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Abstract

Background: SARS-CoV-2 antibody tests are used for population surveillance and might have a future
role in individual risk assessment. Lateral flow immunoassays (LFIAs) can deliver results rapidly and
at scale, but have widely varying accuracy.

Methods: In a laboratory setting, we performed head-to-head comparisons of four LFIAs: the Rapid
Test Consortium’s AbC-19™ Rapid Test, OrientGene COVID IgG/IgM Rapid Test Cassette, SureScreen
COVID-19 Rapid Test Cassette, and Biomerica COVID-19 1gG/IgM Rapid Test. We analysed blood
samples from 2,847 key workers and 1,995 pre-pandemic blood donors with all four devices.

Findings: We observed a clear trade-off between sensitivity and specificity: the IgG band of the
SureScreen device and the AbC-19™ device had higher specificities but OrientGene and Biomerica
higher sensitivities. Based on analysis of pre-pandemic samples, SureScreen IgG band had the
highest specificity (98.9%, 95% confidence interval 98.3 to 99.3%), which translated to the highest
positive predictive value across any pre-test probability: for example, 95.1% (95%Cl 92.6, 96.8%) at
20% pre-test probability. All four devices showed higher sensitivity at higher antibody
concentrations (“spectrum effects”), but the extent of this varied by device.

Interpretation: The estimates of sensitivity and specificity can be used to adjust for test error rates
when using these devices to estimate the prevalence of antibody. If tests were used to determine
whether an individual has SARS-CoV-2 antibodies, in an example scenario in which 20% of individuals
have antibodies we estimate around 5% of positive results on the most specific device would be
false positives.
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Research in context
Evidence before this study:

We searched for evidence on the accuracy of the four devices compared in this study: OrientGene
COVID IgG/IgM Rapid Test Cassette, SureScreen COVID-19 Rapid Test Cassette, Biomerica COVID-19
IgG/1gM Rapid Test and the UK Rapid Test Consortium’s AbC-19 ™ Rapid Test. We searched Ovid
MEDLINE (In-Process & Other Non-Indexed Citations and Daily), PubMed, MedRxiv/BioRxiv and
Google Scholar from January 2020 to 16™ January 2021. Search terms included device names AND
((SARS-CoV-2) OR (covid)). Of 303 records assessed, data were extracted from 24 studies: 18
reporting on the accuracy of the OrientGene device, 7 SureScreen, 2 AbC-19™ and 1 Biomerica. Only
three studies compared the accuracy of two or more of the four devices. With the exception of our
previous report on the accuracy of the AbC-19™ device, which the current manuscript builds upon,
sample size ranged from 7 to 684. For details, see Supplementary Materials.

The largest study compared OrientGene, SureScreen and Biomerica. SureScreen was estimated to
have the highest specificity (99.8%, 95% Cl 98.9 to 100%) and OrientGene the highest sensitivity
(92.6%), but with uncertainty about the latter result due to small sample sizes. The other two
comparative studies were small (n = 65, n = 67) and therefore provide very uncertain results.

We previously observed spectrum effects for the AbC-19™ device, such that sensitivity is upwardly
biased if estimated only from PCR-confirmed cases. The vast majority of previous studies estimated
sensitivity in this way.

Added value of this study:

We performed a large scale (n = 4,842), head-to-head laboratory-based evaluation and comparison
of four lateral flow devices, which were selected for evaluation by the UK Department of Health and
Social Care’s New Tests Advisory Group, on the basis of a survey of test and performance data
available. We evaluated the performance of diagnosis based on both IgG and I1gM bands, and the IgG
band alone. We found a clear trade-off between sensitivity and specificity across devices, with the
SureScreen and AbC-19™ devices being more specific and OrientGene and Biomerica more sensitive.
Based on analysis of 1,995 pre-pandemic blood samples, we are 99% confident that SureScreen (IgG
band reading) has the highest specificity of the four devices (98.9%, 95% Cl 98.3, 99.3%).

We found evidence that all four devices have reduced sensitivity at lower antibody indices, i.e.
spectrum effects. However, the extent of this varies by device and appears to be less for other
devices than for AbC-19.

Our estimates of sensitivity and specificity are likely to be higher than would be observed in real use
of these devices, as they were based on majority readings of three trained laboratory personnel.

Implications of all the available evidence:

When used in epidemiological studies of antibody prevalence, the estimates of sensitivity and
specificity provided in this study can be used to adjust for test errors. Increased precision in error
rates will translate to increased precision in seroprevalence estimates. If lateral flow devices were
used for individual risk assessment, devices with maximum specificity would be preferable. However,
if, for an example, 20% of the tested population had antibodies, we estimate that around 1 in 20
positive results on the most specific device would be incorrect.
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Introduction

Tests for SARS-CoV-2 antibodies are used for population serosurveillance (1, 2) and could in future
be used for post-vaccination seroepidemiology. With emerging evidence of antibodies being
associated with reduced risk of COVID-19 disease (3-7), antibody tests might also have a role in
individual risk assessment (8), pending improved understanding of the mechanisms and longevity of
immunity. Both uses require understanding of test sensitivity and specificity: these can be used to
adjust seroprevalence estimates for test errors (9), while any test used for individual risk assessment
would need to be shown to be sufficiently accurate, in particular, highly specific (10, 11).

A number of laboratory-based immunoassays and lateral flow immunoassays (LFIAs) are now
available, which detect IgG and/or IgM responses to the spike or nucleoprotein antigens (12-14).
Following infection with SARS-CoV-2, most individuals generate antibodies against both of these
antigens (15). Existing efficacious recombinant vaccines contain the spike antigen (16), therefore
vaccinated individuals generate only a response to this. LFIAs are small devices which produce
results rapidly, without the need for a laboratory, and therefore have the potential to be employed
at scale.

A Cochrane review found 38 studies evaluating LFIAs for SARS-CoV-2 antibodies already by late April
2020. However, results from most studies were judged to be at high risk of bias, and very few studies
directly compared multiple devices (14). Where direct comparisons have been performed, they have
shown that accuracy of LFIAs varies widely across devices (13, 17-20). A key limitation of most
studies is that sensitivity has been estimated only from individuals who previously had a positive PCR
test. In a recent evaluation of one LFIA, the UK Rapid Test Consortium’s “AbC-19™ Rapid Test” (21)
(AbC-19 hereafter), we found evidence that this can over-estimate sensitivity (21). We attributed

this to PCR-confirmed cases tending to be more severe — particularly early in the pandemic, when
testing access was very limited — and producing a greater antibody response, i.e. “spectrum bias” (22,
23).

In this paper, we present a head-to-head comparison of the accuracy of AbC-19, and three other
LFIAs, based on a large (n = 4,842) number of blood samples. The three additional devices were
OrientGene “COVID IgG/IgM Rapid Test Cassette”, SureScreen “COVID-19 Rapid Test Cassette”, and
Biomerica “COVID-19 IgG/IgM Rapid Test”, hereafter referred to as OrientGene, SureScreen and
Biomerica for brevity.

Methods

We analysed blood samples from 2,847 key workers participating in the EDSAB-HOME study and
1,995 pre-pandemic blood donors from the COMPARE study (24), in a laboratory setting. All samples
were from distinct individuals. We evaluated each device using two approaches. First (Approach 1),
we compared LFIA results with the known previous infection status of pre-pandemic blood donors
(“known negatives”) and 268 EDSAB-HOME participants reporting previous PCR positivity (“known
positives”). Second (Approach 2), we compared LFIA results with results on two sensitive laboratory
immunoassays in EDSAB-HOME participants. We have previously reported accuracy of the AbC-19
device based on the same sample set and overall approaches: these results are reproduced here for
comparative purposes (21).

Lateral flow immunoassays
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Devices (Table S1) were selected by the UK Department of Health and Social Care’s New Tests
Advisory Group, on the basis of a survey of test and performance data available. AbC-19, OrientGene
and SureScreen devices contain SARS-CoV-2 Spike protein, or domains from it, while Biomerica
contains Nucleoprotein. All four devices give qualitative positive or negative results. AbC-19 detects
IgG only, while the other three devices contain separate bands representing detection of IgG and
IgM. We report results for these by two different scoring strategies: (i) “one band”, in which we
considered a result to be positive only if the IgG band was positive; and (ii) “two band”, in which we
considered results to be positive if either band was positive. In statistical analysis, these two
readings were treated as separate “tests”, such that our comparison was of seven tests in total. By
definition, the “two band” reading of each device has sensitivity greater than or equal to, but
specificity less than or equal to, the “one band” reading.

Study participants

Study participants (n = 4,842), including baseline characteristics, are described in full elsewhere (21).
A flow diagram is provided (Figure S1).

EDSAB-HOME (ISRCTN56609224) participants were key workers (healthcare workers, fire and police
officers) in England, who had a venous blood sample taken at a study clinic in June 2020. Individuals
in recruitment Streams A and B (n = 2,693) were recruited without regard to previous SARS-CoV-2
infection status, while Stream C (n = 154) participants were recruited based on self-reported

previous PCR positivity. Some Stream A/B individuals (n = 114) also self-reported previous PCR
positivity. We refer to the total (n = 268) individuals who self-reported a previous PCR positive result
as “known positives” and to the remaining n = 2,579 EDSAB-HOME participants as “individuals with
unknown previous infection status” at clinic visit. See Supplementary Materials for more information.

COMPARE (ISRCTN90871183) was a 2016-2017 blood donor cohort study in England (24). We
performed stratified random sampling, by age, sex and region to select 2,000 participants, of whom
1,995 had samples available for analysis. We refer to these samples as “known negatives”.

Laboratory protocol

Tests were performed by experienced laboratory staff. All EDSAB-HOME samples were first tested
with two laboratory immunoassays: Roche Elecsys®, which measures total (including 1gG and IgM)
antibodies against the Nucleoprotein, and Eurolmmun, which measures IgG antibodies against the S
protein S1 domain. We used thresholds of 1.0 for Roche Elecsys® and 0.8 for Eurolmmun
(manufacturer recommended positive and “borderline” thresholds, respectively).

Each device was independently read by three members of staff. Readers were blind to demographic
or clinical information on participants and to results on any previous assays. Each reader scored each
test band using the WHO scoring system for subjectively read assays, in which 0 represents
“negative”, 1 “very weak but definitely reactive”, 2 “medium to strong reactivity” and 7 “invalid”
(25). The majority reading was taken as the final result. For assessment of test sensitivity and
specificity, scores of 1 and 2 were grouped as “positive”. If any band of an LFIA device was assessed
as “invalid” on initial testing, the sample was re-tested. In this situation, we treat the re-test result as
primary. We also report, but as secondary, results following re-testing of apparent errors: see
Supplementary Materials.

Estimation of sensitivity, specificity, positive and negative predictive values

Approach 1: We estimated LFIA accuracy through comparison of results with the known previous
SARS-CoV-2 infection status of individuals. Specificity was estimated from all 1,995 “known negative”
samples. The association of false positivity with age, sex and ethnicity was also explored. We
estimated sensitivity from the 268 “known positive” EDSAB-HOME samples. Numbers of false
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negatives are also reported by time since symptom onset and separately for asymptomatic
individuals.

Approach 2: We then estimated LFIA accuracy through comparison with results on the Roche
Elecsys® laboratory immunoassay in EDSAB-HOME samples. This assay has been estimated to have
sensitivity of 97.2% (95% Cl 95.4, 98.4%) and specificity of 99.8% (99.3, 100%) to previous infection
(12). As sensitivity analyses, we also report accuracy estimates based on comparison with
Eurolmmun and a composite reference standard of “positive on either laboratory assay versus
negative on both”. Estimates of sensitivity were calculated separately for known positives and
individuals with unknown previous infection status, to assess for potential spectrum bias (21).
Specificity was estimated from reference standard negative individuals among the “unknown
previous infection status” population. As EDSAB-HOME Streams A and B comprise a “one gate”
population (21, 26), we also report Approach 2 results from all EDSAB-HOME streams A and B
participants combined, regardless of previous PCR positivity.

Positive and negative predictive values: We estimated the positive and negative predictive value
(PPV and NPV) for example scenarios of a 10%, 20% and 30% pre-test probability. To calculate these,
we used estimates of specificity based on pre-pandemic sera (Approach 1) and sensitivity based on
comparison with Roche Elecsys® in individuals with unknown previous infection status (Approach 2).
These choices were based on an expectation (following our previous work, 21) that these estimates
of the respective parameters would be the least susceptible to bias.

Statistical analysis

Statistical analysis was performed in R4.0.3 and Stata 15. Sensitivity and specificity were estimated
by observed proportions based on each reference standard, with 95% Cls computed using Wilson’s
method. Logistic regressions with age, sex and ethnicity as covariates were used to explore potential
associations with false positivity. To further explore potential associations with age, we also fitted
fractional polynomials and plotted the best fitting functional form for each test.

In comparing the sensitivity and specificity of the seven “tests”, we used generalised estimating
equations (GEE) to account for conditional correlations among results (27). For example, in Approach
1 we fitted separate GEE regressions, with test as a covariate, to the “known positives” and to the
“known negatives”. We used independence working covariance matrices (27).

We obtained 95% Cls around PPVs, NPVs, differences in sensitivity and differences in specificity using
Monte Carlo simulation. We sampled from a multivariate normal distribution for GEE regression
coefficients, using the parameter estimates and robust variance-covariance matrix. We also present
ranks (from 1 to 7) for each set of sensitivity, specificity and PPV estimates. Ranks were calculated at
each iteration of the Monte Carlo simulations, and summarised by medians and 95% Cls across
simulations (28). We further report the proportion of simulations for which each test was ranked
first.

Assessment of spectrum effects in test sensitivity:

Within the Approach 2 analysis of Roche Elecsys® positives, we report the absolute difference
between sensitivity estimated from PCR-confirmed cases and sensitivity estimated from individuals
with unknown previous infection status, with 95% Cl. Among individuals who were positive on Roche
Elecsys®, we also plotted the relationship between sensitivity and anti-Nucleoprotein (Roche
Elecsys®) and anti-S1 (Eurolmmun) antibody indices. To aid visual assessment of these relationships,
we fitted dose-response relationships (using R drc package), with model selection based on the
Akaike information criterion.

Role of the funding source
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The study was commissioned by the UK Government’s Department of Health and Social Care (DHSC),
and was funded and implemented by Public Health England, supported by the NIHR Clinical Research
Network Portfolio. The DHSC had no role in the study design, data collection, analysis, interpretation
of results, writing of the manuscript, or the decision to publish.

Results

Main results:

Figures 1 and 2 show results from Approach 1 and from the Approach 2 analysis of individuals with
unknown previous infection status at clinic visit, which are mutually exclusive and exhaustive subsets
of the 4,842 samples. Also shown are results from the Approach 2 sensitivity analyses with
alternative reference standards. Estimated differences between the sensitivity and specificity of
tests, with 95% Cls, are shown in Tables S2 and S3.

Both approaches show a clear trade-off between sensitivity and specificity, with SureScreen 1 band
and AbC-19 having higher specificities but lowest sensitivities, while OrientGene and Biomerica have
higher sensitivities but lower specificities.

From Approach 1, SureScreen 1 band is estimated to have higher specificity but lower sensitivity
than AbC-19, whereas the two tests appeared comparable (although with all point estimates
marginally favouring SureScreen) from Approach 2. Resulting from this, we estimate the one band
reading of the SureScreen device to have the highest PPV.

Approach 1: comparison with known previous infection status
Approach 1 estimates are shown in Tables 1 (specificity) and 2 (sensitivity).

SureScreen 1 band reading was estimated to have 98.9% specificity (95% Cl 98.3, 99.3%), with high
certainty (99%) of this being the highest. This is 1.0% (95% Cl 0.2, 1.8%) higher than the specificity of
AbC-19 (Table S2), which was ranked 2™ (95% Cl 2™, 4™). There was no strong evidence of any
association between false positivity and age for any device (Table S3) although there was some
indication that Biomerica 1 band specificity might decline in older adults (Figure S2). With the
exception of an apparent association of false positivity of the AbC-19 device with sex, which we have
reported previously (21), there was no indication of specificity varying by sex or ethnicity (Table S4).

SureScreen 1 band was, however, estimated to have the lowest sensitivity when this was estimated
from PCR-confirmed cases only (Table 2: 88.8%, 95% Cl 84.5, 92.0%), 3.7% (95% Cl 0.5, 7.1%) lower
than AbC-19 (Table S5).

Approach 2: comparison with laboratory immunoassay results in EDSAB-HOME samples

Among the 268 “known positives”, nine were negative on Roche Elecsys®. Removing these from the
denominator slightly increased point estimates of sensitivity (Table 3), but had no notable impact on
rankings. Among the 2,579 individuals with unknown previous infection status, 354 were positive on
Roche Elecsys®. Point estimates of sensitivity were lower for all seven tests in this population than
among known positives (see below). In this population, there was evidence that both the
OrientGene and Biomerica devices have higher sensitivity than SureScreen or AbC-19 (Table S5).
There was no evidence of a difference between the sensitivity of SureScreen and AbC-19 (absolute
difference in favour of SureScreen = 0.8%, 95% Cl -2.2, 3.9%). Increases in sensitivity in the 2 band
versus 1 band reading of OrientGene and Biomerica devices were minimal.

Based on the 2,225 individuals with unknown previous infection status who were negative on Roche
Elecsys®, specificity estimates were very similar to those from Approach 1 for SureScreen and
Biomerica, but around 1% higher for AbC-19 and OrientGene (Table 3). The ranking of devices was
consistent across the two approaches, but the observed difference in specificity between SureScreen
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and AbC-19 was much reduced in Approach 2, with a wide CI (difference = 0.1%, 95% Cl -0.4 to 0.6%,
Table S2).

Figures 1, 2 and Tables S6, S7 show results from sensitivity analyses on the 2,579 samples from
individuals with unknown previous infection status. Estimates of specificity were robust, while
sensitivity appeared slightly higher for AbC-19, OrientGene and SureScreen, but slightly lower for
Biomerica, when Eurolmmun was taken as the reference standard, although with overlapping Cls. All
devices were estimated to have slightly lower sensitivity when evaluated against the CRS.
OrientGene was ranked highest for sensitivity across all three immunoassay reference standards, but
with Biomerica appearing as a close contender when evaluated against Roche Elecsys®.

Table S8 shows sensitivity and specificity estimated from all EDSAB-HOME Streams A and B (“one
gate” study), based on comparison with each of the three immunoassay reference standards.
Rankings of devices were quite robust to inclusion of PCR-confirmed cases.

Re-test results are shown in Table S9.
Positive and negative predictive values

Based on the sets of estimates that we consider least susceptible to bias (see Methods), we are 99%
confident that SureScreen 1 band reading has the highest PPV. This ranking does not depend on pre-
test probability (Table 4, Figure S4). At a pre-test probability of 20%, we estimate SureScreen 1 band
reading to have a PPV of 95.1% (92.6, 96.8%), such that we would expect approximately one in
twenty positive results to be incorrect.

OrientGene and Biomerica have the highest ranking NPVs. There is very little difference between the
NPVs for the one or two band readings of these devices (Table 4).

Spectrum effects

For all seven tests, point estimates for sensitivity were lower among individuals with unknown
previous infection status who were positive on Roche Elecsys® than among PCR-confirmed cases,
with strong statistical evidence of a difference for all tests except OrientGene (Table 3). The greatest
observed difference was for AbC-19.

Figure 3 shows that all devices were more sensitive at higher antibody concentrations. This effect
was most marked in the devices with lower sensitivity, particularly AbC-19. All LFIAs had high
sensitivity at the highest anti-S IgG concentrations, but at lower concentrations many lateral flow
tests were falsely negative (Figure S3).

Usability issues

Very few bands or devices produced invalid readings (Table S10). Laboratory assessors reported that
SureScreen bands were intense, well defined and easy to read, and that OrientGene bands were also
easy to read. For Biomerica, some gradients and streaking in band formation was noticed, which led
to devices taking slightly longer to read. As we have reported previously, AbC-19 bands were often
weak visually (21).

All devices showed some variability in reading across three assessors. Concordance was highest for
the SureScreen 1gG band: there were no discrepancies in the reading of this for 98.7% (98.3, 98.9%)
of devices (Table S11). Positive OrientGene, Biomerica and SureScreen IgG bands all tended to be
stronger than AbC-19 bands: for example, across all 613 EDSAB-HOME samples that were positive on
Roche Elecsys®, 76%, 69% and 79% showed “medium to strong reactivity” respectively, compared
with 44% of AbC-19 devices (Table $12). Concordance was lower for reading of IgM than IgG bands.
IgM bands, when read as positive, were also often weak.

Discussion
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We found evidence that SureScreen (when reading the IgG band only) and AbC-19 had higher
specificities than OrientGene and Biomerica, but the latter have higher sensitivities. We can
confidently conclude that SureScreen 1 band reading has ~99% specificity, since this estimate was
robust across two large discrete samples sets. In contrast, estimates of the specificity of AbC-19 and
OrientGene varied slightly across Approaches 1 and 2. As Approach 2 denominators are subject to
some misclassification error, we consider the estimates of specificity based on pre-pandemic
samples to be most reliable.

The sensitivities of OrientGene and Biomerica appeared comparable based on a reference standard
of Roche Elecsys® (anti-N) immunoassay, whereas OrientGene appeared to have higher sensitivity
when an alternative (anti-S) reference standard was used. This difference is not surprising since
Biomerica also measures anti-N response whereas OrientGene (and the other two devices studied)
measures anti-S response. For all four devices, there was some evidence of lower sensitivity to
detect lower concentrations of antibody. This spectrum effect appeared strongest for the AbC-19
test and weakest for OrientGene. Due to spectrum effects, we consider Approach 2 estimates of
sensitivity to be the most realistic.

Notably, none of the four devices met the UK Medicines and Health Products Regulatory Agency’s
requirement of sensitivity >98% for the use case of individual level risk assessment (11), even in our
least conservative analytical scenario, which we expect to over-estimate sensitivity. On the other
hand, the basis for this criterion is unclear, as we would expect high specificity to be the key
consideration for this potential use case.

The major strengths of this work are its size and performance of all LFIAs on an identical sample set.
This design is optimal for comparing test accuracy (29). Inclusion of laboratory immunoassay positive
cases without PCR confirmation allowed assessment of spectrum effects. A limitation is that tests
were conducted in a laboratory setting, with the majority reading across three expert readers being
taken as the result. For devices with discrepancies between readers, the accuracy of a single reader
can be expected to lower (21). Accuracy may be lower still if devices were read by individuals with
less or no training, and may differ if device reading technologies were used. SureScreen 1gG band,
followed by OrientGene IgG band, had the highest concordance across readers.

An ongoing difficulty in this field is the ambiguity as to whether the true parameters of interest are
sensitivity and specificity to previous infection, to presence of specific antibodies, or to “immunity”.
Although most individuals seroconvert (15), both the anti-S and anti-N antibody response appears to
be highly specific to SARS-CoV-2 (12), and there is now evidence that presence of antibody response
correlates with reduced risk (3, 4), these three potential “target conditions” are unlikely to coincide
exactly, particularly given declining antibody responses over time. Our estimates are best
interpreted as sensitivity and specificity to “recent” SARS-CoV-2 infection (Approach 1) or to
presence of an antibody response (Approach 2), which we expect to correlate very highly. Estimates
of sensitivity based on a laboratory immunoassay reference standard may be slightly biased due to
errors made by the reference standard. We explored this with sensitivity analyses using two
alternative reference standards.

Our study describes test accuracy following natural infection, not after vaccination. Estimates of
sensitivity would require further validation in vaccinated populations, if the tests were to be used for
post-vaccination monitoring. Notably, antigen choice precludes both Biomerica and Roche Elecsys
from this use case. Further, we did not quantify the accuracy of tests used in sequence, e.g. check
positive results on Test A with a confirmatory Test B (30).

If these devices are used for seroprevalence estimation, our estimates of test accuracy can be used
to adjust for test errors (9). The “one gate” estimates of sensitivity would likely be the most
appropriate for this. For the alternative potential use case of individual risk assessment (pending
improved understanding of immunity), it would be desirable to use the most specific test or that
with the highest PPV, which we estimate to be SureScreen 1 band reading, followed by AbC-19. At a
20% seroprevalence, we estimate that around 1 in 20 SureScreen IgG positive readings would be a
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false positive. Confirmatory testing, possibly with a second LFIA, would be an option, although
requires evaluation.
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Table 1: Specificity of lateral flow devices: Approach 1 (known negatives). Estimates based on analysis of 1,995 pre-pandemic samples. Cl| = confidence
interval, TNs = true negatives, FPs = false positives, “Probability best” = the proportion of Monte Carlo simulations in which the test had the highest

specificity. Note: these AbC-19™ results have been published previously (21) and are reproduced here for comparative purposes.

Lateral flow immunoassay

AbC-19™ Orient Gene 1 | Orient Gene 2 | SureScreen 1 SureScreen 2 Biomerica 1 Biomerica 2
band bands band bands band bands

TNs 1,953 1,934 1,911 1,973 1,935 1,942 1,835
FPs 42 61 84 22 60 53 160
Specificity | 97.9% 96.9% 95.8% 98.9% 97.0% 97.3% 92.0%
(95% Cl) (97.2,98.4) (96.1,97.6) (94.8, 96.6) (98.3,99.3) (96.1,97.7) (96.5, 98.0) (90.7,93.1)
Rank 2 4 6 1 4 3 7
(95% Cl) (2,4) (3,5) (6, 6) (1,1) (3,5) (2, 5) (7,7)
Probability | 0.01 0.00 0.00 0.99 0.00 0.00 0.00
best
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Table 2: Sensitivity of lateral flow devices: Approach 1 (known positives). Estimates based on analysis of 268 individuals self-reporting previous PCR
confirmed infection. CI = confidence interval, TPs = true positives, FNs = false negatives, “Probability best” = the proportion of Monte Carlo simulations in
which the test had the highest sensitivity. Note: these AbC-19™ results have been published previously (21) and are reproduced here for comparative
purposes.
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Table 3: Sensitivity and specificity of lateral flow devices: Approach 2. Comparison with Roche Elecsys immunoassay in EDSAB-HOME sampl es, stratified by
previous PCR positivity. Cl = confidence interval, “Probability best” = the proportion of Monte Carlo simulations in which the test had the highest sensitivity
or specificity. Note: the AbC-19™ results have been published previously (21) and are reproduced here for comparative purposes.

AbC-19™ Orient Gene 1 | Orient Gene 2 | SureScreen 1 | SureScreen 2 Biomerica 1 Biomerica 2
band bands band bands band bands
Analysis of 268 PCR-confirmed cases
Reference standard of Roche Elecsys: 259 positive
False negatives 15 12 12 23 10 8 6
Sensitivity (95% Cl) 94.2% 95.4% 95.4% 91.1% 96.1% 96.9% 97.7%
(90.7, 96.5) (92.1,97.3) (92.1,97.3) (87.0,94.0) (93.0,97.9) (94.0,98.4) (95.0, 98.9)
Ranked sensitivity (95% Cl) 6(3,7) 4(2,6) 4(2,6) 7(6,7) 3(1,6) 2(1,6) 1(1,5)
Probability best sensitivity 0.00 0.01 0.01 0.00 0.14 0.05 0.79
Analysis of 2,579 individuals with unknown previous infection status
Reference standard of Roche Elecsys: 354 positive and 2,225 negative
False negatives 54 28 27 51 36 29 28
Sensitivity (95% ClI) 84.7% 92.1% 92.4% 85.6% 89.8% 91.8% 92.1%
(80.6, 88.1) (88.8,94.5) (89.1,94.7) (81.6, 88.9) (86.2,92.6) (88.5,94.2) (88.8,94.5)
Ranked sensitivity (95% Cl) 7(6,7) 2 (1, 4) 1(1,4) 6 (6, 7) 5(3,5) 4(1,5) 3(1, 4)
Probability best sensitivity 0.00 0.07 0.50 0.00 0.00 0.06 0.36
TFalse positives |24 |47 e 12 s e |1 |
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Specificity (95% Cl) 98.9% 97.9% 97.2% 99.0% 97.3% 97.0% 92.1%
(98.4,99.3) (97.2,98.4) (96.4,97.8) (98.5,99.3) (96.6,97.9) (96.2,97.7) (90.9,93.1)
Ranked specificity (95% Cl) 2(1, 2) 3(3,4) 5(4, 6) 1(1,2) 4(3,6) 6 (3, 6) 7(7,7)
Probability best specificity 0.37 0.00 0.00 0.63 0.00 0.00 0.00
Absolute difference in 9.5% 3.3% 3.0% 5.5% 6.3% 5.1% 5.6%
sensitivity: known positives | (7.7, 11.3) (-0.2, 6.6) (-0.5, 6.3) (2.2,8.7) (3.0,9.7) (2.3, 8.0) (3.0, 8.3)

vs individuals with unknown
previous infection status
(95% Cl)
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Table 4: Positive predictive value (PPV) and negative predictive value (NPV), with 95% confidence intervals (Cls), for example scenarios of 10%, 20% and 30%

pre-test probability. Probability best” = the proportion of Monte Carlo simulations in which the test had the highest PPV or NP V. Specificity estimated from

1,995 pre-pandemic samples (Table 1) and sensitivity from 354 Roche Elecsys positives with unknown previous infection status at clinic visit (Table 3).

AbC-19™ Orient Gene | Orient Gene | SureScreen | SureScreen | Biomerica Biomerica 2
1 band 2 bands 1 band 2 bands 1 band bands

Positive predictive value (PPV)
PPV at 10% pre-test | 81.7% 77.0% 70.9% 89.6% 76.8% 79.3% 56.1%
probability (95% Cl) | (77.1,85.6) | (72.6,80.8) | (66.7,74.8) | (84.7,93.0) | (72.1,81.0) | (74.2,83.6) | (52.1, 59.9)
PPV at 20% pre-test | 91.0% 88.3% 84.6% 95.1% 88.2% 89.6% 74.2%
probability (95% Cl) | (g3 93.0) | (85.6,90.5) | (81.8,87.0) | (92.6,96.8) | (85.3,90.5) | (86.6,92.0) | (71.0,77.1)
PPV at 30% pre-test | 94.5% 92.8% 90.4% 97.1% 92.8% 93.7% 83.1%
probability (95% C1) | (92.8,95.8) | (91.1,94.2) | (88.5,92.0) | (95.5,98.1) | (90.9,94.3) | (91.7,95.2) | (80.7, 85.2)
Ranked PPV (CI) 2(2,4) 4(2,5) 6 (6, 6) 1(1, 1) 4(2,5) 3(2, 5) 7(7,7)
Probability best PPV | 0.01 0.00 0.00 0.99 0.00 0.00 0.00
Negative predictive value (NPV)
NPV at 10% pre-test | 98.3% 99.1% 99.1% 98.4% 98.8% 99.1% 99.1%
probability (95% Cl) | (979 98.7) | (98.7,99.4) | (98.8,99.4) | (98.0,98.8) | (98.4,99.2) | (98.7,99.4) | (98.7,99.3)
NPV at 20% pre-test | 96.3% 98.0% 98.0% 96.5% 97.4% 97.9% 97.9%
probability (95% Cl) | (953 97.0) | (97.2,98.6) | (97.2,98.6) | (95.5,97.3) | (96.6,98.1) | (97.1,98.6) | (97.0, 98.5)
NPV at 30% pre-test | 93.7% 96.6% 96.7% 94.1% 95.7% 96.5% 96.4%
probability (95% Cl) | (925 95.0) | (95.3,97.6) | (95.4,97.7) | (92.6,95.4) | (94.3,96.8) | (95.1,97.5) | (95.0,97.5)
Ranked NPV (CI) 7(6,7) 2(1,4) 2(1,4) 6(6,7) 5(3, 5) 3(1,5) 3(1, 5)
Probability best NPV | 0.00 0.13 0.48 0.00 0.00 0.29 0.10
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Figure 2: Sensitivity and specificity of lateral flow devices, with 95% confidence intervals, plotted in Receiver Operator Characteristic space. Four sets of
estimates are shown: (i) Approach 1, i.e. specificity from analysis of 1,995 known negatives and sensitivity from 268 known positives; (ii) Approach 2
analysis of 2,579 individuals with unknown previous infection status (“unknowns”), calculated against Roche Elecsys reference standard; (iii) Approach 2
sensitivity analysis: analysis of unknowns compared with alternative Eurolmmun reference standard; (iv) Approach 2 sensitivity analysis: analysis of
unknowns compared with alternative composite reference standard (CRS) of positive on either Roche Elecsys or Eurolmmun versus n egative on both. NB
SureScreen 2 band overlays Orient Gene 1 band in the first panel.
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Figure 3: Sensitivity of lateral flow devices, with 95% confidence intervals, by antibody index (categorised into groups of approximately equal size), among n
=613 EDSAB-HOME participants who were positive on Roche Elecsys. Top panel: sensitivity by anti-Nucleoprotein antibody (Roche Elecsys); Bottom Panel:

sensitivity by anti-Spike 1gG (Eurolmmun). Red lines: test contains nucleoprotein; Blue lines: test contains spike proteins.
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Supplementary materials

EDSAB-HOME further details

EDSAB-HOME (ISRCTN56609224) was a study designed to assess the accuracy of LFIAs in key workers
in England. Full details are available elsewhere (1, 2). The research protocol is available at
http://www.isrctn.com/ISRCTN56609224

Symptom history was not part of the eligibility criteria. Recruitment was through three streams. All
individuals in Streams A (fire and police officers: n = 1,147) and B (healthcare workers: n = 1,546)
were recruited without regard to previous SARS-CoV-2 infection status. Stream C (n = 154) consisted
of additional healthcare workers who were recruited based on self-reported previous PCR positivity.
In total across the three recruitment streams, 268 individuals self-reported a previous positive PCR
test. We refer to these as “known positives”. Self-reported PCR results were later validated by
comparison with national laboratory records. Twelve of 268 known positives reported no symptoms.
Of those reporting symptoms, the median (interquartile range) number of days between symptom
onset and venesection was 63 (52 to 75).

Sample size considerations:

Sample size calculations are complex because of the lack of a gold standard test, and because
prevalence is both unknown and increasing over time. Our approach was summarised in our
research protocol (http://www.isrctn.com/ISRCTN56609224) as follows:

“The following calculations assume that the laboratory-based test is 100% sensitive and 100%
specific, which is known not to be the case. The calculations are therefore no more than illustrative.
We assumed that the true sensitivity and specificity of the lateral flow immunoassay are both 98%.
These are the minimum values currently considered acceptable by the MHRA (18/04/2020). The
performance metric of the most interest is the PPV, defined as the probability that a person who tests
positive does in fact have antibodies. Table S10 [of the research protocol] shows the expected 95%
confidence intervals for sensitivity, specificity and PPV which would be obtained for a sample size of
1000 or 2500 participants, under various assumed values of prevalence in the study population. If we
were to consider 90% PPV acceptable, and prevalence in the study sample was 20%, we would
require 2,500 participants to obtain a 95% Cl which was wholly above 90% PPV.

Test performance may vary across populations, e.g. due to variation in underlying severity of disease.
To allow exploration of this, initially we proposed a cohort of 1500 healthcare workers and 1000
police officers, with later possible extension to the general public.”

Laboratory protocol

All EDSAB-HOME samples were first analysed with two laboratory immunoassays (see main text).
Choices of thresholds for dichotomisation of these two tests, and choice of Roche Elecsys as the
primary immunoassay reference standard, has been described elsewhere (1, 2). Any immunoassay
failing for technical reasons was repeated.

Manufacturers sent lateral flow immunoassay (LFIA) devices (Table S1) to PHE Colindale. All devices
were stored in a room temperature controlled room (thresholds 16-30°C, actuals from continuous
monitoring system 19-20°C). Laboratory staff reading the LFIA devices received on-site training from
Abingdon Health (the manufacturers of the AbC-19 device), SureScreen and Biomerica. Laboratory


http://www.isrctn.com/ISRCTN56609224
http://www.isrctn.com/ISRCTN56609224

staff discussed the evaluation, including use of the LFIA device, with OrientGene on a call. The
manufacturers’ instructions for use were followed, with plasma being pipetted into the devices,
followed by the chase buffer supplied with the kits according to the instructions for use. The first
350 COMPARE samples were interspersed randomly among EDSAB-HOME samples, with the
remaining 1,650 COMPARE samples being analysed later.

Readers scored test bands using the WHO scoring system for subjectively read assay: 0 (“negative”),
1 (“very weak but definitely reactive”), 2 (“medium to strong reactivity”) or 7 (“invalid”). As this
scoring system does not clearly state how to categorise “weak” bands, our readers used a score of 1
for what they considered to be either “weak” or “very weak”. The majority score across three
readers for each band was taken as the consensus reading. If any band of a device was assigned a
consensus score of 7 (invalid), the sample was re-tested and the re-test results taken as primary. We
report numbers and proportions of invalid bands, and the total number and proportion of all devices
with at least one invalid band.

We re-tested samples when LFIAs made apparent errors, as follows: for all four devices, we re-tested
EDSAB-HOME samples if the result differed from an immunoassay composite reference standard of
“positive on either Roche Elecsys or Eurolmmun, versus negative on both”. For three of four devices,
we also re-tested all COMPARE samples that tested positive, whereas for Biomerica, due to a lack of
devices and a high observed false positive rate, only false positives in the first batch of 350 samples
were re-tested. Any re-test results are reported as secondary.

Review of previous evidence

We searched for primary studies reporting data on the accuracy of at least one of the four lateral
flow devices in detection of SARS-CoV-2 antibodies or previous SARS-CoV-2 infection. We searched
Ovid MEDLINE (In-Process & Other Non-Indexed Citations and Daily), PubMed, MedRxiv/BioRxiv and
Google Scholar from January 2020 to January 16 2021. Separate searches were performed for each
device. Search terms included (AbC-19), (Orient Gene), (SureScreen), (Biomerica) AND ((SARS-CoV-2)
OR (covid)). We also included known alternative names for these devices. Details and expanded
search terms can be found in the table below. We also reviewed reference lists of relevant
systematic reviews or meta-analyses.

We considered any article or pre-print published in any language. Screening was performed by a
single reviewer. Studies were excluded if they did not report estimates of sensitivity or specificity for
at least one of the four devices, or if they reported only meta-analysis results. Data extraction was
completed by one reviewer. Information was entered into a Microsoft Excel form that collected
information on the study population, sample used to evaluate the device (e.g. whole blood, plasma),
specificity and sensitivity and additional free-text notes.



Figures

Figure S1: Study flow diagram
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Figure S2: Relationship between specificity and age, among pre-pandemic samples

Percentage of false positive results (= 1 — specificity) by participant age at recruitment, among 1,995
pre-pandemic samples from the COMPARE study. Functional form from best fitting fractional
polynomial, with adjustment for sex.
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Figure S3: Lateral flow device false negativity by antibody indices

Relationship between lateral flow device detection, anti-Nucleoprotein (Roche Elecsys) and anti-
Spike S1 (Eurolmmun) assay results, among all 613 individuals from the EDSAB-HOME study with
Roche anti-Nucleoprotein total antibody results >= 1.0 (positive).
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Figure S4: Positive predictive value across all pre-test probabilities

Positive predictive value (PPV) across all possible pre-test probabilities (0 to 1). PPV was estimated as
a function of specificity estimated from 1,995 pre-pandemic samples (Table 1) and sensitivity from
354 Roche Elecsys positives with unknown previous infection status at clinic visit (Table 3).
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Figure S5: Review of previous evidence: workflow for literature search

Database search results, and subsequent inclusions, for rapid review of the previous evidence on the
accuracy of the four lateral flow immunoassays
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Tables

Table S1: Lateral flow devices used
Lateral flow devices used, including the antigens contained within them and batches studied.

Lateral flow
immunoassay

Rapid Test
Consortium
“AbC-19™ Rapid
Test”
SureScreen
“COVID-19 Rapid
Test Cassette”

Biomerica
“COVID-19
1gG/1gM Rapid
Test”
Orientgene
“COVID IgG/IgM
Rapid Test
Cassette”

Product
number

FG-
FD51919

covibisc

1507A-50

GCCOV-
402a

! Personal communication, Freya Webber GlobalDx Ltd (distributor of the product) 20/11/2020

Bands

IgG

IgG+lgM

IgG+lgM

IgG+lgM

Antigen used in
kit

Full length Spike
protein (S1, S2)

Receptor binding
domain RBD (part
of S1 domain of
Spike protein)
Nucleocapsid®

S1 domain of spike
protein
(Manufacturer
correspondence)

Batches
evaluated

A2007003

COV2050005

6639

2004232
2010174
2010267
2006084

Volume of
plasma added
to device
2.5ul

10ul

1oul

Sul

10



Table S2: Absolute differences in specificity
Absolute differences in specificity, with 95% confidence intervals (Cls). Positive (negative) values indicate the
first test has higher (lower, respectively) specificity than the second. Shaded cells: 95% Cl does not include

zero. CRS = composite reference standard. “Unknowns” = individuals with unknown previous infection status
at clinic visit. Shaded cells: 95% Cl does not include zero. CRS = composite reference standard. “Unknowns” =
individuals with unknown previous infection status at clinic visit.

Approach 1:
known negatives
(pre-pandemic)
(n =1,995)

Approach 2:
“unknowns”, Roche
Elecsys negative

(n=2,225)

Approach 2:
“unknowns”,
Eurolmmun
negative (n = 2,233)

Approach 2:
“unknowns”, CRS
negative

(n=2,207)

AbC-19™vs Orient Gene 1
band

0.9% (0.0, 2.0)

1.0% (0.4, 1.7)

1.0% (0.3, 1.7)

0.9% (0.3, 1.6)

AbC-19™vs Orient Gene 2
band

2.1% (1.0, 3.2)

1.7% (1.0, 2.5)

1.6% (0.9, 2.4)

1.6% (0.9, 2.3)

AbC-19™ s SureScreen 1
band

-1.0% (-1.8, -0.2)

-0.1% (-0.6, 0.4)

-0.2% (-0.8, 0.3)

-0.1% (-0.7, 0.4)

AbC-19™ys SureScreen 2
bands

0.9% (-0.1, 1.9)

1.6% (0.9, 2.3)

1.5% (0.8, 2.3)

1.5% (0.8, 2.3)

AbC-19™vs Biomerica 1
band

0.5% (-0.4, 1.5)

1.9% (1.1, 2.7)

2.4% (1.6, 3.2)

2.0% (1.2, 2.9)

AbC-19™vs Biomerica 2
bands

5.9% (4.6, 7.3)

6.8% (5.7, 8.1)

7.3% (6.1, 8.5)

7.0% (5.9, 8.2)

Orient Gene 1 band vs Orient
Gene 2 band

1.1% (0.7, 1.6)

0.7% (0.3 ,1.0)

0.6% (0.3, 1.0)

0.6% (0.3, 1.0)

Orient Gene 1 band vs
SureScreen 1 band

-1.9% (-2.8, -1.1)

-1.1% (-1.8, -0.5)

-1.2% (-1.9, -0.6)

-1.1% (-1.7, -0.5)

Orient Gene 1 band vs
SureScreen 2 bands

-0.1% (-0.9, 0.8)

0.5% (-0.1, 1.2)

0.5% (-0.1, 1.2)

0.6% (-0.1, 1.3)

Orient Gene 1 band vs
Biomerica 1 band

-0.4% (-1.5, 0.7)

0.8% (-0.1, 1.8)

1.4% (0.5, 2.3)

1.1% (0.2, 2.0)

Orient Gene 1 band vs
Biomerica 2 bands

4.9% (3.6, 6.4)

5.8% (4.5, 7.1)

6.3% (5.1, 7.6)

6.1% (4.8, 7.4)

Orient Gene 2 band vs
SureScreen 1 band

3.1% (-4.1, -2.2)

-1.8% (-2.5, -1.1)

-1.8% (-2.6, -1.2)

-1.7% (-2.4, -1.1)

Orient Gene 2 band vs
SureScreen 2 bands

-1.2% (-2.2, -0.3)

-0.1% (-0.8, 0.6)

-0.1% (-0.8, 0.6)

0.0% (-0.7, 0.6)

Orient Gene 2 band vs
Biomerica 1 band

-1.6% (-2.7, -0.4)

0.2% (-0.8, 1.2)

0.8% (-0.2, 1.8)

0.5% (-0.5, 1.4)

Orient Gene 2 band vs
Biomerica 2 bands

3.8% (2.3,5.3)

5.1% (3.8, 6.5)

5.7% (4.4, 7.0)

5.4% (4.1, 6.8)

SureScreen 1 band vs
SureScreen 2bands

1.9% (1.3, 2.6)

1.6% (1.2, 2.2)

1.7% (1.2, 2.3)

1.7% (1.2, 2.3)

SureScreen 1 band vs
Biomerica 1 band

1.5% (0.7, 2.4)

2.0% (1.2, 2.8)

2.6% (1.8, 3.5)

2.2% (1.4, 3.0)

SureScreen 1 band vs
Biomerica 2 bands

6.9% (5.7, 8.2)

6.9% (5.8, 8.2)

7.5% (6.4, 8.8)

7.1% (6.0, 8.4)

SureScreen 2 band vs
Biomerica 1 band

-0.4% (-1.4, 0.7)

0.3% (-0.7, 1.3)

0.8% (-0.1, 1.9)

0.5% (-0.5, 1.5)

SureScreen 2 band vs
Biomerica 2 bands

5.0% (3.6, 6.4)

5.2% (4.0, 6.6)

5.8% (4.5, 7.1)

5.5% (4.2, 6.8)

Biomerica 1 band vs
Biomerica 2 band

5.3% (4.4, 6.4)

4.9% (4.1, 5.9)

4.9% (4.0, 5.9)

5.0% (4.1, 5.9)
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Table S3: Specificity of lateral flow devices by age

Specificity of lateral flow devices by age group, based on analysis of 1,995 “known negative” (pre-
pandemic) samples. FPs = false positives. aOR = adjusted odds ratio from multivariable logistic
regression with outcome of false positive and age group, sex and ethnicity (white / non-white /
missing or unknown) as explanatory variables. Cl = confidence interval, N/A = not applicable. *aOR

per 1 year increase in age, from an alternative logistic regression with age as a continuous variable.

2029 | 30-39 40-49 50-59 60-69 70+ * Linear

Age group <20 years | years years years years years years

Number of samples 27 295 365 383 362 412 151
FPs 0 7 8 8 4 10 5

AbC-19™ | Specificity 100% | 97.6% 97.8% 97.9% 98.9% 97.6% 96.7%
aOR 0.9 0.9 05 1.0 15 1.00
(95% CI) N/A Ref | (032.6) | (0324)| (0.,16) | (0427) | (0.548) | (0.981.02)

) FPs 0 8 6 19 14 9 5

Orient

Gene 1 Specificity 100% | 97.3% 98.4% 95.0% 96.1% 97.8% 96.7%

band aOR 0.6 1.9 1.5 0.8 1.3 1.00
(95% CI) N/A Ref | (02,1.8) | (0.84.4) | (0635) | (0322) | (0.44.0) | (0.99,1.02)

) FPs 0 9 13 24 18 13 7

Orient

Gene 2 Specificity 100% | 96.9% 96.4% 93.7% 95.0% 96.8% 95.4%

bands aOR 12 22 17 11 16 1.00
(95% CI) N/A Ref | (052.8) | (1.0,47) | (073.8)| (0425) | (0.643) | (0.99,1.02)
FPs 0 2 5 3 6 3 3

Sures

1“J:n;'ee" Specificity 100% | 99.3% 98.6% 99.2% 98.3% 99.3% 98.0%
aOR 2.0 12 25 11 3.0 1.01
(95% CI) N/A Ref | (0.4,10.6) | (0.2,7.0) | (0.5,12.4) | (0.2,655) | (0.5,18.2) | (0.99,1.04)
FPs 0 5 8 12 18 13 4

Sures

zugaen;':e" Specificity 100% | 98.3% 97.8% 96.9% 95.0% 96.8% 97.4%
aOR 13 1.9 30 19 16 1.02
(95% Cl) N/A Ref | (044.1) | (07,55) | (1.1,83)| (0.755) | (0.46.0) | (1.00,1.03)
FPs 0 7 5 ) 7 14 )

Biomerica | gpecificity 100% | 97.6% 98.6% 96.9% 98.1% 96.6% 94.7%

1band aOR 0.6 13 0.8 14 23 1.02
(95% CI) N/A Ref | (02,1.8) | (0534)| (0323)| (0.635) | (0.866) | (1.00,1.04)
FPs 2 2 20 29 29 22 14

Biomeri

2'3::\3':“ Specificity 92.6% | 91.9% 94.5% 92.4% 92.0% 89.8% 90.7%
aOR 09 07 0.9 1.0 13 12 1.01
(95% CI) (0.2,4.0) Ref | (041.2) | (0516) | (0617) | (0.822) | (0.624) | (1.00,1.02)
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Table S4: Specificity of lateral flow devices by sex and ethnicity
Specificity of lateral flow devices by sex and ethnicity based on analysis of 1,995 “known negative”
(pre-pandemic) samples. FPs = false positives. aOR = adjusted odds ratio from multivariable logistic
regression with outcome of false positive and age group (in 10 year bands, see Table S3), sex and

ethnicity as explanatory variables. Cl = confidence interval, N/A = not applicable.

Group Results by sex Results by ethnicity
Male Female White Non-white Missing/unknown
Number of samples 1,000 995 1,316 12 667
FPs 11 31 29 0 13
AbC-19™ | specificity 98.9% 96.9% 97.8% 100% 98.1%
aOR (95% Cl) Ref | 2.9(1.5,5.9) Ref N/A 1.0(0.5,1.9)
Orient FPs 29 32 38 1 22
Gene 1 Specificity 97.1% 96.8% 97.1% 91.7% 96.7%
band aOR (95% Cl) Ref | 1.1(0.7,1.9) Ref | 3.0 (0.4, 24.0) 1.2 (0.7, 2.0)
Orient FPs 40 44 53 1 30
Gene 2 Specificity 96.0% 95.6% 96.0% 91.7% 95.5%
bands aOR (95% Cl) Ref | 1.1(0.7,1.7) Ref | 2.1(0.3, 16.8) 1.1(0.7,1.8)
FPs 10 12 14 0 8
SureScreen T
1 band Specificity 99.0% 98.8% 98.9% 100% 98.8%
aOR (95% Cl) Ref | 1.3(0.5,2.9) Ref N/A 1.1(0.5,2.7)
FPs 30 30 37 0 23
SureScreen T
2 bands Specificity 97.0% 97.0% 97.2% 100% 96.6%
aOoR (95% Cl) Ref | 1.0(0.6,1.7) Ref N/A 1.3(0.7,2.1)
. . FPs 21 32 38 0 15
Biomerica .
1 band Specificity 97.9% 96.8% 97.1% 100% 97.8%
aOoR (95% Cl) Ref | 1.6(0.9,2.7) Ref N/A 0.8 (0.4, 1.5)
. . FPs 73 87 102 1 57
Biomerica .
2 bands Specificity 92.7% 91.3% 92.2% 91.7% 91.5%
aOoR (95% Cl) Ref | 1.2(0.9,1.7) Ref | 1.1(0.1,9.0) 1.2 (0.8, 1.6)
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Table S5: Absolute differences in sensitivity
Absolute differences in sensitivity, with 95% confidence intervals (Cls). Positive (negative) values indicate the
first test has higher (lower, respectively) sensitivity than the second. Shaded cells: 95% CI does not include

zero. CRS = composite reference standard. “Unknowns” = individuals with unknown previous infection status
at clinic visit. * Cl was not estimated for this comparison, due to perfect correlation.

Approach 1: known
positives (PCR-
confirmed) (n =
268)

Approach 2:
“unknowns”, Roche
Elecsys positive (n =
354)

Approach 2:
“unknowns”,
Eurolmmun positive (n
=346)

Approach 2:
“unknowns”, CRS
positive (n = 372)

AbC-19™vys Orient Gene
1 band

-1.5% (-4.4, 1.3)

-7.3% (-10.5, -4.4)

7.7% (-11.1, -4.7)

-7.5% (-10.7, -4.5)

AbC-19™ s Orient Gene
2 band

-1.5% (-4.4, 1.3)

-7.6% (-10.8, -4.6)

-8.3% (-11.8, -5.2)

-8.0% (-11.3, -5.0)

AbC-19™vs SureScreen
1 band

3.7% (0.5, 7.1)

-0.8% (-3.9, 2.2)

-1.7% (-4.8, 1.3)

-1.1% (-4.1, 1.9)

AbC-19™s SureScreen
2 bands

-1.5% (-4.6, 1.5)

-5.0% (-8.3, -2.0)

-5.4% (-8.8, -2.3)

-5.1% (-8.2, -2.0)

AbC-19™vs Biomerica 1
band

-1.8% (-5.6, 1.7)

-7.0% (-10.9, -3.4)

-4.0% (-7.8, -0.4)

-5.9% (-9.7, -2.2)

AbC-19™ys Biomerica 2
bands

-2.6% (-6.2, 0.8)

-7.3% (-11.2, -3.6)

-4.3% (-8.1, -0.6)

-6.1% (-10.0, -2.5)

Orient Gene 1 band vs
Orient Gene 2 band

0.0% (N/A) *

-0.3% (-0.9, 0.3)

-0.6% (-1.4, 0.2)

-0.5% (-1.3,0.2)

Orient Gene 1 band vs
SureScreen 1 band

5.1% (1.9, 8.8)

6.4% (3.6, 9.5)

6.0% (3.3,9.1)

6.4% (3.6, 9.4)

Orient Gene 1 band vs
SureScreen 2 bands

0.0% (-2.5, 2.5)

2.2% (-0.1, 4.7)

2.3%(-0.1, 4.8)

2.4% (0.0, 4.9)

Orient Gene 1 band vs
Biomerica 1 band

-0.4% (-3.9, 3.2)

0.3% (-2.9, 3.5)

3.7% (0.7, 6.9)

1.6% (-1.6, 4.8)

Orient Gene 1 band vs
Biomerica 2 bands

-1.1% (-4.5, 2.2)

0.0% (-3.1, 3.1)

3.4% (0.5, 6.6)

1.3% (-1.8, 4.5)

Orient Gene 2 band vs
SureScreen 1 band

5.1% (1.9, 8.8)

6.7% (3.9, 9.9)

6.6% (3.7, 9.8)

6.9% (4.0, 10.1)

Orient Gene 2 band vs
SureScreen 2 bands

0.0% (-2.5, 2.5)

2.5% (0.3, 4.9)

2.9% (0.5, 5.4)

2.9% (0.6, 5.4)

Orient Gene 2 band vs
Biomerica 1 band

-0.4% (-3.9, 3.2)

0.6% (-2.6, 3.8)

4.3% (1.2, 7.6)

2.1% (-1.1, 5.5)

Orient Gene 2 band vs
Biomerica 2 bands

-1.1% (-4.5, 2.2)

0.3% (-2.9, 3.5)

4.0% (1.0, 7.3)

1.9% (-1.3, 5.2)

SureScreen 1 band vs
SureScreen 2bands

-5.1% (-8.1, -2.6)

-4.2% (-6.4, -2.2)

-3.7% (-5.9, -1.8)

-4.0% (-6.1, -2.0)

SureScreen 1 band vs
Biomerica 1 band

-5.5% (-9.6, -1.9)

-6.2% (-10.0, -2.5)

-2.3% (-6.0, 1.3)

-4.8% (-8.6, -1.1)

SureScreen 1 band vs
Biomerica 2 bands

-6.2% (-10.3, -2.6)

-6.4% (-10.4, -2.8)

-2.6% (-6.3, 1.0)

-5.1% (-8.9, -1.4)

SureScreen 2 band vs
Biomerica 1 band

-0.4% (-3.6, 2.8)

-2.0% (-5.5, 1.4)

1.4% (-1.9, 4.8)

-0.8% (-4.2, 2.6)

SureScreen 2 band vs
Biomerica 2 bands

-1.1% (-4.4, 2.0)

2.2% (-5.7, 1.1)

1.1% (-2.1, 4.5)

-1.1% (-4.5, 2.3)

Biomerica 1 band vs
Biomerica 2 band

0.7% (-1.9, 0.3)

-0.3% (-0.9, 0.3)

-0.3% (-0.9, 0.3)

-0.3% (-0.8, 0.3)
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Table S6: Sensitivity and specificity of lateral flow devices: Approach 2 with

Eurolmmun reference standard
Comparison with Eurolmmun immunoassay in EDSAB-HOME samples, stratified by previous PCR
positivity. Cl = confidence interval, “Probability best” = the proportion of simulations in which the
test had the highest sensitivity or specificity. Note: these AbC-19™ results have been published
previously (2) and are reproduced here for comparative purposes.

AbC-19™ Orient Orient SureScreen SureScreen Biomerical | Biomerica 2
Gene 1 Gene 2 1 band 2 bands band bands
band bands
Analysis of 268 PCR-confirmed cases
Reference standard of Eurolmmun: 250 positive
False negatives 10 6 6 14 6 8 7
Sensitivity (95% Cl) 96.0% 97.6% 97.6% 94.4% 97.6% 96.8% 97.2%
(92.8,97.8) (94.9, 98.9) (94.9, 98.9) (90.8, 96.6) (94.9, 98.9) (93.8, 98.4) (94.3, 98.6)
Ranked sensitivity 6(2,7) 2(1,6) 2(1,6) 7(5,7) 3(1,6) 5(1,7) 4(1,6)
(95% Cl)
Probability best 0.02 0.19 0.19 0.00 0.35 0.03 0.22
sensitivity
Analysis of 2,579 individuals with unknown previous infection status
Reference standard of Eurolmmun: 346 positive and 2,233 negative
False negatives 50 23 21 44 31 36 35
Sensitivity (95% Cl) 85.5% 93.4% 93.9% 87.3% 91.0% 89.6% 89.9%
(81.5,88.9) | (90.2,95.5) | (90.9,96.0) | (83.4,90.4) | (87.6,93.6) | (85.9,92.4) | (86.3,92.6)
Ranked sensitivity 7(6,7) 2(1,3) 1(1,2) 6(4,7) 3(2,5) 5(3, 6) 4(3,6)
(95% Cl)
Probability best 0.00 0.08 0.91 0.00 0.01 0.00 0.00
sensitivity
False positives 28 50 64 23 62 81 191
Specificity (95% Cl) 98.7% 97.8% 97.1% 99.0% 97.2% 96.4% 91.4%
(98.2,99.1) (97.1, 98.3) (96.4,97.7) (98.5, 99.3) (96.5, 97.8) (95.5,97.1) (90.2,92.5)
Ranked specificity 2(1,2) 3(3,4) 5(4,6) 1(1,2) 4(3,6) 6 (5, 6) 7(7,7)
(95% Cl)
Probability best 0.20 0.00 0.00 0.80 0.00 0.00 0.00
specificity
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Table S7: Sensitivity and specificity of lateral flow devices: Approach 2 with

composite reference standard
Sensitivity and specificity of lateral flow devices: Approach 2. Comparison with immunoassay

composite reference standard (CRS) in EDSAB-HOME samples, stratified by previous PCR positivity.

Cl = confidence interval, “Probability best” = the proportion of simulations in which the test had the

highest sensitivity or specificity. Note: these AbC-1

are reproduced here for comparative purposes.

9TM

specificity

AbC-19™ Orient Orient SureScreen SureScreen Biomerical | Biomerica 2
Gene 1 Gene 2 1 band 2 bands band bands
band bands
Analysis of 268 PCR-confirmed cases
Reference standard of CRS: 263 positive
False negatives 16 12 12 26 12 10 8
Sensitivity (95% Cl) 93.9% 95.4% 95.4% 90.1% 95.4% 96.2% 97.0%
(90.3,96.2) | (92.2,97.4) | (92.2,97.4) | (85.9,93.2) | (92.2,97.4) | (93.1,97.9) | (94.1,98.5)
Ranked sensitivity 6(3,6) 4(1,6) 4(1,6) 7(7,7) 3(1,6) 2(1,6) 1(1,5)
(95% Cl)
Probability best 0.01 0.06 0.06 0.00 0.10 0.04 0.73
sensitivity
Analysis of 2,579 individuals with unknown previous infection status
Reference standard of CRS: 372 positive and 2,207 negative
False negatives 69 41 39 65 50 47 46
Sensitivity (95% Cl) 81.5% 89.0% 89.5% 82.5% 86.6% 87.4% 87.6%
(77.2,85.1) | (85.4,91.8) (86.0, 92.2) (78.3, 86.0) (82.7, 89.7) (83.6,90.4) (83.9, 90.6)
Ranked sensitivity 7(6,7) 2(1,4) 1(1,3) 6(6,7) 5(3,5) 4(2,5) 3(1,5)
(95% Cl)
Probability best 0.00 0.06 0.81 0.00 0.00 0.02 0.10
sensitivity
False positives 21 42 56 18 55 66 176
Specificity (95% Cl) 99.0% 98.1% 97.5% 99.2% 97.5% 97.0% 92.0%
(98.5,99.4) | (97.4,98.6) (96.7, 98.0) (98.7, 99.5) (96.8, 98.1) (96.2, 97.6) (90.8,93.1)
Ranked specificity 2(1,2) 3(3,4) 5(4,6) 1(1,2) 4(3,6) 6(4,6) 7(7,7)
(95% Cl)
Probability best 0.29 0.00 0.00 0.71 0.00 0.00 0.00

results have been published previously (2) and
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Table S8: Sensitivity and specificity of lateral flow devices: Approach 2 “one gate”

results.

Sensitivity and specificity of lateral flow devices: Approach 2. “One gate” study results. Analysis of all
EDSAB-HOME Stream A and B participants (n = 2,693). Comparison with (i) Roche Elecsys
immunoassay, (ii) Eurolmmun, (iii) composite immunoassay reference standard, “Probability best” =
the proportion of simulations in which the test had the highest sensitivity or specificity. Note: these
AbC-19™ results have been published previously (2) and are reproduced here for comparative
purposes.

Lateral flow immunoassay

AbC-19™ Orient Orient SureScreen SureScreen Biomerical | Biomerica 2
Gene 1 Gene 2 1 band 2 bands band bands
band bands

Roche Elecsys reference standard: 462 positive and 2,231 negative

False negatives 62 34 33 60 39 32 31

Sensitivity (95% Cl) 86.6% 92.6% 92.9% 87.0% 91.6% 93.1% 93.3%
(83.2,89.4) | (89.9,94.7) | (90.1,94.9) | (83.6,89.8) | (88.7,93.8) | (90.4,95.1) | (90.6,95.2)

Ranked sensitivity 7(6,7) 4(1,5) 3(1,4) 6(6,7) 5(2,5) 2(1,5) 1(1,4)
(95% ClI)

Probability best 0.00 0.04 0.32 0.00 0.02 0.09 0.53
sensitivity

False positives 25 49 64 22 59 66 176
Specificity (95% Cl) 98.9% 97.8% 97.1% 99.0% 97.4% 97.0% 92.1%

(98.4,99.2) | (97.1,98.3) | (96.4,97.7) | (98.5,99.3) | (96.6,97.9) | (96.3,97.7) | (90.9,93.2)

Ranked specificity 2(1,2) 3 (3, 4) 5 (4, 6) 1(1,2) 4(3,6) 6 (3, 6) 7(7,7)
(95% Cl)

Probability best 0.31 0.00 0.00 0.69 0.00 0.00 0.00
specificity

Eurolmmun reference standard: 451 positive and 2,242 negative

False negatives 57 27 25 50 35 40 39

Sensitivity (95% Cl) 87.4% 94.0% 94.5% 88.9% 92.2% 91.1% 91.4%
(84.0,90.1) | (91.4,95.9) | (91.9,96.2) | (85.7,91.5) | (89.4,94.4) | (88.1,93.4) | (88.4,93.6)

Ranked sensitivity 7(6,7) 2(1,3) 1(1,2) 6(4,7) 3(2,5) 5(3,6) 4(3,5)
(95% Cl)

Probability best 0.00 0.07 0.90 0.00 0.02 0.00 0.01
sensitivity

False positives 31 53 67 23 66 85 195
Specificity (95% Cl) 98.6% 97.6% 97.0% 99.0% 97.1% 96.2% 91.3%

(98.0,99.0) | (96.9,98.2) | (96.2,97.6) | (98.5,99.3) | (96.3,97.7) | (95.3,96.9) | (90.1,92.4)

Ranked specificity 2(1,2) 3(3,4) 5(4,6) 1(1,2) 4(3,6) 6(5,6) 7(7,7)
(95% Cl)

Probability best 0.10 0.00 0.00 0.90 0.00 0.00 0.00
specificity

Composite reference standard: 482 positive and 2,693 negative

False negatives 78 47 45 76 55 52 51
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Sensitivity (95% Cl) 83.8% 90.2% 90.7% 84.2% 88.6% 89.2% 89.4%
(80.3,86.8) | (87.3,92.6) | (87.7,92.9) | (80.7,87.2) | (85.4,91.1) | (86.1,91.7) | (86.4,91.9)

Ranked sensitivity 7(6,7) 2(1,5) 1(1,4) 6(6,7) 5(2,5) 4(1,5) 3(1,5)

(95% Cl)

Probability best 0.00 0.05 0.75 0.00 0.01 0.03 0.16

sensitivity

False positives 21 42 56 18 55 66 176

Specificity (95% Cl) 99.1% 98.1% 97.5% 99.2% 97.5% 97.0% 92.0%
(98.6,99.4) | (97.4,98.6) | (96.7,98.0) | (98.7,99.5) | (96.8,98.1) | (96.2,97.6) | (90.8,93.1)

Ranked specificity 2(1,2) 3(3,4) 5(4, 6) 1(1,2) 4(3,6) 6 (4, 6) 7(7,7)

(95% Cl)

Probability best 0.29 0.00 0.00 0.71 0.00 0.00 0.00

specificity

Table S9: Lateral flow device results following re-tests
Proportions of re-tested samples for which the apparent error remained. (1) Reference standard of

“known negative” status (pre-pandemic sample); (2) Reference standard of Roche Elecsys laboratory
immunoassay. See “Laboratory protocol” for the re-testing strategy.

AbC-19™ | Orient Orient SureScreen | SureScreen | Biomerical | Biomerica 2
Gene 1 Gene 2 1 band 2 bands band bands
band bands
Proportion of COMPARE 16/42 53/61 71/84 21/22 48/60 9/10 24/26
(pre-pandemic) initial false (38%) (87%) (85%) (96%) (80%) (90%) (92%)
positives that remained false
positive on re-test (1)
Proportion of EDSAB-HOME | 8/21 40/42 54/56 15/18 52/55 52/66 114/176
samples that were false (38%) (95%) (96%) (83%) (95%) (79%) (65%)
positive that remained false
positive on re-test (2)
Proportion of EDSAB-HOME 48/61 21/39 21/38 51/73 27/45 25/36 24/33
samples that were false (79%) | (54%) | (55%) (70%) (60%) (69%) (73%)
negative that remained false
negative on re-test (2)
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Table S10: Invalid readings

Numbers and percentages of device bands or devices with a consensus reading of “invalid”. We
count a device reading as invalid overall if either band was scored as invalid. If a device was scored
as invalid, the sample was re-tested and the re-tested result treated as primary.

COMPARE EDSAB-HOME | Total
samples samples (n = 4,842)
(n=1,995) | (n=2,847) Number (%)
Number (%) | Number (%)
AbC-19™ 2 (0.10%) 2 (0.07%) 4 (0.08%)
Orient IgG band 5(0.25%) 7 (0.25%) 12 (0.25%)
Gene lgM band 5 (0.25%) 6 (0.21%) 11 (0.23%)
Devices 5 (0.25%) 7 (0.25%) 12 (0.25%)
SureScreen | 1gG band 0 (0.00%) 1 (0.04%) 1 (0.02%)
IgM band 0 (0.00%) 2 (0.07%) 2 (0.04%)
Devices 0 (0.00%) 2 (0.07%) 2 (0.04%)
Biomerica IgG band 0 (0.00%) 11 (0.39%) 11 (0.23%)
IgM band 1 (0.05%) 1 (0.04%) 2 (0.04%)
Devices 1 (0.05%) 12 (0.42%) 13 (0.27%)
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Table S11: Discordance in device band reading

Numbers and percentages (%) of qualitative disagreements on test band readings, across three
expert readers in a laboratory setting. We classified readings as discordant if at least one reader
scored the band as “0” (“negative”) and at least one reader scored the band as either “1” or “2”.

Lateral flow AbC-19™ Orient Orient SureScreen SureScreen Biomerica Biomerica
immunoassay Gene IgG | GenelgM 1gG band IgM band 1gG band IgM band
band band

Across all samples (n = 4,842):

Number 168 94 248 65 227 143 357
Percentage 3.5% 1.9% 5.1% 1.3% 4.7% 3.0% 7.4%
(95% Cl) (3.0,4.0) | (1.6, 2.4) (4.5,5.8) (1.1,1.7) (4.1,5.3) (2.5,3.5) (6.7,8.1)

COMPARE samples (n=1,995):

Number 62 45 80 17 66 45 139
Percentage 3.1% 2.3% 4.0% 0.9% 3.3% 2.3% 7.0%
(95% Cl) (2.4,4.0) | (1.7,3.0) (3.2,5.0) (0.5,1.4) (2.6,4.2) (1.7,3.0) (5.9, 8.2)

EDSAB-HOME samples that were negative on the Roche Elecsys immunoassay (n = 2,234):

Number 43 27 46 14 50 59 133
Percentage 1.9% 1.2% 2.1% 0.6% 2.2% 2.6% 6.0%
(95% CI) (1.4,2.6) | (0.8,1.8) (1.5,2.7) (0.4,1.0) (1.7,2.9) (2.1,3.9) (5.0, 7.0)

EDSAB-HOME samples that were positive on the Roche Elecsys immunoassay (n = 613):

Number 63 22 122 34 111 39 85

Percentage 10.3% 3.6% 19.9% 5.5% 18.1% 6.4% 13.9%
(95% ClI) (8.1,12.9) | (2.4,5.4) | (16.9,23.2) (4.0,7.7) | (15.3,21.4) (4.7,8.6) | (11.4,16.8)




Table S12: Band strength

Consensus band scoring: “0” represents “negative”, “1” represents “very weak but definitely

reactive”, “2” represents “medium to strong reactivity”.

Band

Lateral flow immunoassay

Orient Orient SureScreen | SureScreen | Biomerica | Biomerica
strength | Apc.19™ | GenelgG | Gene IgM
band band 1gG band IgM band 1gG band IgM band
Across all samples (n = 4,842):
0 4228 4156 4360 4257 4302 4145 4489
(87.3%) (85.8%) (90.0%) (87.9%) (88.8%) (85.6%) (92.7%)
1 343 195 366 154 366 174 321
(7.1%) (4.0%) (7.6%) (3.2%) (7.6%) (3.6%) (6.6%)
2 271 491 116 431 174 523 32
(5.6%) (10.1%) (2.4%) (8.9%) (3.6%) (10.8%) (0.7%)
COMPARE samples (n=1,995):
0 1953 1934 1935 1973 1950 1942 1881
(97.9%) (96.9%) (97.0%) (98.9%) (97.7%) (97.3%) (94.3%)
1 39 50 55 21 44 37 105
(2.0%) (2.5%) (2.8%) (1.1%) (2.2%) (1.9%) (5.3%)
) 3 11 5 1 1 16 9
(0.2%) (0.6%) (0.3%) (0.1%) (0.1%) (0.8%) (0.5%)
EDSAB-HOME samples that were negative on the Roche Elecsys immunoassay (n = 2,234):
0 2206 2182 2192 2210 2188 2166 2120
(98.7%) (97.7%) (98.1%) (98.9%) (97.9%) (97.0%) (94.9%)
1 27 39 41 17 45 46 107
(1.2%) (1.7%) (1.8%) (0.8%) (2.0%) (2.1%) (4.8%)
) 1 13 1 7 1 22 7
(0.0%) (0.6%) (0.0%) (0.3%) (0.0%) (1.0%) (0.3%)
EDSAB-HOME samples that were positive on the Roche Elecsys immunoassay (n = 613):
0 69 40 233 74 164 37 488
(11.3%) (6.5%) (38.0%) (12.1%) (26.8%) (6.0%) (79.6%)
1 277 106 270 116 277 91 109
(45.2%) (17.3%) (44.0%) (18.9%) (45.2%) (14.8%) (17.8%)
) 267 467 110 423 172 485 16
(43.6%) (76.2%) (17.9%) (69.0%) (28.1%) (79.1%) (2.6%)
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Table S13: Review of previous evidence: Search terms, results and inclusions
Search strategy for rapid review of previous evidence on the accuracy of the four lateral flow
immunoassays. (*) Exclusion at title stage was based on irrelevance or on previous
inclusion/exclusion from an earlier search.

Database Search Terms Number | Number Number Number of papers for
of titles of of full which data were
abstracts texts extracted
reviewed reviewed
(*)
Ovid ABC-19 OR UK-RTC AND SARS-CoV-2 OR 1 1 1 1
Medline covid AND limit yr of publication 2020-
2021
Ovid Orient Gene OR Healgen AND SARS-CoV- | 6 5 5 5
Medline 2 OR covid AND limit yr of publication
2020-2021
Ovid Surescreen OR Sure screen OR Right Sign | 0 0 0 0
Medline OR RightSign AND SARS-CoV-2 OR covid
AND limit yr of publication 2020-2021
Ovid Biomerica AND SARS-CoV-2 OR covid 0 0 0 0
Medline AND limit yr of publication 2020-2021
PubMed ((Abc-19) OR (UK-RTC)) AND ((SARS-CoV- | 1 0 0 0
2) OR (covid)) AND limit yr of publication
2020-2021
PubMed ((Orient Gene) OR (Healgen)) AND 19 14 12 1
((SARS-CoV-2) OR (covid)) AND limit yr of
publication 2020-2021
PubMed ((Surescreen) OR (Sure screen) OR (Right | 33 8 3 0
Sign) OR (RightSign)) AND ((SARS-CoV-2)
OR (covid)) AND limit yr of publication
2020-2021
PubMed (Biomerica) AND ((SARS-CoV-2) OR 1 0 0 0
(covid)) AND limit yr of publication 2020-
2021
MedRxiv "Abc-19 OR UK-RTC AND SARS-CoV-2 OR 1 1 1 1
and covid" and posted between "01 Jan, 2020
BioRxive and 16 Jan, 2021"
MedRxiv "Orient Gene OR OrientGene OR Healgen | 13 12 9 3 (NB 1 irrelevant full
and AND SARS-CoV-2 OR covid" and posted text was a meta-
BioRxive between "01 Jan, 2020 and 16 Jan, 2021" analysis: review of its
reference list identified
1 additional study)
MedRxiv “OrientGene AND SARS-CoV-2 OR covid" 1 1 1 0
and and posted between "01 Jan, 2020 and
BioRxive 16 Jan, 2021"
MedRxiv "((Surescreen) OR (Sure screen) OR (Right | 1 0 0 0
and Sign) OR (RightSign)) AND SARS-CoV-2 OR
BioRxive covid" and posted between "01 Jan, 2020
and 16 Jan, 2021"
MedRxiv “Surescreen AND SARS-CoV-2 OR covid" 10 9 8 2
and and posted between "01 Jan, 2020 and
BioRxive 16 Jan, 2021"
MedRxiv “Biomerica AND SARS-CoV-2 OR covid" 0 0 0 0
and and posted between "01 Jan, 2020 and
BioRxive 16 Jan, 2021"
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Google Abc-19 OR UK-RTC AND SARS-CoV-2 OR 26 0 0
Scholar covid

Google OrientGene AND SARS-CoV-2 OR covid 130 52 14
Scholar

Google Surescreen AND SARS-CoV-2 OR covid 38 24 12
Scholar

Google Biomerica AND SARS-CoV-2 OR covid 22 16 7
Scholar
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Table S14: Review of previous evidence: results
Data extracted in our review of previous evidence (see “Research in Context” panel in main paper)

Reference Comparison | Number | Sensitivity Specificity Sample type Notes

with any of of
the other 3 samples
devices? tested

Rapid Test Consortium “AbC-19TM Rapid Test”

Mulchandani (2) No 4,842 See current paper See current paper Blood Analysis of exact same samples as our
current paper — we show these results
again in the current paper, for
comparison with the other devices

Robertson (3) No 818 97.58% (95.28, 98.95%, n = 330), 99.59% (98.53, 99.95%, n = 488), estimated Plasma

estimated from samples that tested from pre-pandemic samples and additional
positive on Eurolmmun and one other samples that tested negative on 3 laboratory
laboratory immunoassay immunoassays
Orientgene “COVID IgG/IgM Rapid Test Cassette”
Andrey (4) No 91 All cases versus rlFA: whole blood = All cases versus rIFA: whole blood =98% (88, | Left over of whole Population = 41 PCR-confirmed
87% (72, 95%); plasma = 97% (85, 100); plasma = 98% (88, 100%) blood EDTA samples hospitalised cases + 50 negative controls
100%) Restricted to cases with days post (asymptomatic blood donors).
Restricted to cases with days post diagnosis >14 days and controls (n=77) Reference standard = rIFA
diagnosis >14 days and controls (n = versus rlFA = 100% (91, 100%)
77), versus rlFA = 85% (65, 95%)
Daoud (5) No 195 IgM: 66.2% (n = 73) IgM: 100% (n = 122) Plasma from blood Population = 195 patients presenting
IgG: 74.0% (n = 73) IgG: 100% (n = 122) collected in EDTA Wlt.h resplratory symptoms suggestive of
tubes separated by an infection with SARS-Cov-2. Reference
centrifugation standard of RT-PCR positivity. 122 were
PCR negative and 73 PCR positive.
Herroelen (6) No 227 IgM: 74.8% (67.7, 81.2%, n = 171) 1gM: 98.2% (90.4, 99.9, n = 56) Serum Positives are 171 sera from 135 PCR-
IgG: 78.4% (71.4, 84.3%, n = 171) IgG: 94.6% (85.1, 98.9%, n = 56) confirmed cases
Delliere (7) No 144 Including all samples regardless of 100% (93.4, 100%, n = 42) based on pre- Whole blood Positives are 106 samples from 102

sampling time to the onset: 93.4%
(86.9, 97.3, n = 106)

pandemic samples

patients
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Or 95.8% (89.6, 98.8) for samples
collected at > 10 days post symptom
onset/positive PCR.

Ong (8) No 278 Overall: 43% (34, 53%, n = 99). Negatives: 98% (95, 100%, n = 129) Serum Population = patients presenting to
Sensitivity increased to 60% (46, 73%, In the historical control sera: 100% (100, 100, hospital with suspected COVID-19.
n=52) in patients with at least 7 days of | n=50) 228 patients and 50 sera of a historical
symptoms patient control group.

NAT used as reference standard

Catry (9) No 158 Estimates are provided stratified by Combined IgM and I1gG =94 % (87.4,97.8%), | Serum Positive individuals: 58 (18 severe to
patient group and days post symptom estimated from 90 pre-pandemic negative critical, 16 mild to moderate and 24
onset — see paper control sera, from immune or infected healthcare professionals).

Sensitivity estimated from 58 PCR pat|ents'W|th posmv.e.Ab for.vanous VIruses Negative controls: 100 (sera from 90 with
confirmed cases: (human immunodeficiency virus [HIV], antibodies to various virus, 10 samples
Severe to critical patients (n = 18), Mild to assess'the crc?ss-reactwlty. Ten samples from high levels of rheumatoid factor)
to moderate patients (n = 16), Non- from pat|gnts with a pathological level of
hospitalised symptomatic patients (n = rheumatmd factor (RF) (> 12 IU/mL) were
24). included."
Kharlamova (10) Yes - 67 N/A 100% in IgM and IgG Serum
SureScreen Estimated from 67 pre-pandemic confounder
samples with chronic inflammatory diseases

Piec (11) No 49 IgG: 100% (n = 49) Not calculated (sample size too small) Serum
Cases were 8-44 days post PCR positive
test.

Hoffman (12) No 300 Lot A: 1IgM: 93% (85.1, 97.1%, n=74) Lot A: IgM: 100% (95%Cl 98.1, 100%, n=200) Serum Evaluated 2 Lots of the device.

IgG: 93.0% (86.3, 96.6%, n=100)
Lot B: IgM: 87.8% (78.5, 93.5%, n=74)
IgG: 99.5% (96.3, 100%, n=100)

IgG: 99.5% (97.2, 99.9%, n=200)
Lot B: IgM: 100% (98.1, 100%, n=200)
IgG: 99.5% (97.2-99.9%, n=200)

Population: Swedish COVID-19 patients
or convalescents

100 positive samples confirmed by PCR
(90/100) and/or serology, from Swedish
COVID-19 patients or (convalescents.

200 negative controls: serum from babies
(6-12 months old) and blood donor sera
from 2018.
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GeurtsvanKessel No 99 Overall:) IgM = 100% (80.5, 100%, n=9) Serum and plasma Specificity: Access to 147 serum and
(13) IgM: 89.4% (90.8, 95.0% n=90) 1gG = 100% (80.5, 100%, n=9) plasma, but number of sera tested for
specificity was based on availability of
IgG: 91.5% (83.3, 96.5%, n=90). test kit (n=9 for Orientgene)
Esti_mates are provided stratified by Sensitivity: Estimated from 93 sera from
patient group and days post symptom 24 confirmed COVID-19 patients
onset — see paper
Flower (14) Yes — 684 IgG band: 92.6% (86.3, 96.5%, n = 121), | 1gG band: 97.8% (96.1, 98.9%, n = 500) Serum
SurgScregn based on sera from PCR—Fan|rmed Estimated from pre-pandemic samples
& Biomerica cases who were also positive on
composite immunoassay reference
standard.
Or 89.0% (82.2, 93.8%, n = 127) based
on sera from PCR-confirmed, without
pre-selection.
Decru (15) Yes - 72 IgM in blood = 84.8%, IgM in IgM in blood and plasma = 100%, 1gG in Whole blood and Positive PCR results were 21-62 days
SureScreen plasma=78.8% blood and plasma = 97.4%, 2 band in blood plasma before blood sample collection.
IgG in blood = 93.9%, IgG in plasma= | and plasma =97.4%
93.9%, 2 band =97% Estimated from 39 patients without a clinical
Estimated from 33 samples from 26 suspicion qf COVID-19 who had a negative
PCR confirmed cases. PCR result in the last 7 days
Pallett (16) No 200 Overall: 87% (n=150) 96% (n=50) Blood Consecutive inpatients with symptoms
Subset 10-14 days post-symptom !T\atchlng PHE. case definition for testing,
onset: 86% (73.3, 94.2%, n=50) in acute hospital.
Subset >14 days post symptom onset: Ref?r.ence standar.d = RT-PCR (150
100% (92.9, 100%, n = 50) positive, 50 negative)
Estimates are provided stratified by days
post symptom onset — see paper for less
than 10 days
Alger (17) No 90 Not applicable 1gM: 98.9% (94.0, 100%, n=90) Stored serum Pre-pandemic (2018) serum from

1gG: 94.4% (87.5, 98.2%, n=90)

pregnant women
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Van Elslande (18) No 138 Estimates are provided stratified by IgM: 95.1% (88.9, 98.2%, n=103) Serum Specificity: 103 samples collected before
1c:iay: p;);t sy:nptt.?.m :nset —Isee paper IgG: 93.2% (86.4, 96.9%, n=103) January 2020.
orturther stratitication, only Sensitivity: 167 samples from 94 patients
; . 1IgM or IgG: 91.3% (84.0,95.5%, n=103 .
presenting here day 14-25: ghiorie a § ) with COVID-19 confirmed with RT-PCR on
IgM: 97.4% (85.3, 100%, n=38) 18G and IgM: 97.1% (91.4, 99.4%, n=103) nasopharyngeal swab, 38 samples used
gG: 92.1% (78.5 98.0%, n=38); for Orientgene evaluation
IgM or IgG: 97.4% (85.3,100%, n=38);
IgM and IgG: 92.1% (78.5, 98.0%, n=38)
Van Honacker No 42 Stratified by days post symptom onset, | IgM: 100% (n=19) Serum Sensitivity: 23 sera samples from 7
(19) presented here 8-18 days: gG: 100% (n=19) different patients admitted to hospital
IgM: 94% (n=23) with PCR confirmed COVID
IgG: 88% (n=23) Estimates are provided stratified by days
post symptom onset — see paper for less
IgM and IgG: 94% (n=23) than 8 days
Specificity: 10 pre-pandemic sera (Aug-
Sep 2019 and 9 potential cross-reactive
sera (total 19)-19
Pegoraro (20) No 149 Stratified by days post symptom onset, | 1gG:98% (n=67) Serum Population: those attending hospital
presented here 14+ days: IgM:100% (n=67) emergency care or ICU with symptoms
|gG 90% (n=21) indicative of COVID-19 (Feb—Apr 2020)
IgM:95% (n=21) Sensitivity: Estimates are provided
stratified by days post symptom onset,
40 samples for 0-7 days, 21 samples for
8-13 days and 21 samples for 14+ days
(total).
Specificity: 67 samples from healthy
volunteers
Hoffman (21) No 153 IgM: 69% (n=29) 1gM:100% (n=124) Capillary blood Sensitivity: 29 PCR-confirmed COVID-19

1gG: 93.1% (n=29)

IgG: 99.2% (n=124)

samples or serum

patients or convalescents

Specificity: capillary blood samples from
124 healthy volunteers

SureScreen “COVID-19 Rapid Test Cassette”
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Kharlamova (10) Yes - 67 N/A 1gM: 91% (n=67) Serum
OrientGene 1gG: 91% (n=67)
Estimated from 67 pre-pandemic confounder
samples with chronic inflammatory diseases

Veyrenche (22) No 65 Based on 9 PCR-confirmed cases who 100% for IgM, IgG and 2 band, estimated Plasma 45 PCR confirmed hospital admissions,
were > 14 days post symptom onset: from 20 negative controls. but here we show results only for 9 who
IgM: 78% (50.9, 100%); were 2 14 days post symptom onset.
IgG: 67% (36.3, 97.7%);

2 band = 78.0% (50.9, 100%)

Sweeney (23) No 601 94.4% (91.1-96.4%) based on 301 PCR- 99.3% (97.6, 99.8%, n = 300) Serum
confirmed cases who were 214 days Based on 300 pre-pandemic samples: 200
post symptom onset. stored serum samples and a panel of 100
From the subset (n = 204) who were stored acute and convalescent confounder
> 20 days post symptom onset, samples
sensitivity = 96.1% (92.4, 98.0%)

Pickering (24) No 160 80.91% (72.5, 87.16%) 100% (92.87, 100%), n = 50 Serum PCR-confirmed cases used to estimate
Estimated from 110 samples collected sensitivity ranged from 1 to 30 days after
from 87 patients in a hospital setting. onset of self-reported symptoms.

Flower (14) Yes — 684 IgG band: 87.5% (81.8,91.9%, n = 184), | 1gG band: 99.8% (98.9, 100%, n = 500) Serum

OrneﬁtGerﬁe based on sera from PCR-f:(.)nflrmed Estimated from pre-pandemic samples
& Biomerica cases who were also positive on
composite immunoassay reference
standard
Decru (15) Yes - 72 IgM in blood = 87.9%, IgM in plasma = 100% for IgG, IgM and 2 band Whole blood and Positive PCR results were 21-62 days
OrientGene 90.9%, 1gG in Elood = 93.9%,0IgG in Estimated from 39 patients without a clinical plasma before blood sample collection.
plasma = 93.9%, 2 band = 97%. suspicion of COVID-19 who had a negative
Estimated from 33 samples from 26 PCR result in the last 7 days.
PCR confirmed cases.
Tollanes (25) No 23 IgM = 83% (70, 91%); 1gG 52% (39, N/A Whole blood - one Data extracted for study arm 2 (23

65%). Estimated from n = 23 recovered
outpatients with previous PCR
confirmation.

tube

recovered outpatients with former PCR-
confirmed COVID-19) only.

Biomerica “COVID-19 I1gG/IgM Rapid Test”
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Flower (14)

Yes —
OrientGene
&
SureScreen

684

IgG band: 81.0% (74.7, 86.4%, n = 184),
based on sera from PCR-confirmed
cases who were also positive on
composite immunoassay reference
standard

IgG band: 97.8% (96.1, 98.9%, n = 500)
2 band: 96.0% (93.9, 97.5%, n = 500)

Estimated from pre-pandemic samples

Serum
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