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Testing for SARS-CoV-2 antibodies

Jessica Watson, ' Alex Richter, Z Jonathan Deeks®-*

What you need to know

® Positive antibodies show evidence of previous

exposure to SARS-CoV-2 virus

® Antibody testing should be undertaken at least two
weeks after onset of symptoms

The sensitivity and specificity of antibody tests vary
over time and results should be interpreted in the
context of clinical history

Antibody testing might have a useful role in
diagnosing covid-19 in patients with late presentation,
prolonged symptoms, or negative results from reverse
transcription polymerase chain reaction tests
Evidence is currently insufficient to know whether
individuals with SARS-CoV-2 antibodies have
protective immunity

As the covid-19 pandemic has unfolded, interest has
grown in antibody testing as a way to measure how
far the infection has spread and to identify
individuals who may be immune.' Testing also has
aclinical role, given the varying symptoms of covid-19
and false negative results of reverse transcription
polymerase chain reaction (RT-PCR) tests, particularly
when swabs are taken more than five days after
symptom onset and sensitivity of RT-PCR tests starts
to decrease.?> In May, the UK government announced
that antibody testing should be offered to anyone
having their blood taken who wants to know whether
they have been infected with SARS-CoV-2, even if
there is “not a specific clinical indication,”* yet
currently there is no clear guidance for clinicians on
how to interpret these results or how they fit into
clinical pathways. In this article we offer an approach
to antibody testing in individuals with and without
symptoms suggestive of current or past SARS-CoV-2
infection.

How might antibody testing be used?

Covid-19 antibody testing has been the focus of much
research and press coverage. Four possible reasons are
proposed for SARS-CoV-2 antibody testing:

® Fordiagnosis of individuals with current symptoms

suggestive of covid-19, when antigen testing has
failed to detect SARS-CoV-2, especially in those who
present two weeks or more after symptom onset
(when antibody testing becomes more reliable).

For individuals who are currently asymptomatic, to
assess if they have had a previous SARS-CoV-2
infection. This may include people at high risk of
severe disease or those with occupational risk of
infection (eg, healthcare workers) to provide
reassurance, or to inform personal decisions about
returning to work.
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® To monitor the quality and longevity of the immune
response in patients with previously confirmed
covid-19 disease or potentially to monitor response
tovaccination. If treatment with convalescent plasma
is found effective in treating covid-19, antibody tests
will also have a role in identifying suitable donors.

® Forseroprevalence surveys for research and public
health monitoring.

What antibody tests are available?

Three main types of antibody are produced in
response to infection; IgA, IgG, and IgM. IgM rises
soonest and typically declines after infection. IgG
and IgA persist and usually reflect longer term
immune response. Antibody tests look for a variation
in the above antibodies, either as a separate or
combined antibody measurement. Antibody tests can
be done in laboratory settings using enzyme linked
immunosorbent assays or chemiluminescence
immunoassays (CLIA) usually using venous blood
samples. Point of care tests that use disposable
devices called lateral flow assays of finger prick blood
are also available (including the UK-Rapid Test
Consortium “AbC-19TM Rapid Test” which may soon
be widely available to the public). The main tests
currently used in the UK are the Abbott SARS-CoV-2
assay, which detects IgG, and the Roche Elecsys
assay, which detects both IgM and IgG. Both are CLIA
assays which require venous blood.

Accuracy of antibody tests

Accuracy is a measure of how well the tests detect
previous SARS-CoV-2 infections, and not a direct
measure of immunity to future infections. The
accuracy of SARS-CoV-2 antibody tests is measured
by comparing the test results with a gold standard:
usually viral RNA detection by PCR testing at the time
of symptoms. A limitation of this approach is the
sensitivity in PCR testing (which may be as low as
70%).”

A Cochrane review of SARS-CoV-2 antibody testing
included 57 publications on 54 cohort studies with
15 976 samples, of which 8526 were from cases of
confirmed SARS-CoV-2 infection.> Measures of
diagnostic accuracy varied depending on the timing
of the tests (table 1). The maximum sensitivity for
combined IgG or IgM tests was 96% at days 22-35 after
symptom onset. For IgG alone the maximum
sensitivity was 88.2% at days 15-21 after symptom
onset. Summary specificities were provided in 35 out
of 54 studies and exceeded 98% for all types of
antibody test.
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Table 1| Sensitivity and specificity by time since symptom onset’

Sensitivity Specificity

Days 1-7 Days 8-14 Days 15-21 Days 22-35 Days »35 All time points
1gG* 29.7% (22.1-38.6) 66.5% (57.9-74.2) 88.2% (83.5-91.8) 80.3% (72.4-86.4) 86.7% (79.6-91.7) 99.1% (98.3-99.6)
IgM 232% (14.9-34.2) 58.4% (45.5-70.3) 75.4% (64.3-83.8) 68.1% (55.0-78.9) 53.9% (38.4-68.6) 98.7% (97 4-99.3)
IgA 28.4% (0.9-94.3) 78.1% (9.5-99.2) 98.7% (39.0-100) 98.7% (91.9-99.8) 100% (85.2-100)
18G or IgM* 30.1% (21.4-40.7) 72.2% (63.5-79.5) 91.4% (87.0-94.4) 96.0% (90.6-98.3) 77.7% (66.0-86.2) 98.7% (97.2-99.4)

* The main tests currently used in the NHS in the UK are the Abbott SARS-CoV-2 assay which detects IgG and the Roche Elecsys assay which detects both IgM and IgG

These estimates of accuracy should be interpreted with caution. Of
studies in the review, 89% were judged to be at high risk of bias,
with the potential consequence that many of the tests are likely to
be less sensitive than reported (meaning increased likelihood of
false negatives). Most studies in the review only included patients
who were diagnosed based on a positive RT-PCR test, which means
that patients who have signs, symptoms, and exposure to
SARS-CoV-2 but negative PCR (who are defined in the China Center
for Disease Control and Prevention and World Health Organization
case definitions as “probably covid”) are excluded. This is important,
as false negative rates of RT-PCR have been estimated between 2%
and 29%.° Most studies recruited patients who were in hospital,
who often had severe symptoms, and who are likely to have a greater
antibody response than those in community settings. None directly
measured test accuracy in asymptomatic patients, who have been
shown to have lower levels of IgG and greater reductions in antibody
levels in the early phase of infection.” Nearly all studies sampled
covid-19 cases and non-cases separately; this methodology leads
to bias and tends to overestimate measures of accuracy.® Data on
accuracy of tests beyond 35 days was lacking. Tests performed after
five weeks should be interpreted with additional caution, as some
evidence suggests that antibody levels may wane, which would
reduce an antibody test’s sensitivity further.®

Interpreting antibody tests

Interpretation of test results depends not only on the accuracy of
the test itself but also the pre-test probability of infection. This will
vary widely depending on the indication for testing: when screening
asymptomatic individuals the pre-test probability will be relatively
low, for those with suggestive symptoms it is likely to be much
higher. We illustrate this with two (fictitious) clinical cases.

Case 1

Anthony is 53, has type 2 diabetes, and a raised body mass index.
He works as a security guard in a shopping centre in Norwich. His
wife is worried about his risk of exposure to covid-19 at work, and

phones the GP surgery requesting an antibody test. He has not had
any suggestive symptoms and has no known exposure.

Anthony’s pre-test probability can be estimated based on the
population SARS-CoV-2 antibody seroprevalence in his area; in the
East of England this is estimated to be around 10%.'° As he has had
no symptoms or known exposure his probability of asymptomatic
seroconversion is likely to be lower; for illustrative purposes we
estimate his pre-test probability at 5%.

We do not have any data on the accuracy of antibody assays in
asymptomatic people on which to base our estimates. We will start
by using the average sensitivity of 91.4% and average specificity of
98.7% from the Cochrane review and consider what would change
if, as is likely, the test had a lower sensitivity. Figure 1 illustrates
the outcomes of testing based on 1000 people like Anthony, with a
pre-test probability of 5%. We would expect that 942 people would
test negative, of whom four (0.4%) would actually have had covid-19
(false negatives). Considering that the test may well have a lower
sensitivity, particularly if the peak incidence and therefore likely
time of infection is >35 days ago, this would proportionally increase
the false negative rate. If the test made five times as many false
negatives (sensitivity of 57%) then this would rise to 20 false
negatives (2.1%)—still relatively low numbers owing to the low
prevalence. A negative test result would therefore mean Anthony
is unlikely to have had covid-19 infection. However, of the 58 people
who would test positive, 12 people (21%) would be falsely positive.
This is important because a false positive could potentially influence
Anthony’s behaviour and adherence to infection control measures.
This could be particularly risky as Anthony has an occupational
risk of exposure and comorbidities, placing him at higher risk of
complications from covid-19. The GP should therefore explain that
the test result cannot be used to indicate immunity, and that
regardless of the results of testing, Anthony should follow
recommended precautions to avoid exposure to SARS-CoV-2. The
test result in this case is therefore unlikely to change any advice
given to the patient, and has the potential to cause harm through
false reassurance.
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© 46 people - Antibody test correctly suggests that they have had COVID 19 (“true positive” test result)
'I' ® May provide psychological relief/reassurance. Potential risk they could assume that they are immune and change behaviour

= © 12 people - Antibody test suggests they have had COVID 19 when they have not (“false positive” test result)
T ® Risk of false reassurance, could assume that they are immune and change behaviour

'il ® 938 people - Antibody test correctly suggests that they have not COVID 19 (“true negative” test result)

® Unlikely to change clinical management or behaviour. Might improve adherence to social distancing measures

= *4people - Antibody test suggests that they have not had COVID 19 when they actually have had it (“false negative” test result)
ll| ® Unlikely to change clinical management or behaviour

Fig 1| Infographic showing outcomes of SARS-CoV-2 antibody testing based on 1000 people with a pre-test probability of 5%

Case 2

Sarah is 32 and has been unwell for four weeks with intermittent
shortness of breath, myalgia, atypical chest pains, fatigue, and
anosmia. She never received a covid-19 swab test, as she did not
have typical cough or fever symptoms.

Sarah has prolonged symptoms which are in keeping with a possible
diagnosis of covid-19, although she has not had the cardinal features
of cough or fever. To clarify the underlying cause of Sarah’s
symptoms before embarking on further investigations, her GP
requests blood tests including covid-19 antibodies. Her pre-test
probability will be higher than for Anthony, and will also depend
on where she lives and whether she is known to have been exposed
to the virus—for illustrative purposes we will estimate her pre-test
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probability at 50%. We will use the estimates of sensitivity and
specificity for the test from the Cochrane review.>

Figure 2 shows the outcomes of testing based on 1000 people with
a pre-test probability of 50%; 537 people would be expected to test
negative, of whom 43 (8%) would have actually had covid-19 (false
negatives). If the sensitivity was not as high as in the Cochrane
review (which is likely because of the limitations of the primary
studies as discussed above) the number of false negatives would
increase. This means a negative test in a patient like Sarah makes
covid-19 less likely, but does not rule it out; Sarah might have had
covid-19 but never developed an antibody response, her antibody
levels could have dropped in the four weeks since symptom onset,
or the test might have been unable to detect the antibodies that
were present. However, the negative result would alert the clinician
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to consider other possible causes for Sarah’s symptoms, which could
help prevent missed or delayed diagnosis of other diseases in

patients with symptoms assumed to be covid-19 related.
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©  ®457 people - Antibody test correctly suggests that they have had COVID 19 (“true positive” test result)
III ® May provide relief/reassurance and help guide management of ongoing symptoms. Potential risk they assume that they are immune and change behaviour

S © 7 people - Antibody test suggests they have had COVID 19 when they have not (“false positive” test result)
III ® Risk of false reassurance that symptoms are due to covid19 which could delay further investigation or diagnosis. Could assume that they are immune
and change behaviour

® Clinician likely to consider other possible causes for ongoing symptoms, may help prevent missed or delayed diagnosis of other diseases

Ii' ® 494 people - Antibody test correctly suggests that they have not COVID 19 (“true negative” test result)

= *® 43 people - Antibody test suggests that they do not COVID 19 when they actually do have it (“false negative” test result)
IIl ® Risk of increased anxiety and uncertainty about possible causes for ongoing symptoms. Clinician might over investigate looking for other diseases

Fig 2 | Infographic showing outcomes of SARS-CoV-2 antibody testing based on 1000 people with a pre-test probability of 50%

A positive test in this context would be much more compelling; of
1000 people tested, 464 people would test positive and only seven
(2%) would not have covid-19 (false positives). A positive test result
in the context of suggestive symptoms therefore makes covid-19
infection highly probable (but doesn’t exclude dual pathology).
Antibody testing is therefore likely to be helpful in guiding clinical
management of symptomatic patients like Sarah.

In summary, antibody tests have a high specificity, but sensitivity
is variable and depends on time since symptom onset. Negative
results should therefore be interpreted with caution in the context
of typical symptoms. High specificity means false positives are

4

uncommon (<2% of people who have not had covid-19 will have a
false positive test). However in low prevalence settings true positives
are also uncommon, which means the predictive value of a positive
test will be lower in individuals with a low background risk of
infection. Interpret a positive test in a patient with a low pre-test
probability with caution, as false positives could lead to false
reassurance with potential for patient harms. The interactive
calculator on BM]J.com (https://sandpit.bmj.com/graph-
ics/2020/c19testA/) allows clinicians to explore the impact of
changing the pre-test probability, sensitivity, and specificity on test
outcomes. Measures to reduce transmission, such as social
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distancing, should be maintained regardless of test result and we
do not recommend antibody testing for this purpose at present.

SARS-CoV-2 antibody tests and immunity

Antibodies are an essential component of the adaptive immune
response, providing specificity and memory against future infection.
This is achieved through neutralisation by binding pathogens,
activation of complement to destroy cells by lysis, presentation or
opsonisation to immune cells to facilitate phagocytosis,
degranulation, and antibody dependent cell mediated cytotoxicity.

However, for many viruses and intracellular infections such as
tuberculosis, T cell immunity is predominant. The role of T cells
following SARS-CoV-2 infection is widely discussed.'' T cell memory
has been demonstrated in laboratory tests, and cross reactivity of
T cell responses to other coronavirus infections potentially explains
some of the variation in clinical severity of infection.’” As for most
intracellular infections, it is likely that a combination of B and T
cell immunity is involved in clearing covid-19 infection and
generating protective memory.

Although we can test for the presence of antibodies, the extent to
which SARS-CoV-2 antibodies provide future immunity and
protection from repeat infection is not yet known. Experimental
evidence shows neutralisation with certain SARS-CoV-2 antibodies,
and inferred clinical evidence from very few reports shows repeat
infection and successful use of convalescent plasma therapy.'3 4
However, longitudinal studies are now reporting and showing that
antibody levels are waning,” and whether protective immunity will
be maintained with a lower antibody titre is unknown.

To know whether our current antibody tests are indicative of
protective immunity, ideally we would need disease prevalence
studies in individuals with known antibody status; however,
knowing whether these antibodies are neutralising in a laboratory
should give us some indication before large population studies can
be completed.

Lastly, antibodies have the ability to provide long term immunity
but non-neutralising antibodies can also be produced, and a
phenomenon known as antibody enhancement can occur where
antibodies facilitate a secondary infection that can be more severe
than the primary infection.’ This has been reported with
other'>coronaviruses, but not to date with SARS-CoV-2.

Pitfalls of antibody testing

Policies on testing that are population based and without a specific
clinical indication essentially amount to screening. This risks
potential harm if the consequences of testing are not carefully
considered. If testing is based on patient request, rather than
clinically driven, we anticipate that rates of testing will be higher
in more affluent populations, who are at lower risk of covid-19, in
keeping with the inverse care law.'¢ This also limits the usefulness
of data for estimates of seroprevalence, as a self-selecting population
will not be representative. Concerns have been raised about the
implications of the rapid rollout of antibody testing'” and the chief
medical officer in Scotland has advised against on-demand testing.'®

The Royal College of Pathologists has produced a covid-19 testing
strategy, underpinned by seven principles, one of which is that
testing must be carried out for a purpose.’® It is arguable that doctors
commonly use tests for the purposes of reassurance,?® and this is
therefore a justifiable rationale for testing. However, we would
caution against requesting SARS-CoV-2 antibody tests for
reassurance; two systematic reviews of randomised controlled trials
found no evidence of effect of diagnostic tests on illness worry,
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non-specific anxiety, or symptom persistence* > and we do not
know the effect of covid-19 testing on patient anxiety. Some suggest
that the purpose of antibody testing should be to guide re-opening
of workplaces?3; however, until more is known about the relation
between antibodies and protective immunity, results should not
influence public health advice to individuals or workplaces. Even
if future evidence shows that antibodies do confer sufficient and
lasting immunity, the concept of “immunity passports” raises ethical
issues, threatening freedom and fairness and potentially risking
public health by incentivising people to wilfully seek out infection
and antibody testing or encouraging a potential antibody testing
black market.?#

Communicating risk and uncertainty

Covid-19 offers an opportunity to improve clinician and patient
understanding and communication of risk and uncertainty in
diagnostic testing. Residual uncertainty after diagnostic testing is
normal, and the same principles discussed here apply to most
screening and diagnostic tests. We hope that the interest in covid-19
testing will lead to a wider debate around testing and test evaluation
where accuracy of tests haven’t been as closely scrutinised.
Clinicians should consider the risks and benefits of SARS-CoV-2
antibody testing for individuals, and share information about the
limitations of testing with patients (box 1). High quality evidence
on test accuracy is currently lacking, and further research is needed
to address areas of uncertainty (box 2). A drive to increase volumes
of tests performed without considering the clinical value of testing
could be an expensive distraction from key public health
interventions. Yet carefully considered testing, in patients with late
presentation of the illness, or prolonged or atypical symptoms could
help reduce uncertainty, guide ongoing management, and improve
understanding of the late sequelae of covid-19.

Box 1: What you might tell your patient

® Antibody tests help us find out who has had covid-19 in the past

® They cannot tell us for sure whether you can catch covid-19 in the
future

® Ifthe testis positive then it is likely that you have been infected at
some time

® Anegative test result cannot rule out the possibility that you have
had covid-19

Box 2: Uncertainties

® Most studies on antibody tests are from patients in hospital. We do
not know how well the tests work in patients with mild illness who
were not admitted to hospital, or in people who are asymptomatic

® Data are lacking on test accuracy beyond 35 days—we do not know
how well these tests will work for infections that occurred more than
five weeks ago

Evidence is insufficient to know whether the presence of antibodies
confers lasting immunity to protect against future covid-19 infection

How patients were involved in the creation of this article

Two patient representatives from the University of Birmingham patient
and public involvement panel reviewed this article. The feedback was
that the article was interesting and readable, and the case studies were
realistic. As a result of the feedback, we made changes to the wording
of box 1, “What you might tell your patient.”
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How this article was made

This article was produced at speed to address an urgent need for
evidence. JD has recently led a Cochrane systematic review of the
diagnostic accuracy of covid-19 antibody tests, and this paper is based
on the evidence from this systematic review, with clinical input from JW
and AR.

Education into practice

® What is the protocol for SARS-CoV-2 antibody testing in your
organisation?

® How do you explain SARS-CoV-2 antibody test results to patients?

® Reflect on arecent case of SARS-CoV-2 antibody testing—did the test
results influence clinical management?
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