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ABSTRACT

Background: Healthcare workers (HCW) are at increased risk of being infected with SARS-CoV-2; while PCR
test remains gold standard for diagnosis of COVID19 infection, antigen based rapid detection tests have been recently
approved by OMS. Methods: e pooled data on occupational surveillance of 6,397 asymptomatic HCW and other
employees who were tested for SARS-CoV-2 infection at the University Hospital in Bologna using rapid antigen
test between November 16, 2020 and January 29, 2021. Findings: A total of 17,993 rapid tests were performed, of
which 704 for contact with an infected person and 17,289 for voluntary screening. Among 17,732 tests with valid
results, 87 tested positive (0.49%) and 17 weakly positive (0.10%). The sensitivity of the antigenic test was 88.6%
(81.1-96.1), the specificity was 93.4% (89-97.8), the positive predictive value, given a prevalence of infection of

42.1%, was 90.7% (84.8-96.6).

INTRODUCTION

In January 2020 a new coronavirus, SARS-
CoV-2, was isolated for the first time in the city of
Wauhan, the capital of Hubei province, after many
cases of atypical pneumonia diagnosed during the
last months of 2019. The virus spread quickly all
over the world causing an increasing number of
COVID-19 cases and resulting in the most impor-
tant problem in terms of public health and social-
economic impact due to an infectious disease in the

last 100 years.
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From the beginning of pandemic spread to
22 March 2021, more than 120 million cases of
COVID-19 were counted globally, including more
than 2.7 million deaths. During the same period,
more than 3.3 million cases and more than 120,000
deaths were recorded in Italy (1). During the last
year, many public health interventions were imple-
mented to stop viral spread, including lockdown,
contact tracing, quarantine and home isolation, but
the single most important action to stop viral trans-
mission is the early detection of cases, in order to
isolate them and break the chain of transmission.
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This highlights the importance of highly sensitive
and specific tests, that are crucial to identify and
manage COVID-19.

Real time reverse transcription polymerase chain
reaction (RT-gPCR) tests in respiratory mucosa
samples are the operational gold standard for de-
tecting SARS-CoV-2 infection disease in clinical
practice (2, 3). In performing the RT-qPCR, the in-
dicator of detectable amplification of the viral RNA
is graphically known as quantitation cycle, com-
monly reported as cycle threshold value (CT) (4).

Different CT values have been used for the di-
agnosis of COVID-19, ranging between 16.9 and
38.8 for various clinical samples. Although CT
values < 40 are generally recommended as indica-
tor of SARS-CoV-2 RNA positivity, some Authors
reported that samples with CT values > 33.33 or 35,
or 2 39.2 or 40 could be considered as negative [5].

Some aspects related to CT remain unclear: in-
deed, many authors highlighted a relationship be-
tween CT and clinical and infectious pattern (6).

While PCR test remains the gold standard for
diagnosis of SARS-CoV-2 infection, antigen based
rapid detection tests or point of care tests have been
approved by the World Health Organization (7)
and are of widespread use. These methods were con-
ceived to detect SARS-CoV-2 virus particles using
immunoassays (8), in particular focused on coro-
navirus NP, predominant virus-derived structural
protein, released in large amounts into serum, naso-
pharyngeal aspirate, throat wash samples, fecal ma-
terial, and urine during the early period of infection
(9). Antigen tests are performed on nasopharyngeal
or nasal swab specimens placed directly into the as-
say’s extraction buffer or reagent. Recently, antigen
tests based on saliva samples have been introduced.

The clinical performance of antigen diagnostic
tests largely depends on the circumstances in which

Table 1. Results of antigenic tests

they are used. Both antigen tests and nucleic acid
amplification tests (NAATSs) perform best on pa-
tients with high viral load. They also may be par-
ticularly informative in circumstances of known
exposure to an infected person, in which a result is
rapidly needed.

Accuracy of immunoassay tests is not fully un-
derstood because information regarding sensitivity
and specificity are limited to those reported by man-
ufacturing companies. Indeed, only few Authors re-
ported some information about test performance
comparing antigenic and RT-qPCR test results in
the same patient (10).

'The objectives of the present study are to analyze
the prevalence of antigenic test positivity by period
of time, and to calculate the accuracy of the test us-

ing RT-qPCR test as reference.
METHODS

Starting on November 16,2020, at the Sant’Orsola
Malpighi University Hospital in Bologna, Emilia-
Romagna region, we started testing asymptomatic
health care workers (HCW) and other asympto-
matic employees using the SARS-CoV-2 Rapid
Antigenic Swab (SARS CoV-2FLUO - 63181-
Liaison Diasorin).

The program consisted of two different parts: (i)
test following high-risk contact with patient or col-
league, with the test performed 3-4 days after the
contact, and a RT-qPCR test 10 days after the con-
tact; (ii) screening on a voluntary basis of HCW and
other employees every 15 to 30 days depending on
the specific risk of the unit of employment. Tests
were carried out between November 16, 2020 and
January 29, 2021.

Results of the tests were classified as positive

(cut-off index [COI]>10 units), weakly positive

Contact Antigenic Swab Screening Antigenic Swab Total Antigenic Swab
Positive 11 76 87
Low Positive 4 13 17
Uninterpretable Result 7 211 218
Invalid 2 41 43
Negative 680 16948 17628
Total Results 704 17289 17993
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Figure 1. Operating Protocol
(3<COI<10 wunits), uninterpretable (1<COI<3

units), and negative (COI<1 unit). The measures re-
sulting from the results provided by the microbiol-
ogy laboratory are shown in Figure 1. For subjects
that performed one or more RT-qPCR tests after
the antigenic test, the result of the first RT-qPCR
test after the antigenic test were also collected.
Prevalence of positivity of antigenic test, includ-
ing its 95% confidence interval (CI), was calculated
by time period and reason for the test; specificity of

the antigenic test was calculated using the result of
RT-qPCR test as gold standard.

REsuLTS
From November 16, 2020 to January 29, 2021
a total of 17,993 antigenic tests were performed

among 6,397 workers, of which 704 for high-risk

contacts and 17,289 for voluntary screening.

Table 2. Rate of positivity by month

A total of 43 samples were found to be inva-
lid and excluded from the analysis. Among the
remaining 17,950 samples, 87 tested positive and
17 weakly positive; and 218 results were not inter-
pretable.

While the overall positivity was 0.58% (95% CI
0.49-0.67), this proportion was higher among sub-
jects tested in December 2020 (0.84%), especially
when the test was conducted following a high-risk
contact (2.95%). In January 2021, the positivity
dropped to 0.38% (Table 2).

Results on both RT and qPCR and antigenic test
were available for 209 subjects with positive or unin-
terpretable RT result (Table 3). Considering unin-
terpretable results as negative, the sensitivity of the
antigenic test was 88.6% (95% CI 81.1-96.1), the
specificity was 93.4% (95% CI 89-97.8), the positive
predictive value, given a prevalence of infection of
42.1%, was 90.7% (95% CI 84.8-96.6).

Contact Antigenic Swab Screening Antigenic Swab Total Antigenic Swab
November 0/2 (0%) 1/1324 (<0.1%) 1/1326 (<0.1%)
December 14/474 (2.95%) 58/8074 (0.72%) 72/8548 (0.84%)
January 1/228 (0.44%) 30/7891 (0.38%) 31/8119 (0.38%)
Total 15/704 (2.13%) 89/17289 (0.51%) 104/17993 (0.58%)
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Table 3. Comparison of antigenic and RT-qPCR test results

Result of antigenic test

Result of RT-qPCR test

Positive* Negative Total
Positive* 78 8 86
Uninterpretable 10 113 123
Total 88 121 209

* Including weakly positive

Discussion

HCWs have been exposed to numerous risks
during this pandemic; hazards include pathogen ex-
posure, long working hours, psychological distress,
fatigue, burnout, stigma, and physical and psycho-
logical violence. All health personnel should be alert
to the risk of COVID-19 in a wide variety of oc-
cupations, and not only HCWs. These occupational
groups can be protected by good infection control
practices (11).

During the first epidemiological wave of the COV-
ID-19 epidemic in Italy in spring 2020, PCR tests
were limited to symptomatic HCWs, and eventually
also to HCWs reporting a contact, while screening
for asymptomatic HCW with no risk contacts was
not available due to shortage of these tests. Early re-
ports on prevalence and determinants of infection
were therefore based on results of PCR tests (12).

In another Italian seroprevalence study, no dif-
ferences in seropositivity were observed by sex,
while older HCWs had higher positivity than other
groups, and nurses had higher positivity compared
to physicians, but not other HCWs (13).

In the current emergency context, the early iden-
tification of subjects affected by COVID-19 is es-
sential for the control of the infection, as well as for
the assistance and treatment of confirmed cases (14).

Several strategies have been proposed, includ-
ing point-of care tests such as antigenic rapid as-
says. It is important to point out that the success
of each strategy is profoundly impacted by the pre-
test probability of the infection. It is essential that
the evaluation of the infection also takes into ac-
count the symptoms, to complement the result of
diagnostic tests: negative results cannot exclude
infection if the patient is experiencing Covid-like
symptoms (15).

Since the end of 2020, the antigenic test has be-
come increasingly important, because of speed of ex-
ecution and result, excellent sensitivity in the initial
viral phase of the infection and excellent specificity
in the final phase of infection (a phase in which the
PCR test can detect numerous false positives (16-
18). Starting in January, 2021, results of antigenic
test has been considered sufficient for a molecular
diagnosis of COVID-19 (19).

One of the main strengths of this study lies in the
fact that it is based on a database of about 18,000
antigenic swab results carried out in less than 3
months, in the midst of the second epidemiological
wave of COVID-19, on asymptomatic HCWs and
other employees.

'The positivity rate found was rather low, reach-
ing its peak in December 2020 (0.84%); during the
same period of the year, according to data from the
Italian government, in the Emilia-Romagna region
the positivity rate for all swabs performed (includ-
ing PCR tests) ranged from 5% to 13% [20]; while
these latter figures reflect the prevalence in a high-
risk population, the prevalence estimated from our
data is closer to that of the unselected population of
the region.

Another reason why there is an underestimation of
the prevalence is that as of November 16, 2020, 210
employees had already been infected with SARS-
CoV2 and therefore were less likely to reinfect.

Estimating an infection rate among the asymp-
tomatic population of the Emilia Romagna region
equal to that found in December among HCWs
(0.84%), in the months of November and Decem-
ber we would have an estimate of just over 30,000
additional cases to those already registered.

During these 2 months, from the data of the
Civil Protection we recorded about 120,000 posi-
tive swabs in the region, which correspond to about
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60,000 new cases of infection (considering an av-
erage of 2 positive swabs for each case confirmed
before healing).

Finally, taking into account that a large percentage
of positive molecular swabs refers to close asympto-
matic contacts, we can conclude that during those 2
months, at the height of the epidemiological wave,
66.7% of about 90,000 cases were intercepted (the
remaining 33.3% would have been recognized only
by testing the screened population) and the ratio be-
tween symptomatic and asymptomatic tends to 1.

The PCR test, recognized as the gold standard,
has a sensitivity around 95% in the first 5 days af-
ter symptom onset and has an estimated specificity
of >99% (21).

We estimated a sensitivity of the antigenic test of
88.6%; this value is likely to be an underestimate of
the real sensitivity of the test, as it was not calculated
on the basis of negative results but on “uninterpret-
able results” value in the antigen test.

In the scientific literature, a good sensitivity of
the test is also described (72.6%) (22), especially in
the initial phase of infection (viral phase), where
in consideration of the higher viral load it is more
likely to detect the viral antigen; the nasopharyngeal
COVID-19 antigen test performed at point-of-care
is highly sensitive in symptomatic patients, particu-
larly with CT<30 and older age. The test is useful
to identify asymptomatic patients with lower CT
values and therefore at risk of being contagious (23).

We found a specificity of the antigenic test of
93.4%, a result in line with the literature.

In other studies, COVID-19 Ag Rapid Test had
100% specificity, and a sensitivity above 95% for na-
sopharyngeal samples when using CT-values <32
cycles as cut-oft for RT-qPCR test positivity (24).

In another study, specificity was 100%, overall
sensitivity was 72.6% and 95.2% when using a CT-
value of 32 as cut-off (22).

Our findings suggest that large-scale SARS-
CoV-2 Ag based testing can be considered for de-
tecting potentially infective individuals and reduc-
ing the virus spread (10).

A limitation of this analysis lies in not having
been able to have the CT values of the molecular
swabs; the number of PCR amplifications is in fact
an indirect and inversely proportional value of the

viral load and having this data available could have
given us the possibility of having a correlation be-
tween the positivity of the test and the value of CT,
as a semi-quantitative measure of the viral load pre-
sent in the sample (6).

Another limitation of the study concerns the
fact that it has no data on the variants of the vi-
rus that raged all over the world at the beginning of
2021; however as regards the English variant (VOC
202012/01, lineage B.1.1.7), an assessment by Pub-
lic Health England found that five SARS-CoV-2
rapid antigen tests evaluated were all able to suc-
cessfully detect the variant; for South African and
Brazilian variants no evaluation studies have been
carried out to confirm that test performance is not
affected, but no major performance deficits are an-
ticipated (25).

Lastly, the limitation on the study design, having
this research performed PCR confirmatory test only
on positive ones, leads to subsequent potential risk
of spreading of the infection by asymptomatic/false
negative subjects.

Although the number of asymptomatic HCW
positive for SARS-CoV-2 detected with the RT was
modest (N=88), they represented a potential source
of outbreak both in and outside the workplace.
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