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 Background: Education was significantly affected by the coronavirus disease 2019 (COVID-19) pandemic, caused by the 
SARS-CoV-2 virus. Online learning affects the quality of learning as well as the mental health status of stu-
dents. Regular screening for COVID-19 may be crucial to provide practical classes during the pandemic. The 
present study aimed to analyze the usefulness of rapid antigen tests for on-campus COVID-19 screening in re-
al-life conditions at a medical university in Poland.

 Material/Methods: This screening study was carried out among students attending practical classes at the Medical University of 
Warsaw, Poland between November 15 and December 10, 2021, during which a series of rapid antigen tests 
(Panbio™ COVID-19 Ag Rapid Test Device, nasal) were performed by healthcare professionals (nurses). Out of 
104 student groups selected for the study (n=1847 students), 423 individuals from 63 student groups were 
tested at least once (22.9% response rate). A total of 2295 samples were collected.

 Results: Among the participants, 3.4% (n=15) had positive test results. Out of 15 COVID-19 cases, 14 were vaccinated. 
At least 1 positive COVID-19 case was detected in 8 student groups. In 3 student groups, we observed ³2 in-
fections that occurred at intervals, which may suggest student-to-student SARS-CoV-2 transmission.

 Conclusions: This study produced real-world data from a COVID-19 screening study and confirmed the usefulness of the 
rapid antigen test (Panbio™ COVID-19 Ag Rapid Test Device nasal) for on-campus COVID-19 screening prior to 
practical classes. Maintaining a high percentage of participants is crucial to ensuring the effectiveness of on-
campus COVID-19 screening.
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Background

The coronavirus disease 2019 (COVID-19) pandemic has sig-
nificantly affected global health [1,2]. Key areas of everyday 
life such as education, health, culture, and entertainment 
have been significantly limited due to anti-epidemic measures 
worldwide [1-3]. In 2020, most governments decided to tem-
porarily close educational institutions to mitigate the spread 
of COVID-19 [3,4]. According to United Nations Children’s 
Fund (UNICEF) estimates, more than 1 billion learners are at 
risk of falling behind due to school closures in response to the 
COVID-19 pandemic [3]. Lockdown measures, such as closure 
of public premises, limiting gatherings, and travel restrictions 
have also had a marked impact on higher education [5,6]. In re-
sponse to the anti-epidemic measures, higher education insti-
tutions replaced face-to-face learning with online learning [4].

Medical universities are an example of educational facilities 
that were significantly affected by the COVID-19 pandemic [7]. 
Practical classes were suspended, and most of the classes dur-
ing the academic year 2020/2021 were online [3,4]. Practical ed-
ucation is a crucial part of medical education. Consequently, for 
practical classes, online learning should be applied with caution.

Poland is one of the most populous countries in the European 
Union (EU) [8]. According to the Central Statistical Office, there 
are approximately 1.2 million students enrolled in Poland, of 
which 100 000 are international students [9]. The incidence of 
COVID-19 and death toll from COVID-19 in Poland are among 
the highest in the EU [8,10]. The first laboratory-confirmed 
COVID-19 case was reported on March 4, 2020 [10]. On March 
12, 2020, educational institutions in Poland (including univer-
sities) were obligated to implement online learning [10]. On 
May 21, 2020, based on the amendment to the law, univer-
sities had the possibility of stationary education in selected 
practical fields [10,11]. However, most of the practical classes 
remained suspended [11]. In the academic year 2020/2021, 
most of the universities had implemented online learning or 
hybrid education (a mix of stationary classes and e-learning, 
but most of the classes were online). On October 1, 2021, sta-
tionary classes (including practical classes) were resumed [11].

Numerous studies showed that online learning has a negative 
impact on the quality of learning, examinations, and experien-
tial learning of international students, as well as lifestyle hab-
its and mental health status of university students [12-14]. It 
is estimated that approximately 40% of students in Poland 
developed emotional distress during COVID-19 lockdown [12]. 
Findings from a study carried out among medical students in 
Poland showed that 70% of students indicated the lack of in-
teractions with patients as the main disadvantages of online 
learning [13]. Moreover, online learning was considered sig-
nificantly less effective than face-to-face learning in terms of 

increasing skills and social competencies [13]. Evidence-based 
strategies to provide practical classes during the COVID-19 
pandemic are needed to maintain a high level of medical ed-
ucation [7].

To provide safe re-opening of educational institutions, differ-
ent anti-epidemic strategies were implemented worldwide [15]. 
Most of the strategies are based on basic preventative mea-
sures such as mask wearing, sanitization, and enforcement of 
social distancing [5,6,15]. However, some universities oblige 
students to show proof of vaccination, recovery, or testing to 
attend in-person classes (eg, an EU COVID Certificate) [16]. 
Previously published data showed that screening testing can 
be an important prevention strategy to limit the spread of 
COVID-19 in in-person education settings [16-18]. COVID-19 
Campus Testing Programs (including point-of-care rapid anti-
gen screening) were launched in numerous universities in the 
EU as well as in the United States [16,17,19,20].

As of March 2022, according to Polish law, universities or em-
ployers do not have a right to verify the COVID-19 vaccination 
status (eg, EU COVID Certificate) of students or employees (in-
cluding academic teachers, assistant staff) [6,10,11]. Moreover, 
COVID-19 vaccination is voluntary, even among healthcare 
professionals [21]. Therefore, anti-epidemic strategies at the 
universities in Poland are mostly based on hand hygiene, face 
mask wearing, and social distancing [6,10].

Medical students can be considered as a high-risk group and 
may be a source of numerous epidemic clusters in different 
hospital wards. Infected student can transmit SARS-CoV-2 infec-
tion to patients, healthcare workers, education sector workers, 
or other students [22]. Real-life data on SARS-CoV-2 transmis-
sion among medical students are needed to assess the poten-
tial risk of SARS-CoV-2 transmission among medical students.

Universal COVID-19 screening of both symptomatic and as-
ymptomatic healthcare workers was implemented in numer-
ous countries (including Poland) [23-25]. However, there are 
limited data on COVID-19 screening in medical students at-
tending practical classes. Regular screening for COVID-19 may 
be crucial to provide practical classes during the COVID-19 
pandemic. During the pandemic, none of the medical univer-
sities in Poland had introduced universal access to COVID-19 
tests. Public acceptance and effectiveness of using rapid anti-
gen tests as a method of screening medical students has not 
been sufficiently investigated.

The aim of this study was to analyze the usefulness of rap-
id antigen tests such as the Panbio™ COVID-19 Ag Rapid Test 
Device (nasal) for on-campus COVID-19 screening in real-
life conditions at the Medical University of Warsaw, Poland. 
Particular attention was paid to analyzing the willingness of 
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medical students to participate in voluntary COVID-19 screen-
ing, as well as the occurrence of infections within individual 
groups attending practical classes.

Material and Methods

Ethics

The study protocol was approved by the Ethics Board at the 
Medical University of Warsaw, Warsaw, Poland (approval num-
ber: KB/165/2021). Participation in the study was voluntary, 
anonymous, and free of charge. All participants gave written 
informed consent before participation in the study.

Study Design and Participants

This screening study was carried out among students attend-
ing practical classes at the Medical University of Warsaw, be-
tween November 15 and December 10 2021.

The list of eligible students (entire student groups) was deter-
mined based on the timetables published by the university. Out 
of all student groups at the Medical University of Warsaw, 104 
student groups with a total number of 1847 students were el-
igible to participate in the study. On average, there were 20-
22 subjects in each medical or dental student group, 8 sub-
jects in the nursing student group, and 10-12 in the dental 
hygiene student group.

Inclusion criteria: All students attending practical classes be-
tween November 15 and December 10, 2021, were eligible 
(for at least 3 weeks).

Exclusion criteria: refusal to participate in the study or lack of 
written informed consent.

All student groups eligible for the study received an invitation 
to participate in the study, with basic information about the 
study procedures provided by e-mail.

The timeframe was based on previous experience from the 
COVID-19 pandemic in Poland (number of COVID-19 cases in 
the same period in 2020) as well as epidemic forecasting that 
suggested the fourth wave of the COVID-19 pandemic in Poland 
will be observed during the last 2-3 months of 2021 [8]. This 
study was carried out 1 month after re-opening of universities 
in Poland. Due to the high COVID-19 incidence rate in Poland, 
from November 24, 2021, additional swabs were offered to stu-
dents who presented clinical symptoms of COVID-19/suspect-
ed COVID-19 and had classes at the Medical Campus (Banacha 
Street). Except the 104 student groups selected to take part 
in the study, 25 students (11 dietetics students; 10 pharmacy 

students; 2 students of medical analytics, and 1 public health 
student) who presented clinical symptoms of COVID-19/sus-
pected COVID-19 and had classes at the Medical Campus were 
included in the study.

Settings

The study was carried out at 7 hospitals carrying out practi-
cal classes for students at the Medical University of Warsaw. 
Initially, 9 hospitals were planned to be included, but in 2 hos-
pitals the director of the unit did not agree to conduct the 
study on the premises of the hospital. In total, 7 testing points 
were launched. The working hours were established in con-
sultation with the students and hospital staff to ensure avail-
ability of the testing point for the participants. Students who 
had classes in 2 hospitals where it was not possible to des-
ignate a testing point could be tested at 2 other sites partici-
pating in the study. The working hours of the points in these 
2 hospitals were extended to allow students from other hos-
pitals to travel to the point. Out of 1847 students invited to 
take part in the study, 83% (n=1538) had access to testing 
points at the hospital where they were taking practical class-
es for the duration of the study. The testing points were lo-
cated in places easily accessible to students, and each testing 
point was appropriately marked.

A local coordinator (head nurse of the hospital or the chief 
epidemiological nurse) was appointed for each of the 7 sites 
included in the study. The local coordinator was responsible 
for the organization of the study at a given hospital including 
designating a testing point in the facility, recruiting nurses re-
sponsible for collecting material (nasal swabs), and recruiting 
study assistants responsible for entering the results into the 
study database. Before the start of the study, coordinators and 
study nurses were trained in the study protocol, rules for ob-
taining informed consent, requirements of sample collection, 
and test result interpretation.

Recruitment – Screening Organization Model

Participation in the study was voluntary. According to Polish 
law, a mandatory COVID-19 test at the university may be car-
ried out as a part of epidemiological surveillance (eg, testing 
the entire group of students in which a positive case was de-
tected) [10,11]. However, due to the lack of legislative means 
for mandatory screening at the universities (except epidemi-
ological surveillance), participation of students in screening 
COVID-19 tests was voluntary. Recruitment to participate in 
the study took place via a dedicated study portal developed 
for the purpose of the study [26]. All students invited to partic-
ipate in this screening study received a link to the online ques-
tionnaire. The questionnaire included 25 questions related to 
the attitudes towards the COVID-19 pandemic, anti-epidemic 
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measures, history of SARS-CoV-2 infection, vaccination status, 
and sociodemographic characteristics. After completing all the 
required fields in the questionnaire, the student was given an 
individual identification (ID) code to ensure anonymity. The ID 
code was presented by the student to the study nurse at the 
testing point. The ID code was used to label the samples and 
to identify the result in a dedicated IT system.

All the eligible students had the opportunity to register and 
participate in the study throughout the entire study peri-
od (ie, the student could complete the registration question-
naire in the last week of the study and visit the testing point 
on December 8 or December 10).

As this study was voluntary, numerous promotional activities 
were undertaken to encourage students to participate in the 
study, including having 2 online meetings with question and 
answer sessions. In total, individuals (including chairmen of the 
student groups) from more than 60 student groups took part 
in the meeting with the study team. Moreover, each student 
had the opportunity to ask a question about the research via 
the contact details available on the project’s website. In addi-
tion, follow-up e-mails were sent to the chairmen of individ-
ual student groups twice a week, reminding them about the 
date and place of planned swabs. If the student group started 
classes in the new place (clinics located in different hospitals 
within the study period), information about the location and 
working hours of the testing point was provided. Moreover, 
the students’ self-government of the Medical University of 
Warsaw (local students’ council) was actively involved in proj-
ect promotion among the students. Eight posts promoting the 
project were published on the student council Facebook page 
(with more than 15 000 followers).

Study Procedures

A series of Abbott Panbio™ COVID-19 Ag Rapid Tests (nasal) 
were carried out. Panbio™ COVID-19 Ag Rapid Tests (nasal) are 
listed on the EU Common list of COVID-19 rapid antigen tests 
and approved by the Health Security Committee [27]. Previously 
published data showed that the Panbio™ COVID-19 Ag Rapid 
Test is an effective tool that may be used for rapid testing at 
the point-of-care in community-based testing centers [28], as 
well as among asymptomatic individuals [29].

A single nasal swab was collected from each participant and 
used for the Panbio™ COVID-19 Ag Rapid Test (nasal) performed 
according to the product Instructions for Use (IFU) [30]. Samples 
were collected on the premises of the Hospitals conducting 
practical classes for medical students (testing points) by nurs-
ing staff and supervised by a medical team. Rapid antigen tests 
are widely used and well-recognized among healthcare pro-
viders in Poland. The result of the Abbott Panbio™ COVID-19 

Ag Rapid Test (nasal) is available within 15 min, which allows 
for fast identification of infected individuals and justifies the 
use of this test for screening purposes.

Each student group was given a test schedule with an indica-
tion of the date and place of testing. Depending on the sched-
ule (organization of the practical classes), the tests were per-
formed 2 or 3 times a week with 48-72 h intervals (according 
to the epidemiological measures in place to reduce viral trans-
mission), mostly on Monday, Wednesday, and Friday. Each sub-
ject had an opportunity to have 9-12 swabs.

The results were available in the study portal within 60 min 
from swab collection (on average 30 min). Participants could 
check their results by entering an individual ID code (the same 
as the one initially allocated upon registration into the study) 
in a dedicated field on the project website (identification us-
ing an individual ID code).

All individuals who had a positive Panbio™ COVID-19 Ag Rapid 
Test result were further referred to be tested by reverse-tran-
scription polymerase chain reaction (RT-PCR) to confirm the 
initial result. RT-PCR test were performed in accredited labo-
ratories in accordance with the SARS-CoV-2 molecular diag-
nostic guidelines developed by the National Institute of Public 
Health-National Institute of Hygiene (NIPH-NIH) [31].

Epidemiological surveillance procedures were implemented ac-
cording to local laws and internal procedures in the hospital. 
The study flow chart is presented in Figure 1.

Statistical Analysis

The data were analyzed with SPSS version 28 (IBM, Armonk, 
NY, USA). The distribution of categorical variables was shown 
by frequencies and proportions. Statistical significance of dif-
ferences between continuous variables was analyzed by the 
independent-samples t test or, if the assumptions for this were 
not met, the Mann–Whitney U test was used. Statistical test-
ing to compare categorical variables was completed using the 
independent-samples chi-square test. In the case of less than 
<5 subjects, the Fisher exact test was used for 2×2 tables, and 
for more categories, the Fisher-Freeman-Halton exact test was 
used. Statistical inference was based on the criterion P<0.05.

Results

Out of 1847 eligible students, 423 (22.9% response rate) re-
ported to the testing point and had at least 1 swab (Table 1). 
Out of 104 student groups selected for the study, individuals 
from 63 student groups (60.6% of invited student groups) were 
tested at least once. During the study period, a total of 2295 
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samples were collected (Table 1). Out of 423 participants, 15 
(3.5%) had a positive Panbio™ COVID-19 Ag Rapid Test result 
during the study period. Characteristics of the study popula-
tion are presented in Table 2. The highest percentage of partic-
ipants with positive test results (15.4%) was observed among 
the nursing students (Table 3).

Participants with positive Panbio™ COVID-19 Ag Rapid Test 
were significantly younger (P<0.05), compared to negative 
subjects (Table 2). Moreover, the percentage of respondents 
who used filtering face-piece mask type 2 (FFP2) or type 3 
(FFP3) mask was significantly higher among those who had a 

negative test result (Table 2). Almost half of participants with 
positive Panbio™ COVID-19 Ag Rapid Test (42.9%) results had 
received the AstraZeneca vaccine as the first dose compared 
to 11.9% among negative subjects (P<0.05). The COVID-19 
booster vaccine uptake was 14.3% among positive subjects 
and 65.2% among the negative subjects (P<0.001). Details are 
presented in Table 2.

All the participants with positive Panbio™ COVID-19 Ag Rapid 
Test (n=15) results were referred for the RT-PCR test and 11 
participants submitted the RT-PCR results to the study team. 
All 11 positive Panbio™ COVID-19 Ag Rapid Test results were 
confirmed in the RT-PCR. Four participants did not inform the 
study team about the RT-PCR test result. All positive COVID-19 
cases were detected between November 16 and December 2, 
2021, when the peak of the fourth (IV) wave of the COVID-19 
pandemic was reported in Poland (Figure 2).

Out of 63 student groups participating in the study, at least 
1 positive COVID-19 case was detected in 8 student groups. 
Moreover, 1 positive COVID-19 case (dietetics student) was 
detected in a group of 25 participants who presented clinical 
symptoms of COVID-19 or had suspected COVID-19 and had 
classes (but without direct contact with the patients) at the 
Medical Campus (Banacha Street).

Out of 15 positive COVID-19 cases, 6 were from nursing stu-
dents. Almost all participants (93.3%) with positive Panbio™ 
COVID-19 Ag Rapid Test results had been vaccinated. One of 
the participants had COVID-19 in the past (before participa-
tion in the study). Details are presented in Table 4.

Of 15 participants with positive Panbio™ COVID-19 Ag Rapid 
Test results, 7 participants had positive test results when they 
were tested for the first time (6 participants who have practi-
cal classes, and 1 dietetics student with suspected COVID-19 
and who got tested at the testing point). Dentistry students 

1. Identi�cation of the
eligible student groups

3. Recruitment to
participate in the study

via a dedicated IT system

2. Invitation via e-mail

4. Filling the study
questionnaire and

obtaining an individual
ID code

6. Reporting to a designated
testing point in accordance

with the study schedule

5. Organization of testing
points in 7 di�etent
hospitals & training

of the local study coordinator
and study nurses

7. Testing using Abbott
Panbio™ COVID-19

Ag Rapid Test (nasal)

9. Individuals with positive
antigen test were
further referred to

the RT-CPR

8. Acess to the test result
through a dedicated IT

system (result assigned to
an individual ID code)

Figure 1. Study flow chart.

Number of samples collected Number of participants

1 58

2 43

3 38

4 43

5 42

6 36

7 38

8 28

9 55

10 19

11 12

12 11

Total number of 
samples collected

2295
Total number of 
participants

423

Table 1.  Number of samples collected during the study period 
(November 15 and December 10, 2021).
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Variable
Overall
n=423
n (%)

Positive subjects
n=15
n (%)

Negative subjects
n=408
n (%)

p

Age, mean±SD [min-max] 23.08±2.2 [19-40] 21.67±1.05 [20-23] 23.13±2.2 [19-40] 0.011

Gender

 Female  276 (65.2)  13 (86.7)  263 (64.5) 0.098

 Male  147 (34.8)  2 (13.3)  145 (38.5)

Field of the study

 Dentistry  73 (17.3)  5 (33.3)  68 (16.7) <0.001

 Nursing  39 (9.2)  6 (40.0)  33 (8.1)

 Medicine  285 (67.4)  3 (20.0)  282 (69.1)

 Other medical faculties  26 (6.1)  1 (6.7)  25 (6.1)

COVID-19 vaccination status

 Vaccinated  416 (98.3)  14 (93.3)  402 (98.5) 0.225

Type of COVID-19 vaccine administered as a first dose (n=416)

 AstraZeneca vaccine  54 (13.0)  6 (42.9)  48 (11.9) <0.05

 Johnson&Johnson vaccine (single dose)  5 (1.2)  0 (0.0)  5 (1.2)

 Moderana vaccine  4 (0.9)  0 (0.0)  4 (1.0)

 Pfizer vaccine  353 (84.9)  8 (57.1)  345 (85.8)

Number of COVID-19 vaccine doses taken (n=416)

 One  7 (1.7)  0 (0.0)  7 (1.7) <0.001

 Two  145 (34.8)  12 (85.7)  133 (33.1)

 Three  264 (63.5)  2 (14.3)  262 (65.2)

Influenza vaccination in the season 2021/2022

 Yes  207 (48.9)  4 (26.7)  203 (49.8) 0.113

Have you ever been tested (self-test or professional test) for COVID-19?

 Yes, once  102 (24.1)  1 (6.7)  101 (24.8) 0.182

 Yes, many times  124 (29.3)  4 (26.7)  120 (29.4)

 No, never  197 (46.6)  10 (66.7)  187 (45.8)

Have you ever had laboratory-confirmed COVID-19?

 Yes  47 (11.1)  1 (6.7)  46 (11.3) 0.2

Type of facemask used during the past 7 days (multiple choice)

 FFP2 or FFP3  165 (39.0)  1 (6.7)  164 (40.2) <0.01

 Surgical masks  401 (94.8)  14 (93.3)  387 (94.9) 0.557

 Reusable material masks  73 (17.3)  3 (20.0)  70 (17.2) 0.730

 None  2 (0.5)  0 (0.0)  2 (0.05) 1.000

Table 2. Characteristics of the study population by rapid antigen test result (n=423).
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(group D3-N1) who had positive Panbio™ COVID-19 Ag Rapid 
Test result during the first week of the study (November 15-19, 
2021) came back for testing after the end of isolation. Details 
are presented in Table 5.

In 3 student groups (Table 5), there was more than 1 COVID-19 
case diagnosed because of possible COVID-19 transmission 
within the same student group. In a group of dentistry stu-
dents (ID Code: D3-N1), 4 COVID-19 cases were detected, of 
which the first one was detected on November 16, 2021 (ID 
Code: D3-N1-B), the second one was detected on November 
17, 2021 (ID Code: D3-N1-C), and 2 more cases were detected 
on November 18, 2021, of which D3-N1-D was positive dur-
ing the first test, but D3-N1-A was negative on November 15, 

2021, but positive on November 18, 2021 (infection transmis-
sion within the student group). A similar COVID-19 transmis-
sion was observed among the nursing students – group I3-
03B. In total, 3 COVID-19 cases were detected in this group. 
The first COVID-19 case (ID Code: I3-03B-C) was detected on 
November 26, 2021 (during the first test), the second COVID-19 
case (ID Code: I3-03B-B) was detected on November 29, 2021 
in a participant who was previously negative on November 26, 
2021, and the third COVID-19 case (ID Code: I3-03B-A) was de-
tected on December 2, 2021 and it was the third swab of this 
participant. Moreover, 2 COVID-19 cases were detected in an-
other nursing student group (ID Code I3-08A-B and ID Code 
I3-08A-A). Details are presented in Table 5.

Table 2 continued. Characteristics of the study population by rapid antigen test result (n=423).

Variable
Overall
n=423
n (%)

Positive subjects
n=15
n (%)

Negative subjects
n=408
n (%)

p

During the working days, how many times a day do you change your facemask? (n=421)

 1-2 times a day  235 (55.8)  10 (66.7)  225 (55.4) 0.1

 3-4 times a day  35 (8.3)  3 (20.0)  32 (7.9)

 5-6 times a day  1 (0.2)  0 (0.0)  1 (0.2)

 I do not change/I use one facemask all day  150 (35.6)  2 (13.3)  148 (36.5)

Living conditions (number of household members)

 Living alone  92 (21.7)  3 (20.0)  89 (21.8) 0.719

 Living with 1 person  169 (40.0)  6 (40.0)  163 (40.0)

 Living with 2 people  84 (19.9)  2 (13.3)  82 (20.1)

 Living with 3 people  52 (12.3)  2 (13.3)  50 (12.3)

 Living with 4 or more people  26 (6.1)  2 (13.3)  24 (5.9)

Employment status

 Currently employed  177 (41.8)  3 (20.0)  174 (42.6) 0.110

 Only student (without additional work)  246 (58.2)  12 (80.0)  234 (57.4)

Currently employed in healthcare facility (n=177)

 Yes  60 (14.2)  1 (33.3)  69 (33.9) 1.000

Traveling by public transport during the last 7 days

 Not at all  37 (8.7)  2 (13.3)  35 (8.6) 0.151

 1-2 days  30 (7.1)  0 (0.0)  30 (7.4)

 3-4 days  70 (16.5)  3 (20.0)  67 (16.4)

 5-6 days  121 (28.6)  1 (6.7)  120 (29.4)

 Yes, daily  165 (39.0)  9 (60.0)  156 (38.2)

SD – standard deviation.
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Discussion

In this study, real-world data from a COVID-19 screening study 
with rapid antigen tests among medical students in Poland – 
one of the biggest Central and Eastern Europe countries – have 
been presented. Findings from this study confirmed the use-
fulness of the rapid antigen test (Panbio™ COVID-19 Ag Rapid 
Test Device nasal) for on-campus COVID-19 screening. Among 
the medical students attending practical classes, 3.5% had pos-
itive Panbio™ COVID-19 Ag Rapid Test results, which indicated 
an acute phase of COVID-19 detection. Moreover, in 3 student 
groups, we observed numerous infections that occurred at in-
tervals, which may suggest student-to-student transmission.

The potential role of medical students as vectors for COVID-19 
transmission in clinical hospitals has not been thoroughly in-
vestigated [32,33]. However, some authors suggest that med-
ical students acting solely as learners introduce unnecessary 
risks for patients and other clinicians (eg, consuming person-
al protective equipment and placing an additional burden on 
teaching healthcare workers) [22].

The level of knowledge about COVID-19 and infection preven-
tion skills among students of medical faculties are considered 
higher compared to students of non-medical faculties [34-36]. 
The COVID-19 vaccination coverage rate among healthcare 
workers and students of medical faculties is higher compared 
to the general population [37]. This study showed that stu-
dents of medical faculties are a high-risk group for COVID-19, 
despite the high COVID-19 vaccination coverage rate (98.3%) 
and uptake of third doses of COVID-19 by almost two-thirds 
of participants (63.5%). Moreover, we observed a significant 
proportion of participants who did not comply with the face-
mask use guidelines (35.6% of participants did not change the 
facemask during the working day). In this study, only 39% of 
participants declared that they had used FFP2 or FPP3 face-
masks. Furthermore, more than two-thirds of participants had 
traveled by public transport during the work days, which im-
plies exposure to numerous interpersonal contacts.

In this study, participants with positive Panbio™ COVID-19 Ag 
Rapid Test results were significantly younger than negative 
subjects. We hypothesize that older students had a higher lev-
el of medical knowledge, which also influences anti-epidemic 

Field of the study
Number of participants 

(at least one swab was collected)
Number of participants with the 

positive antigen test
Percentage of participants with 

positive test result

Medicine 285 3 1.1%

Dentistry 73 5 6.8%

Nursing 39 6 15.4%

Dental Hygiene 1 0 0%

Obstetrics 0 0 0%

Emergency Medicine 0 0 0%

Other faculties 25 1 4.0%

Overall 423 15 3.5%

Table 3. Number of participants with the positive Panbio™ COVID-19 Ag Rapid Test.
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Figure 2.  The cumulative number of positive 
COVID-19 cases over the study period 
(November 15 and December 10, 
2021).
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behaviors [38]. Moreover, the percentage of respondents who 
used FFP2 or FFP3 masks was significantly higher among those 
who had a negative test result. FFP2 or FFP3 masks are consid-
ered more effective and offer a greater degree of protection 
than surgical masks [39,40]. FFP2 or FFP3 facemask should be 
considered obligatory equipment for students attending prac-
tical classes during the COVID-19 pandemic.

In September 2021, public health institutions in Poland pub-
lished the general rules for the organization of full-time (sta-
tionary) classes at universities [11,13]. Wearing masks, dis-
infecting hands, keeping a distance, and walking only along 
designated paths in an educational institution constituted the 
basic anti-pediatric activities at universities in Poland. In addi-
tion, hospital infection control departments may have defined 
additional anti-epidemic policies within the unit. In this study, 
only 40% of participants used FFP2 or FFP3 masks and one-third 
of participants used 1 facemask all day, which may increase 
the risk of transmission between the students. Moreover, the 
use of shared changing rooms and eating areas in hospitals 
can also increase the risk of transmission between students. 
This hypothesis requires further investigation.

Almost half of participants with positive Panbio™ COVID-19 Ag 
Rapid Test results and only every-tenth of negative subjects 

had received AstraZeneca vaccine as the first dose. The ef-
fectiveness of COVID-19 vaccines differs among manufactur-
ers [41] and should be considered during the preparation of 
the recommendations on immunization of medical students.

This study was carried out between November and December 
2021, when the peak of the fourth (IV) wave of the COVID-19 
pandemic in Poland was observed. All positive COVID-19 cases 
were detected during the first 3 weeks of the study (November 
15 to December 3, 2021). We hypothesize that the transmis-
sion of COVID-19 infections among students of medical facul-
ties was parallel to the transmission of COVID-19 in the gen-
eral population. Moreover, the ongoing COVID-19 pandemic 
and daily number of laboratory-confirmed COVID-19 cases an-
nounced by the public health authorities may also influence 
students’ attitudes towards participation in voluntary COVID-19 
screening (increasing the number of participants).

Findings from the studies carried out among medical students 
confirmed that online learning has a negative impact on med-
ical education [7,12,13]. Due to this fact, maintaining practical 
classes even during the COVID-19 lockdowns seems to be an 
important element of health policy in many countries due to 
shortages of medical staff and the need to provide qualified 
medical professionals. Moreover, in some countries, students 

Field of the 
study

Group ID 
code

Age 
(years)

Gender Vaccinated
COVID-19 
vaccine  

(first dose)

Number  
of vaccine 

doses

Date of last 
vaccine dose

COVID-19  
in the past

Medicine L5-20- 23 Male Yes Pfizer 3 Oct 2021 No

Medicine L5-12- 23 Female Yes Pfizer 3 Oct 2021 No

Medicine L5-19- 23 Female Yes Pfizer 2 Feb 2021 No

Dentistry D3-01- 20 Female Yes AstraZeneca 2 May 2021 No

Dentistry D3-N1- 21 Female Yes AstraZeneca 2 May 2021 Yes

Dentistry D3-N1- 22 Male Yes Pfizer 2 Feb 2021 No

Dentistry D3-N1- 21 Female Yes Pfizer 2 Feb 2021 No

Dentistry D3-N1- 22 Female Yes AstraZeneca 2 Jun 2021 No

Nursing I3-08A- 22 Female No – – – No

Nursing I3-08A- 21 Female Yes Pfizer 2 Feb 2021 No

Nursing I3-03B- 22 Female Yes Pfizer 2 Feb 2021 No

Nursing I3-03B- 20 Female Yes Pfizer 2 Feb 2021 No

Nursing I3-03B- 21 Female Yes AstraZeneca 2 Jun 2021 No

Nursing I3-03A- 21 Female Yes AstraZeneca 2 Jun 2021 No

Dietetics B5-P1- 23 Female Yes AstraZeneca 2 Jun 2021 No

Table 4. Detailed characteristics of the participants with the positive Panbio™ COVID-19 Ag Rapid Test.
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ID code
Number 

of 
tests

Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 Test 8 Test 9

Date Date Date Date Date Date Date Date Date

Faculty/ 
year/ 
group

Result Result Result Result Result Result Result Result Result

L5-20-A
3

15 Nov 17 Nov 22 Nov

Medicine/V/5 Negative Negative Positive

L5-12-A
5

15 Nov 17 Nov 19 Nov 22 Nov 24 Nov

Medicine/V/12 Negative Negative Negative Negative Positive

L5-19-A
1

19 Nov

Medicine/V/19 Positive

D3-01-A
9

15 Nov 17 Nov 19 Nov 22 Nov 24 Nov 26 Nov 30 Nov 02 Dec

Dentistry/III/1 Negative Negative Negative Negative Negative Negative Negative Positive

D3-N1-A
5

15 Nov 18 Nov 03 Dec 06 Dec 10 Dec

Dentistry/III/N1* Negative Positive Negative Negative Negative

D3-N1-B
4

16 Nov 29 Nov 06 Dec 10 Dec

Dentistry/III/N1* Positive Negative Negative Negative

D3-N1-C
6

17 Nov 29 Nov 03 Dec 06 Dec 08 Dec 10 Dec

Dentistry/III/N1* Positive Negative Negative Negative Negative Negative

D3-N1-D
5

18 Nov 03 Dec 06 Dec 09 Dec 10 Dec

Dentistry/III/N1* Positive Negative Negative Negative Negative

I3-08A-A
4

19 Nov 22 Nov 26 Nov

Nursing/III/8A^ Negative Negative Positive

I3-08A-B
1

22 Nov

Nursing/III/8A^ Positive

I3-03B-A
3

26 Nov 29 Nov 02 Dec

Nursing/III/3B# Negative Negative Positive

I3-03B-B
2

26 Nov 29 Nov

Nursing/III/3B# Negative Positive

I3-03B-C
1

26 Nov

Nursing/III/3B# Positive

I3-03A-A
2

29 Nov 01 Dec

Nursing/III/3A Negative Positive

B5-P1-A
2

24 Nov 08 Dec

Dietetics/V/1 Positive Negative

Table 5. Dates of Panbio™ COVID-19 Ag Rapid Tests and the test results.

The same groups are marked with *, ^ or #.
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of medical faculties served as volunteers supporting health-
care professionals during the COVID-19 pandemic [42,43]. In 
this study, the potential student-to-student transmission was 
observed. Dates of positive Panbio™ COVID-19 Ag Rapid Test 
results in a group of dentistry students (group D3-N1, 4 cases 
detected) and among nursing students (group I3-03B, 3 cases 
detected; group I3-08A, 2 cases detected) showed that stu-
dents attending practical classes may be a vector for COVID-19 
transmission within the student group. We hypothesize that 
these students can also transmit COVID-19 to patients and 
healthcare workers, but data from in-hospital epidemiologi-
cal surveillance were unavailable.

Rapid diagnosis of COVID-19 infection and subsequent con-
tact tracing are essential in the containment of the pandemic. 
Rapid antigen tests are used in healthcare facilities for screen-
ing healthcare workers [44,45]. Universal screening programs 
in healthcare facilities are essential to detect asymptomatic in-
fections [45]. Findings from the baseline voluntary screening 
of 4040 healthcare workers in 12 public hospitals and medical 
centers in Egypt showed that 4.2% of healthcare workers were 
COVID-19-positive [23]. Out of 170 infected healthcare workers, 
68.2% were asymptomatic [23]. In a study among 1032 asymp-
tomatic healthcare workers in a large UK teaching hospital, 3% 
of healthcare workers tested positive for COVID-19 [24]. In this 
study, 3.5% of students of medical faculties tested positive for 
COVID-19. This percentage is comparable to those observed 
among healthcare professionals attending COVID-19 screening.

This study showed that willingness to participate in voluntary 
and free-of-charge COVID-19 screening before/after practical 
classes at the medical university differed by faculty. Moreover, 
the model of the organization of screening on the medical 
campus presented in this study can be used by other research 
teams. Further research should assess the factors associated 
with willingness to participate in on-campus screening pro-
grams among medical students.

According to Polish law, the COVID-19 testing at the univer-
sity may be carried out as a part of epidemiological surveil-
lance (eg, testing the entire group of students in which a posi-
tive case was detected). However, due to the lack of legislative 
means for screening at the universities (except epidemiological 
surveillance), the participation of students in screening tests 
is voluntary. Despite the extensive informative activities, en-
gagement of the student council and the university author-
ities, the participation rate was 23%. We observed a lack of 
interest in COVID-19 screening among students of obstetrics, 
dental hygiene, and emergency medical services. However, 
more than 85% of participants had at least 2 swabs, which 
may indicate that nasal swabs were well-appreciated by the 
participants and should be considered as the first choice in 
the screening studies.

This study has several practical implications. Our study pro-
vides real-life data on COVID-19 screening at the largest med-
ical university in Poland. This study confirmed that students 
of medical faculties are at higher risk of COVID-19 infection, 
even despite full COVID-19 vaccination. On-campus, COVID-19 
screening should be considered as a standard of medical edu-
cation during the COVID-19 pandemic. A moderate response 
rate presented in this study suggests that the introduction of 
an on-campus COVID-19 screening test should be supported by 
the legislative framework. Moreover, rapid antigen tests with 
nasal swabs that minimalize discomfort during sample collec-
tion may have an impact on the willingness of students to un-
dergo regular COVID-19 screening. Moreover, the on-campus 
screening model presented in this study can be implemented 
by other countries (especially in Eastern Europe) with a simi-
lar legislative framework on COVID-19.

This study has several limitations. First, out of all invited in-
dividuals, only 22.9% had at least 1 swab. The real number of 
COVID-19 cases may be higher due to the lack of testing of all 
students attending practical classes during the study period, 
especially those individuals from student groups with at least 
1 confirmed COVID-19 case. Secondly, due to lack of access to 
the epidemiological surveillance data, a detailed analysis of 
epidemic outbreaks (including data on patients and health-
care workers infected, because of close contact with COVID-
19-positive students) was not carried out. Thirdly, other fac-
tors, such as using public transport, practicing infection control 
in the class, and number of COVID-19-positive among house-
hold members were not considered in this study.

Conclusions

This study produced real-world data from a COVID-19 screen-
ing study and confirmed the usefulness of a rapid antigen test 
(Panbio™ COVID-19 Ag Rapid Test Device nasal) for on-cam-
pus COVID-19 screening prior to practical classes. Maintaining 
a high percentage of participants is crucial to ensuring the ef-
fectiveness of on-campus COVID-19 screening. Despite the ex-
tensive informative activities, we observed a lack of interest in 
COVID-19 screening among students of obstetrics, dental hy-
giene, and emergency medical services. An effective on-cam-
pus COVID-19 screening program requires the provision of le-
gal standards requiring testing in high-risk groups.

Statement

This study was carried out in the Department of Public Health, 
Medical University of Warsaw.
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