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C linical presentation in persons infected with severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) ranges 
from asymptomatic to the life-threatening respiratory dis-

tress that can occur with coronavirus disease 2019 (COVID-19).1 
Diagnosis of acute or new cases of SARS-CoV-2 infection at present 
relies upon molecular-based detection of viral RNA in upper or lower 
respiratory tract specimens, typically within 2–7 days after expos
ure.2,3 In this period, active viral shedding occurs, and individuals 
who are infected can transmit the virus to others. Although viral RNA 
may still be detected in respiratory and stool specimens of some 
people for many weeks after they have recovered, this does not 
appear to pose a transmission risk.4,5 Serological testing involves 
detection of antibodies specific to SARS-CoV-2 infection in blood, 
serum or plasma. The role of serology is limited in the diagnosis of 
acute COVID-19 because it usually takes a minimum of 7–14  days or 
more after symptom onset to develop a reliable and measurable 
SARS-CoV-2 antibody response.6,7 However, interest has arisen in 
the potential application of serological testing for purposes as wide-
ranging as authorization of international travel, stratification of 
reinfection risk in workplaces and the reduction of public anxiety to 
facilitate resumption of economic activity.8,9 We review what is cur-
rently known regarding SARS-CoV-2 serological testing — a body of 
basic and clinical science that is still evolving (Box 1); consider its 
implications for clinical care, the development of appropriate ser-
vices and test interpretation; and advise on appropriate use of sero-
logical testing for clinical and public health purposes.

What are the antibody responses to SARS-CoV-2?

The SARS-CoV-2 genome encodes 4 major structural proteins: 
surface or spike glycoprotein (S), envelope, membrane and 
nucleocapsid (N).10 Currently available serological tests detect 
antibodies to various epitopes on the S or N structural proteins.

The surface spikes are the “corona” observed on electron 
micrographs of coronaviruses; they play a critical role in viral 
pathogenesis, and thus studies have focused on antibodies to 
specific parts of the S glycoprotein. Each spike protein consists of 
2 subunits: the S1 subunit binds to angiotensin-converting-
enzyme-2 receptors on cells in multiple organs via its receptor-
binding domain; and the S2 subunit mediates fusion between 
the virus and the cell membrane of the host. The S protein 
receptor-binding domain is an important vaccine and therapeu-
tic target because a subset of antibodies targeting the receptor-
binding domain appear to block viral binding and neutralize viral 
infectivity in vitro.11,12
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KEY POINTS
•	 Multiple commercial assays for severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) antibodies have been 
approved for use as serological tests by Health Canada, with 
some manufacturers claiming about 95% sensitivity and about 
99.5% specificity.

•	 The detectable presence of SARS-CoV-2 antibodies has not 
yet been proven to confer meaningful or durable immunity to 
reinfection. Thus, serological testing should not be used to 
guide individual decisions about personal or occupational 
exposures, use of personal protective equipment and 
physical distancing.

•	 At present, clinical indications for serologic testing in health 
care settings are limited, and SARS-CoV-2 serological testing has 
no role in routine clinical care.

•	 Serological testing at this time should be focused on research 
concerning immunity to SARS-CoV-2 and population-level 
studies to inform public health responses to the Canadian 
coronavirus disease 2019 (COVID-19) epidemic.
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Figure 1 shows a schematic of the pattern of antibody 
response to SARS-CoV-2 infection. Although immunoglobulin  M 
(IgM) and immunoglobulin A (IgA) antibodies are widely regarded 
to appear early during most acute viral infections, it is uncertain 
whether this occurs with SARS-CoV-2 infection.13 With COVID-19, 
similar to SARS and Middle East respiratory syndrome (MERS), 
both IgM and IgG antibodies appear at detectable levels concom-

itantly around 2–3 weeks after symptom onset or exposure.6,7,14,15 
However, in some mild and asymptomatic cases, antibodies may 
not be detected at all, at least within the time scale as reported 
in some recent studies (< 46 d).15–17

Commercially available assays target 1 or more of the 3 anti-
body isotypes (i.e., IgA, IgM or IgG) or total immunoglobulin. The 
2  main types of commercial assays are described in Box  2. An 
updated list of approved clinical diagnostic tests for SARS-CoV-2 
antibodies is available through the Health Canada website.20 
Although several laboratory-based immunoassays have been 
approved, there is insufficient evidence to support use of point-
of-care testing devices for SARS-CoV-2 serology (see Box 2 for a 
description of these kits) and, at the time of writing, no SARS-
CoV-2 serological point-of-care tests have received Health Can-
ada approval for use.19 Effective use and interpretation of point-
of-care tests will require consistent correlation of their results 
with approved laboratory-based tests, as well as secure supplies 
of kits that have consistent quality-assured performance.

What considerations affect the interpretation 
of SARS-CoV-2 serological tests?

Sensitivity, specificity and disease prevalence
The discriminative potential of a test is assessed by its clinical 
sensitivity and specificity. The sensitivity is a measure of the 
test’s ability to detect antibodies in matrices such as blood, 
serum or plasma of patients with SARS-CoV-2 infection (i.e., a 
true positive result). Specificity, on the other hand, is a measure 
of the test’s ability to correctly identify the absence of antibodies 
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Figure 1: Description and projection for the kinetics of antibody response to infection caused by severe acute respiratory syndrome coronavirus  2 
(SARS-CoV-2). With only a few months of experience to date, projections into years, although based on experience with other coronaviruses, must be 
regarded as speculative. Data on immunoglobulin A (IgA) responses are still emerging. Note: IgM = immunoglobulin M, IgG = immunoglobulin G.

Box 1: Evidence used in this review

We searched PubMed for articles published from Jan. 1, 2020, to 
June 30, 2020, in English on severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), immune response, diagnostics and 
serology with the following medical subject headings terms: 
coronavirus disease 2019 (COVID-19), antibodies, serology, 
serologic test, diagnosis, point-of-care testing, immunoglobulin, 
immunoassay, enzyme-linked immunosorbent assay, immunity, 
humoral, cross-reaction, neutralization assay and multisystem 
inflammatory syndrome in children.

We identified additional articles through weekly searches of the 
LitCOVID database under the categories of “mechanism” and 
“diagnosis” from Mar. 15, 2020, to June 30, 2020.

We also identified relevant studies by consulting with Canadian 
experts and searching COVID-19 and SARS-CoV-2 preprints in 
medRxiv and bioRxiv. In addition, we regularly consulted the 
relevant guidelines and resources from international organizations 
including the World Health Organization, Health Canada, Public 
Health Agency of Canada, US Food and Drug Administration, US 
Centers for Disease Control and Prevention and Infectious Diseases 
Society of America, along with guidance generated by the 
participating Canadian organizations.
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in an individual who has not been infected (i.e., a true negative 
result). At present, Health Canada recommends a target specifi
city of 98% or higher, and the minimum required for consider-
ation of approval is 95%.21 Sensitivity and specificity are inherent 
elements of test performance, but the predictive value of any 
test depends on the prevalence of the infection within a given 
population. For example, if the disease prevalence in the popula-

tion is only 1%, even a highly specific diagnostic test (99% speci-
ficity or only 1 false-positive result out of 100  patient results) 
would be predicted to lead to roughly 1  false-positive result for 
every true positive result.9,22

In Canada, the baseline prevalence of SARS-CoV-2 infection 
as of July 9, 2020, was estimated at 0.3%, based on 
106 805 confirmed cases of COVID-19.23 However, the number of 
Canadians infected is likely many times higher than indicated 
by the number of confirmed cases for several reasons. Current 
nucleic acid testing has moderate sensitivity, and tests per-
formed in patients with infection may have returned a negative 
result in some cases. Furthermore, testing indications and cov-
erage have varied over time and by region, and some people 
with SARS-CoV-2 infection do not show symptoms; therefore, 
many people who were infected may not have requested or 
qualified for testing. The prevalence of asymptomatic infection 
measured in other jurisdictions ranges widely depending on 
the target population tested, geographic location and age of 
the patients.14,24–27

We posit that the prevalence in most Canadian locations is 
likely low enough that very small reductions in test specificity 
will drive up the proportion of false positives that are reported. 
This can be corrected post hoc in population-level estimates of 
the prevalence of SARS-CoV-2 infections but creates problems in 
applying serology results at the individual level  — a challenge 
compounded by biological uncertainties.

Correlation of SARS-CoV-2 antibodies with virus 
neutralization
Commercially available serological assays detect and semi-
quantitatively determine the amount of antibody binding to 
various SARS-CoV-2 antigens. (Quantitation may be valuable 
when a rising level suggests recent infection and associated 
positive seroconversion.) Depending on the antigen target 
used, the bound antibodies detected may correlate with detec-
tion of neutralizing antibodies that, as noted above, are anti-
bodies that block viral binding and neutralize viral infection in 
vitro (hence the term, neutralizing antibodies). Neutralizing 
antibodies may provide a better indication of immunity, but 
there is ongoing debate as to whether neutralizing antibodies 
are the primary mechanism of immune protection against 
SARS-CoV-2 infection.22,28–30 Instead, a cell-mediated immune 
response, known to be a key element in viral control for SARS-
CoV-1 and MERS-CoV,31–33 may be more relevant. Therefore, fur-
ther studies are required to evaluate the correlation of com-
mercial assays for SARS-CoV-2 antibodies with neutralization 
capacity, the potential for antibody-dependent cell-mediated 
immune responses and seroprotection.34,35

Duration of antibody response
In mild and asymptomatic cases, antibody responses may not 
consistently develop or reach levels sufficient to be detectable 
by antibody tests.36 Research continues on the extent and dura-
tion of antibody responses in the context of infections ranging 
from asymptomatic to severe, and across different populations, 
ages, genetic backgrounds and comorbidities. Antibody levels to 

Box 2: Approaches to detecting antibodies for severe 
acute respiratory syndrome coronavirus 2

Testing matrices
•	 The tests listed here are typically used to detect antibody in 

blood sources.

•	 Laboratory-based immunoassays and specialized neutralization 
tests rely on blood matrices (serum or plasma). Point-of-care 
tests use blood from finger pricks (or heel pricks as applicable).

•	 Finger pricks can also be used to create dried blood spots that 
can be conveniently transported for laboratory-based 
immunoassays. Early results for dried blood spot testing results 
are promising, but insufficient evidence currently exists to 
support dried blood spot testing for severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). Comprehensive 
validation against results of tests based on venipuncture blood 
draws is ongoing worldwide.

•	 The consistency and interpretation of antibody detection from 
sources other than blood, such as saliva, is still uncertain.

Types of tests
•	 Laboratory-based immunoassays involve plate-based tests 

(enzyme-linked immunosorbent assays [ELISAs]) or 
chemiluminescent immunoassays (CLIAs) on automated high-
throughput instruments. With most immunoassays, the signal 
produced by the assay correlates with the level of antibody 
detected in the patient’s sample. Cross-reactions with other 
coronaviruses are uncommon but do occur. For laboratory-based 
tests, venipuncture and transport to the testing laboratory is 
typically required. Commercially available immunoassays are 
semiquantitative (i.e., use a cut-off to determine reactive 
[positive] versus nonreactive [negative] results).

•	 Rapid test cassettes or lateral flow tests are often referred to as 
point-of-care tests. These tests are typically easy to use, require 
only a small amount of blood matrix (e.g., from a finger prick), do 
not require specialized equipment or expertise and have rapid 
turnaround times (10–15 min).18 Most can detect immunoglobulin 
M and immunoglobulin G separately or in combination. However, 
such assays are qualitative, performance varies substantially and 
none have been approved by Health Canada to date. There is no 
current indicated use for point-of-care tests.19

•	 Neutralization tests are considered the gold standard for 
antibody detection because of their high sensitivity and 
specificity but are not widely available. Laboratory-based and 
point-of-care immunoassays are “binding antibody assays” (i.e., 
they detect binding of antibody from patient blood to SARS-
CoV-2 antigens). In contrast, neutralization assays measure 
antibody-mediated inhibition of viral entry into cells in vitro. 
These tests require specialized expertise and laboratory 
containment facilities (containment level 3 for SARS-CoV-2), and 
have limited throughput. However, pseudovirus-based 
neutralization assays can detect neutralizing antibody to SARS-
CoV-2 using engineered noninfectious virus strains and can be 
performed in containment level 2 laboratories.
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coronaviruses diminish over time.37,38 Persistence of measurable 
neutralizing antibodies for at least a year has been reported in 
patients who have recovered from MERS-CoV and SARS-CoV-1 
illness, despite declines in titres.39,40 However, studies evaluating 
the immunological response to SARS-CoV-2 have suggested that 
a substantial proportion of asymptomatic patients are IgG nega-
tive during the convalescent phase of infection,36 and evidence 
is emerging that neutralizing antibodies to SARS-CoV-2 decrease 
in convalescent patients within 2–3 months after infection.36,41 In 
contrast, multiyear persistence of memory T-cell responses has 
been reported for both MERS-CoV and SARS-CoV-1,32,33 which 
suggests that waning antibody titres may not portend loss of 
immunity. The relation between measured antibodies and dur
ability of protection therefore remains unclear.

Serological test positivity and infectiousness
A positive antibody result cannot be equated to a noninfectious 
state. Particularly for non-neutralizing antibodies, the presence 
of antibodies does not preclude active viral shedding through 
respiratory secretions.42,43 Thus, factors such as symptom onset, 
symptom resolution and days since onset or resolution should 
guide advice on infectivity.

What are the implications for practitioners 
and policy-makers?

Consider test performance
Laboratories should strive to implement SARS-CoV-2 serologic 
tests that have manufacturer-claimed sensitivity of 95% or more 
and specificity of 99.5% or more based on specimens obtained 
14 days or more after onset of symptoms or a positive result for an 
RNA test. Serological testing in a real-world setting is necessary to 
confirm that the tests perform as claimed. To maximize specificity 
in populations with low pretest probability of disease (i.e., low 
community prevalence), it may be necessary to use orthogonal 
testing so that those patients with a positive result for 1 test are 
routinely retested with a second test to confirm the result.

When interpreting serological results, laboratories may need 
to consider time since onset of symptoms or time since exposure 
to SARS-CoV-2, if they are known. Clinical laboratories and order-
ing physicians also need to consider the pretest probability of a 
positive or negative result given the testing location and patient 
population (e.g., higher likelihood of a positive result in a hospi-
tal setting versus an outpatient seroprevalence screen).

Additional research studies of the performance of serology 
tests will be required with individuals in different age groups, at 
different times after exposure and to determine duration of 
detectable antibody after infection.

When and who to test
At present, use of SARS-CoV-2 serological testing should focus on 
informing the public health response to the Canadian epidemic 
rather than on estimating any individual’s current or future sus-
ceptibility to infection. Serological testing should be reserved 
primarily for clinical research and population-level assessments 
of the prevalence of past infection with SARS-CoV-2.

As outlined previously, serological testing is neither adequate 
nor appropriate for use as the primary tool for diagnosis of infec-
tion or confirmation of noninfectivity. In other words, the current 
state of knowledge would not support having broadly available 
SARS-CoV-2 antibody tests. In the absence of a positive RNA test 
or evidence of seroconversion (as measured by a rising antibody 
level over time), serology should not be used to diagnose acute 
SARS-CoV-2 infection. On rare occasions, serological testing may 
be useful as an adjunct diagnostic test when molecular testing is 
repeatedly negative but clinical suspicion is high and symptoms 
persist.7,13,44–46 In such cases, the time since exposure (if known) 
or since symptom onset should be considered as seropositivity 
occurs only 7–14 or more days after symptom onset.

Serological testing may assist in the assessment of patients 
who present with atypical clinical manifestations such as inflam-
matory syndromes (e.g., multisystem inflammatory disorder in 
children and adolescents, COVID toes or unexplained thrombo-
sis).47,48 Box 3 discusses antibody testing in the context of multi-
system inflammatory syndrome in children and adolescents, 
based on limited current evidence.13,49–54

How to report the results of serological tests
A recent United Kingdom report58 showed variability in the clin
ical interpretation of SARS-CoV-2 serology results especially with 
respect to inferring immunity and the infectious status of individ-
uals. Consistent messaging and avoiding misinterpretation of 
serology test results depends on harmonized reporting across 
laboratories combined with proactive communication by labora-
tory staff, medical microbiologists and infectious disease practi-
tioners. Box  4 provides suggestions for some interpretive word-
ing for interim use by clinical and public health laboratories for 
reporting SARS-CoV-2 serology.

Box 3: Use of serology in suspected multisystem 
inflammatory syndrome in children and adolescents 
temporally related to coronavirus disease 2019

•	 Case definitions for multisystem inflammatory syndrome in 
children (MIS-C) have been outlined by several organizations 
including the World Health Organization, Centers for Disease 
Control and Prevention, Royal College of Paediatrics and 
Child Health in the United Kingdom and the Canadian 
Paediatric Society,48–51 and include the use of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) serology.

•	 Case series have reported high percentages of patients with 
positive results for SARS-CoV-2 serology testing, with lower 
rates of positivity for throat swabs and stool samples on 
polymerase chain reaction testing.52–54

•	 Several Canadian provinces are in the process of adopting these 
case criteria and have identified MIS-C as a notifiable disease, 
which requires case reporting to local public health 
authorities.55–57

•	 Despite the inclusion of serological testing in the MIS-C case 
definitions, the performance of serological tests in children and 
in patients with MIS-C remains poorly characterized.

•	 More studies are needed, including validation studies of SARS-
CoV-2 antibody assays in children and in suspected MIS-C.
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Potential uses of SARS-CoV-2 serology from a public 
health and research perspective
At present, based on the evidence we have considered, sero
logical test results should not be used to guide patient-level 
decision-making on measures for infection control, including the 
use of personal protective equipment, timing of return to work or 
local physical-distancing policies.

However, seroprevalence studies of SARS-CoV-2 may be used 
to estimate rates of exposure and the geographic transmission of 
the virus within communities and populations, as well as within 
facilities, workplaces and households over time. This information 
may be used by epidemic modellers to help guide public health 
policies, by vaccine program planners to help set priorities and 
by front-line public health practitioners to determine which com-
munities or congregate settings show minimal past exposure to 
SARS-CoV-2 and, therefore, may be at higher risk of rapid spread. 
At the interface of clinical and public health applications, while 
the diagnostic role of antibody testing is strictly adjunctive, sero-
prevalence studies may be useful in contact tracing when RNA 
tests are indeterminate.

Longitudinal seroprevalence studies may provide information 
on the nature and durability of antibody responses in patients 
with confirmed infection. The aim of such studies may be to 
determine if previous COVID-19 infection and seropositivity is 
associated with protection from subsequent reinfection; special-
ized serology tests, such as neutralization assays, will be particu-
larly useful in this context. Likewise, serological screening of 
donated blood may reveal which blood samples contain ade-
quate levels of neutralizing antibody to allow for their use in ran-
domized controlled trials that investigate the effectiveness of 
pooled convalescent plasma treatment for patients with severe 
COVID-19.

Studies of vaccine effectiveness for SARS-CoV-2 may use sero-
logical testing results as a marker of immunity in cohort studies 
that explore correlates of protection and reinfection risk.

Conclusion

Given measurement and interpretive uncertainties of the tests, 
the clinical indications for SARS-CoV-2 serological testing are 
limited, with only a few exceptions. The tests will be useful in 
diverse research contexts and for policy-making in public 
health but should not be rolled out for general clinical use 
based on current evidence. Careful interpretation and report-
ing of test results is important. The current state of knowledge 
does not permit definitive inferences about immunity and like-
lihood of reinfection based on the results of serological test-
ing, and testing cannot, therefore, be used to inform individual-
level decisions on changing occupational exposure, the use of 
personal protective equipment, recommendations on physical 
distancing by members of the public or advice on international 
travel.
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