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ABSTRACT

Background: Laboratory tests are a mainstay in managing the COVID-19 pandemic, and high hopes are
placed on rapid antigen tests. However, the accuracy of rapid antigen tests in real-life clinical settings is
unclear because adequately designed diagnostic accuracy studies are essentially lacking.

Objectives: The aim of this study was to assess the accuracy of a rapid antigen test in diagnosing SARS-
CoV-2 infection in a primary/secondary care testing facility.

Methods: Consecutive individuals presenting at a COVID-19 testing facility affiliated to a Swiss University
Hospital were recruited (n = 1465%). Nasopharyngeal swabs were obtained, and the Roche/SD Biosensor
rapid antigen test was conducted in parallel with two real-time PCR tests (reference standard).

Results: Among the 1465 patients recruited, RT-PCR was positive in 141 individuals, corresponding to
a prevalence of 9.6%. The Roche/SD Biosensor rapid antigen test was positive in 94 patients (6.4%), and
negative in 1368 individuals (93.4%; insufficient sample material in 3 patients). The overall sensitivity of
the rapid antigen test was 65.3% (95% confidence interval [CI] 56.8-73.1), the specificity was 99.9% (95%
CI 99.5-100.0). In asymptomatic individuals, the sensitivity was 44.0% (95% CI 24.4-65.1).

Conclusions: The accuracy of the SARS-CoV-2 Roche/SD Biosensor rapid antigen test in diagnosing SARS-
CoV-2 infections in a primary/secondary care testing facility was considerably lower compared with the
manufacturer’s data. Widespread application in such a setting might lead to a considerable number of
individuals falsely classified as SARS-CoV-2 negative.

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Background

imally trained persons in various primary and even community
settings (Dinnes et al., 2020). Moreover, test results are deliv-

Governments worldwide are pinning high hopes on COVID-
19 testing programs using rapid antigen tests to ease the bur-
den on healthcare systems and lift restrictions that have dis-
rupted workplaces and led to pervasive socio-economic costs
(Crozier et al., 2021; Dinnes et al., 2020). In contrast with a stan-
dard laboratory-based reverse transcription-polymerase chain re-
action (RT-PCR) test, rapid antigen tests require much less tech-
nical expertise and laboratory capacity (Mattiuzzi et al., 2020).
As point-of-care devices, these tests can be performed by min-
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ered within 5-30 minutes and are available within a single clin-
ical encounter (Mattiuzzi et al., 2020). Thus, rapid antigen tests
might overcome the drawbacks of RT-PCR in terms of availability,
throughput, and turnaround time (Mattiuzzi et al, 2020). These
limitations of RT-PCR are recognized as a major barrier to the
broad implementation of urgent testing capabilities for everybody
(Iacobucci, 2020; Mattiuzzi et al., 2020; Thornton, 2020). Thus,
rapid antigen tests might support the almost universal strategy of
early diagnosis and timely isolation of individuals with SARS-CoV-2
infection (Mattiuzzi et al., 2020).

Early diagnosis of SARS-CoV-2 infection and timely isolation
are most often addressed by testing individuals with symptoms or
known exposure to patients (Dinnes et al., 2020). Testing facilities
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aiming to confirm or rule out SARS-CoV-2 infection in this pop-
ulation are affiliated with various primary or secondary care fa-
cilities. More recently, tests are being provided in the community
setting, and even self-testing is being applied. As a prerequisite,
applied laboratory tests must be accurate to be of value in such
settings (Dinnes et al., 2020). This means that the number of pa-
tients with SARS-CoV-2 infection missed by the respective labora-
tory test (false-negatives) must be low. Accordingly, the number of
individuals falsely claimed to be infected (false-positives) must also
be low.

Performance measures relate to the diagnostic accuracy of a
test, which can only be determined in an adequately designed
diagnostic accuracy study (Bossuyt et al., 2015; Bossuyt, 2007;
Crozier et al., 2021; Dinnes et al, 2020; Mallett et al., 2012;
Whiting et al., 2011). To assess the accuracy of a rapid antigen test
in diagnosing SARS-CoV-2 infection in a secondary or primary care
testing facility, diagnostic accuracy studies need to be conducted in
defined clinical settings. To date, such studies are essentially lack-
ing (Dinnes et al., 2020).

Our prospective cross-sectional study aimed to assess the diag-
nostic accuracy of a rapid antigen test in diagnosing SARS-CoV-2
infection in a primary/secondary care testing facility.

Methods
Study design, setting, and population

The AgiP study was a prospective cross-sectional study con-
ducted at a COVID-19 testing facility affiliated to a Swiss univer-
sity hospital. Consecutive individuals presenting on their own be-
tween January and March 2021 were recruited. Inclusion criteria
were: (a) suspected SARS-CoV-2 infection; (b) age > 18 years; and
(c) signed informed consent. Exclusion criteria were clinical warn-
ing signs that required emergency medical care (CDC, 2020). A
flow chart of the patient selection process is given in Figure 1.
The COVID-19 testing facility is one of the largest testing facili-
ties in the greater Bern area, affiliated to a large, specialized lab-
oratory running high-troughput RT-PCR (Brigger et al., 2021). Dur-
ing the study period, individuals were instructed by the authori-
ties to present themselves when experiencing symptoms consistent
with SARS-CoV-2. The authorities also referred patients suspected
of exposure to infected individuals. Some individuals presented for
other reasons (e.g. travel requirements or for shortening quaran-
tine measures). The study protocol was approved by the appro-
priate ethical committee (Kantonale Ethikkommission Bern #2020-
02729) and the institutional authorities. All participants signed in-
formed consent. The study was conducted in accordance with the
declaration of Helsinki.

Study processes, handling of data, and samples

Individuals were recruited and informed by specially trained
medical staff before the consultation. Following informed con-
sent, patients completed a questionnaire, which was created ac-
cording to Swiss Federal Office of Public Health guidelines and
the recommendations of the Centers for Disease Control and Pre-
vention (CDC) (CDC, 2020; FOPH, 2021a). Acute respiratory syn-
drome was defined as a new onset of respiratory illness symp-
toms (sore throat, cough, shortness of breath, and chest pain)
(FOPH, 2021a). Additional symptoms were fever, muscle or body
aches, loss of taste or smell, confusion, or poor general condition.
During the subsequent consultation, the answers to the question-
naire were checked by a specialist physician. Nasopharyngeal spec-
imens were collected by a specially trained nurse. All nurses had
completed a training course that was prepared according to es-
tablished guidelines on swab collection (CDC, 2021). Nurses were
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supervised during the first few days of practice. Swabs were col-
lected using iClean Specimen Collection Flocked Swabs (Cleanmo
Technology Co., Shenzhen, China) and Liofilchem Viral Transport
Medium (Italy). Sample material was stored at 4°C and processed
within 6 hours (antigen test) or 12 hours (RT-PCR). Coded clinical
data and laboratory test results were stored in separate databases
and merged before analysis.

Determination of the rapid antigen test

Using the same sample material, the Roche/SD Biosensor SARS-
CoV-2 rapid antigen test was conducted in parallel by a trained
medical laboratory technician (unaware of the RT-PCR results).
Quality control was performed daily, and the manufacturer’s in-
structions were strictly followed (package leaflet; Roche Diagnos-
tics, Mannheim, Germany). In brief, three drops of the extracted
sample were applied to the specimen well of the test device and
the test result was recorded after 15-30 minutes. The result was
only considered valid if the control line was visible. Even faint test
lines were considered positive.

Determination of real-time PCR

As a reference standard test confirming the presence of COVID-
19, two real-time PCR (RT-PCR) assays were conducted, as previ-
ously described (Roche cobas® SARS-CoV-2; Seegene Allplex 2019-
nCoV) (Brigger et al., 2021). Analyses were performed according to
the manufacturers’ instructions on a STARlet IVD System or a cobas
8800 system. RT-PCR was carried out in line with clinical practice,
with laboratory technicians unaware of the index test results. De-
tectable SARS-CoV-2 below or at a cycle threshold of 40 were con-
sidered positive. Commercially available quality control was con-
ducted with each test run.

Statistical analysis

Patient characteristics were presented as numbers (percentages)
or mean (standard deviation), as appropriate. Two-by-two tables
were created using RT-PCR results as the reference standard test
and the Roche/SD Biosensor as the index test. Sensitivities and
specificities were calculated accordingly. Data were presented over-
all and in salient subgroups. For sensitivity analysis, diagnostic ac-
curacy measures were calculated for additional cycling thresholds
(CT) of the RT-PCR. A method proposed by Bujang et al. was used
for the power analysis (Bujang and Adnan, 2016). A prevalence of
10% and a power of 0.8 were considered as verifying sensitivity of
90%. Confidence intervals were also calculated. Analyses were per-
formed using the Stata 14.2 statistical software (StataCorp., 2014,
College Station, TX, USA).

Results

In total, 1465 individuals were eventually included (Figure 1).
The majority of patients presented with symptoms consistent with
COVID-19 (n = 1114; 76.0%). Fifty-nine individuals were referred
because of exposure to infected individuals (4.0%). Other reasons
(e.g. travel requirements) accounted for 293 patients (20.0%). The
mean age was 36.4 years (standard deviation, SD 14.0); 787 in-
dividuals (53.7%) were female. Detailed patient characteristics are
given in Table 1. Three individuals provided insufficient sample
material for determination of the rapid antigen test.

In total, 141 individuals tested positive according to RT-PCR, cor-
responding to a prevalence of 9.6%. Complete agreement between
both RT-PCR assays was observed. The Roche/SD Biosensor rapid
antigen test was positive in 94 patients (6.4%), and negative in
1368 individuals (93.4%).
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Consecutive individuals
presenting at a COVID-19 testing
facility

Inclusion criteria:

- Suspected SARS-CoV-3 infection
- Age = 18 years
- Signed informed consent

Exclusion criteria:
—
- No informed consent

A

Final cohort (n=1'465)
Symptoms (n=1’113), exposure
(n=59), other (n=293)

RT-PCR

A

Roche/ SD Biosensor
SARS-CoV-2 rapid antigen test

Figure 1. Flow chart of the patient selection process.

Table 1

Characteristics of 1465 study participants presenting at a COVID-19 testing facility affiliated to
the emergency department of a university hospital. *For example, travel requirements or for
shortening quarantine measures; *defined as a new onset of respiratory illness symptoms (sore
throat, cough, shortness of breath, and chest pain). Abbreviations: RT-PCR, real-time PCR; SD,

standard deviation.

No. (%)

Characteristic Overall RT-PCR negative RT-PCR positive
No. 1'465 (100)  1'324 (90.4) 141 (9.6)
Age, mean (SD) 36.4 (14.0) 36.5 (14.0) 35.7 (13.7)
Female 787 (53.7) 708 (53.5) 79 (56.0)
Reason for testing

Symptoms 1114 (76.0) 997 (75.3) 116 (82.3)

Exposure to infected individuals 59 (4.0) 52 (3.9) 7 (5.0)

Other* 293 (20.0) 275 (20.8) 18 (12.8)
Presence of symptoms

Any symptom 1114 (76.0) 998 (75.4) 116 (82.3)

Acute respiratory syndrome+* 521 (35.6) 482 (36.4) 39 (27.7)

Fever 491 (33.5) 426 (32.2) 65 (46.1)

Loss of smell and taste 54 (3.7) 45 (3.4) 9 (6.4)
Billing

Government 1178 (80.4) 1055 (79.7) 123 (87.2)

Self-payer 256 (17.5) 239 (18.1) 17 (12.1)

Unknown 31 (2.1) 30 (2.3) 1(0.7)

The overall sensitivity of the Roche/SD Biosensor rapid anti-
gen test was 65.3% (95% confidence interval [CI] 56.8-73.1); the
specificity was 99.9 (95% CI 99.5-100.0). The number of false-
negative test results was 49, and the number of false-positives was
2 (n = 92 true positives; n = 1319 true negatives). The sensitivity
of the rapid antigen test was higher in patients with any symp-
tom (69.8%), acute respiratory syndrome (69.2%), and fever (73.9%).
The sensitivity was lower in asymptomatic individuals (44%) and
other subgroups. Details of sensitivities and specificities according
to age group, presence of symptoms, or billing mode are presented
in Figure 2.
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The sensitivities of the rapid antigen test in relation to adapted
cycle thresholds of the reference standard are shown in Figure 3.
Sensitivity ranged from 65.3% (CT 40) to 84.4% (CT 30).

Discussion

Our prospective cross-sectional study aimed to assess the di-
agnostic accuracy of a rapid antigen test in diagnosing SARS-CoV-
2 infection in the real-life clinical setting of a primary/secondary
care testing facility. Among the 1465 patients included, 351 pre-
sented without any symptoms. The overall sensitivity of the rapid
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TRUE positive (sensitivity) FALSE negative

All individuals (n=141) 65.3% }—|—| 34.7%

Any symptom (n=116) 69.8% }—'—1 30.2%

No symptoms (n=25) 44.0% I I i 56.0%

Results in el il 69.2% | } | 308%
patients with

COVID-19 Fever (n=65) 73.9% |—|—{ 26.1%

Loss of smell (n=9) 44.4% I I 55.6%

Self-payer (n=18) 44.4% } } 55.6%

Age < 35 years (n=81) 61.7% }—‘—{ 38.3%

TRUE negative (specificity)

FALSE positive

All individuals (n=1'324) 99.9% 0.1%
Any symptom (n=995) 99.9% 0.1%
No symptoms (n=326) 99.7% 0.3%
Results in Acute respiratory
patients syndrome (n=480) 100% H 0.0%
without Fever (n=425) 99.8% 0.2%
COVID-19
Loss of smell (n=45) 100% I— 0.0%
Self-payer (n=269) 99.6% 0.4%
Age < 35 years (n=721) 99.9% f 0.1%

Figure 2. Diagnostic accuracy of the Roche/SD Biosensor rapid antigen test in a real-life clinical setting. 1465 consecutive individuals presenting at a COVID-19 testing facility
affiliated to a university hospital between January and March 2021 were studied. Sensitivities and specificities are in relation to RT-PCR, and are given for the overall study

group as well as for salient subgroups.

Sensitivity 100-Sensitivity
CT 40 (n=141)  65.3% — 34.7%
CT 38 (n=138) 66.7% — 33.3%
CT 36 (n=131)  70.2% — 29.8%
CT 34 (n=121) 76.0% —T— 24.0%
CT32(n=116) 79.3% —— 20.7%
CT30(n=109) 84.4% | | 15.6%

Figure 3. Sensitivities of the rapid antigen test in relation to adapted cycle thresholds (CT) of RT-PCR. The manufacturer’s recommended CT is 40.

Roche/SD Biosensor rapid antigen test was 65.3%, which is substan-
tially lower than found in previous studies and the manufacturer’s
data (Mattiuzzi et al,, 2020). In patients without symptoms, the
sensitivity was 44%.

Various studies analyzing the diagnostic accuracy of rapid anti-
gen tests have been conducted, with a systematic review con-
ducted by the Cochrane Collaboration summarizing these data
(Dinnes et al., 2020). The authors raised major methodological con-
cerns and a considerable risk of bias in all previous studies. In par-
ticular, the applicability was estimated to be low because of biased
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patient selection. In contrast to these studies, ours paid close at-
tention to all the requirements of diagnostic accuracy studies: (a)
an adequately powered prospective cross-sectional design examin-
ing a clearly defined clinical question; (b) selection of an appro-
priate study population (real-life clinical setting); (c) accurate de-
termination of the index test; (d) rigorous choice and determina-
tion of the reference standard test; and (e) optimal flow and tim-
ing. We believe that this difference in study design and method-
ological quality explains the significant differences in sensitivities
obtained.
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As a limitation, our data were obtained in a particular clini-
cal setting in a primary/secondary care facility in Switzerland. The
diagnostic accuracy measures will differ in other clinical settings
because of differences in prevalence and patient population. How-
ever, we believe that the diagnostic accuracy measures in other
real-life clinical settings will more likely be similar to our results
compared with the very optimistic numbers provided by the man-
ufacturers. Moreover, one particular assay from one manufacturer
was studied, and therefore our results cannot be directly applied
to other assays. However, without similar studies conducted with
other assays, there is no reason to assume that other tests will
perform better. As another limitation, the adequate cycle thresh-
old for identifying a SARS-CoV-2 infection is disputed, with some
authors arguing that a lower threshold would be sufficient. How-
ever, a lower cycle threshold is not established and the sensitivity
was also limited using a lower threshold (Figure 3).

What do our results mean in clinical practice? Using the sen-
sitivity obtained in our study, and considering a similar clinical
setting in other Swiss testing facilities, we calculated the num-
bers of false-negative test results within one month in Switzer-
land. An estimated 223’219 rapid antigen-tests were done between
1t and 31t of May 2021 (compared to 541'278 RT-PCR tests)
and the Roche/ SD Biosensor was used in the majority of cases
(FOPH, 2021b). Considering a proportion of positive tests of 5.8%
would result in 8454 correctly identified with a SARS-CoV-2 in-
fection but 4’493 individuals falsely classified as SARS-CoV-2 neg-
ative. While feeling safe, these individuals would probably con-
tribute to SARS-CoV-2 transmission through inappropriate social
contacts. Thus, negative test results should be treated with great
caution, especially in asymptomatic individuals.

In conclusion, the accuracy of the SARS-CoV-2 Roche/SD Biosen-
sor rapid antigen test in diagnosing SARS-CoV-2 infections in a pri-
mary/secondary care testing facility was considerably lower com-
pared with the manufacturer’s data. Widespread application in this
setting might lead to a considerable number of individuals falsely
classified as SARS-CoV-2 negative. This test limitation should be
taken into consideration when setting up public health testing
strategies.
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