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Increasing transmission of SARS-CoV-2 infection in successive waves may strain the capacity of laboratories
performing molecular diagnostic testing. Alternative testing approaches may offer additional diagnostic capacity.
A high throughput chemiluminescent antigen assay (Ortho VITROS SARS-CoV-2 antigen test) was evaluated
using both an inactivated virus preparation and prospective clinical samples (nasopharyngeal swabs in virus

transport medium). The limit of detection of the assay was approximately 0.5 TCIDs(/ml, equivalent to a Ct value
of 33. The assay was linear over a wide range. When 528 clinical samples were tested with the antigen assay, the
sensitivity was 84.2% and the specificity was 100% (positive predictive value 100% and negative predictive
value 97.7%). High volume antigen tests might be used to supplement molecular diagnostic testing capacity.

1. INTRODUCTION

A cluster of pneumonia cases of unknown aetiology was first re-
ported in Wuhan City, China [1] and this spread rapidly to cause a global
pandemic. A novel coronavirus, SARS-CoV-2 [2] was identified as the
causative agent of the newly recognized respiratory disease, COVID-19
(COronaVIrus Disease 2019) [3]. Public health agencies and labora-
tories rapidly developed and implemented nucleic acid-based molecular
diagnostic testing. At different stages of the COVID-19 pandemic,
rapidly increasing transmission has threatened to overwhelm the ca-
pacity of molecular diagnostic testing laboratories, whether locally,
regionally or nationally. One approach to mitigate increasing turn-
around times for molecular tests has been the development of antigen
detection tests for point of care use, almost all of which utilize lateral
flow technology. These tests can generate rapid results, within 15-20
minutes of specimen collection [4-8]. They are simple and straightfor-
ward to perform and most do not require the addition of reagents other
than a buffer in which the specimen is diluted. This can allow for rapid
identification and public health management of cases. However, rapid
antigen tests lack sensitivity for detection of SARS-CoV-2, when
compared to molecular testing using PCR. Collection and tracking of
patient and test data in centralised databases may be difficult to achieve
if online access is not available, as in field sites and remote communities.
This may delay reporting and public health interventions. Specimen
collection devices designed for point of care tests do not generally yield
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residual sample that can be transported safely and used for further
testing.

The limitations of rapid point of care tests can be overcome by using
high volume antigen tests that are intended to be run on analyzers in
hospital laboratories. Such assays are primarily based upon chemilu-
minescent detection chemistry, which offers greater sensitivity than the
lateral flow assay format. In addition, patient and test data are captured
in the LIS and electronic reporting to public health is standard. The
specimen collected can also be used for additional testing including PCR,
whole genome sequencing or culture. Here we present an evaluation of a
SARS-CoV-2 nucleocapsid antigen detection assay (VITROS SARS-CoV-2
antigen test) that has recently received regulatory approval in Europe
and in the USA (CE and FDA EUA).

2. METHODS
2.1. Inactivated virus suspension

SARS-CoV-2 was grown on Vero-E6 cells in MEM with 2% foetal
bovine serum (Gibco, ThermoFisher Scientific) and the median tissue
culture infectious dose (TCIDsy) was determined. An aliquot was
transferred to lysis buffer (MagMAX, ThermoFisher Scientific) for RT-
PCR using a laboratory-developed duplex assay that targets RARP and
E genes [9].

The remaining virus was inactivated with p-propiolactone. Briefly,
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20 pl of 10% p-propiolactone in Tris-HCl buffer (0.1 M, pH7.8) was
added to 1.8 ml viral lysate, followed by 100 ul MEM. The viral sus-
pension was incubated at 4°C for 24 h, and 0.1M NaOH was added
dropwise as required to maintain pH near neutrality. The suspension
was then incubated at 37°C for 2 h, after which the pH was adjusted
again with 0.1M NaOH [10]. The absence of viable virus after inacti-
vation was confirmed by the TCIDs( procedure, including inoculation of
undiluted virus into cell cultures. PCR was performed on the inactivated
virus for comparison with the live virus. Dilutions of inactivated virus
were made in MEM before use in the antigen test.

2.2. Clinical samples

A panel of 24 samples in VTM (Yocon Biology Technology Company,
Beijing, China), previously tested by PCR, were tested using the VITROS
SARS-CoV-2 antigen test. This panel included 12 PCR-positive samples
(Ct values ranging from 27.14 — 30.08) and 12 PCR-negative samples.
Samples were added to lysis buffer within 4 days of collection. A further
528 consecutive clinical samples were tested prospectively. Inmediately
after sample preparation for PCR testing, samples were added to lysis
buffer as described below. The mean time from collection to processing
was 28.9 h.

2.3. SARS-CoV-2 Antigen test

Aliquots (400 pl) of inactivated virus or of samples in UTM were
added to 100 ul VITROS SARS-CoV-2 antigen extraction buffer (Ortho
Clinical Diagnostics, Inc., Rochester, NY) and incubated at room tem-
perature for 2 hours (clinical samples were then held at 4°C overnight
before testing). The presence of SARS-CoV-2 antigen was detected using
the VITROS SARS-CoV-2 antigen test (Ortho Clinical Diagnostics, Inc.,
Rochester, NY) on a VITROS XT 7600 analyzer (Ortho Clinical Di-
agnostics, Inc., Rochester, NY).

3. RESULTS
3.1. Inactivated virus suspension

The titre of the viral lysate was 10*7° TCIDso/ml. RT-PCR performed
on the viral lysate before inactivation gave Ct values of 12.25 and 12.12
for RdRp and E gene targets respectively. No viable virus was detected
after inactivation with p-propiolactone. After inactivation, the Ct values
were 12.88 and 13.03 for RdRp and E gene targets respectively.

Serial dilutions of inactivated virus from 107! — 1078 were each
tested by the VITROS SARS-CoV-2 antigen test on three occasions (see
Table 1). The coefficient of variation for reactive samples ranged from
0.67-3.22%. The assay repeatedly detected the virus to a 10> dilution.
The calculated input concentration of virus at the limit of detection was
0.5 TCIDsp/ml. Additional two-fold dilutions were performed to more

Table 1
Determination of sensitivity and precision of the SARS-CoV-2 antigen assay

Inactivated Calculated Calculated Ortho Vitros S/C ratio® cv
Virus input conc. inputbasedon  (reactive cutoff >1.0)° %
Dilution (TCIDso/ml)*  Ortho sample

(80 ub)

10! 4800 384 1150 1180 1160 1.31

102 480 38 845 825 826 1.35

10°° 48 4 228 226 229 067

1074 5 0.4 30.2 30.7 31.6 2.30

107° 0.5 0.04 3.14 3.35 3.3 3.32

1076 0 0 0.52 0.55 0.51 4.16

1077 0 0 0.25 0.25 0.26 2.31

1078 0 0 0.25 0.24 0.23 4.55
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closely define the limit of detection, and dilutions close to the cut-off for
positivity were tested by PCR to estimate the Ct at the limit of detection.
The highest dilution that gave a positive result in the antigen test had Ct
values of 33.45 and 33.36 for RdRp and E gene targets respectively
(Table 2). The assay showed linearity through most of its range (Fig. 1A).

3.2. Clinical samples

A panel of 24 samples in UTM, previously tested by PCR, were tested
using the antigen test. This panel included 12 PCR-positive samples (Ct
values ranging from 27.14 — 30.08) and 12 PCR-negative samples. An-
tigen was detected in 10/12 (83%) PCR-positive samples (Ct from 27.14-
30.00), but not in two samples with Ct of 29.5 and 30. Antigen was not
detected in 12 PCR-negative samples.

Of the 528 samples tested prospectively, 70 were positive by PCR, of
which 59 were also antigen-positive (sensitivity 84.2%). Ct values in
antigen-positive samples ranged from 13.84-37.09; most antigen-
positive samples had Ct values below 25 (n=44, 74%). The distribu-
tion of S/C ratio values was linear over a range of Ct values in the 20-30
range (Fig. 1B).

In the PCR positive, antigen-negative samples, Ct ranged from 17.95-
37.57. The sample with a Ct of 17.95 was not available for repeat an-
tigen testing. If this sample was excluded, the remaining antigen-
negative, PCR-positive samples ranged from Ct 30.18-37.57.

Antigen was not detected in PCR-negative samples (specificity
100%). The positive predictive value of the antigen assay was 100% and
the negative predictive value was 97.7%.

4. DISCUSSION

Antigen tests do not reach the same level of diagnostic sensitivity as
PCR assays [8], but a correlation with excretion of infectious, cultivable
virus has been reported [11, 12]. We evaluated the performance of a
high throughput SARS-CoV-2 antigen assay (VITROS SARS-CoV-2 anti-
gen test), using an inactivated virus suspension to determine the limit of
detection of the assay. The use of f-propiolactone to inactivate the virus
allowed us to compare the antigen test results with PCR Ct values. The
limit of detection was approximately 0.5 TCIDso/ml, and a Ct value of
33. However, when clinical samples were tested, the Ct cut-off for reli-
able antigen detection was approximately 30. The sensitivity of the
assay was 84%. Interpretation of sensitivity estimates requires caution;
the prospective clinical samples were tested during a period of rapid
growth in case numbers, with a test-positivity rate of 13%. At this time,

Table 2
Limit of detection of the SARS-CoV-2 antigen assay

Inactivated Virus Dilution Ortho S/C Ratio® RARP/E gene Ct values

0.1 1160 nd®

0.01 874 nd

0.005 612 nd

0.0025 380 nd

0.00125 210 nd

0.001 247 nd

0.0005 114 nd

0.00025 60.4 nd
0.000125 29.1 nd

0.0001 25.3 nd

0.00005 14.8 nd
0.000025 7.27 31.46/31.56
0.0000125 3.8 32.1/32.47
0.00001 3.38 32.27/32.07
0.000005 1.94 33.45/33.36
0.0000025 0.82 33.56/34.82
0.00000125 0.65 35.66/35.54
0.000001 0.51 nd

a Based on Ortho buffer dilution 4:1.
b Signal/cutoff ratio.
¢ Each dilution was tested in triplicate.

a Signal/cutoff ratio
b PCR was not performed on these dilutions
Legend for Figure 1.



P.N. Levett et al.

A

1000 e® L4

°
®

100 °
.2 o
® [ J
o °
o 10- .
(2] [ J

. °
°
0.1

1 1 1 1 1 1 1
107 10 10° 104 103 102 107 10°

Log,, Virus Conc.

Journal of Clinical Virology 142 (2021) 104938

B
1000 - w
o ©
o 100- o,
2 3
- o
o 104
= [ ]
(/2]
4 fereoecseroioncnaiionenaiiosonances
01 1 ns 1 1 1
()} 10 20 30 40

E gene Ct

Fig. 1. Linearity of the SARS-CoV-2 antigen assay. (A) S/C ratio displays linearity over wide range of inactivated virus concentration. (B) Distribution of E gene Ct
values for antigen-positive samples. Dotted line indicates positive cut-off for antigen assay.

most positive samples had relatively low Ct values. The specificity of the
assay was 100% when tested on prospective clinical samples.

The antigen assay showed linearity over a range of virus concen-
trations (Fig. 1). This suggests that, with appropriate standardization,
this assay could be applied to estimate the viral burden that might be
considered infectious, as has been proposed for rapid antigen tests [12].

The sensitivity of this assay was significantly higher than that ex-
pected of rapid antigen tests [13], but high volume antigen tests also
have relative disadvantages, which include the need for transport to a
central testing laboratory, potential concerns about the stability of viral
antigens during transport, the requirement for safe handling of the
specimen in a biosafety cabinet while preparing for analysis and the
additional time required for virus inactivation. After inactivation of
sample, the VITROS SARS-CoV-2 antigen test requires 48 minutes for
completion and is intended to run on VITROS 3600 immunodiagnostic
systems and VITROS 5600 or XT 7600 integrated systems, with a
throughput of up to 130 samples per hour [14]. The ability to run large
numbers of tests through analyzers installed in core laboratories
potentially increases the testing capacity in all hospital laboratory sites.

In this report we describe the performance characteristics of a high
volume antigen assay. The analytical sensitivity is high, and the assay
appears to be sensitive and specific in clinical use.
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