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1 | INTRODUCTION

Abstract

To assist in the clinical management of patients and to support infection control, we
tested the use of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) point-of-care antigen test (AgPOC) for unplanned hospitalization, coupled with a
nucleic acid amplification test (NAAT) using specimens collected at the same time
upon arrival. The aim of this study was to assess the performance of the AgPOC in
this specific use compared to NAAT for SARS-CoV-2 diagnosis, in the context of the
low prevalence of infection. For 5 months (between two peaks in France of the
SARS-CoV-2 pandemic), all patients admitted who undertook the AgPOC/NAAT
paired tests were included in the study. AgPOC performances were determined
considering the clinical status and the delay of symptoms onset. NAAT and AgPOC
results were available for 4425 subjects. AgPOC results showed a homogeneous
specificity (>97%) but a low sensitivity at 45.8%. Considering the national guidelines,
sensitivity dropped to 32.5% in cases of symptomatic patients with symptoms older
than 5 days or more. This study shows the poor performance of AgPOC for entry
screening of patients in hospitals. AgPOC may represent a useful tool in the hospital
setting only if the use is restricted to patients with consistent symptoms less than 4

days old.

KEYWORDS
hospital screening, point-of-care test, SARS-CoV-2, SARS-CoV-2 antigen

However, this costly tool requires a medical laboratory having both

specialized instruments and skilled staff with molecular expertise. By

The nucleic acid amplification test (NAAT) is currently the gold
standard for diagnosing the presence of coronavirus disease 2019
(COVID-19) infection and managing the spread of severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2)." It offers accurate

and highly specific results with a high throughput of samples.

contrast, the Rapid SARS-CoV-2 antigen point-of-care test (AgPOC)
is quite inexpensive and easy to perform; it gives a rapid result (in less
than 20 min). However, a large quantity of published studies raises
concerns about their use. AgPOC reported high specificity, but

variable sensitivity was observed ranging from 0% to 98% and
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depending on the evaluation settings and the study design.”> In light
of this weakness, AgPOC are mainly used for large-scale screening in
different community settings (schools, nursing homes, and commu-
nity screening centers).

There is a lack of data on the performance of the AgPOC test in
hospital settings, thus raising a critical question: is the AgPOC a useful
diagnostic tool in managing the SARS-CoV-2 pandemic crisis in the
overcrowded hospital and in the context of a low prevalence of SARS-
CoV-2 infection?

As suggested by the French national health authority, the AgPOC
could be used in emergency care units when a rapid result is needed.”
To help in the clinical management of patients and to support infection
control, the use of the PanBio™ COVID-19 Ag (Abbott diagnostics,
France) for unplanned hospitalization, coupled with a NAAT assay (as a
gold standard) is now performed at arrival at our hospital. To evaluate
the performance of the PanBio™ COVID-19 Ag in this specific use, we
performed a monocentric diagnostic cross-sectional retrospective study.

2 | MATERIALS AND METHODS

2.1 | Patients and samples

All patients admitted at the University Hospital of Angers from November
21, 2020 to February 28, 2021 and benefitting from AgPOC/NAAT
paired tests were included in the study. During this period, we were
between two peaks of the SARS-CoV-2 pandemic in France (incidence
ranging from 78 to 180,3 confirmed cases/100 000 individuals).” Clinical
data were collected from the medical records. Symptoms suggestive of
COVID-19 disease were: fever; respiratory signs like a cough and
shortness of breath; headaches; muscle ache and unusual tiredness; an-
osmia and loss of taste; and altered states of consciousness.

Nasopharyngeal paired swabs were obtained from a single nostril
of patients (one swab by nostril) by trained healthcare workers using
universal transport media (UTM). The first swab was placed into a vial
of 3ml of UTM and immediately transferred to the laboratory of
Virology to perform NAAT. The second swab was used to perform
the AgPOC immediately in the care unit.

At the time of our study, we considered the national guidelines of the
Haute autorité de Santé - the French National Health Authority - on the
use of testing in community settings.” According to these guidelines,
AgPOC should be used for the benefit of all symptomatic patients
whatever their profile and within 4 days of the onset of symptoms
(DAQS), and for all contact cases for the asymptomatic patient. After 5
DAOS, the NAAT should be used as the first line. We classified the
symptomatic patients into two categories: <4 DAQS; and >5 DAQS).

2.2 | Nucleic acid amplification test

The Aptima® SARS-CoV-2 assay on the platform Panther® (Hologic),
which targets two virus sequences located on the ORFlab gene, was
performed following the manufacturer's instructions and uses TMA to

detect SARS-CoV-2. A volume of 500 ul UTM was manually placed in
the appropriate specimen lysis tube containing 710 ul of lysis buffer;
360 pl of this mix was then used for the lysis, capture, and amplifi-

cation of nucleic acids.

2.3 | Panbio™ COVID-19 Ag rapid test

The Panbio™ assay was performed according to the manufacturer's
instructions. Briefly, the swab was rotated five times against the nasal
wall; the procedure was repeated with the same swab into the sec-
ond nostril. It was then deposited in the extraction tube. Five drops
of each extracted specimen were dispensed into the specimen well
and the timer was started. The result was read after 15 min and

recorded immediately in the patient's medical file.

2.4 | Statistical analysis

Patients with missing clinical data, NAAT, or AgPOC were excluded from
the analysis. Analytical performances of the Panbio™ COVID-19 Ag were
determined, using the Aptima® SARS-CoV-2 assay as the reference, with
Graphpad Prism software 9.1. For each clinical condition (i.e., overall,
asymptomatic, symptomatic, national guidelines, and >5 DAOS), sensi-
tivity, specificity, positive predictive value (PPV), and negative predictive
value (NVP) were determined, and confidence intervals were calculated
with the Wilson-Brown method. For each parameter, data are presented

with 95% confidence intervals (Cl).

2.5 | Ethics statement

The study was carried out in accordance with the Declaration of Helsinki.
This study was a non-interventional study, with no alterations of the usual
sampling procedures. Biological material and clinical data were obtained
only for standard viral diagnosis following physicians’ prescriptions (no
specific sampling, no modification of the sampling protocol). Data ana-

lyses were carried out using an anonymized database.

3 | RESULTS

A total of 4425 patients with results of both AgPOC and NAAT and
were included in the study. These paired samples mainly originated
from Emergency units, followed by the Medical units, Intensive care
unit, Gynecological Emergency Unit, and Surgery Unit, as described in
Figure 1. The sex ratio was 0.91 (2318 women and 2107 men). The
median and mean ages were 52 and 62 years old, respectively (ran-
ged from 14 to 101).

Table 1 shows the performance of AgPOC compared with NAAT
by clinical subgroup and by national guidelines.

Out of 4425 patients, 936 (21.2%) were symptomatic and 3489
(78.8%) were asymptomatic. According to NAAT results, 4.6% of
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FIGURE 1 Distribution of patients by clinical
department

patients (188/4425) had a positive result for SARS-CoV-2. The pre-
valence of SARS-CoV-2 infection in symptomatic and asymptomatic
subgroups were 17.1% and 0.8%, respectively. Overall, 86 patients
(1.9%) had a positive result, and 4204 patients (95.0%) had a negative
result for both methods, showing discordant results (NAAT+/AgPOC-
and NAAT-/AgPOC+) in 102 patients (2.3%) and 33 patients (0.75%),
respectively. False-positive antigen results were observed in sympto-
matic, asymptomatic, national guidelines and >5 DAOS groups, 1.82%,
0.4%, 1.9%, and 1.6%, respectively. False-negative antigen results were
also observed in symptomatic, asymptomatic, national guidelines and >5
DAOQS groups, 8.8%, 0.6%, 4.1%, and 21.9%, respectively.

AgPOC results showed a homogeneous specificity (more than
97%) just above the required performance by the World Health Or-
ganization (WHO) ° as described in Table 1.

Overall, we observed a low sensitivity (45.8%). Sensitivity for
symptomatic and asymptomatic subgroups were 48.8% and 28.6%,
respectively. Considering the national guidelines, that is, using Ag-
POC for all symptomatic patients within 4 DAQOS, sensitivity in-
creased substantially (65%). In cases of symptomatic patients with
symptoms older than 5 days or more, sensitivity was 32.5%. NPV
were good for all subgroups (more than 90%, except for >5 DAQS).
PPV was also good for symptomatic, national guidelines, and >5
DAOS subgroups. However, PPV for overall patients was 72.3% and
dropped to 33.3% in the asymptomatic subgroup.

4 | DISCUSSION

The significance of using the SARS-CoV-2 AgPOC in hospitals re-
mains unclear. It seems to be a useful tool for quickly identifying
infected patients and it may improve the clinical management of the
patient and prevent the spread of the infection within the hospital.
But our study questioned the place that it has been accorded in the
medical diagnostic landscape when performed at hospitals.

The present work is one of the first studies conducted in a
hospital setting that focuses on patients who need to be hospitalized
but are not restricted to the emergency unit. A major strength of our
study is that more than 4400 patients were included, representing
one of the largest studies to date in a hospital setting within a low
prevalence context. Moreover, the study was performed in real-life

MEDICAL VIROLOGY

= Emergency Unit (n = 3004)

= Medical Unit (n=574)
Surgery Unit (n = 218)

= Intensive care Unit (n = 92)

= Gynecological emergency Unit / Maternity ward (n = 537)

conditions; it involved highly experienced testing personnel, and the
well-functioning logistics and standardized procedures enabled us to
adequately evaluate AgPOC performance.

As reported in a number of studies covering a variety of study
populations, we also reported a high specificity of the Panbio™ assay
when compared with NAAT. In contrast to other studies, however,
the overall sensitivity was low just at 45.8%.°7 It was weaker than

2387 and below the required

reported in most published studies
performance level,” which is unacceptable especially in a hospital
setting. However, data on the sensitivity were extracted from studies
that vary in design, population, sample type, and especially pre-
valence (ranging from 5% to 100%).>° In contrast to our work, in
most studies AgPOC tests are collected on nasal swabs by non-
trained people or self-collection, which perform considerably worse
than nasopharyngeal taken by trained healthcare workers as under-
lined by Lee et al.’® (around 15% of difference in the percentage
positive detection rate between NP vs. nasal swab). This suggests
that our sensitivity is even better than expected if the study was
carried out with nasopharyngeal molecular methods vs AgPOC with
nasal. A similarly low sensitivity was observed regarding symptomatic
and asymptomatic subgroups in our study. The low sensitivity in the

3,11-14 and

asymptomatic subgroup was also observed in other studies
this lack of sensitivity of rapid antigen diagnostic tests has been
known for many years for the influenza virus.*® The high NPV and
low PPV observed in the asymptomatic subgroup can be explained by
the low prevalence as previously highlighted.”*>*¢ Thus, in asymp-
tomatic patients, SARS-CoV-2 AgPOC does not currently appear
sufficient for properly identifying the infected patients due to a sig-
nificant risk of false positives, resulting in inadequate diagnosis and
inappropriate decisions for the patient. A positive antigenic test in a
patient with low clinical suspicion should therefore be confirmed by
RT-PCR.

In contrast, a negative AgPOC in patients with low clinical sus-
picion cannot completely exclude the presence of SARS-CoV-2 in-
fection. Due to the high contagiousness of the SARS-CoV-2, a single
false-negative result can have serious consequences for the spread of
the infection in a hospital unit.

Subsequently, AgPOC's performance appeared to be better in
patients with high viral loads (cycle threshold values <25),°> which
usually occurs during the presymptomatic period (<3 DAOS with a
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TABLE 1 Performance of Panbio™ COVID-19 Ag rapid test
compared with NAAT gold standard method (Aptima® SARS-CoV-2
assay)

Aptima® SARS-CoV-2 assay (NAAT)

Positive Negative Total
Panbio™ COVID-19 Ag rapid test results
Overall
Positive 86 (1.9) 33 (0.75) 119 (2.7)
Negative 102 (2.3) 4204 (95) 4306 (97.3)
Total 188 (4.2) 4237 (95.8) 4425 (100)
Asymptomatic
Positive 8(0.2) 16 (0.4) 24 (0.7)
Negative 20 (0.6) 3445 (98.8) 3465 (99.3)
Total 28 (0.8) 3461 (99.2) 3489 (100)
Symptomatic
Positive 78 (8.3) 17 (1.8) 95 (10.1)
Negative 82 (8.8) 759 (81.1) 841 (89.9)
Total 160 (17.1) 776 (82.9) 936 (100)
<4 DAOS (National
guidelines)
Positive 52 (7.5) 13 (1.9) 65 (9.4)
Negative 28 (4.1) 597 (86.5) 625 (90.6)
Total 80 (11.7) 610 (88.4) 690 (100)
>5 DAOS
Positive 26 (10.6) 4 (1.6) 30 (12.2)
Negative 54 (21.9) 162 (65.9) 216 (87.8)
Total 80 (32.5) 166 (67.6) 246 (100)

Panbio™ COVID-19 Ag rapid test performance, % (95% Cl)

Overall (n = 4425)

Sensitivity 45.8 (38.8-52.9)
Specificity 99.2 (98.9-99.4)
PPV 72.3 (63.6-79.5)
NPV 97.6 (97.1-98)

Asymptomatic

(n = 3489)
Sensitivity 28.6 (15.2-47.1)
Specificity 99.5 (99.3-99.8)
PPV 33.3 (17.9-53.3)
NPV 99.4 (99.1-99.6)

Symptomatic

(n = 936)
Sensitivity 48.8 (41.1-56.4)
Specificity 97.8 (96.5-98.6)

TABLE 1 (Continued)

Aptima® SARS-CoV-2 assay (NAAT)
Positive Negative Total

PPV 82.11 (73.2-88.5)

NPV 90.3 (88.1-92.1)

<4 DAOS = National guidelines
(n = 690)

Sensitivity 65.0 (54.1-74.6)

Specificity 97.9 (96.4-98.8)

PPV 80.0 (68.7-87.9)

NPV 95.5 (93.6-96.9)

>5 DAOS (n = 246)

Sensitivity 32.5 (23.2-43.4)
Specificity 97.6 (94-99.1)
PPV 86.7 (70.3-94.7)
NPV 75 (68.8-80.3)

Note: All data are described in absolute (n) and percentage (%) values.

Abbreviations: Cl, confidence interval; DAOS, days after the onset of
symptoms; PPV, predictive positive value; NPV, negative predictive value.

sensitivity close to 80%) * and the early symptomatic phases of the
disease (within the first week after symptom onset),>'” but not be-
yond that time because of an unacceptable sensitivity.'"'® We,
therefore, considered the French national guidelines to assess whe-
ther they improve the performance of AgPOC in hospital settings.
Even if sensitivity increased substantially to 65% in symptomatic
patients with a symptom duration <4 days, this level remains low and
below WHO requirements.® Moreover, in cases of symptomatic pa-
tients with symptoms older than 5 days or more, sensitivity dropped
drastically to 32.5% with a significant number of false-negative re-
sults. Caramello et al. also found that false-negative patients were
tested later after the symptom onset with a median of 6 days*® and a
recent meta-analysis showed the usefulness of these tests when they
are used for patients within 5 days of symptom onset.®> Taken as a
whole, these previous studies and our own have shown that AgPOC
sensitivity is inversely correlated with symptom duration. Our results
support fears about the widespread use of AgPOC, especially in
hospitals settings as previously raised by a small number of other
authors.”*? Considering this weakness, and despite their ease of use,
their rapidity, and their low cost in comparison with molecular assays,
AgPOC use should be reassessed. Use in the hospital setting should
be subject to a restrictive algorithm that takes into account the
symptoms and the time to onset of clinical symptoms. In this light, we
have demonstrated the added value of AgPOC in hospital settings
only for unplanned hospitalization in patients who have been
symptomatic for less than 5 days. This diagnostic tool should there-

fore be used carefully in the hospital setting.
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