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The role of antibody tests for COVID-19
In primary care

INTRODUCTION

The control of coronavirus 2019 disease
(COVID-19) relies on implementing an
effective testing and tracing strategy; the
ideal would be a move to using rapid point-
of-care tests (POCTs) in the community, to
detect both active infections and to identify
those already immune, as being tested
in Liverpool.” To date, largely laboratory-
based virology testing (reverse transcription
polymerase chain reaction (PCR]) to
detect viral ribonucleic acid from naso/
oropharyngeal swabs] remains the gold
standard for diagnosis. The role of COVID-19
antibody testing is limited, with few studies
published about the diagnostic accuracy of
POCTs that might be used in primary care.
This article aims to summarise the current
state of knowledge about the potential role
of COVID-19 antibody testing in primary
care.

THE ROLE OF ANTIBODY TESTING IN
COVID-19 INFECTION
Following infection, we  develop
immunoglobulins (Ig) against SARS-CoV-2
proteins, including the diagnostically
important nucleoprotein and/or spike
proteins (N- and S-proteins, respectively).
The median time of detection of anti-
SARS-CoV-2 IgG is day 14 post-onset of
symptoms (PQS) [for IgM and IgA it is day 5),
and it is detectable in 90% of individuals
by then.?® Anti-N-protein immunoglobulin
class G [(IgG) is the most sensitive current
target for serological detection, albeit its
combined detection with anti-S improves
sensitivity.* IgA antibodies, implicated in
mucosal surface defence, are detectable
from the first day POS.3

A waning in IgG response has been
reported,” with  potentially severe
implications for long-term immunity
dependinguponthealternative effectiveness
of memory T-cell-mediated immunity.
There are suggestions that seropositive
individuals are only at a lower risk of
re-infection compared with seronegative
individuals.® There is no definitive evidence
present about the protective effect, if any,
of anti-SARS-CoV-2 antibody against
reinfection and/or COVID-19 disease.
Individuals previously infected with COVID-
19 can serorevert and some who have
seroconverted do not necessarily stop
shedding the virus following the antibody
response.’!0

Limitations of virology testing include the
variable rate of viral detection dependent
upon the timing of the test,'" the potential
scarcity in the availability of test materials,'
the potential degradation of specimen
quality during transport to testing facilities,
the time delay between testing and
results, and the need for skilled staff, as
well as the infrastructure and equipment
requirements. Antibody testing presents
a cheaper®™ strategy to ease the testing
burden, and to detect prior infection of
individuals who may not have been tested
or recorded for surveillance purposes
because of mild symptoms or a lack
thereof. Methods of testing include enzyme-
linked immunosorbent assays (ELISA],
chemiluminescence immunoassays
(CLIA], and, the only potential POCT,
lateral flow immunoassays (LFIA). The
rapid development of antibody testing has
resulted in a sizeable number of potential
Ig-method combinations that are yet to be
fully tested and reproducibly reviewed.

DETERMINING THE UTILITY OF
ANTIBODY TESTING IN PRIMARY CARE
To date, we have not identified any studies
on the accuracy of antibody tests within

a primary care setting. We searched
MEDLINE, the COVID-19 Open Access

Project (COAP] Living Database, which
collated articles from EMBASE, pre-prints
from medRxiv and bioRxiv, and Public
Health England (PHE] online information.
The diagnostic accuracy of antibody testing
and the extent of their applicability within
primary care settings are not known. We
have therefore collated the findings from
a Cochrane Systematic Review and a
systematic review and meta-analysis by
Lisboa Bastos et al®™

THE CURRENT STATE OF KNOWLEDGE
Our literature review summarises the
optimalimmunoglobulin(s) assays, method,
and timing.

Stratification of pooled sensitivity and
specificity by the serological test method
and Ig classes should inform the clinical
diagnostic utility of tests. The point
estimates show corroborating results
supporting CLIA methods with the highest
statistically significant point estimate for
all lg isotypes assayed, and especially for
lgG/IgM combinations.™ Specificity for all
methods was high, with the lowest point
estimate at 94.1%.'

Diagnostic accuracy is determined by the
time POS that the patient presents. Point
estimates of pooled sensitivity stratified
by lg classes are shown in Table 1," with

Table 1. Pooled sensitivity estimates stratified by time POS?

Pooled sensitivity time POS, % (95% Cl)

Week 1 Week 2 Week 3 Week 3 onwards
Ig class (days 1-7) (days 8-14) (days 15-21) (days 22-35) Day 35+
IgG 29.7(22.1t038.6) 66.5(57.9t074.2) 88.2(83.5t091.8) 80.3(72.4t086.4) 86.7(79.6t091.7)
IgM 23.2(1491t034.2) 584 (45.5t070.3) 75.4(64.3t083.8) 68.1(55.0t0 78.9) 53.9 (38.4 to 68.4)
IgA 284(09t0943) 781(95t099.2) 98.7(39.0to 100) 98.7(91.9t099.8) 100 (85.2 to 100)
IgG/IgM 30.1(214t040.7) 72.2(635t079.5) 914(870t094.4) 96.0(90.6t098.3) 77.7(66.0 to 86.2)
IgA/IgG 0(0t026.5) 50.0(18.7t0 81.3) 87.5(47.3t099.6) 100 (2.5 to 100) N/R
Total 245(95t050.0) 84.0(64.1t093.9) 98.1(90.1t099.6) 69.5(348t090.7) 79.0(49.8t0 93.4)
antibodies

aTotal antibody refers to detection of all anti-SARS-CoV-2 isotypes, including primarily IgG, IgM, and IgA without the

capacity to distinguish between said isotypes. If either isotype of a combination (lgG/lgM or IgA/lgG) was detected,

a positive result was detected. No data were reported for lgA/lgM. Adapted from Deeks et al.” Cl = confidence

interval. lg = immunoglobulin. N/R = not reported. POS = post-onset of symptoms.
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Table 2. Pooled sensitivity estimates of serological test methods for
IgM and IgG stratified by time P0OS®

Test Pooled sensitivity time POS, % (95% Cl)
Ig class method Week 1 Week 2 Week 3 and later
IgM CLIA 50.3(10.9t0 81.2) 743 (16.1 to 99.4) 90.6 (51.8 t0 99.4)
ELISA 26.7(15.6 to 35.4) 57.6(15.9 t0 88.2) 78.4 (54.1t0 91.9)
LFIA (POCT) 25.13(16.3t031.1) 51.8(30.3 to 69.4) 69.9 (58.4 to 79.9)
IgG CLIA 53.2(28.7 to 67.4) 85.4 (48.1t0 98.1) 98.9 (86.9 to 100)

ELISA 23.7(12.7 t0 38.1)

65.3(46.3t0 79.4)

82.1(76.4 0 89.0)

LFIA (POCT) 13.4 (4.7 10 29.6)

50.1(24.8 to 77.0)

79.7(71.41086.9)

2Adapted from Lisboa Bastos et al.® Cl = confidence interval. CLIA = chemiluminescence immunoassay.

ELISA = enzyme-linked immunosorbent assay. lg = immunoglobulin. LFIA = lateral flow immunoassay.

POCT = point-of-care tests. POS = post-onset of symptoms.

corroborating evidence for lgM and IgG tests |

in Table 2.5 Point specificities were high and
ranged between 98.5% (95% Cl=972 to
99.2) and 99.8% (95% Cl=98.9 to 100]."
Pooled sensitivities were lower in the first
and second week POS compared with the
third week or later. For IgM and IgG, the
CLIA method in week 3 POS had the highest
point sensitivity estimate. The CLIA IgG test |
method had the highest point sensitivity
at 98.9%. Nonetheless, point sensitivity
estimates in week 2 or week 3 for any
other method bar CLIA would misclassify a
significant portion of true COVID-19-positive
patients. The evidence for IgG and IgM was
reported to be particularly strong as it
was based upon several thousands of non-
COVID samples.” IgG appears to be the |

only reliable indicator once any discernible
time (>14 days] has passed. Diagnostic
testing within 2 weeks POS should ideally
be a PCR test.

Conclusions from findings derived
from pooled samples are limited as the
methodologies of the reviews pooled
multiple cross-sectional studies, tracking
different groups of participants over time
with different test methods.™ This makes it
more difficult to identify individual tests that
may perform well.

PHE has carried out laboratory
evaluations of commercial antibody tests
using samples from community cases
with mild disease presentations (Table 3).”°
Despite previous seroprevalence studies
reporting that, in adults aged >50 years,

Table 3. Summary table of PHE-reported sensitivities and specificities?

90% had antibodies to all four common

circulating coronaviruses; the high
specificities reported provide indirect
evidence that there is little cross-reactivity
with these seasonal coronaviruses. The
Roche Elecsys Anti-COVID-19 and Abbott
COVID-19 I1gG assays have been assessed
and validated by PHE, potentially enabling
widespread adoption. Both tests had
the highest point sensitivity estimates
of all assays during the third week
POS. Promisingly, their characteristics
corroborate with the CLIA methods profiles,
and the antibodies tested [(Abbott: IgG;
Roche: IgG/IgM) demonstrate relatively
high point sensitivities. However, they fail
to fulfil the UK Medicines and Healthcare
products Regulatory Authority threshold
of clinical sensitivity and specificity >98%
each for accreditation as valid POCTs.”
Despite limitations in diagnostic accuracy, a
positive antibody test can be an acceptable
alternative to a negative PCR result in
suspected cases with supporting clinical
evidence of COVID-19 where patients are
<14 days POS for retrospective diagnosis as
a confirmed case.’®

CONCLUSIONS AND RECOMMENDATIONS
Antibody tests have limited utility in the acute
diagnosis of COVID-19. However, they retain
value in informing sero-epidemiological
surveillance. We are yet to discover their
role in mass population testing.

Assay Sensitivity, % (95% Cl) days POS
Assay method Ig class Week 3 (Days 15-21) After Week 3 (Day 21+) Overall Specificity, % (95% Cl)
Siemens Atellica SARS-CoV-2 CLIA Total antibody 89.4(80.8 to 95.0) 92.4 (84210 97.2) 86.0(77.6 t0 92.1) 100 (99.1 to 100)
Total (COV2T) assay
Ortho Clinical Diagnostics VITROS CLIA Total antibody 91.8(83.8 t0 96.4) 935(85.5t0 97.9) 85.0(76.5t0 91.4) 99.5(98.2 t0 99.9)
Immunodiagnostic Products anti-
SARS-CoV-2 Total serology assay
DiaSorin LIAISON SARSCoV-2 S1/ CLIA IgG 69.4 (5850 79.0) 71.4(60.0t0 81.2) 64.0(53.8to 73.4) 97.7 (95.8 to 99.0)
52 1gG serology assay
Euroimmun Anti-SARS-CoV-2 ELISA IgG 73.4(63.2t082.7) 74.7 (63.3 to 84.0) 72.0(61.8t080.9) 99.0(97.5t0 99.7)
ELISA (IgG) serology assay
Abbott SARS-CoV-2 IgG assay CMIA IgG 93.9 (86.3 to 98.0) 935 (85.5t0 97.9) 92.7 (85.6 to 97.0) 100 (99.1 to 100)
Roche Elecsys AntiSARS-CoV-2 ECLIA Total antibody 96.1(76.5t0 92.8) 86.7 (76.8 to 93.4) 83.9 (74.8 to 90.7) 100 (99.1 to 100)
serology assay
Ortho Clinical Diagnostics Vitros CLIA IgG 79.7 (69.2 to 88.0) 81.3(70.7 to 89.4) 77.4(67.6 to 85.4) 99.7(98.6 to 100)
Immunodiagnostic Products Anti-
SARS-CoV-2 IgG serology assay
Beckman Coulter Access Anti- CLIA IgG 765 (66.0 to 85.0) 79.2 (68.5 t0 87.6) 69.0(59.0t0 77.9) 99.3(97.8 t0 99.8)

SARS-CoV-2 IgG assay

“Assay method and target Ig class also indicated. Total antibody refers to detection of all anti-SARS-CoV-2 isotypes, including primarily IgG, IgM and IgA without the capacity

to distinguish between said isotypes. Given the findings with regards to the links between specificity and time POS, Table 3 only reports sensitivity at or after Week 3 POS as

well as the overall sensitivity across all time periods. Specificity is reported across all time points. Adapted from GOV.UK.” Cl = confidence interval. CLIA = chemiluminescence

immunoassay. CMIA = chemiluminescent microparticle immunoassay. ECLIA = electrochemiluminescence immunoassay. ELISA = enzyme-linked immunosorbent assay.

lg = immunoglobulin. PHE = Public Health England. POS = post-onset of symptoms.
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STRENGTHS AND LIMITATIONS FOR USE
IN PRIMARY CARE

The high specificity in many of the tests
is promising for potential serosurveillance
applications™ to prevent the facilitation
of widespread transmission through
a premature easing of public health
restrictions. However, the use of pre-
pandemic samples to establish specificity
has introduced questions surrounding their
validity and their relevance in the current
climate.!” Thus, there are applicability
concerns about the implications for the use
of POCT specimens and antibody tests in
general within primary care settings.

IMPLICATIONS
The sole reliance on virological testing is
a limiting factor for an effective national
testing strategy. Antibody testing in parallel
with virology testing may be appropriate.
Antibody tests are limited by their
inability to distinguish between current
or past infection. Shorter-term triage of
symptomatic patients and close contacts
of confirmed cases in community settings
within a week POS may be facilitated by
rapid antibody testing for IgM, given its
early transient rise, with high specificity.”
As discussed, in instances of scarcity of
resources or skilled staff with the required
sampling techniques,"" or given the time
delay between testing and the resulting
implications for individuals’ lives, the
logistical burdens and socioeconomic
impacts arising from when virology testing
capabilities are limited may be eased by
antibody testing. The use of IgM or total
antibody tests for symptomatic patient
diagnosis has improved case detection
sensitivity."” People with negative antibody
tests where there is clinical suspicion could
go on to have a virological test. Serological
diagnosis is important for patients with
mild to moderate illness."" Serological
confirmation may also play an important
role in low-prevalence communities or
immediately following lockdown measures
when diagnostic accuracy of virological
testing may be adversely affected by low
levels of circulating virus.??' The two PHE-
validated Roche and Abbott antibody tests
fit the profile for utilisation in the UK with

the Roche test better suited, where the
patient presents week 3 POS and the Abbott
test for patients presenting week 3 onwards
(>day 21) POS.

Follow-up testing has been proposed
to tackle the shortcomings of accurate
serological diagnosis.?? With an approximate
6% prevalence as per recent reports,?
should the Euroimmun assay (83.0%
sensitivity, 99.3% specificity] (as utilised
for testing for the PHE Weekly COVID-19
Surveillance Reports) be used followed by
a more specific test such as the Abbott
assay (93.9% sensitivity, 100% specificity) as
a confirmatory test, the positive predictive
value would increase from 88.3% to 100%.

For the wider asymptomatic population,
any test is suitable as the majority of
antibody tests have very high negative
predictive values (NPVs), even with the
lowest specificity of 94.1% resulting in
a 98.9% NPV. However, a follow-up IgG
CLIA antibody test at least after 5weeks
should be carried out to ensure that the
first negative result was not due to sample
collection too soon after asymptomatic
infection, or due to an absence of a
detectable immune response [(as in
immunosuppressed patients]. A person
with a negative test may nonetheless
possess cellular (T-lymphocyte] immunity.

Ongoing research within this rapidly
developing area, including the rapid test
diagnostic evaluation in the community
study (RAPTOR),* may eventually elucidate
how diagnostically valid POCTs can be
introduced into the primary care workflow,
for individual patient benefit rather than
population monitoring, possibly in a
complementary strategy incorporating
virology testing as well as the current
antigen POCTs undergoing evaluation.

Serosurveillance presents opportunities
to screen recovered patients for potential

convalescent plasma donation, monitor
the immune responses against vaccines,
indicate the dynamics of transmission, and
to determine when, or if, we reach a state of
herd immunity; all of which will be critical
in surmounting this debilitating pandemic.

FUTURE OUTLOOK

Achieving the best balance of sensitivity and
specificity for robust diagnostic application
has been challenging so far. At best, the
results of antibody tests will inform the
proportion of the practice workforce who
are potentially immune. Practices should
continue advising patients to maintain
protective measures until the length and
strength of long-term immunity is known.
Given the uncertainty of the antibody tests,
practices would not be well advised to
solely rely on and purchase the tests
themselves. However, where rapid virology
testing is not readily available, the following
recommendations suggest which type of
antibody tests may be used:

e <week 3 POS — PCR (virology swab]; or
IgG/IgM followed by virology in negative
cases with clinical suspicion especially
<week 2 POS;

¢ week 3 POS — total antibodies or IgG/IgM
combination CLIA;

e week 3 onwards POS — IgG, IgG/IgM, or
total antibodies CLIA; and

e >5 weeks POS — IgG CLIA.

Antibody tests are an emergent and
important part of the management of the
COVID-19 pandemic. It is important that we
understand their limitations alongside their
strengths.
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