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ABSTRACT

Introduction: Detection strategies in vulnera-
ble populations such as people experiencing
homelessness (PEH) need to be explored to
promptly recognize severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) out-
breaks. This study investigated the diagnostic
accuracy of a rapid SARS-CoV-2 Ag test in PEH
during two pandemic waves compared with

gold standard real-time multiplex reverse tran-
scription polymerase chain reaction (rtRT-PCR).
Methods: All PEH C 18 years requesting resi-
dence at the available shelters in Verona, Italy,
across two cold-weather emergency periods
(November 2020–May 2021 and December
2021–April 2022) were prospectively screened
for SARS-CoV-2 infection by means of a naso-
pharyingeal swab. A lateral flow immunochro-
matographic assay (Biocredit� COVID-19 Ag)
was used as antigen-detecting rapid diagnostic
test (Ag-RDT). The rtRT-PCR was performed
with AllplexTM SARS-CoV-2 assay kit (Seegene).
Sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) were
calculated as measures for diagnostic accuracy.
Results: Overall, 503 participants were enrolled
during the two intervention periods for a total
of 732 paired swabs collected: 541 swabs in the
first period and 191 in the second. No signifi-
cant differences in demographic and infection-
related characteristics were observed in tested
subjects in the study periods, except for the rate
of previous infection (0.8% versus 8%;
p\0.001) and vaccination (6% versus 73%;
p\0.001). The prevalence of SARS-CoV-2 in
the cohort was 8% (58/732 swabs positive with
rtRT-PCR). Seventeen swabs were collected from
symptomatic patients (7%). Among them, the
concordance between rtRT-PCR and Ag-RDT
was 100%, 7 (41.2%) positive and 10 negative
pairs. The overall sensitivity of Ag-RDT was
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63.8% (95% CI 60.3–67.3) and specificity was
99.8% (95% CI 99.6–100). PPV and NPV were
97.5% and 96.8%, respectively. Sensitivity and
specificity did not change substantially across
the two periods (65.1% and 99.8% in
2020–2021 vs. 60% and 100% in 2021–2022).
Conclusions: A periodic Ag-RDT-based screen-
ing approach for PEH at point of care could
guide preventive measures, including prompt
isolation, without referral to hospital-based
laboratories for molecular test confirmation in
case of positive detection even in individuals
asymptomatic for COVID-19. This could help
reduce the risk of outbreaks in shelter facilities.

Keywords: COVID-19 Ag rapid test; Diagnostic
accuracy; Homeless; Vulnerable population

Key Summary Points

Few studies have been conducted on the
implementation of antigen-detecting rapid
diagnostic tests (Ag-RDTs) in congregated
homeless shelters.

This study assessed the performance of a
COVID-19 Ag test as a screening tool for
SARS-CoV-2 infection in people
experiencing homelessness (PEH) to guide
shelter access during cold-weather
emergency response plan.

The adoption of an Ag-RDT in this study was
not able to exclude SARS-CoV-2 infection.

Given the high specificity, the
implementation of this test in PEH
requesting a bed shelter can provide timely
information to confirm the infection in case
of a positive result, even in absence of
symptoms.

A periodic Ag-RDT-based screening approach
at point of care could help control the spread
of SARS-CoV-2 infection in PEH, thus
reducing the risk of outbreaks in shelter
facilities.

INTRODUCTION

People experiencing homelessness (PEH) are
particularly exposed to severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection
[1]. This is due to inadequate and overcrowded
living conditions in homeless shelters as well as
poor sanitary conditions and limited use of face
masks. Moreover, barriers to timely access to
healthcare services and high prevalence of
comorbidities compared to the general popula-
tion increase the risk of developing severe
coronavirus disease 2019 (COVID-19) [2–4].
SARS-CoV-2 infection prevalence in homeless
shelters was reported to be up to 67% in San
Francisco, California, USA, while in Italy it was
slightly above 8%. In both countries a large
proportion of asymptomatic cases was observed
[5, 6].

Although nucleic acid amplification tests
(NAATs)—such as real-time multiplex reverse
transcription polymerase chain reaction (rtRT-
PCR)—remain the gold standard for the diag-
nosis of SARS-CoV-2 infection, they are expen-
sive and time-consuming and require
specialized personnel and equipment [7]. Anti-
gen-detecting rapid diagnostic tests (Ag-RDTs)
in nasal swabs represent a quick, easy to use,
and less expensive alternative for the diagnosis
of SARS-CoV-2 infection at point of care [8]. In
particular, Ag-RDTs can help reduce further
transmission providing a timely result with
rapid isolation and contact tracing [9]. How-
ever, as for several other Ag-RDTs, there have
been many concerns regarding their sensitivity
and high rates of false-positive results (espe-
cially in settings with lower prevalence rates
and thus low pre-test probability) [9, 10]. The
European Centre for Disease Prevention and
Control agrees with the World Health Organi-
zation minimum performance criteria of C 80%
sensitivity and C 97% specificity. Ag-RDTs with
a higher specificity ([ 98%) are preferable for
first-line testing to reduce false-positive results
[11, 12]. The performance of the 400 commer-
cially available Ag-RDTs [13] varies in different
settings and according to the intended use of
the test (diagnosis, screening, surveillance).
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Diagnostic accuracy studies and detection
strategies in vulnerable, hard-to-reach popula-
tions such as PEH need to be explored to
promptly recognize outbreaks and avoid further
viral spread.

The aim of the study was to investigate the
diagnostic accuracy of a rapid SARS-CoV-2
antigen test used as a screening tool in PEH
during two pandemic waves compared with
gold standard rtRT-PCR.

METHODS

Study Population, Setting and Procedures

This study is part of a well-established SARS-
COV-2 surveillance program promoted by the
Municipality of Verona and the ORCHESTRA
project together with the University Hospital of
Verona, which targeted key populations to
ensure the rapid implementation of public
health strategies to contain the spread of SARS-
CoV-2. The study discussed in this article was
performed in the subgroup of the homeless.
During two periods starting from 16 November
2020 to 30 May 2021 and subsequently from 30
December 2021 to 20 April 2022, all
PEH C 18 years requesting residence at the
available shelters (cold-weather emergency
response plan) in Verona, Italy, were prospec-
tively screened for SARS-CoV-2 infection
regardless of the presence of symptoms. After
obtaining written informed consent, two
nasopharyngeal swabs (NPS) were collected
from each PEH by professional medical staff
trained in NPS techniques, according to manu-
facturer’s recommendations. One NPS was col-
lected to perform the Ag-RDT immediately at
point of care, and the other was delivered to the
Microbiology Unit of the University Hospital of
Verona to perform a rtRT-PCR assay. The fol-
lowing data were self-collected for each partici-
pant: demographic characteristics (age, sex,
nationality); previous SARS-CoV-2 infection
and/or vaccination; presence of current or pre-
vious (within 2 weeks) COVID-19 symptoms
and type: general body malaise, difficulty
breathing, headache, sore throat, running nose,

cough, loss of smell or taste, nausea/vomiting,
diarrhea, and body aches.

The purpose of administering the Ag-RDT
was to screen PEH requesting the assignment of
a shelter bed at the access point in Verona. The
screening was included in a package of services
provided by the Municipality of Verona and
Diocesan Caritas, an organisation of the Italian
Bishop’s Conference engaged in many welfare
activities including assistance to the homeless.
All subjects who tested positive on the Ag-RDT
were transferred to dedicated isolation centers
arranged by the Municipality of Verona. The
staff was responsible for the communication
with the shelter coordination team in order to
implement the official procedures for isolation,
protection measures, and contact tracing. The
Ag-RDT (index test) result was confirmed using
the rtRT-PCR considered the clinical reference
(comparator) assay for the diagnosis of SARS-
CoV-2 infection. The personnel who processed
and performed the rtRT-PCR was not aware of
the result (either positive or negative) of the Ag-
RDT.

The STARD (standard for reporting of diag-
nostic accuracy studies) statement was adopted
as a guideline for study design and reporting
[14].

SARS-CoV-2 Rapid Antigen Test

Biocredit� COVID-19 Ag was used as Ag RDT.
This is a lateral flow immunochromatographic
assay that adopts dual color system. The test
contains a colloid gold conjugate pad and
membrane strip pre-coated with antibodies
specific to SARS-CoV-2 Ag on the test lines. If
SARS-COV-2 Ag is present in the specimen, the
complexes between the anti-SARS-CoV-2 con-
jugate and the virus are captured by specific
monoclonal Ab (Ab-Ag-Ab gold conjugate
complexes), and a visible black band appears on
test line T. The control line (C) serves as a pro-
cedural control and should always appear if the
test is performed correctly (the sample volume
is correct, the membrane functioned correctly,
etc.). Reading is carried out at between 5 and
8 min. According to the manufacturer,
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Biocredit� COVID-19 Ag has been evaluated
compared to PCR as reference in three different
countries (Europe, South America, and Korea).
Overall, the results showed 100% specificity and
90.2 sensitivity (sensitivity range 80–96%) [15].

Molecular Detection of SARS-CoV-2

The detection of SARS-CoV-2 was carried out
using nasopharyngeal swabs collected from
patients using Copan Universal Transport
Medium (UTM-RT�) System (Copan Italia Spa,
Brescia, Italy). The samples were stored at 4 �C
and immediately processed after transport to
the laboratory.

The extraction of nucleic acids from samples
was carried out using a NIMBUS apparatus, and
the amplification and detection of specific
SARS-CoV-2 genes were carried out with All-
plexTM SARS-CoV-2 assay kit (Seegene, Seoul,
Korea) following the manufacturer’s instruc-
tions. This multiplex real-time RT-PCR assay
detects four viral targets simultaneously
including the E, N, RdRp, and S genes with the
RdRp and S revealed in the same fluorescence
channel. The Ct threshold was considered pos-
itive when Ct\40. All samples were analyzed
and interpreted by Seegene Viewer software
(Seegene), and the amplification curves could
also be visualized and analyszd during and after
the run [16].

Statistical Analysis

Means and standard deviations (SD) were cal-
culated for continuous variables, and frequency
tables and respective percentages were calcu-
lated for categorical variables. Significance of
differences between the two study periods were
evaluated by chi-square test or Fisher’s exact test
for categorical variables and t test for quantita-
tive variables. Measures for diagnostic test
accuracy were calculated as follows [17]:

– Sensitivity = [True Positives/(True Posi-
tives ? False Negatives)] 9 100.

– Specificity = [True Negatives/(False Posi-
tives ? True Negatives)] 9 100.

– Positive predictive value (PPV) = [True Posi-
tives/(True Positives ? False Positives)] 9
100.

– Negative predictive value (NPV) = [True
Negatives/(False Negatives ? True Negatives)] 9
100.

The PPV and NPV were calculated consider-
ing the officially reported prevalence of SARS-
COV-2 positivity in the same group age of
patients in the country in the two different
study periods [18]. All analyses were conducted
with STATA�, version 17.0 (StataCorp LP, Col-
lege Station, TX, USA).

Ethical Statement

Ethical approval for this study was obtained
from the ‘‘Comitato Etico delle Province di
Verona e Rovigo’’ (2948CESC). All procedures
were in accordance with the 1964 Helsinki
Declaration and its later amendments or com-
parable ethical standards. Informed consent was
obtained from all participants.

RESULTS

Overall, 503 participants were enrolled during
the two intervention periods for a total of 732
paired swab samples collected. All PEH referred
to the access point during the intervention
period agreed to undergo both Ag-RDT and
molecular tests. The majority (278, 55%) were
from sub-Saharan and Northern Africa. The
specimens included 541 swabs performed dur-
ing November 2020–May 2021 (corresponding
to the second pandemic wave in Italy) and 191
in the period December 2021–April 2022, dur-
ing the fourth pandemic wave (Table 1a and b).
Average age of subjects was 42 (SD 14) years. No
significant differences were reported from sub-
jects tested in the first intervention period
compared to the second, except for the rate of
previous infection (0.8 vs. 8%) and vaccination
(6% vs. 73%; p\ 0.001).

Among the 732 swabs collected, 58 resulted
positive with rtRT-PCR. Thus, the prevalence of
SARS-CoV-2 infection in the cohort was 8%.
Overall, 17/732 (2.3%) tests were performed on
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subjects reporting at least one COVID-related
symptom at the time of swab collection. More
participants (11/191, 6%) reported symptoms
during the period 2021–2022 (p\0.001).
Among the 17 symptomatic subjects, there was
a 100% concordance between rtRT-PCR and
Biocredit COVID-19 Ag (7 positive, 41.2%, and
10 negative pairs).

Table 2 shows the performance of the Bio-
credit� COVID-19 Ag compared with the refer-
ence rtRT-PCR. Overall, 21 false-negative
Biocredit COVID-19 Ag results occurred among
the specimens collected while only 1 false-pos-
itive result was observed. Sensitivity was 63.8%
(95% CI 60.3–67.3); specificity was 99.8% (95%
CI 99.6–100). PPV and NPV were 97.5% and
96.8%, respectively. Sensitivity and specificity

did not change substantially across the two
periods (65.1% and 99.8% in 2020–2021 vs.
60.0% and 100% in 2021–2022; Table 2).

The mean Ct value was 30.4 (SD 5.3) for the
RdRp/S viral targets, 30 (SD 5.3) for the E gene,
and 27.4 (SD 5.2) for the N gene. The mean
S/RdRp Ct value of Ag-RDT-positive samples was
29 (SD 4.7); for the Ag-RDT-negative samples,
the mean S gene Ct value was 35 (SD 3.8). To
speculate about the difference in SARS-CoV-2
detection by the Ag-RDT at different viral loads,
we assessed the sensitivity of the Ag-RDT at
three different Ct value ranges of S/RdRp viral
targets detected by the rtRT-PCR: B 20, 21–33,
and and[33 B 40. As shown in Table 3, the
false-negative results increase with higher Ct
values. Sensitivity ranges from 100% (95% CI

Table 1 Characteristics of individuals (a) and distribution of tests (b) across the two study periods, 2020–21 and 2021–22

a

Subjects Overall
(n = 503)

Period 2020–21
(n = 351)

Period 2021–22
(n = 178)

P

Male sex, N (%) 459 (91) 325 (93) 159 (89) 0.203

Nationality, N (%) 0.415

African 278 (55) 192 (55) 98 (55)

Italian 114 (23) 86 (25) 36 (20)

Other 111 (22) 73 (20) 44 (25)

Age, mean (SD) 42 (14) 43 (14) 41(14) 0.222

Previous diagnosis of SARS-CoV-2

infection, N (%)

– 3 (0.8) 14 (8) < 0.001

No previous vaccination, N (%) – 330 (94) 48 (27) < 0.001

b

NPS performed Overall
(n = 732)

Period 2020–21
(n = 541)

Period 2021–22
(n = 191)

P

rtRT-PCR positive, N (%) 58 (8) 43 (8) 15 (8) 0.887

Ag-RDT positive, N (%) 38 (5) 29 (5) 9 (5) 0.728

NPS on symptomatic subjects 17 (7) 6 (1) 11 (6) 0.001

rtRT-PCR pos; Ag-RDT pos 7 (41) 2 (17) 5 (55)

rtRT-PCR neg; Ag-RDT neg 10 4 6

rtRT-PCR; Ag-RDT non-concordant 0 0 0
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100–100%) to 32% (95% CI 28.5–35.5%) for
S/RdRP Ct\20 and[33 B 40, respectively.

DISCUSSION

This study assessed the analytical performance
of the Biocredit� COVID-19 Ag test as a
screening tool for SARS-CoV-2 infection in PEH
in order to guide shelter access during the cold-

weather emergency response plan. The study
was conducted in the context of public health
surveillance for SARS-CoV-2 of a vulnerable
population. Few studies focused on the imple-
mentation of Ag-RDTs in congregated homeless
shelters. Roland et al. reported a high propor-
tion of SARS-CoV-2 infection among asymp-
tomatic cases, highlighting the importance of
testing and isolation measures during the out-
break [19]. A pilot program was carried out in

Table 2 Overview of the results: performance of the Ag-RDT (index test) compared with the rtRT-PCR for SARS-CoV-2
(comparator)

rtRT-PCR positive rtRT-PCR negative Total

a. Overall

Ag-RDT positive 37 1 38

Ag-RDT negative 21 673 694

Total 58 674 732

b. Period 2020–2021

Ag-RDT positive 28 1 29

Ag-RDT negative 15 497 512

Total 43 498 541

c. Period 2021–2022

Ag-RDT positive 9 0 9

Ag-RDT negative 6 176 182

Total 15 176 191

a. Overall: sensitivity (exact 95% CI): 63.8% (60.3–67.3); specificity (exact 95% CI): 99.8% (99.6–100); PPV: 97.5%; NPV:
96.8%. b. Period 2020–2021: sensitivity (exact 95% CI): 65.1% (61.1–69.1); specificity (exact 95% CI): 99.8% (99.4–100);
PPV: 96.5%; NPV: 97.1%. c. Period 2021–2022: sensitivity (exact 95% CI): 60.0% (53.1–66.9); specificity (exact 95% CI):
100% (100–100); PPV: 100%; NPV: 96.6%
rtRT-PCR real-time reverse transcription polymerase chain reaction, Ag-RDT Antigen-Rapid Diagnostic Test

Table 3 Sensitivity and negative predictive value of the Biocredit� COVID-19 Ag test according to different ranges of the
viral target S/RdRp

Ct S/RdRp N samples FN TP Sens % (95% CI) NPV

B 20 2 0 2 100 (100–100) 100

21–33 31 4 27 87.1 (84.6–89.6) 98.9

[ 33 B 40 25 17 8 32 (28.5–35.5) 94.4

NPV was calculated based on the prevalence of SARS-CoV-2 in the cohort
Ct cycle threshold, RdRp RNA-dependent RNA polymerase, FN false negative, TP true positive, Sens sensitivity, NPV
negative predictive value
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San Francisco, California, offering an Ag-RDT to
both residents and staff of congregate-living
shelters. Following the pilot phase, the public
health department of San Francisco maintained
rapid testing in homeless shelters as an alter-
native to rtRT-PCR [20].

Overall, in our study the sensitivity of the
Ag-RDT was low and did not change across the
two intervention periods while the specificity
remained high Notably, almost 98% of the tests
were performed on asymptomatic individuals.
The prevalence of SARS-CoV-2 positive rtRT-
PCR results was around 8% in both intervention
periods.

Several studies have been published on the
diagnostic accuracy of Ag-RDTs at point of care,
reporting an overall suboptimal sensitivity and
high specificity [21–24].

Notably, these studies mainly included
symptomatic individuals. Authors highlighted a
clear association between the sensitivity (FN
rates) and sample viral load, with the Ct values
being significantly lower in the Ag-RDT-positive
specimens than in the negative ones. According
to the intended use of the index test, in our
study we mainly enrolled asymptomatic sub-
jects, and this could partly explain the
decreased sensitivity in our cohort. In accor-
dance with other reports, our study showed that
the number of Ct values was correlated with
sensitivity, reaching 85.7% sensitivity for S gene
Ct values\20. Lower Ct values (\20) have
been shown to be associated with infectivity
[25, 26] and with a higher probability of cul-
turing the virus [27]. Therefore, detecting sub-
jects with a higher viral load (lower Ct values),
despite being asymptomatic, could help in
identifying those individuals who are at higher
risk of being infectious.

The latest recommendations on the imple-
mentation of the Ag-RDT testing program
[8, 11, 12] suggest that Ag-RDTs should be used
mainly in symptomatic cases. They can be use-
ful for testing asymptomatic individuals only
when the positivity rate is C 10%. Administer-
ing Ag-RDTs in a lower prevalence setting could
likely result in lower prediction values; how-
ever, high PPV rates were achieved in our
cohort. On the other hand, the challenge rep-
resented by the low sensitivity could be

addressed by adopting the so-called ‘‘test, re-
test, re-test’’ strategy. This strategy, less expen-
sive and easier to implement compared to one
RT-PCR run if the first Ag-RDT is negative, may
reduce the probability of false-negative results
[28].

The intervention periods of our study corre-
spond to different COVID-19 pandemic waves.
According to the epidemiological data released
by the national Italian authorities, during the
first study period, the alpha variant was the
main one in circulation, while during the sec-
ond period, the omicron variant was dominant
[18]. Moreover, also due to the roll-out of the
COVID-19 vaccination campaign in Italy, the
rate of PEH vaccinated for SARS-CoV-2 during
the second period was remarkably higher com-
pared to 1 year before (6% vs. 73%). Our results
show that the performance of Ag-RDTs for the
diagnosis of SARS-CoV-2 infection was not
affected by the viral variant or vaccination
status.

The study has some limitations. As per the
study design, a NPS was performed as a screen-
ing for the access to the shelter but it was not
systematically repeated during or after the stay,
thus precluding any consideration of the effi-
cacy of the ‘‘test, re-test, re-test’’ strategy. Fur-
thermore, a detailed description of the
population in terms of comorbidities was not
provided.

CONCLUSIONS

Considering the low cost, ease of use, and
turnaround time, from a public health per-
spective our findings suggest that Ag-RDTs can
be useful for specific population screening pro-
grams, especially in high-prevalence settings or
when the epidemic curve rises. This study sug-
gests that detecting asymptomatic subjects with
a higher viral load could be crucial to identify
those individuals who are at higher risk of being
contagious and allow for early intervention in
terms of public health measures. Considering
the low rate of false-positive results, a periodic
Ag-RDT-based screening approach at point of
care could reliably guide preventive measures,
including prompt isolation without referral to
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hospital-based laboratories for molecular test
confirmation in case of positive results. This
could help control the spread of SARS-CoV-2
infection in this vulnerable population, thus
reducing the risk of outbreaks in shelter
facilities.
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