2020.03.31%20Foster%20Brooks%20Bera%20Antibody%20Testing%20Letter_Final.pdf
https://foster.house.gov/sites/foster.house.gov/files/2020.03.31%20Foster%20Brooks%20Bera%20Antibody%20Testing%20Letter_Final.pdf
https://foster.house.gov/sites/foster.house.gov/files/2020.03.31%20Foster%20Brooks%20Bera%20Antibody%20Testing%20Letter_Final.pdf
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/policy-coronavirus-disease-2019-tests-during-public-health-emergency-revised
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/policy-coronavirus-disease-2019-tests-during-public-health-emergency-revised
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/policy-coronavirus-disease-2019-tests-during-public-health-emergency-revised
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/policy-coronavirus-disease-2019-tests-during-public-health-emergency-revised
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0045
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0045
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0045
https://www.healthsystemtracker.org/brief/covid-19-test-prices-and-payment-policy/
https://www.healthsystemtracker.org/brief/covid-19-test-prices-and-payment-policy/

Trends in Microbiology

20.

21.

22.

283.

24.

25.

26.

27.

28.

29.

House Committee on Oversight and Reform (2020) Subcommittee
on Economic and Consumer Policy COVID-19 Antibody Testing:
uses, abuses, limitations, and the federal response. Published on-
line June 9, 2020. https://oversight.house.gov/legislation/briefings/
subcommittee-on-economic-and-consumer-policy-covid-19-anti-
body-testing-uses

Subcommittee Staff (2020) Preliminary findings of the
subcommittee’s coronavirus antibody testing investigation.
April 24, 2020. https://oversight.house.gov/sites/democrats.
oversight.house.gov/files/ECP%20Staff%20Report%200n%
20Preliminary%20Findings %200f%20the %20Subcommittee
%E2%80%99s%20Coronavirus%20Antibody%20Testing%
20Investigation.pdf

Food, U.S. and Administration, Drug (2020) Independent eval-
uations of COVID-19 serological tests. openFDA. https://open.
fda.gov/apis/device/covid19serology/

Tuzman, K.T. et al. (2020) NClI takes lead on serological test
validation as cancer center joins COVID-19 fight. BioCentury.
Published online April 9, 2020. https://www.biocentury.com/
article/304874

Kirkpatrick, D.D. and Bradley, J. (2020) U.K. paid $20 million
for new coronavirus tests. They didn’'t work. New York Times.
Published online April 16, 2020. https://www.nytimes.com/
2020/04/16/world/europe/coronavirus-antibody-test-uk.html
Emanuel, E.J. et al. (2020) Fair allocation of scarce medical re-
sources in the time of Covid-19. N. Engl. J. Med. 382,
2049-2055

Vakharia, K. (2020) The right to know: ethical implications of
antibody testing for healthcare workers and overlooked socie-
tal implications. J. Med. Ethics. Published online June 3, 2020.
https://doi.org/10.1136/medethics-2020-106467

US Equal Employment Opportunity Commission (2020)
What you should know about COVID-19 and the ADA, the
Rehabilitation Act, and other EEO laws. https://www.eeoc.
gov/wysk/what-you-should-know-about-covid-19-and-ada-
rehabilitation-act-and-other-eeo-laws

Crotti, N. (2020) BD stops selling COVID-19 antibody test it
touted in March. MassDevice. Published online May 11, 2020.
https://www.massdevice.com/breaking-bd-stops-selling-covid-
19-antibody-test-it-touted-in-march/

Food, U.S. and Administration, Drug (2020) Coronavirus
(COVID-19) update: FDA revokes Emergency Use Authorization
for Chembio antibody test. News Release. Published online
June 16, 2020. https://www.fda.gov/news-events/press-
announcements/coronavirus-covid-19-update-fda-revokes-
emergency-use-authorization-chembio-antibody-test

US Food and Drug Administration (2020) Revocation of
EUA200349. https://www.fda.gov/media/140908/download
Anon (2020) CORRECTION: the FDA has not approved
a two-minute coronavirus test. Axios. Published online
March 31, 2020. https://www.axios.com/fda-coronavirus-
two-minute-testing-kit-bodysphere-a665429d-488d-4edf-
bd36-9180e2a06e4c.html

Anon (2020) FIND Evaluations of SARS-CoV-2 assays. https://
www.finddx.org/covid-19/sarscov2-eval/

Jorfi, M. et al. (2020) Diagnostic technology for COVID-19:
comparative evaluation of antigen and serology-based SARS-
CoV-2 immunoassays, and contact tracing solutions for poten-
tial use as at-home products. medRxiv. Published online June
29, 2020. https://doi.org/10.1101/2020.06.25.20140236
Whitman, J.D. et al. (2020) Test performance evaluation of
SARS-CoV-2 serological assays. medRxiv. Published online
May 17, 2020. https://doi.org/10.1101/2020.04.25.20074856
Mass General Brigham Center for COVID Innovation (2020)
Antibody LFA evaluation. https://covidinnovation.partners.
org/evaluation/

US Food and Drug Administration (2020) FAQs on testing
for SARS-CoV-2. https://www.fda.gov/medical-devices/
emergency-situations-medical-devices/fags-testing-sars-cov-2
Bendavid, E. et al. (2020) COVID-19 antibody seroprevalence
in Santa Clara County, California. medRxiv. Published online
April 30, 2020. https://doi.org/10.1101/2020.04.14.20062463
Gronvall, G. et al. (2020) Developing a National Strategy for
SARS-CoV-2 Serosurveys in the United States, Johns Hopkins
Center for Health Security

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Havers, F.P. et al. (2020) Seroprevalence of antibodies to
SARS-CoV-2 in 10 sites in the United States, March 23-May
12, 2020. JAMA Intern. Med. Published online July 21, 2020.
https://doi.org/10.1001/jamainternmed.2020.4130

Aleccia, J. and Barry-Jester, A.M. (2020) Hype collides with
science as FDA tries to rein in ‘Wild West’ of COVID blood
tests. Kaiser Health News. Published online June 3, 2020.
https://khn.org/news/hype-collides-with-science-as-fda-tries-
to-rein-in-wild-west-of-covid-blood-tests/

Tillett, R.L. et al. (2020) Genomic evidence for reinfection with
SARS-CoV-2: a case study. Lancet Infect. Dis. Published on-
line October 12, 2020. https://doi.org/10.1016/S1473-3099
(20)30764-7

US Food and Drug Administration (2020) Serology template for
commercial manufacturers. FDA In Vitro Diagnostics EUAs
https://www.fda.gov/media/137698/download

Kobokovich, A. et al. (2020) Global progress on COVID-19
serology-based testing. Johns Hopkins Center for Health
Security. Published online April 17, 2020. https://www.
centerforhealthsecurity.org/resources/COVID-19/serology/
Serology-based-tests-for-COVID-19.html

Long, Q.-X. et al. (2020) Clinical and immunological assess-
ment of asymptomatic SARS-CoV-2 infections. Nat. Med.
26, 1200-1204

Whitman, J.D. et al. (2020) Evaluation of SARS-CoV-2 serology
assays reveals a range of test performance. Nat. Biotechnol.
38, 1174-1183

Haugh, T. and Bedi, S. (2020) Just because you test positive
for antibodies doesn’t mean you have them. New York
Times. Published online May 13, 2020. https://www.nytimes.
com/2020/05/13/opinion/antibody-test-accuracy.html

Cellex (2020) Cellex qSARS-CoV-2 IgG/IgM Rapid Test
[instructions for use]. https://www.fda.gov/media/136625/
download

Lowry, R. (2020) Clinical Calculator 2: predictive values
and likelihood ratios. VassarStats: Website for Statistical
Computation. http://vassarstats.net/clin2.html

World Health Organization (2017) Quality of HIV testing and
prevention of misdiagnosis. Published online August 29,
2017. http://www.who.int/hiv/mediacentre/news/hiv-misdiag-
nosis-ga/en/

Wu, F. et al. (2020) Evaluating the association of clinical char-
acteristics with neutralizing antibody levels in patients who
have recovered from mild COVID-19 in Shanghai, China.
JAMA Intem. Med. 180, 1356-1362

Long, Q.-X. et al. (2020) Antibody responses to SARS-CoV-2
in patients with COVID-19. Nat. Med. 26, 845-848

Chen, Y. et al. (2020) A comprehensive, longitudinal analysis of
humoral responses specific to four recombinant antigens of
SARS-CoV-2 in severe and non-severe COVID-19 patients.
PLoS Pathog. 16, 1008796

Bao, L. et al. (2020) Lack of reinfection in rhesus macaques
infected with SARS-CoV-2. bioRxiv. Published online May 1,
2020. https://doi.org/10.1101/2020.03.13.990226
Chandrashekar, A. et al. (2020) SARS-CoV-2 infection protects
against rechallenge in rhesus macaques. Science 369,
812-817

Liu, W.J. et al. (2017) T-cell immunity of SARS-CoV: Implications
for vaccine development against MERS-CoV. Antivir. Res. 137,
82-92

Yang, L.-T. et al. (2006) Long-lived effector/central memory T-cell
responses to severe acute respiratory syndrome coronavirus
(SARS-CoV) S antigen in recovered SARS patients. Clin.
Immunol. 120, 171-178

Prévost, J. et al. (2020) Cross-sectional evaluation of humoral re-
sponses against SARS-CoV-2 Spike. bioRxiv. Published online
June 8, 2020. https://doi.org/10.1101/2020.06.08.140244

Lei, Q. et al. (2020) Antibody dynamics to SARS-CoV-2 in asymp-
tomatic COVID-19 infections. medRxiv. Published online August
4, 2020. https://doi.org/10.1101/2020.07.09.20149633

Yu, H. et al. (2020) Distinct features of SARS-CoV-2-specific
IgA response in COVID-19 patients. Eur. Respir. J. 56,
2001526

Marklund, E. et al. (2020) Serum-IgG responses to SARS-CoV-2
after mild and severe COVID-19 infection and analysis of IgG

Trends in Microbiology, March 2021, Vol. 29, No. 3

¢ CellP’ress

221



https://oversight.house.gov/legislation/briefings/subcommittee-on-economic-and-consumer-policy-covid-19-antibody-testing-uses
https://oversight.house.gov/legislation/briefings/subcommittee-on-economic-and-consumer-policy-covid-19-antibody-testing-uses
https://oversight.house.gov/legislation/briefings/subcommittee-on-economic-and-consumer-policy-covid-19-antibody-testing-uses
https://oversight.house.gov/sites/democrats.oversight.house.gov/files/ECP%20Staff%20Report%20on%20Preliminary%20Findings%20of%20the%20Subcommittee%E2%80%99s%20Coronavirus%20Antibody%20Testing%20Investigation.pdf
https://oversight.house.gov/sites/democrats.oversight.house.gov/files/ECP%20Staff%20Report%20on%20Preliminary%20Findings%20of%20the%20Subcommittee%E2%80%99s%20Coronavirus%20Antibody%20Testing%20Investigation.pdf
https://oversight.house.gov/sites/democrats.oversight.house.gov/files/ECP%20Staff%20Report%20on%20Preliminary%20Findings%20of%20the%20Subcommittee%E2%80%99s%20Coronavirus%20Antibody%20Testing%20Investigation.pdf
https://oversight.house.gov/sites/democrats.oversight.house.gov/files/ECP%20Staff%20Report%20on%20Preliminary%20Findings%20of%20the%20Subcommittee%E2%80%99s%20Coronavirus%20Antibody%20Testing%20Investigation.pdf
https://oversight.house.gov/sites/democrats.oversight.house.gov/files/ECP%20Staff%20Report%20on%20Preliminary%20Findings%20of%20the%20Subcommittee%E2%80%99s%20Coronavirus%20Antibody%20Testing%20Investigation.pdf
https://open.fda.gov/apis/device/covid19serology/
https://open.fda.gov/apis/device/covid19serology/
https://www.biocentury.com/article/304874
https://www.biocentury.com/article/304874
https://www.nytimes.com/2020/04/16/world/europe/coronavirus-antibody-test-uk.html
https://www.nytimes.com/2020/04/16/world/europe/coronavirus-antibody-test-uk.html
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0080
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0080
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0080
https://doi.org/10.1136/medethics-2020-106467
https://www.eeoc.gov/wysk/what-you-should-know-about-covid-19-and-ada-rehabilitation-act-and-other-eeo-laws
https://www.eeoc.gov/wysk/what-you-should-know-about-covid-19-and-ada-rehabilitation-act-and-other-eeo-laws
https://www.eeoc.gov/wysk/what-you-should-know-about-covid-19-and-ada-rehabilitation-act-and-other-eeo-laws
https://www.massdevice.com/breaking-bd-stops-selling-covid-19-antibody-test-it-touted-in-march/
https://www.massdevice.com/breaking-bd-stops-selling-covid-19-antibody-test-it-touted-in-march/
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-revokes-emergency-use-authorization-chembio-antibody-test
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-revokes-emergency-use-authorization-chembio-antibody-test
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-revokes-emergency-use-authorization-chembio-antibody-test
https://www.fda.gov/media/140908/download
https://www.axios.com/fda-coronavirus-two-minute-testing-kit-bodysphere-a665429d-488d-4edf-bd36-9180e2a06e4c.html
https://www.axios.com/fda-coronavirus-two-minute-testing-kit-bodysphere-a665429d-488d-4edf-bd36-9180e2a06e4c.html
https://www.axios.com/fda-coronavirus-two-minute-testing-kit-bodysphere-a665429d-488d-4edf-bd36-9180e2a06e4c.html
https://www.finddx.org/covid-19/sarscov2-eval/
https://www.finddx.org/covid-19/sarscov2-eval/
https://doi.org/10.1101/2020.06.25.20140236
https://doi.org/10.1101/2020.04.25.20074856
https://covidinnovation.partners.org/evaluation/
https://covidinnovation.partners.org/evaluation/
https://www.fda.gov/medical-devices/emergency-situations-medical-devices/faqs-testing-sars-cov-2
https://www.fda.gov/medical-devices/emergency-situations-medical-devices/faqs-testing-sars-cov-2
https://doi.org/10.1101/2020.04.14.20062463
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0145
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0145
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0145
https://doi.org/10.1001/jamainternmed.2020.4130
https://khn.org/news/hype-collides-with-science-as-fda-tries-to-rein-in-wild-west-of-covid-blood-tests/
https://khn.org/news/hype-collides-with-science-as-fda-tries-to-rein-in-wild-west-of-covid-blood-tests/
https://doi.org/10.1016/S1473-3099(20)30764-7
https://doi.org/10.1016/S1473-3099(20)30764-7
https://www.fda.gov/media/137698/download
https://www.centerforhealthsecurity.org/resources/COVID-19/serology/Serology-based-tests-for-COVID-19.html
https://www.centerforhealthsecurity.org/resources/COVID-19/serology/Serology-based-tests-for-COVID-19.html
https://www.centerforhealthsecurity.org/resources/COVID-19/serology/Serology-based-tests-for-COVID-19.html
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0175
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0175
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0175
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0180
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0180
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0180
https://www.nytimes.com/2020/05/13/opinion/antibody-test-accuracy.html
https://www.nytimes.com/2020/05/13/opinion/antibody-test-accuracy.html
https://www.fda.gov/media/136625/download
https://www.fda.gov/media/136625/download
http://vassarstats.net/clin2.html
http://www.who.int/hiv/mediacentre/news/hiv-misdiagnosis-qa/en/
http://www.who.int/hiv/mediacentre/news/hiv-misdiagnosis-qa/en/
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0205
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0205
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0205
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0205
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0210
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0210
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0215
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0215
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0215
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0215
https://doi.org/10.1101/2020.03.13.990226
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0225
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0225
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0225
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0230
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0230
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0230
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0235
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0235
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0235
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0235
https://doi.org/10.1101/2020.06.08.140244
https://doi.org/10.1101/2020.07.09.20149633
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0250
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0250
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0250

¢? CellPress

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

non-responders. medRxiv. Published online July 11, 2020.
https://doi.org/10.1101/2020.07.11.20151324

Isho, B. et al. (2020) Persistence of serum and saliva antibody re-
sponses to SARS-CoV-2 spike antigens in COVID-19 patients.
Sci. Immunol. 5, eabe5511

Hou, H. et al. (2020) Detection of IgM and IgG antibodies in patients
with coronavirus disease 2019. Clin. Transl. Immunol. 9, 01136
Luchsinger, L.L. et al. (2020) Serological assays estimate highly
variable SARS-CoV-2 neutralizing antibody activity in recov-
ered COVID19 patients. J. Clin. Microbiol. Published online
September 11, 2020. http://doi.org/10.1128/JCM.02005-20
Robbiani, D.F. et al. (2020) Convergent antibody responses
to SARS-CoV-2 in convalescent individuals. Nature 584,
437-442

Maor, Y. et al. (2020) Compassionate use of convalescent
plasma for treatment of moderate and severe pneumonia in
COVID-19 patients and association with IgG antibody levels
in donated plasma. EClinicalMedicine 26, 100525

Food and Drug Administration (2020) Investigational COVID-19
convalescent plasma. FDA. Published online September 2,
2020. https://www.fda.gov/media/136798/download

Lee, W.T. et al. (2020) Neutralizing antibody responses in
COVID-19 convalescent sera. medRxiv. Published online July
11, 2020. https://doi.org/10.1101/2020.07.10.20150557
Haveri, A. et al. (2020) Serological and molecular findings
during SARS-CoV-2 infection: the first case study in Finland,
January to February 2020. Euro Surveill. 25, 2000266

Wang, P. et al. (2020) SARS-CoV-2 neutralizing antibody re-
sponses are more robust in patients with severe disease.
Emerg. Microbes Infect. 9, 2091-2093

Vogelzang, E.H. et al. (2020) Development of a SARS-CoV-2
total antibody assay and the dynamics of antibody response
over time in hospitalized and non-hospitalized patients with
COVID-19. medRxiv. Published online June 19, 2020. https://
doi.org/10.1101/2020.06.17.20133793

Rijkers, G. et al. (2020) Differences in antibody kinetics and
functionality between severe and mild SARS-CoV-2 infections.
medRxiv. Published online June 12, 2020. https://doi.org/
10.1101/2020.06.09.20122036

Seow, J. et al. (2020) Longitudinal evaluation and decline of anti-
body responses in SARS-CoV-2 infection. medRxiv. Published on-
line July 11, 2020. https://doi.org/10.1101/2020.07.09.20148429
Grifoni, A. et al. (2020) Targets of T cell responses to SARS-
CoV-2 coronavirus in humans with COVID-19 disease and un-
exposed individuals. Cell 181, 1489-1501 e15

Peng, Y. et al. (2020) Broad and strong memory CD4"*
and CD8" T cells induced by SARS-CoV-2 in UK conva-
lescent individuals following COVID-19. Nat. Immunol.
21, 1336-1345

Schub, D. et al. (2020) High levels of SARS-CoV-2 specific
T-cells with restricted functionality in patients with severe course
of COVID-19. medRxiv. Published online July 9, 2020. https://
doi.org/10.1101/2020.07.08.20148718

Sekine, T. et al. (2020) Robust T cell immunity in convalescent
individuals with asymptomatic or mild COVID-19. bioRxiv.
Published online June 29, 2020. https://doi.org/10.1101/
2020.06.29.174888

Gallais, F. et al. (2020) Intrafamilial exposure to SARS-CoV-2
induces cellular immune response without seroconversion.
medRxiv. Published online June 22, 2020. https://doi.org/
10.1101/2020.06.21.20132449

Hanson, K.E. et al. (2020) Infectious Diseases Society of
America guidelines on the diagnosis of COVID-19: serologic
testing. Clin. Infect. Dis. Published online September 12,
2020. https://doi.org/10.1093/cid/ciaal343

Zhou, M.-Y. et al. (2020) From SARS to COVID-19: what we
have learned about children infected with COVID-19. Int.
J. Infect. Dis. 96, 710-714

Feldstein, L.R. et al. (2020) Multisystem inflammatory syn-
drome in U.S. children and adolescents. N. Engl. J. Med.
383, 334-346

Rostad, C.A. et al. (2020) Serology in children with multisystem
inflammatory syndrome (MIS-C) associated with COVID-19.
medRxiv. Published online July 11, 2020. https://doi.org/
10.1101/2020.07.10.20150755

222  Trends in Microbiology, March 2021, Vol. 29, No. 3

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Trends in Microbiology

Kazi, D.S. et al. (2020) Case 18-2020: a 73-year-old man with
hypoxemic respiratory failure and cardiac dysfunction. N. Engl.
J. Med. 382, 2354-2364

Mitrani, R.D. et al. (2020) COVID-19 cardiac injury: Implications
for long-term surveillance and outcomes in survivors. Heart
Rhythm. 17, 1984-1990

Barber, C. (2020) COVID-19 can wreck your heart, even if
you haven’t had any symptoms. Sci. Am. Published online
August 31, 2020. https://www.scientificamerican.com/article/
covid-19-can-wreck-your-heart-even-if-you-havent-had-any-
symptoms/

Verdoni, L. et al. (2020) An outbreak of severe Kawasaki-like
disease at the ltalian epicentre of the SARS-CoV-2 epidemic:
an observational cohort study. Lancet 395, 1771-1778

Africa Centers for Disease Control and Prevention (2020) Interim
guidance on the use of rapid antibody tests for COVID-19
response. African Union and Africian CDC. Published online
June 16, 2020. https://africacdc.org/download/interim-
guidance-on-the-use-of-rapid-antibody-tests-for-covid-19-
response/

Demertzis, Z.D. et al. (2020) Cardiac sequelae of novel corona-
virus disease 2019 (COVID-19): a clinical case series. Eur.
Heart J. Case Rep. 4, 1-6

Tenforde, M.W. (2020) Symptom duration and risk factors for
delayed retum to usual health among outpatients with COVID-19
in a multistate health care systems network — United States,
March-June 2020. MMWR Morb. Mortal. Wkly Rep. 69, 993-998
Marshall, M. (2020) The lasting misery of coronavirus long-
haulers. Nature 585, 339-341

Heidt, A. (2020) College athletes experienced heart damage
after COVID-19: study. Scientist. Published online September
14, 2020. https://www.the-scientist.com/news-opinion/college-
athletes-experienced-heart-damage-after-covid-19-study-
67929

Tuller, D. A dilemma for ‘long-haulers’: many can’t prove they
had Covid-19. STAT. Published online August 26, 2020.
https://www.statnews.com/2020/08/26/long-haulers-dilemma-
many-cannot-prove-they-had-covid19/

Troyer, E.A. et al. (2020) Are we facing a crashing wave of neu-
ropsychiatric sequelae of COVID-197? Neuropsychiatric symp-
toms and potential immunologic mechanisms. Brain Behav.
Immun. 87, 34-39

Piano, C. et al. (2020) An ltalian neurology outpatient clinic fac-
ing SARS-CoV-2 pandemic: data from 2,167 patients. Front.
Neurol. 11, 564

Mao, L. et al. (2020) Neurologic manifestations of hospitalized
patients with coronavirus disease 2019 in Wuhan, China.
JAMA Neurol. 77, 683-690

National COVID-19 Convalescent Plasma Project (2020)
Component 3: clinical trials. Michigan State University.
https://ccpp19.org/healthcare_providers/component_3/
index.html

West, R. (2020) Convalescent plasma and treatment.
Johns Hopkins Center for Health Security https://www.
centerforhealthsecurity.org/resources/COVID-19/COVID-
19-fact-sheets/200904-convalescentplasma-factsheet.pdf
US Food and Drug Administration (2020) Donate COVID-19
plasma. FDA https://www.fda.gov/emergency-preparedness-
and-response/coronavirus-disease-2019-covid-19/donate-
covid-19-plasma

Bloch, E.M. et al. (2020) Deployment of convalescent plasma
for the prevention and treatment of COVID-19. J. Clin. Invest.
130, 2757-2765

Shen, C. et al. (2020) Treatment of 5 critically ill patients with
COVID-19 with convalescent plasma. JAMA 323, 1582-1589
Dreisbach, E. (2020) Johns Hopkins begins trials of blood
plasma for COVID-19 treatment, prophylaxis. Healio. Published
online May 8, 2020. https://www.healio.com/news/infectious-
disease/20200508/johns-hopkins-begins-trials-of-blood-
plasma-for-covid19-treatment-prophylaxis

Sheridan, C. (2020) Convalescent plasma falls flat in first ran-
domized trial. Nat. Biotechnol. Published online September
24, 2020. https://doi.org/10.1038/d41587-020-00020-0
Agarwal, A. et al. (2020) Convalescent plasma in the manage-
ment of moderate covid-19 in adults in India: open label phase


https://doi.org/10.1101/2020.07.11.20151324
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0260
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0260
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0260
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0265
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0265
http://doi.org/10.1128/JCM.02005-20
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0275
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0275
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0275
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0280
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0280
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0280
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0280
https://www.fda.gov/media/136798/download
https://doi.org/10.1101/2020.07.10.20150557
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0295
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0295
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0295
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0300
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0300
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0300
https://doi.org/10.1101/2020.06.17.20133793
https://doi.org/10.1101/2020.06.17.20133793
https://doi.org/10.1101/2020.06.09.20122036
https://doi.org/10.1101/2020.06.09.20122036
https://doi.org/10.1101/2020.07.09.20148429
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0320
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0320
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0320
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0325
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0325
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0325
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0325
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0325
https://doi.org/10.1101/2020.07.08.20148718
https://doi.org/10.1101/2020.07.08.20148718
https://doi.org/10.1101/2020.06.29.174888
https://doi.org/10.1101/2020.06.29.174888
https://doi.org/10.1101/2020.06.21.20132449
https://doi.org/10.1101/2020.06.21.20132449
https://doi.org/10.1093/cid/ciaa1343
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0350
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0350
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0350
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0355
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0355
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0355
https://doi.org/10.1101/2020.07.10.20150755
https://doi.org/10.1101/2020.07.10.20150755
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0365
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0365
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0365
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0370
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0370
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0370
https://www.scientificamerican.com/article/covid-19-can-wreck-your-heart-even-if-you-havent-had-any-symptoms/
https://www.scientificamerican.com/article/covid-19-can-wreck-your-heart-even-if-you-havent-had-any-symptoms/
https://www.scientificamerican.com/article/covid-19-can-wreck-your-heart-even-if-you-havent-had-any-symptoms/
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0380
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0380
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0380
https://africacdc.org/download/interim-guidance-on-the-use-of-rapid-antibody-tests-for-covid-19-response/
https://africacdc.org/download/interim-guidance-on-the-use-of-rapid-antibody-tests-for-covid-19-response/
https://africacdc.org/download/interim-guidance-on-the-use-of-rapid-antibody-tests-for-covid-19-response/
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0390
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0390
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0390
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0395
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0395
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0395
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0395
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0400
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0400
https://www.the-scientist.com/news-opinion/college-athletes-experienced-heart-damage-after-covid-19-study-67929
https://www.the-scientist.com/news-opinion/college-athletes-experienced-heart-damage-after-covid-19-study-67929
https://www.the-scientist.com/news-opinion/college-athletes-experienced-heart-damage-after-covid-19-study-67929
https://www.statnews.com/2020/08/26/long-haulers-dilemma-many-cannot-prove-they-had-covid19/
https://www.statnews.com/2020/08/26/long-haulers-dilemma-many-cannot-prove-they-had-covid19/
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0415
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0415
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0415
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0415
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0420
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0420
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0420
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0425
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0425
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0425
https://ccpp19.org/healthcare_providers/component_3/index.html
https://ccpp19.org/healthcare_providers/component_3/index.html
https://www.centerforhealthsecurity.org/resources/COVID-19/COVID-19-fact-sheets/200904-convalescentplasma-factsheet.pdf
https://www.centerforhealthsecurity.org/resources/COVID-19/COVID-19-fact-sheets/200904-convalescentplasma-factsheet.pdf
https://www.centerforhealthsecurity.org/resources/COVID-19/COVID-19-fact-sheets/200904-convalescentplasma-factsheet.pdf
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/donate-covid-19-plasma
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/donate-covid-19-plasma
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/donate-covid-19-plasma
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0445
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0445
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0445
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0450
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0450
https://www.healio.com/news/infectious-disease/20200508/johns-hopkins-begins-trials-of-blood-plasma-for-covid19-treatment-prophylaxis
https://www.healio.com/news/infectious-disease/20200508/johns-hopkins-begins-trials-of-blood-plasma-for-covid19-treatment-prophylaxis
https://www.healio.com/news/infectious-disease/20200508/johns-hopkins-begins-trials-of-blood-plasma-for-covid19-treatment-prophylaxis
https://doi.org/10.1038/d41587-020-00020-0
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0465
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0465

Trends in Microbiology

94.

95.

96.

97.

98.

99.

100.

101.

Il multicentre randomised controlled trial (PLACID Trial). BMJ
371, m3939

American Red Cross (n.d.) COVID-19 antibody testing
https://www.redcrossblood.org/donate-blood/dlp/covid-
19-antibody-testing.html

Vitalant (2020) COVID-19 antibody testing. https://www.
vitalant.org/antibodytest

Carter BloodCare (2020) Now offering COVID-19 antibody
testing for blood donors. https://www.carterbloodcare.
org/now-offering-covid-19-antibody-testing-for-blood-
donors/

Quinlan, B.D. et al. (2020) The SARS-CoV-2 receptor-binding
domain elicits a potent neutralizing response without
antibody-dependent enhancement. Social Science Research
Network. Published online April 14, 2020. https://papers.
ssrn.com/sol3/papers.cfim?abstract_id=3575134

Luo, F. et al. (2018) Evaluation of antibody-dependent
enhancement of SARS-CoV infection in rhesus macaques
immunized with an inactivated SARS-CoV Vaccine. Virol. Sin.
33, 201-204

World Health Organization (2020) Draft landscape of COVID-19
candidate vaccines. https://www.who.int/publications/m/item/
draft-landscape-of-covid-19-candidate-vaccines

Garde, D. (2020) STAT Covid-19 Drugs and Vaccines Tracker.
STAT. https://www.statnews.com/feature/coronavirus/drugs-
vaccines-tracker/

Eder, S. et al. (2020) Antibody test, seen as key to reopening
country, does not yet deliver. New York Times. Published online

102.

108.

104.

105.

106.

107.

April 19, 2020. https://www.nytimes.com/2020/04/19/us/co-
ronavirus-antibody-tests.html

Radcliffe, S. (2020) How antibody testing can help us fight
COVID-19. Healthline. Published online April 4, 2020. https://
www.healthline.com/health-news/how-antibody-testing-can-
help-us-fight-covid-19

Wolfe, J. (2020) Tents and immunity testing: U.S. colleges weigh re-
tumn to campus life. Reuters. Publishing online May 5, 2020. https://
www.usnews.com/news/top-news/articles/2020-05-05/tents-
and-immunity-testing-us-colleges-weigh-retum-to-campus-life
Myers, M. (2020) Republican lawmaker pushes back on DoD
policy barring some coronavirus survivors from enlisting.
Military Times. Published online May 12, 2020. https://www.
militarytimes.com/news/your-military/2020/05/12/republican-
lawmaker-pushes-back-on-dod-policy-barring-some-corona-
virus-survivors-from-enlisting/

Myers, M. (2020) The ban on COVID-19 survivors joining up
has lifted, but some cases could still be denied. Military
Times. Published online May 21, 2020. https://www.
militarytimes.com/news/your-military/2020/05/21/the-ban-on-
covid-19-survivors-joining-up-has-lifted-but-some-cases-
could-still-be-denied/

Zhu, N. et al. (2020) Morphogenesis and cytopathic effect of
SARS-CoV-2 infection in human airway epithelial cells. Nat.
Commun. 11, 3910

Schneider, J. et al. (2020) SARS-CoV-2 direct cardiac damage
through spike-mediated cardiomyocyte fusion (pre-print). Res.
Sq. https://doi.org/10.21203/rs.3.rs-95587 /1

Trends in Microbiology, March 2021, Vol. 29, No. 3

¢ CellP’ress

223



http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0465
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0465
https://www.redcrossblood.org/donate-blood/dlp/covid-19-antibody-testing.html
https://www.redcrossblood.org/donate-blood/dlp/covid-19-antibody-testing.html
https://www.vitalant.org/antibodytest
https://www.vitalant.org/antibodytest
https://www.carterbloodcare.org/now-offering-covid-19-antibody-testing-for-blood-donors/
https://www.carterbloodcare.org/now-offering-covid-19-antibody-testing-for-blood-donors/
https://www.carterbloodcare.org/now-offering-covid-19-antibody-testing-for-blood-donors/
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3575134
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3575134
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0490
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0490
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0490
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf0490
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://www.statnews.com/feature/coronavirus/drugs-vaccines-tracker/
https://www.statnews.com/feature/coronavirus/drugs-vaccines-tracker/
https://www.nytimes.com/2020/04/19/us/coronavirus-antibody-tests.html
https://www.nytimes.com/2020/04/19/us/coronavirus-antibody-tests.html
https://www.healthline.com/health-news/how-antibody-testing-can-help-us-fight-covid-19
https://www.healthline.com/health-news/how-antibody-testing-can-help-us-fight-covid-19
https://www.healthline.com/health-news/how-antibody-testing-can-help-us-fight-covid-19
https://www.usnews.com/news/top-news/articles/2020-05-05/tents-and-immunity-testing-us-colleges-weigh-return-to-campus-life
https://www.usnews.com/news/top-news/articles/2020-05-05/tents-and-immunity-testing-us-colleges-weigh-return-to-campus-life
https://www.usnews.com/news/top-news/articles/2020-05-05/tents-and-immunity-testing-us-colleges-weigh-return-to-campus-life
https://www.militarytimes.com/news/your-military/2020/05/12/republican-lawmaker-pushes-back-on-dod-policy-barring-some-coronavirus-survivors-from-enlisting/
https://www.militarytimes.com/news/your-military/2020/05/12/republican-lawmaker-pushes-back-on-dod-policy-barring-some-coronavirus-survivors-from-enlisting/
https://www.militarytimes.com/news/your-military/2020/05/12/republican-lawmaker-pushes-back-on-dod-policy-barring-some-coronavirus-survivors-from-enlisting/
https://www.militarytimes.com/news/your-military/2020/05/12/republican-lawmaker-pushes-back-on-dod-policy-barring-some-coronavirus-survivors-from-enlisting/
https://www.militarytimes.com/news/your-military/2020/05/21/the-ban-on-covid-19-survivors-joining-up-has-lifted-but-some-cases-could-still-be-denied/
https://www.militarytimes.com/news/your-military/2020/05/21/the-ban-on-covid-19-survivors-joining-up-has-lifted-but-some-cases-could-still-be-denied/
https://www.militarytimes.com/news/your-military/2020/05/21/the-ban-on-covid-19-survivors-joining-up-has-lifted-but-some-cases-could-still-be-denied/
https://www.militarytimes.com/news/your-military/2020/05/21/the-ban-on-covid-19-survivors-joining-up-has-lifted-but-some-cases-could-still-be-denied/
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf2005
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf2005
http://refhub.elsevier.com/S0966-842X(20)30280-8/rf2005
https://doi.org/10.21203/rs.3.rs-95587/v1

