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Analytic comparison between three
high-throughput commercial
SARS-CoV-2 antibody assays
reveals minor discrepancies

in a high-incidence population
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Performance of three automated commercial serological IgG-based assays was investigated for
assessing SARS-CoV-2 “ever” (past or current) infection in a population-based sample in a high
exposure setting. PCR and serological testing was performed on 394 individuals. SARS-CoV-2-1gG
seroprevalence was 42.9% (95% Cl 38.1-47.8%), 40.6% (95% Cl 35.9-45.5%), and 42.4% (95% ClI
37.6-47.3%) using the CL-900i, Vidaslll, and Elecsys assays, respectively. Between the three assays,
overall, positive, and negative percent agreements ranged between 93.2-95.7%, 89.3-92.8%, and
93.8-97.8%, respectively; Cohen’s kappa statistic ranged from 0.86 to 0.91; and 35 specimens (8.9%)
showed discordant results. Among all individuals, 12.5% (95% Cl 9.6-16.1%) had current infection, as
assessed by PCR. Of these, only 34.7% (95% Cl 22.9-48.7%) were seropositive by at least one assay.
A total of 216 individuals (54.8%; 95% Cl 49.9-59.7%) had evidence of ever infection using antibody
testing and/or PCR during or prior to this study. Of these, only 78.2%, 74.1%, and 77.3% were
seropositive in the CL-900i, Vidaslll, and Elecsys assays, respectively. All three assays had comparable
performance and excellent agreement, but missed at least 20% of individuals with past or current
infection. Commercial antibody assays can substantially underestimate ever infection, more so when
infection rates are high.

Coronavirus disease 2019 (COVID-19), due to the novel severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), continues to be a global health challenge. As of November 22, 2020, the COVID-19 burden included
57.6 million confirmed cases and 1.3 million deaths worldwide'. Meanwhile, the true extent of exposure to the
SARS-CoV-2 infection and how far different national populations are from herd immunity remain poorly under-
stood. Commercial serological assays are increasingly being used to address this gap in evidence. The extent to
which such assays can capture ever infection (defined as past or prior infection) in a population remains to be
elucidated. Understanding who has been exposed and potentially acquired immunity against this virus may help
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healthcare providers and public health stakeholders in establishing and implementing more efficient and effective
strategies and policies for managing the disease and economic burden associated with the COVID-19 pandemic.

Qatar experienced a large SARS-CoV-2 epidemic with a high rate of laboratory-confirmed infections
at> 60,000 infections per million population®™. As part of the national response, the public health authorities
expanded serological testing for SARS-CoV-2 antibodies for both healthcare and research purposes. Three
automated main serological testing platforms are being used. The first is the Roche Elecsys” Anti SARS CoV 2
(Roche, Switzerland)® platform at Hamad Medical Corporation (HMC), the main public healthcare provider
and the nationally-designated provider for all COVID-19 healthcare needs. The second is the Mindray CL-900i
anti-SARS-CoV-2 IgG (Shenzhen Mindray Bio-Medical Electronics Co., China)® platform at Qatar University
(QU), which is used for research purposes. The third is the BioMérieux VidasIII (BioMérieux, Marcy-I'Etoile,
France)” platform at QU, which is also being used for research purposes.

To interpret the emerging results of serological testing and to inform the national response, this study was
conducted to compare the performance of these three assays and to assess the implications for measuring SARS-
CoV-2 ever infection. The novelty and strength of this study is that it is conducted based on a population-based
sample® in a setting at a high exposure to this infection®>*-'1,

Methods

Blood specimens were collected from 394 volunteering individuals between July 26 and September 9, 2020, as a
sub-study of a nationwide survey?® assessing SARS-CoV-2 seroprevalence (IgG antibodies) and current-infection
prevalence (using polymerase chain reaction [PCR] testing) in the wider population of craft and manual workers
who constitute 60% of the population of Qatar'?. Informed by prior work'*!%, a sample size of 400 was estimated
to be sufficient to ensure narrow confidence intervals for the Cohen’s kappa statistic, but we were able to include
and test only 394 specimens. The research work was approved by the ethics review boards at HMC, QU, and Weill
Cornell Medicine-Qatar. The study was conducted following the ethics review boards guidelines and regulations.
Informed consent was obtained from all study participants.

The automated serological testing was performed using the above indicated three commercial assays. The
Roche Elecsys” Anti SARS-CoV-2 (“Elecsys” in short form) assay, our reference assasy, uses a recombinant protein
representing the nucleocapsid (N) antigen for the determination of IgG antibodies against SARS-CoV-2°. Anti-
SARS-CoV-2 results were generated following the manufacturer’s instructions (reactive: optical density cutoff
index >1.0 vs. non-reactive: cutoff index < 1.0)>".

The Mindray CL-900i" anti-SARS-CoV-2 IgG (“CL-900i” in short form) assay uses paramagnetic microplates
coated with recombinant nucleocapsid (N) and spike (S) antigens for the determination of anti-SARS-CoV-2 IgG
antibodies®. The analyzer automatically calculates the analyte concentration of each serum specimen according
to a master calibration curve, and the results are shown in the units of U/mL. Anti-SARS-CoV-2 results were
generated following the manufacturer’s instructions (reactive: optical density cutoff index > 10.0 vs. non-reactive:
cutoff index < 10.0)%1°,

The BioMérieux VidaslII assay (“VidasIII” in short form) uses a VIDASIII  analyzer for anti-SARS-CoV-2 IgG
detection through a two-step sandwich ELFA assay’. The IgG in the serum specimen binds to a recombinant spike
S1 sub-domain (containing the receptor-binding domain [S1-RBD]) of the SARS-CoV-2 virus coated on a solid
phase. Alkaline phosphatase-conjugated anti-human IgG are then added. The fluorescence intensity generated
by the substrate is then measured at a wavelength of 450 nm. The intensity of the signal is proportional to the
level of IgG. The optical-density cutoff index was calculated according to the manufacturer’s instructions”'>. The
ratio between the relative fluorescence value (RFV) measured in the specimen and the RFV from the calibrator
was interpreted as positive if the index value was >1.07'5.

All PCR testing was conducted at HMC Central Laboratory or at Sidra Medicine Laboratory, following stand-
ardized protocols. Nasopharyngeal and oropharyngeal swabs (Huachenyang Technology, China) were collected
and placed in Universal Transport Medium (UTM). Aliquots of UTM were: extracted on the QIAsymphony
platform (QIAGEN, USA) and tested with real-time reverse-transcription PCR (RT-qPCR) using the TagPath™
COVID-19 Combo Kit (Thermo Fisher Scientific, USA) on an ABI 7500 FAST (ThermoFisher, USA); extracted
using a custom protocol'” on a Hamilton Microlab STAR (Hamilton, USA) and tested using the AccuPower
SARS-CoV-2 Real-Time RT-PCR Kit (Bioneer, Korea) on an ABI 7500 FAST; or loaded directly to a Roche
cobas’ 6800 system and assayed with the cobas” SARS-CoV-2 Test (Roche, Switzerland). The first assay targets
the S, N, and ORF1lab regions of the virus; the second targets the virus’ RdRp and E-gene regions; and the third
targets the ORFlab and E-gene regions.

Results of the serological and PCR testing were subsequently linked to the HMC centralized and standard-
ized database comprising all SARS-CoV-2 PCR testing conducted in Qatar since the start of the epidemic>'s.
The database also includes data on hospitalization and on the World Health Organization (WHO) severity
classification! for the hospitalized PCR-confirmed infections.

Results from the three types of serological testing were cross-tabulated. Four concordance metrics were
estimated: overall, positive, and negative percent agreement, as well as Cohen’s kappa statistic. The latter is a
robust metric that measures the level of agreement, beyond chance, between two diagnostic testing methods?.
The kappa statistic ranges between 0 and 1; a value <0.40 indicates poor agreement, a value between 0.40 and
0.75 indicates fair/good agreement, and a value > 0.75 indicates excellent agreement®. Level of significance was
established at 5%, and a 95% confidence interval (CI) was reported for each metric. A nonparametric statistical
method, Spearman correlation, was used to assess the correlation between the optical densities of each pair of
antibody assays. Calculations were conducted using Microsoft Excel.

Scientific Reports |

(2021) 11:11837 | https://doi.org/10.1038/s41598-021-91235-x nature portfolio



www.nature.com/scientificreports/

Results

SARS-CoV-2 seroprevalence was estimated at 42.9% (169/394; 95% CI 38.1-47.8%) using the CL-9001i assay,
40.6% (160/394; 95% CI 35.9-45.5%) using the VidasIII assay, and 42.4% (167/394; 95% CI 37.6-47.3%) using
the Elecsys assay. A total of 183 specimens were seropositive in at least one of the assays for a total sample sero-
prevalence of 46.5% (183/394; 95% CI 41.6-51.4%).

Supplementary Table S1 shows the results of the serological and PCR testing for each of the 394 participants. A
total of 35 specimens showed discordant results between the three antibody assays (Table 1). Of the 35 individu-
als with discordant antibody results, 9 were PCR-positive at the time of specimen collection. Eleven specimens
were seropositive using the CL-900i assay but seronegative using the VidasIII and the Elecsys assays; among
these, two were PCR-positive with cycle threshold (Ct) values of 23.9 and 27.0. Five specimens were seropositive
using the Elecsys assay but seronegative using the VidasIII and the CL-900i assays; among these, one person was
PCR-positive with a Ct value of 21.6. Two specimens were seropositive using the VidasIII assay but seronegative
using the CL-900i and the Elecsys assays; among these, one was PCR-positive with a Ct value of 29.2.

The overall, positive, and negative percent agreements between the CL-900i and the Elecsys assays were
estimated at 93.4% (95% CI 90.5-95.5%), 92.8% (95% CI 87.9-95.8%), and 93.8% (95% CI 89.9-96.3%), respec-
tively (Table 2A). Cohen’s kappa statistic was estimated at 0.87 (95% CI 0.83-0.90), indicating excellent agree-
ment between the two assays (Table 2A). The Spearman correlation between the optical densities was at 0.751
(p-value <0.001) indicating strong correlation.

The overall, positive, and negative percent agreements between the VidasIII and the Elecsys assays were
estimated at 95.7% (95% CI 93.2-97.3%), 92.8% (95% CI 87.9-95.8%), and 97.8% (95% CI 95.0-99.1%), respec-
tively (Table 2B). Cohen’s kappa statistic was estimated at 0.91 (95% CI 0.88-0.94), indicating excellent agree-
ment between the two assays (Table 2B). The Spearman correlation between the optical densities was at 0.824
(p-value <0.001) indicating strong correlation.

The overall, positive, and negative percent agreements between the VidasIII and the CL-900i assays were
estimated at 93.2% (95% CI 90.2-95.3%), 89.3% (95% CI 83.8-93.2%), and 96.0% (95% CI 92.6-97.9%), respec-
tively (Table 2C). Cohen’s kappa statistic was estimated at 0.86 (95% CI 0.82-0.90), indicating excellent agree-
ment between the two assays (Table 2C). The Spearman correlation between the optical densities was at 0.804
(p-value <0.001) indicating strong correlation.

A total of 49 swabs were PCR-positive at the time of specimen collection during this study for a current-infec-
tion prevalence of 12.5% (49/392; 95% CI 9.6-16.1%)—two individuals declined PCR testing (but not antibody
testing) during this study. Figure 1A shows the distribution of the PCR Ct values among those PCR-positive,
indicating broad distribution suggestive of these persons being diagnosed at the various stages of infection. The
median PCR Ct value was 24.1 (interquartile range [IQR] 20.6-31.9).

Among all those PCR-positive at the time of specimen collection, 30.6% (15/49; 95% CI 19.5-44.5%) were
seropositive in the CL-900i assay, 22.5% (11/49; 95% CI 13.0-35.9%) were seropositive in the VidaslIII assay,
24.5% (12/49; 95% CI 14.6-38.1%) were seropositive in the Elecsys assay, and 34.7% (17/49; 95% CI 22.9-48.7%)
were seropositive in at least one of the assays. Therefore, 32 individuals had a PCR-positive diagnosis at the time
of specimen collection, but were antibody-negative in all three assays.

Among all those seropositive in at least one of the assays, 9.3% were PCR-positive (17/183; 95% CI 5.9-14.4%)
at the time of specimen collection. The median PCR Ct value was 32.3 (IQR 25.6-35.1), indicative of mostly non-
recent infections?-* (Fig. 1B). Among all those seronegative in all three assays, 15.2% were PCR-positive (32/211;
95% CI 11.0-20.6%) at the time of specimen collection. The median PCR Ct value was 21.7 (IQR 19.1-27.4),
indicative of mostly recent infections (Fig. 1C).

Through linking with the national SARS-CoV-2 PCR testing database'®, and of the 394 participants, 4.3%
(17/394; 95% CI 2.7-6.8%) had a record of SARS-CoV-2 PCR-confirmed diagnosis prior to this study (that is
any time before the PCR and antibody tests during the study period). All but one of these were antibody-positive
by at least one of the assays. The individual testing antibody-negative but had a prior PCR-confirmed diagnosis
was diagnosed on July 23, 2020, that is four days prior to the antibody serological test date. This individual
declined PCR testing during this study and at the time of the serological test. Only 15 specimens were linked to
a PCR-confirmed SARS-CoV-2 diagnosis prior to this study by at least 7 days. All 15 specimens were positive in
all three antibody assays, resulting in a sensitivity of 100% (95% CI 78.2-100%) for all three assays 7 days after
PCR diagnosis.

Of the 183 persons with an antibody-positive status in at least one assay, 16 persons had a SARS-CoV-2 PCR-
confirmed diagnosis prior to this study. Accordingly, the detection rate (the percentage of those antibody-positive
who had a prior PCR-confirmed diagnosis) was 8.7% (16/183; 95% CI 5.5-13.7%).

Based on the above, a total of 216 persons had a laboratory-confirmed infection at or prior to this study; that
is an antibody-positive result in at least one assay (183 cases), a PCR-positive diagnosis prior to this study but
with an antibody-negative status in all three assays (1 case), or a PCR-positive diagnosis at the time of specimen
collection during this study but with an antibody-negative status in all three assays (32 cases). Accordingly,
the percentage of persons with evidence of ever infection through either PCR or antibody testing was 54.8%
(216/394; 95% CI 49.9-59.7%). Moreover, only 78.2% of ever infections were antibody-positive by the CL-900i
assay (169/216; 95% CI 72.3-83.2%), 74.1% by the VidaslIII assay (160/216; 95% CI 67.8-79.5%), and 77.3% by
the Elecsys assay (167/216; 95% CI 71.3-82.4%).

Linking with the national COVID-19 hospitalization database'® identified only one laboratory-confirmed
infection through this study to have progressed to severe disease per WHO severity classification®. The per-
son had also a diagnosis of diabetes, hypertension, and coronary artery disease. This person was diagnosed
PCR-positive at time of specimen collection, was seronegative in the CL-900i and the VidasIII assays, but was
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Record Date of

of PCR blood and

positive naso-

test prior to | pharyngeal | PCR test at time of Mindray CL-900i anti- | BioMérieux VidasIII Roche Elecsys anti

study*® swab study SARS-CoV-2 IgG* anti-SARS-CoV-2 IgG** | SARS-CoV-2***

specimens’ Severity
collection Symptomatic | at or right

Specimen at time of Optical Optical Optical at time of after time
number”® | Test result | study Test result | Ctvalue | density Test result | density Test result | density Test result | study” of study®
20 N/A 10-Aug-20 | Negative 3.76 Negative 5.86 Positive 0.48 Negative No N/A
21 N/A 10-Aug-20 | Negative 111.72 Positive 0.45 Negative 67.27 Positive No N/A
22 N/A 6-Aug-20 Positive 21.62 3.74 Negative 0.10 Negative 8.40 Positive Symptomatic | Severe
29 N/A 27-Jul-20 Negative 5.81 Negative 1.08 Positive 5.62 Positive No N/A
37 N/A 10-Aug-20 | Negative 7.77 Negative 0.47 Negative 3.66 Positive No N/A
40 N/A 29-Jul-20 Negative 20.24 Positive 0.01 Negative 0.16 Negative No N/A
50 N/A 11-Aug-20 | Negative 31.25 Positive 0.04 Negative 0.09 Negative No N/A
61 N/A 29-Jul-20 Negative 135.05 Positive 0.45 Negative 38.01 Positive No N/A
71 N/A 28-Jul-20 Negative 4.17 Negative 0.88 Negative 3.01 Positive No N/A
82 N/A 10-Aug-20 | Negative 71.76 Positive 0.02 Negative 0.08 Negative No N/A
126 N/A 10-Aug-20 | Positive 26.95 10.50 Positive 0.15 Negative 0.18 Negative No N/A
128 N/A 10-Aug-20 | Positive 33.81 220.63 Positive 0.62 Negative 7.72 Positive No N/A
129 N/A 10-Aug-20 | Negative 16.60 Positive 0.07 Negative 0.08 Negative No N/A
131 N/A 13-Aug-20 | Positive 28.32 36.22 Positive 0.46 Negative 9.23 Positive No N/A
137 N/A 10-Aug-20 | Negative 4.72 Negative 0.46 Negative 10.98 Positive No N/A
147 N/A 10-Aug-20 | Negative 39.57 Positive 0.94 Negative 10.92 Positive No N/A
174 N/A 29-Jul-20 Positive 24.09 12.05 Positive 1.29 Positive 0.12 Negative No N/A
182 N/A 29-Jul-20 Negative 11.22 Positive 0.35 Negative 0.07 Negative Not reported | N/A
191 N/A 10-Aug-20 | Negative 7.87 Negative 1.75 Positive 8.41 Positive No N/A
213 N/A 29-Jul-20 Negative 140.62 Positive 0.00 Negative 0.11 Negative No N/A
223 N/A 10-Aug-20 | Negative 7.29 Negative 4.73 Positive 7.35 Positive No N/A
228 N/A 10-Aug-20 | Negative 0.17 Negative 5.56 Positive 40.35 Positive No N/A
232 N/A 29-Jul-20 Positive 23.89 16.48 Positive 0.19 Negative 0.09 Negative No N/A
246 N/A 10-Aug-20 | Negative 5.60 Negative 1.37 Positive 6.98 Positive No N/A
255 N/A 27-Jul-20 Negative 8.06 Negative 1.09 Positive 10.18 Positive No N/A
280 N/A 29-Jul-20 Positive 32.34 20.61 Positive 2.30 Positive 0.51 Negative No N/A
296 N/A 27-Jul-20 Negative 15.7 Positive 0.04 Negative 0.15 Negative No N/A
319 N/A 29-Jul-20 Negative 4.07 Negative 2.48 Positive 1.16 Positive No N/A
328 N/A 29-Jul-20 Negative 6.41 Negative 0.68 Negative 2.59 Positive No N/A
337 N/A 29-Jul-20 Negative 80.22 Positive 0.86 Negative 5.62 Positive No N/A
355 N/A 29-Jul-20 Positive 29.18 2.36 Negative 2.11 Positive 0.10 Negative No N/A
357 N/A 29-Jul-20 Negative 10.49 Positive 3.34 Positive 0.73 Negative No N/A
360 N/A 10-Aug-20 | Negative 13.57 Positive 0.06 Negative 0.09 Negative No N/A
376 N/A 10-Aug-20 | Negative 45.70 Positive 0.07 Negative 0.09 Negative No N/A
387 N/A 11-Aug-20 | Positive 24.24 310.78 Positive 0.46 Negative 4.56 Positive No N/A

Table 1. Characteristics of the specimens that were discordant among the Mindray CL-900i anti-SARS-CoV-2
IgG, BioMérieux VidasIII anti-SARS-CoV-2 IgG, and Roche Elecsys Anti SARS-CoV-2 antibody testing. Ct
cycle threshold, N/A not applicable, PCR polymerase chain reaction. *Mindray CL-900i anti-SARS-CoV-2 IgG
assay positive: optical-density cutoff index >10.0 vs. negative: cutoff index < 10.0°. **BioMérieux VidaslII assay
positive: optical-density cutoff index > 1.0 vs. negative: cutoff index < 1.07. **Roche Elecsys Anti SARS-CoV-2
assay positive: optical-density cutoff index > 1.0 vs. negative: cutoff index < 1.0°. *Specimen number consistent
with Supplementary Table S1 in Supplementary Information. *Date of first positive swab and Ct value are not
available as there was no record for a prior positive swab for these specimens. *Symptoms as reported in the
medical record for this infection. *Severity per WHO classification'. If N/A, no severity classification was
conducted due to absence of serious symtoms to require hospitalization and severity assessment.

seropositive in the Elecsys assay. No infection was critical per WHO severity classification'® and no COVID-19
death was reported for any of the study participants.
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Roche Elecsys anti SARS- Overall percent Positive percent Negative percent Cohen’s kappa
CoV-2 agreement agreement agreement statistic
Positive \ Negative \ Total | % (95 CI) % (95 CI) % (95 CI) k (95% CI)

(A) Mindray CL-900i anti-SARS-CoV-2 IgG

Positive 155 14 169

Negative 12 213 225 93.4% (90.5-95.5%) 92.8% (87.9-95.8%) 93.8% (89.9-96.3%) 0.87 (0.83-0.90)

Total 167 227 394

(B) BioMérieux VidasIII anti-SARS-CoV-2 IgG

Positive 155 5 160

Negative 12 222 234 95.7% (93.2-97.3%) 92.8% (87.9-95.8%) 97.8% (95.0-99.1%) 0.91 (0.88-0.94)

Total 167 227 394
Mindray CL-900i anti-SARS- | Overall percent Positive percent Negative percent Cohen’s kappa
CoV-2IgG agreement agreement agreement statistic
Positive | Negative | Total | % (95 CI) % (95 CI) % (95 CI) k (95% CI)

(C) BioMérieux VidasIII anti-SARS-CoV-2 IgG

Positive 151 9 160

Negative 18 216 234 93.2% (90.2-95.3%) 89.3% (83.8-93.2%) 96.0% (92.6-97.9%) 0.86 (0.82-0.90)

Total 169 225 394

Table 2. Concordance metrics between (A) the Mindray CL-900i anti-SARS-CoV-2 IgG testing and the Roche
Elecsys Anti SARS-CoV-2 testing, (B) the VidasIII anti-SARS-CoV-2 IgG testing and the Roche Elecsys Anti
SARS-CoV-2 testing, and (C) the BioMérieux VidasIII anti-SARS-CoV-2 IgG testing and the Mindray CL-900i
anti-SARS-CoV-2 IgG testing. CI confidence interval.

Discussion

A primary finding of this study is that all three antibody assays had comparable performance and excellent
agreement. This positive finding, however, conceals important shortcomings about the use and performance of
commercial antibody assays in assessing ever infection with SARS-CoV-2 in population-based surveys, especially
at times of high SARS-CoV-2 incidence, as is the case at present globally.

The first shortcoming is that each of these three assays missed > 69% of those who were PCR-positive at the
time of specimen collection. This finding is explained in large part by the 1-4 weeks delay in development of
detectable antibodies after acquiring the infection?"**. This explanation is supported by the low PCR Ct value
among those PCR-positive but antibody-negative (Fig. 1C), which indicates recency of infection?"?*. At the
time of the study and in the population being studied, the outbreak was advancing, so there was a significant
proportion of new infections, making the serology assay less useful for estimating population prevalence of
ever infection. It is unknown whether the lower sensitivity could have been due in part also to commercial assay
development preferentially opting to maximize the specificity of the assay, to avoid a false positive diagnosis with
its clinical implications, but at the expense of the sensitivity of the assay.

To explore this conjecture, we investigated the distribution of the optical density values for the three assays, for
both the seronegative and seropositive persons (Fig. 2), and derived alternative empirical optical density cutoffs
by multiplying the standard deviation of the values among those seronegative by a factor of three’®?’ to set the
new cutoff. All three new cutoffs for all three assays were lower than those defined by the assays’ manufacturers,
supporting the conjecture that the manufacturers may have chosen them to be high to maximize specificity.
Having said so, the estimated seroprevalence using the new cutoffs increased only minimally in this sample.
The new proportions of antibody-positivity detected by the CL-900i, VidasIII, and Elecsys assays increased to
44.8% (versus 42.9% based on manufacturer’s defined optical density cutoft), 42.3% (versus 40.6%), and 43.8%
(versus 42.4%).

The second shortcoming is that each of these three assays also missed other individuals with evidence of ever
infection. Despite excellent agreement overall, nearly 10% of the total sample still showed discordant results
between the three antibody assays. Differences in the sensitivity of the assays to diagnose recent infection explains
only partially these discordant results. Indeed, most (74.3%) of these persons with discordant results were PCR-
negative at the time of specimen collection (Table 1), and thus less likely to have had a recent infection. The extent
to which false positivity may explain some of these discordant results is unknown, but the three manufacturers
reported essentially perfect specificity for each of these assays>”2%%.

As a consequence of these findings, the use of any one of these antibody assays to assess ever infection in a
population-based sample, especially at the times of high SARS-CoV-2 incidence, will underestimate ever infec-
tion in the sample. In the sample in the present study, at least 20% of the actual infections that occurred were
missed. A solution to this challenge is to combine PCR data and serology data together, or that the serology data
cannot be adequately interpreted without knowledge of the PCR positivity data, or that serology is less useful
when the epidemiology is rapidly changing. With the global pandemic continuing at high SARS-CoV-2 incidence,
this finding suggests that ever infection in populations is possibly substantially higher than is currently believed.

The discordant results as well as the differences in the patterns of optical density values observed across the
three assays may be attributed to differences in the target antigen used in each assay, as antibody response can
vary by target antigen. The CL-900i assay targets both the full S (S1 and S2 subunits) and N proteins®. The VidaslIII
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Figure 1. Distribution of polymerase chain reaction (PCR) cycle threshold (Ct) values of (A) the 49 persons
identified as SARS-CoV-2 PCR-positive at the time of specimen collection during the study, (B) the 17 persons
identified as SARS-CoV-2 PCR-positive, but were antibody-positive in at least one of the assays, and (C) the 32
persons identified as SARS-CoV-2 PCR-positive, but were antibody-negative in all three assays.
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A. Mindray CL-900i anti-SARS-CoV-2 IgG seronegative

B. Mindray CL-900i anti-SARS-CoV-2 IgG seropositive results
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E. BioMérieux Vidaslll anti-SARS-CoV-2 IgG seronegative
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Figure 2. Distribution of the optical density values in those seronegative versus those seropositive for each
assay. Red line indicates the manufacturer’s cut-oft values. Blue line indicates the empirically determined optical
density cut-off values as informed by the literature’®*”.

assay targets the RBD of the S1 subunit” and the Elecsys assay targets the N protein®. Therefore, the CL-900i assay
could be more sensitive in detecting SARS-CoV-2 ever infection than assays that target only the S or N proteins.
This was highlighted in a recent study where the CL-900i assay demonstrated the highest sensitivity compared
to the other assays. This may also explain the 11 discordant specimens in this study that were seropositive using
the CL-900i assay but seronegative using the VidasIII and Elecsys assays (Table 1).

The antibody testing outcome obtained using the Elecsys assay was more similar to that of the CL-900i assay,
possibly because the Elecsys assay detects the total antibodies (IgG, IgA, and IgM) against the SARS-CoV-2N
protein®*’!. An earlier study suggested that the use of S1 or the RBD alone is associated with lower sensitivity
than the full S protein®. The greater sensitivity of antibody response found against the trimeric full S protein
is likely to result from antibodies binding to the S2 subunit and the conservation of conformational epitopes
within the higher-order structure®?. Therefore, assays that specifically target the S1 or the RBD may underesti-
mate the seroprevalence of SARS-CoV-2, a finding that may explain the lower seroprevalence obtained through
the VidaslII assay.
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Earlier studies demonstrated that antibody response against different SARS-CoV-2 antigens may also develop
with different kinetics and thus could be used as indicators for the stage of infection. In the acute phase of infec-
tion, antibody response against the N and S proteins develops simultaneously, whereas the response against the
N protein appears to wane faster compared to the S protein, which tends to persist over time**-*%. This may also
contribute to explaining some of the discordant outcomes found in this study.

This study has some limitations. Two out of the 394 participants included in the study declined PCR test-
ing (but not serological testing) at time of specimen collection. The performance of these antibody assays was
compared to each other (and to PCR testing), but not to a gold standard test of seropositivity, as such a test was
not available to study investigators. Therefore, we were unable to measure ever infection prevalence to a gold
standard, and use this to compare the performance of each assay to the gold standard, nor to assess the sensitivity
and specificity of each assay in the study sample. The specificity of the Elecsys assay has previously been reported
to be 99.98% and the sensitivity to be 98.80% on day 14 after PCR diagnosis®. A validation study by Public Health
England reported a specificity of 100% and a sensitivity of 83.9% for the same assay?®. As for the remaining assays,
specificity and sensitivity were reported at 94.9% and 82.2%, respectively, for the CL-900i assay®’, and at 99.9%
and 88.6%, respectively, for the VidasIII assay’.

In conclusion, all three assays had comparable performance and excellent agreement when used in a high
SARS-CoV-2 exposure setting, but still missed at least 20% of cases with laboratory-confirmed evidence of
ever infection. This suggests that current growing use of commercial antibody assays to assess ever infection in
population-based surveys, especially at times of high SARS-CoV-2 incidence when many infections are recent,
is likely to substantially underestimate actual infection exposure. The findings demonstrate further the need to
interpret the serology testing together with PCR testing.

Data availability

All relevant data are available within the manuscript and its supplementary materials.

Received: 3 January 2021; Accepted: 24 May 2021
Published online: 04 June 2021

References
1. The World Health Organization. WHO Coronavirus Disease (COVID-19) Dashboard (WHO, 2020).
2. Abu-Raddad, L. J. et al. Characterizing the Qatar advanced-phase SARS-CoV-2 epidemic. MedRxiv https://doi.org/10.1101/2020.
07.16.20155317 (2020).
3. Ayoub, H. H. et al. Mathematical modeling of the SARS-CoV-2 epidemic in Qatar and its impact on the national response to
COVID-19. MedRxiv. https://doi.org/10.1101/2020.11.08.20184663 (2020).
4. Al Kuwari, H. M. et al. Epidemiological investigation of the first 5685 cases of SARS-CoV-2 infection in Qatar, 28 February-18
April 2020. BMJ] Open 10, €040428. https://doi.org/10.1136/bmjopen-2020-040428 (2020).
5. The Roche Group. Roche’s COVID-19 antibody test receives FDA Emergency Use Authorization and is Available in Markets Accepting
the CE Mark (2020). https://www.roche.com/media/releases/med-cor-2020-05-03.htm (Accessed 5 June 2020).
6. Mindray. CL-900i Chemiluminescence Immunoassay System (2020). https://www.mindray.com/en/product/CL-900i.html (Accessed
15 November 2020).
7. bioMerieux. VIDAS SARS-CoV-2: Two immunoassay tests to detect IgM & IgG antibodies. https://www.biomerieuxdiagnostics.
com/sites/clinic/files/vidas_sarscov2_flyer_vf.pdf. (Accessed 15 November 2020).
8. Al-Thani, M. H. et al. Seroprevalence of SARS-CoV-2 infection in the craft and manual worker population of Qatar. MedRxiv.
https://doi.org/10.1101/2020.11.24.20237719 (2020).
9. Jeremijenko, A. et al. Evidence for and level of herd immunity against SARS-CoV-2 infection: The ten-community study. MedRxiv.
https://doi.org/10.1101/2020.09.24.20200543 (2020).
10. Abu-Raddad, L.]. et al. Assessment of the risk of SARS-CoV-2 reinfection in an intense re-exposure setting. MedRxiv. https://doi.
0rg/10.1101/2020.08.24.20179457 (2020).
11. Coyle, P. V. et al. SARS-CoV-2 seroprevalence in the urban population of Qatar: An analysis of antibody testing on a sample of
112,941 individuals. MedRxiv. https://doi.org/10.1101/2021.01.05.21249247 (2021).
12. Planning and Statistics Authority- State of Qatar. Labor Force Sample Survey (2017). https://www.psa.gov.qa/en/statistics/Stati
stical%20Releases/Social/LaborForce/2017/statistical_analysis_labor_force_2017_En.pdf (Accessed 01 May 2020).
13. Aldisi, R. S. et al. Performance evaluation of four type-specific commercial assays for detection of herpes simplex virus type 1
antibodies in a Middle East and North Africa population. J. Clin. Virol. 103, 1-7. https://doi.org/10.1016/j.jcv.2018.03.011 (2018).
14. Nasrallah, G. K., Dargham, S. R., Sahara, A. S., Elsidig, M. S. & Abu-Raddad, L. J. Performance of four diagnostic assays for detect-
ing herpes simplex virus type 2 antibodies in the Middle East and North Africa. J. Clin. Virol. 111, 33-38. https://doi.org/10.1016/j.
jcv.2019.01.001 (2019).
15. Wolff, E. et al. Monitoring antibody response following SARS-CoV-2 infection: Diagnostic efficiency of 4 automated immunoas-
says. Diagn. Microbiol. Infect. Dis. 98, 115140. https://doi.org/10.1016/j.diagmicrobio.2020.115140 (2020).
16. Nuccetelli, M. et al. SARS-CoV-2 infection serology: A useful tool to overcome lockdown?. Cell Death Discov. https://doi.org/10.
1038/541420-020-0275-2 (2020).
17. Kalikiri, M. K. R. et al. High-throughput extraction of SARS-CoV-2 RNA from nasopharyngeal swabs using solid-phase reverse
immobilization beads. MedRxiv. https://doi.org/10.1101/2020.04.08.20055731 (2020).
18. Hamad Medical Corporation. National SARS-CoV-2 PCR and antibody testing, infection severity, and hospitalization database
(2020).
19. World Health Organization. Clinical Management of COVID-19 (2020). https://www.who.int/publications-detail/clinical-manag
ement-of-covid-19 (Accessed 31 May 2020).
20. Fleiss, J. L., Levin, B. & Paik, M. C. Statistical Methods for Rates and Proportions 598-626 (Wiley, 2013).
21. Sethuraman, N, Jeremiah, S. S. & Ryo, A. Interpreting diagnostic tests for SARS-CoV-2. JAMA https://doi.org/10.1001/jama.2020.
8259 (2020).
22. Singanayagam, A. et al. Duration of infectiousness and correlation with RT-PCR cycle threshold values in cases of COVID-19,
England, January to May 2020. Euro Surveill. https://doi.org/10.2807/1560-7917.ES.2020.25.32.2001483 (2020).
23. Drew, R. ], O’Donnell, S., LeBlanc, D., McMahon, M. & Natin, D. The importance of cycle threshold values in interpreting molecu-
lar tests for SARS-CoV-2. Diagn. Microbiol. Infect. Dis. 98, 115130. https://doi.org/10.1016/j.diagmicrobio.2020.115130 (2020).

Scientific Reports |

(2021) 11:11837 | https://doi.org/10.1038/s41598-021-91235-x nature portfolio


https://doi.org/10.1101/2020.07.16.20155317
https://doi.org/10.1101/2020.07.16.20155317
https://doi.org/10.1101/2020.11.08.20184663
https://doi.org/10.1136/bmjopen-2020-040428
https://www.roche.com/media/releases/med-cor-2020-05-03.htm
https://www.mindray.com/en/product/CL-900i.html
https://www.biomerieuxdiagnostics.com/sites/clinic/files/vidas_sarscov2_flyer_vf.pdf.
https://www.biomerieuxdiagnostics.com/sites/clinic/files/vidas_sarscov2_flyer_vf.pdf.
https://doi.org/10.1101/2020.11.24.20237719
https://doi.org/10.1101/2020.09.24.20200543
https://doi.org/10.1101/2020.08.24.20179457
https://doi.org/10.1101/2020.08.24.20179457
https://doi.org/10.1101/2021.01.05.21249247
https://www.psa.gov.qa/en/statistics/Statistical%20Releases/Social/LaborForce/2017/statistical_analysis_labor_force_2017_En.pdf
https://www.psa.gov.qa/en/statistics/Statistical%20Releases/Social/LaborForce/2017/statistical_analysis_labor_force_2017_En.pdf
https://doi.org/10.1016/j.jcv.2018.03.011
https://doi.org/10.1016/j.jcv.2019.01.001
https://doi.org/10.1016/j.jcv.2019.01.001
https://doi.org/10.1016/j.diagmicrobio.2020.115140
https://doi.org/10.1038/s41420-020-0275-2
https://doi.org/10.1038/s41420-020-0275-2
https://doi.org/10.1101/2020.04.08.20055731
https://www.who.int/publications-detail/clinical-management-of-covid-19
https://www.who.int/publications-detail/clinical-management-of-covid-19
https://doi.org/10.1001/jama.2020.8259
https://doi.org/10.1001/jama.2020.8259
https://doi.org/10.2807/1560-7917.ES.2020.25.32.2001483
https://doi.org/10.1016/j.diagmicrobio.2020.115130

www.nature.com/scientificreports/

24. Wajnberg, A. et al. Humoral immune response and prolonged PCR positivity in a cohort of 1343 SARS-CoV 2 patients in the New
York City region. MedRxiv. https://doi.org/10.1101/2020.04.30.20085613 (2020).

25. Bryan, A. et al. SARS-CoV-2 viral load on admission is associated with 30-day mortality. Open Forum Infect. Dis. 7, 535. https://
doi.org/10.1093/0fid/ofaa535 (2020).

26. Das, M. K. et al. Rapid screening evaluation of SARS-CoV-2 IgG assays using Z-scores to standardize results. Emerg. Infect. Dis.
26, 2501-2503. https://doi.org/10.3201/eid2610.202632 (2020).

27. Frey, A., Di Canzio, J. & Zurakowski, D. A statistically defined endpoint titer determination method for immunoassays. J. Immunol.
Methods 221, 35-41. https://doi.org/10.1016/s0022-1759(98)00170-7 (1998).

28. Public Health England. Evaluation of Roche Elecsys AntiSARS-CoV-2 Serology Assay for the Detection of Anti-SARS-CoV-2 Antibodies
(2020). https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/891598/Evaluation_
of_Roche_Elecsys_anti_SARS_CoV_2_PHE_200610_v8.1_FINAL.pdf (Accessed 5 June 2020).

29. Mindray. SARS-CoV-2 IgG(CLIA). (2020). http://www.fremm.es/portal/UserFiles/file/ CORREOS%20ELECTRONICOS/2020/
LABORATORIO%20FLORENCIANO%20SARS-CoV-2%20IgG%20(CLIA).pdf (Accessed 28 January 2021).

30. Chan, C. W. ef al. Analytical and clinical evaluation of the automated Elecsys anti-SARS-CoV-2 antibody assay on the Roche cobas
€602 analyzer. Am. J. Clin. Pathol. 154, 620-626. https://doi.org/10.1093/ajcp/aqaal55 (2020).

31. Harley, K. & Gunsolus, I. L. Comparison of the clinical performances of the abbott alinity IgG, abbott architect IgM, and Roche
Elecsys total SARS-CoV-2 antibody assays. J. Clin. Microbiol. https://doi.org/10.1128/JCM.02104-20 (2020).

32. Fenwick, C. et al. Changes in SARS-CoV-2 spike versus nucleoprotein antibody responses impact the estimates of infections in
population-based seroprevalence studies. J. Virol. https://doi.org/10.1128/JVI1.01828-20 (2021).

33. Al-Jighefee, H. T., Yassine, H. M. & Nasrallah, G. K. Evaluation of antibody response in symptomatic and asymptomatic COVID-19
patients and diagnostic assessment of new IgM/IgG ELISA kits. Pathogens. https://doi.org/10.3390/pathogens10020161 (2021).

34. Yassine, H. M. et al. Performance evaluation of five ELISA kits for detecting anti-SARS-COV-2 IgG antibodies. Int. J. Infect. Dis.
102, 181-187. https://doi.org/10.1016/j.ijid.2020.10.042 (2021).

Acknowledgements

We thank Her Excellency Dr. Hanan Al Kuwari, Minister of Public Health, for her vision, guidance, leadership,
and support. We also thank Dr. Saad Al Kaabi, Chair of the System Wide Incident Command and Control
(SWICC) Committee for the COVID-19 national healthcare response, for his leadership and analytical insights,
and for his instrumental role in enacting data information systems that made these studies possible. We further
extend our appreciation to the SWICC Committee and the Scientific Reference and Research Taskforce (SRRT)
members for their informative input, scientific technical advice, and enriching discussions. We also thank Dr.
Mariam Abdulmalik, CEO of the Primary Health Care Corporation and the Chairperson of the Tactical Com-
munity Command Group on COVID-19, as well as members of this committee, for providing support to the
teams that worked on the field surveillance. We further thank Dr. Nahla Afifi, Director of Qatar Biobank (QBB),
Ms. Tasneem Al-Hamad, Ms. Eiman Al-Khayat and the rest of the QBB team for their unwavering support in
retrieving and analyzing samples and in compiling and generating databases for COVID-19 infection, as well as
Dr. Asmaa Al-Thani, Chairperson of the Qatar Genome Programme Committee and Board Vice Chairperson
of QBB, for her leadership of this effort. We also acknowledge the dedicated efforts of the Clinical Coding Team
and the COVID-19 Mortality Review Team, both at Hamad Medical Corporation, and the Surveillance Team at
the Ministry of Public Health. We thank Dr. Katharine J. Looker, medical writer from the University of Bristol,
for reviewing the manuscript.

Author contributions

A.A.T. conceived the study. L.J.A., GK.N. and S.R.D. co-designed the study and led the statistical analyses. G.K.N.
and P.C. led the laboratory testing. E.S., D.W.A. and H.A. performed the CL-900i and the VidasIII testing. S.R.D.,
H.C. and L.J.A. performed the data analyses and wrote the first draft of the article. All authors contributed to
data collection and acquisition, database development, discussion and interpretation of the results, and to the
writing of the manuscript. All authors have read and approved the final manuscript.

Fundin

The authogrs are grateful for support provided by Qatar University, Ministry of Public Health, Hamad Medical
Corporation, and the Biomedical Research Program and the Biostatistics, Epidemiology, and Biomathematics
Research Core, both at Weill Cornell Medicine-Qatar. Part of this work was made possible by Grant No. RRC-2-
032 from the Qatar National Research Fund (a member of Qatar Foundation) given to GKN. Finally, we would
like to thank the BioMérieux Middle East Regional Office and their distributor in Qatar for providing us with
the VidasIII reagent as in-kind support for this project. The statements made herein are solely the responsibility
of the authors.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-021-91235-x.

Correspondence and requests for materials should be addressed to G.K.N. or L.J.A.-R.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2021) 11:11837 | https://doi.org/10.1038/s41598-021-91235-x nature portfolio


https://doi.org/10.1101/2020.04.30.20085613
https://doi.org/10.1093/ofid/ofaa535
https://doi.org/10.1093/ofid/ofaa535
https://doi.org/10.3201/eid2610.202632
https://doi.org/10.1016/s0022-1759(98)00170-7
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/891598/Evaluation_of_Roche_Elecsys_anti_SARS_CoV_2_PHE_200610_v8.1_FINAL.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/891598/Evaluation_of_Roche_Elecsys_anti_SARS_CoV_2_PHE_200610_v8.1_FINAL.pdf
http://www.fremm.es/portal/UserFiles/file/CORREOS%20ELECTRONICOS/2020/LABORATORIO%20FLORENCIANO%20SARS-CoV-2%20IgG%20(CLIA).pdf
http://www.fremm.es/portal/UserFiles/file/CORREOS%20ELECTRONICOS/2020/LABORATORIO%20FLORENCIANO%20SARS-CoV-2%20IgG%20(CLIA).pdf
https://doi.org/10.1093/ajcp/aqaa155
https://doi.org/10.1128/JCM.02104-20
https://doi.org/10.1128/JVI.01828-20
https://doi.org/10.3390/pathogens10020161
https://doi.org/10.1016/j.ijid.2020.10.042
https://doi.org/10.1038/s41598-021-91235-x
https://doi.org/10.1038/s41598-021-91235-x
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports|  (2021)11:11837 | https://doi.org/10.1038/s41598-021-91235-x nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Analytic comparison between three high-throughput commercial SARS-CoV-2 antibody assays reveals minor discrepancies in a high-incidence population
	Methods
	Results
	Discussion
	References
	Acknowledgements


