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ARTICLE INFO ABSTRACT

Keywords: Background: SARS-CoV-2 antibody testing is required for estimating population seroprevalence and vaccine
SARS-CoV-2 response studies. It may also increase case identification when used as an adjunct to routine molecular testing.
COVID-19

We performed a validation study and evaluated the use of automated high-throughput assays in a field study of
COVID-19-affected care facilities.

Methods: Six automated assays were assessed: 1) DiaSorin LIAISON™ SARS-CoV-2 S1/S2 IgG; 2) Abbott
ARCHITECT™ SARS-CoV-2 IgG; 3) Ortho VITROS™ Anti-SARS-CoV-2 Total; 4) VITROS™ Anti-SARS-CoV-2
IgG; 5) Siemens SARS-CoV-2 Total Assay; and 6) Roche Elecsys™ Anti-SARS-CoV-2. The validation study
included 107 samples (42 known positive; 65 presumed negative). The field study included 296 samples (92 PCR
positive; 204 PCR negative or not PCR tested). All samples were tested by the six assays.

Results: All assays had sensitivities >90% in the field study, while in the validation study, 5/6 assays were >90%
sensitive and DiaSorin was 79% sensitive. Specificities and negative predictive values were >95% for all assays.
Field study estimated positive predictive values at 1-10% disease prevalence were 100% for Siemens, Abbott and
Roche, while DiaSorin and Ortho assays had lower PPVs at 1% prevalence, but PPVs increased at 5-10%
prevalence. In the field study, addition of serology increased diagnoses by 16% compared to PCR testing alone.
Conclusions: All assays evaluated in this study demonstrated high sensitivity and specificity for samples collected
at least 14 days post-symptom onset, while sensitivity was variable 0-14 days after infection. The addition of
serology to the outbreak investigations increased case detection by 16%.

Serologic testing
Outbreak investigation

1. Introduction attention since its discovery in December 2019 and subsequent rapid
spread. The virus exhibits varying degrees of similarity in structural and

Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), a functional proteins with other Betacoronaviruses [1].
member of the Betacoronavirus genus of the Coronaviridae family, and Multiple molecular methods to detect viral nucleic acid were rapidly
the causative agent of COVID-19 disease, has dominated international developed, but the wide spectrum of disease presentation [2], potential

Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; COVID-19, coronavirus disease 2019; CLIA, chemiluminescent immunoassay; PCR,
polymerase chain reaction; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; RPR, rapid plasma reagin.
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for false negative molecular test results [3], and global shortages of
molecular diagnostic reagents made it clear that other testing modal-
ities, such as serology, are necessary to help estimate the true spread of
this virus through populations. Furthermore, with multiple COVID-19
vaccines currently in deployment worldwide, and additional vaccine
candidates in various stages of clinical trials, tests to accurately deter-
mine vaccine-induced seroconversion and to differentiate between
natural and vaccine-induced immunity will be necessary. There has been
a rapid explosion in the number of SARS-CoV-2 serological tests, but
their performance varies [4]. To be useful, these tests need to have
demonstrated high performance characteristics not only in validation
studies, but also in clinical/epidemiological settings.

We undertook a multi-site laboratory validation study of six high
throughput SARS-CoV-2 chemiluminescent immunoassays (CLIA) and
subsequently evaluated the same assays in a serosurvey at two health-
care facilities affected by COVID-19 outbreaks.

2. Methods

Six high throughput chemiluminescent immunoassay (CLIA) plat-
forms were evaluated: 1) LIAISON™SARS-CoV-2 S1/52 1gG (DiaSorin
IgG; DiaSorin, Italy); 2) ARCHITECT™ SARS-CoV-2 IgG (Abbott IgG;
Abbott, USA); 3) VITROS™ Anti-SARS-CoV-2 Total (Ortho T) and 4)
VITROS™ Anti-SARS-CoV-2 IgG (Ortho IgG; Ortho Clinical Diagnostics,
USA); 5) SARS-CoV-2 Total Assay (Siemens T; Siemens, USA); and 6)
ElecsysTM Anti-SARS-CoV-2 (Roche T; Roche, USA). Table 1 lists the
SARS-CoV-2 viral antigen targets and performance characteristics
claimed by each manufacturer. All of the serology platforms provide a
semi-quantitative signal intensity, which is translated to a categorical
reactive or non-reactive result. Signal to cut-off ratios for categorical
interpretation are platform-specific (Supplementary Table 2). Reactive
test results were examined to determine if there was any association of
semi-quantitative test signals with age and sex. Where signals fell
beyond the dynamic range of the platform (i.e., “above maximum” or
“below minimum” signal), the maximum or minimum of the dynamic
range was used as proxy. Consensus reactive and consensus non-reactive
samples, i.e., those reactive or non-reactive, respectively, on at least 5/6
platforms, were considered true positive and true negative serologic
results.

Testing was performed in accordance with manufacturers’ recom-
mendations. A combination of In Vitro Diagnostic and Research Use Only
test kits was used.

2.1. Validation using characterized samples

The validation panel consisted of 107 serum or plasma specimens.
“Known positive” samples (n = 42) were from 37 COVID-19 patients
previously diagnosed by PCR testing, collected at different time points
from symptom onset. One patient had two samples >14 days; three
patients had one 0-14 and one >14 days; and one patient had one 0-14
and two >14 days. Most samples collected 0-14 days post-onset were
from hospitalized patients, while those collected >14 days were from
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Table 2a
Validation study panel composition
N % Median age
Male (range)
Known 0-14 days post-onset 10 60 68 (44-86)
Positive >14 days post-onset 32 53 65 (23-89)
Presumed Cross-reactivity panel (Table 2b) 14 36 40 (8-77)
Negative Other (prenatal and organ donor 51 2 30 (17-53)

sera obtained prior to COVID-19)

either PCR-based diagnosis or symptom onset. Presumed negative
samples (n = 65) were leftover frozen serum or plasma samples obtained
prior to November 2019: 51 from pre-natal and organ donor testing,
which accounts for a higher proportion of females and younger ages in
the panel; and 14 potential cross-reactive samples (nine known to be
serologically positive for another pathogen and five with a known pos-
itive result for another respiratory pathogen (confirmed by PCR) within
12 months of serum collection; Table 2b). All CLIA platforms were
evaluated with the same set of samples to facilitate comparability of
results.

2.2. COVID-19 outbreak field study

For the serosurvey of facilities affected by COVID-19 outbreaks, a
total of 296 serum samples were collected from consenting residents and
staff as part of a Public Health investigation. All samples were tested on
the six CLIA platforms and results were compared against the partici-
pants’ COVID-19 status: known positive if ever tested PCR positive for
SARS-CoV-2 and collected at least 14 days and less than 2 months post-
onset (n = 92); and, unknown if PCR negative or never PCR-tested (n =
204). Specificity estimates were based on consensus negative serologic
results.

2.3. Statistical analysis

Ninety-five percent confidence intervals (95%CI) were calculated for
overall agreement, kappa statistic, sensitivity, and specificity. For
sensitivity and specificity comparisons, McNemar’s test was used and p

Table 2b

Cross-reactivity panel composition.
Sample type N
Serum sample known to be serologically Toxoplasma gondii IgM 1
positive to another pathogen Mumps IgM 3
Chikungunya IgM 1
Syphilis RPR 1:32 2
Hepatitis C Virus 2
Serum sample from a patient positive for Influenza A 1
another respiratory pathogen Influenza B 1
(confirmed by PCR) within 12 months Coronavirus HKU1 1
prior to serum sample collection Coronavirus NL63 1
Coronavirus 229E (also 1

seropositive for Epstein Barr

those who were outpatients at the time of collection, with no informa- Virus IgG)
ion availabl n their hospitalization hi r clinical r .. . .

tion available on the ospitalizatio story 0, C cal course Abbreviations: RPR=rapid plasma reagin

(Table 2a). All >14 days samples were collected within 3 months of

Table 1

Manufacturer’s specifications for SARS-CoV-2 CLIA serology platforms at the time of the validation study.
Assay DiaSorin IgG Ortho IgG Ortho T Siemens T Abbott IgG Roche T
Analyzer used LIAISON™ XL~ VITROS™ XT 7600  VITROS™ XT 7600  ADVIA Centaur® XP ARCHITECT™  cobas™ e601
Target epitope S1 and S2 S S1 S1 Receptor Binding Domain N N
Target immunoglobulin 1gG 1gG Total Ab IgM and IgG 1gG Total Ab
Sensitivity at >14 days post-onset (n) 97.6% (41) 89% (65) 100% (49) 100% (47) 100% (88) 100% (29)
Specificity (n) 98.5% 100% 100% 99.8% (1,589) 99.6% (1,070) 99.8% (5,272)

(1,090) (407) (400)

Abbreviations: S=spike protein; N=nucleocapsid protein; Ab=antibody
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values <0.05 were deemed to be statistically significant. For each
platform, comparison of median reactive test signals for males vs. fe-
males and consensus vs. non-consensus reactive results was performed
using Mann-Whitney test. Pearson correlation was used to assess po-
tential differences in test signals by age.

2.4. Ethics

The study was conducted under the BC Centre for Disease Control’s
legislated mandate for outbreak investigation. Ethics approval for the
study was also obtained from the University of British Columbia Clinical
Research Ethics Board (approval #H20-01090).

3. Results
3.1. Validation study

Sensitivity, specificity and estimated positive (PPV) and negative
(NPV) predictive values for each assay are shown in Table 3. DiaSorin
IgG showed lower sensitivity than the other assays for samples collected
0-14 days post-onset (60% vs. 90-100%), but the difference was not
statistically significant (all McNemar’s p values >0.125). Overall
sensitivity was also lowest for DiaSorin IgG (78.6%) and was highest for
Ortho T (100%). Specificities were high for all assays (range 95.4% to
100%). Overall sensitivities and specificities did not differ significantly
between any of the assays (all McNemar’s p values >0.09). PPVs for
DiaSorin IgG, Ortho IgG and Ortho T were lower than for the other as-
says, especially in lower prevalence scenarios. NPVs were high for all
assays (range 97.6% to 100%).

None of the three serum samples collected from patients previously
diagnosed with endemic non-SARS-CoV-2 coronaviruses showed cross-
reactivity on any of the assays. HKU1 is a Betacoronavirus with higher
homology to SARS-CoV-2, while NL63 and 229E are Alphacoronaviruses
with lower homology. DiaSorin IgG was reactive for three presumed
negative prenatal samples, and both Ortho T and Ortho IgG were reac-
tive with one syphilis positive sample (RPR 1:32). These were presumed
to be false reactive SARS-CoV-2 tests. No reactive results were observed
for the Siemens T, Abbott IgG and Roche T assays for any of the pre-
sumed negative samples.

Overall assay agreements and kappas are shown in Supplementary
Table 1; overall agreements were >90% except for DiaSorin IgG vs.
Roche T (88.8%). Highest agreement was between Abbott IgG and
Roche T (98.1%), both of which are based on nucleocapsid antigen.

Table 3
Validation study results for SARS CoV-2 CLIA assays.
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3.2. Outbreak field study

Of 296 samples in the outbreak investigation, 92 were from
confirmed SARS CoV-2 PCR positive participants, and 204 were from
participants who tested either PCR negative or were not PCR-tested.
CLIA sensitivities for the PCR-confirmed participants were not signifi-
cantly different and ranged from 95.7% to 98.9% (Table 4). All but four
samples had consensus reactive CLIA results; 84/92 samples were
reactive on all and 4/92 on five assays. Of the four non-consensus re-
sults, three were reactive on four and one on three CLIA assays. Sensi-
tivities in the field study were similar to those in the validation study for
samples collected >14 days post-onset, except for DiaSorin IgG, which
had higher sensitivity in the field study (95.7% vs. 78.6%). Estimated
specificities of the assays ranged from 96.8% to 98.9%. Reactive results
that were deemed to be false positive were distributed randomly among
all assays. There were no significant differences in sensitivity or speci-
ficity for any of the assays using outbreak samples (all McNemar’s p
values >0.4).

There were 15 participants of initially unknown status who were
consensus reactive (n = 12 for all assays and n = 3 for five assays). Thus,
the addition of serologic testing to the outbreak investigation resulted in
identification of an additional 16.3% (15/92) cases compared to PCR
testing alone.

3.3. Field study signal intensities

Median signal intensities did not differ significantly for males vs.
females for any of the assays (Supplementary Table 2). In addition, there
was no strong correlation between signal intensity and age for PCR
positive participants (data not shown).

Median signal intensities for consensus reactive results were 2- to 14-
fold higher than for non-consensus reactives; the differences were sta-
tistically significant for the Ortho T, Ortho IgG, Abbott IgG and Roche T
assays (Supplementary Table 3). This suggests that falsely reactive tests
for a given platform are more likely to have lower signals, but there were
similarly low signals in all the assays among samples with consensus
reactive results, implying that signal intensity alone is not a useful cri-
terion for suggesting the likelihood of a false reactive test.

4. Discussion

This study demonstrated high sensitivity for all the SARS CoV-2 as-
says we assessed, although some differences were observed. In the
validation study, for samples collected >14 days post-onset, sensitivity
was >90% for all assays except DiaSorin IgG, which had a non-

DiaSorin IgG

OrtholgG

OrthoT

SiemensT

Abbott 1gG

RocheT

Sensitivity % (95% CI)

0-14 days post-onset
(n=10)
>14 days post-onset
(n=32)

60 (31.3-53.2)

80 (61.4-92.3)

Overall (n = 42) 78.6
(64.1-88.3)
Specificity % (95% CI) Presumed negativen  95.4
=65 (87.3-98.4)
McNemar’s p value for overall sensitivity ~ Ortho IgG 0.146
and specificity Ortho T 0.092
Siemens T 0.727
Abbott IgG 0.388
Roche T 0.549
Estimated PPV%/NPV%* 1% prevalence 14.7/99.8
5% prevalence 47.3/97.6
10% prevalence 75.5/97.6

100 (72.3-100)

100 (72.-100)

90 (59.6-98.2)

90 (59.6-98.2)

90 (59.6-98.2)

93.3 100 (88.4-100)  86.7 (69.3- 96.7 (82.8- 93.3 (77.9-
(77.9-99.2) 96.2) 99.9) 99.2)

97.6 100 90.5 95.2 92.9
(87.7-99.6) (91.5-100) (77.9-96.2) (84.2-98.7) (81.0-97.5)
98.5 98.5 100 100 100
(91.8-99.7) (91.8-99.7) (94.4-100) (94.4-100) (94.4-100)
1.0

0.125 0.063

0.25 0.25 0.625

0.125 1.0 1.0 1.0

39.7/100 40.2/100 100/99.9 100/99.9 100/99.9
77.4/99.9 77.8/100 100/99.5 100/99.7 100/99.6
87.8/99.7 88.1/100 100/99.0 100/99.5 100/99.2

Abbreviations: CI=confidence interval; PPV= positive predictive value; NPV=negative predictive value
" PPV/NPV calculations are based on cumulative performance at all time points.
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Table 4
Outbreak field study SARS CoV-2 serological results.

Journal of Clinical Virology 142 (2021) 104914

PCR positive (n = 92)Female = 75%Mean age 70.4Median age
76.5 (20-102)

PCR negative/not done or serology consensus non-reactive (n = 189)Female = 71% (1 unknown
sex)Mean age 59.1Median age 57 (22-102)

Reactive Non-Reactive % Sensitivity (95% CI)
DiaSorin IgG 88 4 95.7 (89.4-98.3) 6
Abbott IgG 88 4 95.7 (89.4-98.3) 3
Ortho IgG 91 1 98.9 (94.1-99.8) 2
Ortho T 91 1 98.9 (94.1-99.8) 4
Siemens T 20 2 97.8 (92.4-99.4) 2
Roche T 91 1 98.9 (94.1-99.8) 3

Reactive

Non-Reactive Estimated % Specificity (95% CI)
183 96.8 (93.3-98.5)
186 98.4 (95.4-99.5)
187 98.9 (96.2-99.7)
185 97.9 (94.7-99.2)
187 98.9 (96.2-99.7)
186 98.4 (95.4-99.5)

McNemar’s p values for sensitivity and specificity comparisons between the assays were all >0.4.

significantly lower sensitivity than the other assays. Charlton et al. [5]
also reported low sensitivity (48%) for this assay at 0-14 days, which
increased to 73% by days 15-21. Low sensitivity early in infection could
be a result of an assay detecting only IgG antibodies, but both the Ortho
and Abbott IgG-specific assays had higher 0-14 day sensitivities which
were similar to the total antibody assays. Other assay validation studies
have reported similarly high sensitivities for samples collected after at
least 14 days [6-10]. In the outbreak field study, where all samples were
collected >14 days and within 2 months post-onset, >95% sensitivity
was observed for all assays.

Given the lower sensitivity for some of the assays 0-14 days after
infection, and the resulting likelihood of missing early infections, cur-
rent serological assays may not be a useful diagnostic tool for routine
clinical use. However, the outbreak investigations revealed an increased
diagnostic yield of 16% compared to PCR testing alone, suggesting that
serology would be useful as an adjunct to molecular testing in clinical
situations where the PCR diagnostic window might have been missed
[11]. The additional cases detected by serology are likely an
under-estimate as other studies have demonstrated low or absent anti-
body responses for individuals with mild disease [12,13], while those
requiring hospitalization tended to have higher responses [14].

In the field study, there was consensus agreement (at least five assays
reactive or at least five assays negative) for the majority of known
positive (95.7%) and negative (98.4%) patient samples, but no assay had
100% accuracy. Discordant results may indicate variability in serolog-
ical responses among patients or in antibody detection by the assays.
When using a given assay for clinical diagnostic purposes, especially
where PPV is low, orthogonal testing with a second assay, perhaps with
a different antigen target, might increase confidence that dual reactive
results indicate true antibody positivity [15,16].

The utility of these serology platforms for estimation of vaccine re-
sponses and population seroprevalence would be enhanced if it was
known that the antibodies detected correlate with neutralizing capacity,
and it has been reported that anti-spike antibodies correlate more
closely with neutralizing antibodies than anti-nucleocapsid antibodies
[17]. A study by Kohmer et al. [18] demonstrated that antibodies in all
but one COVID-19 PCR positive patients who were subsequently tested
by serology were neutralizing, but that study evaluated different com-
mercial platforms than those in our study.

Strengths of this study include the large number of assays evaluated
and the availability of a large number of samples from SARS-CoV-2
outbreaks. A limitation of the validation study is the small number of
samples collected early after infection which may have impacted the
sub-group sensitivity analysis. The small number also precluded
assessment of antibody kinetics during seroconversion. The large num-
ber of reactive Siemens T results that exceeded the maximum range of
the assay likely impacted assessment of sex differences in test signals,
although there were no significant sex differences for the other assays
which had almost no out of range results.

In conclusion, all six SARS-CoV-2 serologic assays evaluated in this
study showed high sensitivity, specificity and positive predictive value
for samples collected >14 days after onset, suggesting that these assays
will be useful for assessment of population seroprevalence and response

to vaccines. Furthermore, the addition of serology to PCR testing during
outbreaks increased the overall case yield by 16%.
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