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Background. Health care workers are at a higher risk of getting infected with severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) than the general population. Knowledge about medical students’ exposure to SARS-CoV-2 is lacking. Thus, we meas-
ured the prevalence of SARS-CoV-2 antibodies in a cohort of Danish medical students.

Methods. We invited all medical students at the University of Copenhagen (UCPH) to participate. Students underwent venous 
blood sampling and a questionnaire about work-life behaviors possibly associated with SARS-CoV-2 exposure and coronavirus dis-
ease 2019 (COVID-19) symptoms. Samples were analyzed for total immunoglobulin G (IgG) antibodies against SARS-CoV-2, and 
seropositive samples were screened for IgG, immunoglobulin M, and immunoglobulin A antibodies. We determined associations 
between seropositivity and clinical and social activities and self-reported symptoms.

Results. Between October 19 and 26, 1120 students participated in the questionnaire and 1096 were included. Of all included, 
379 (34.58%) were seropositive. Seropositivity was associated with attendance at 2 parties at UCPH, on February 29 and March 6, 
2020 (odds ratio [OR], 5.96; 95% CI, 4.34–8.24; P < .001). Four hundred sixty-one students (42.06%) worked with COVID-19 pa-
tients, which was significantly associated with seropositivity (OR, 1.38; 95% CI, 1.03–1.85; P = .033). The symptom most associated 
with seropositivity was loss of smell and/or taste (n = 183 of all, 31.35%; OR, 24.48; 95% CI, 15.49–40.60; P < .001). Bachelor’s stu-
dents were significantly more likely to be seropositive than Master’s students (42.28% vs 16.87%; P < .001).

Conclusions. Medical students have the highest reported seropositivity in the Danish health care system. In this cohort of stu-
dents at UCPH, seropositivity was associated with social behavior markers and, to a lesser extent, with self-reported contact with 
SARS-CoV-2-infected patients.

Keywords.  anti-SARS-CoV-2 antibodies; coronavirus disease 2019; health care workers; medical students; seroprevalence.

Coronavirus disease 2019 (COVID-19), caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), was de-
clared a pandemic by the World Health Organization on March 
11, 2020 [1], and as of February 5, 2021, more than 136 million 
have been infected. Around 2.9 million have died because of 
COVID-19 [2].

The Danish medical school system has a Bachelor’s com-
ponent and a Master’s component, each with a duration of 
3 years. Both the Bachelor’s and Master’s are subdivided into 6 
semesters, each of which equates to half a year of study. Every 
6 months, a new group of medical students start at the University 

of Copenhagen (UCPH) [3]. Danish medical students are em-
ployed as health care workers in hospitals during their studies, 
especially during the pandemic [4]. Medical students assist the 
hospital departments in various functions such as acting as 
substitute health care workers in clinical departments, as viral 
testers (nasopharyngeal and throat swabs), and aiding in col-
lecting blood samples for seroepidemiological studies from the 
very beginning of their studies [5]. Furthermore, a large part 
of the Master’s program at UCPH is based on clinical rota-
tions at hospitals in the Capital Region of Denmark, including 
interacting with patients [3]. Consequently, medical students 
encounter asymptomatic individuals infected with SARS-
CoV-2 as well as COVID-19 patients.

An early study showed that Danish medical students employed 
directly by the hospitals were a high-risk group, with a SARS-
CoV-2 seroprevalence of 14.97% [6]. However, as most medical 
students are not employed at hospitals, the overall seropreva-
lence of medical students is unknown. They are also excluded 
them from the regional guidelines for systematic screening with 
nasopharyngeal and throat swabs for SARS-CoV-2 of health care 
workers. Therefore, a potential unreported number of SARS-
CoV-2 outbreaks among medical students is possible.
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Additionally, medical students are in the age group with the 
highest incidence of positive SARS-CoV-2 polymerase chain 
reaction tests in Denmark [7]. On March 6, 2020, there was a 
party at the Faculty of Health and Medical Sciences at UCPH, 
where it was later confirmed that at least 1 SARS-CoV-2-
infected medical student had attended [8], and it has been sus-
pected that said party was a superspreader event [9]. This also 
raises the possibility of the disease spreading rapidly [10].

We aimed to examine the prevalence of antibodies against 
SARS-CoV-2 in medical students at UCPH and investigate the 
seroprevalence in relation to their work and social life.

METHODS

Timeline

The first Danish COVID-19 patient was diagnosed on February 
28, 2020. On March 11, 2020, there was a partial lockdown of 
Denmark, which included the UCPH. On April 15, 2020, re-
strictions were partially lifted [11]. Mask mandates were first 
announced during the summer of 2020. However, masks had 
been mandatory in all contact with patients suspected of having 
COVID-19 since the start of the pandemic [12]

Participants

All medical students enrolled at UCPH (n = 3673) [13] were 
offered the possibility to participate in this observational co-
hort study. Medical students were invited by email via their 
university email, sent out by the Union of Danish Medical 
Students (FADL).

Blood sampling took place between October 19 and 26 at 
5 test locations. In relation to the sampling, participants were 
asked to complete a questionnaire regarding symptomatology, 
information about demographics, type of work, history of con-
tact with COVID-19-infected patients, social life, and general 
habits during the pandemic. A translated version of the ques-
tionnaire is presented in the Supplementary Methods. The par-
ticipants did not know their enzyme-linked immunosorbent 
assay (ELISA) results from our study before filling out our ques-
tionnaire. The questionnaire was made in Research Electronic 
Data Capture (RedCap), and all the data collected were also 
managed by REDCap. REDCap is a secure, web-based tool 
hosted on servers owned by the Capital Region [14, 15].

Blood Samples

A venous blood sample of 6 mL was drawn from the antecubital 
region from all participants. Serum was stored at –80ºC until 
analysis and only thawed once.

A commercial immunoglobulin (Ig) ELISA method (Beijing 
Wantai Biological Pharmacy Enterprise, Beijing, China) was 
used for determining seropositivity by measuring total anti-
bodies to SARS-CoV-2 as previously described [16, 17]. The 
assay has a sensitivity of around 97% with a specificity of 99.5% 
in COVID-19 convalescent individuals. The samples that tested 

positive for total antibodies to SARS-CoV-2 went on to be ana-
lyzed using a direct ELISA method to detect IgG, IgA, and IgM 
levels, as previously described [18]. Both ELISA assays used in 
this study use the RBD of recombinant SARS-CoV-2 spike pro-
tein to target antibodies [16, 18]. The IgG, IgA, and IgM direct 
ELISAs have a sensitivity and specificity of 94.3% and 99.5%, 
63.4% and 99.3%, and 61.4% and 99.1%, respectively. The per-
formance of the IgG, IgA, and IgM assays was tested in samples 
from convalescent individuals obtained within 11 weeks of dis-
ease onset [18].

Patient Consent

The study complied with the Declaration of Helsinki II and was 
approved by the regional ethics committee of the Capital Region 
(H-20055767) and by the Danish Data Protection Authorities 
(P-2020–92). Following the guidelines for providing oral and 
written information, all patients gave written informed consent 
to participate in the study.

Statistics

The primary outcome was the proportion of the study popula-
tion with a positive antibody test for SARS-CoV-2. Calculations 
were done using R, version 3.6.1 (R Foundation for Statistical 
Computing, Vienna, Austria). Baseline characteristics and ex-
posures were presented as number (%) for factors and mean 
(SD) or median (interquartile range [IQR]) for numeric vari-
ables, as appropriate.

To account for the expected clustering effect of medical stu-
dents socializing within the semester, potential exposure vari-
ables (eg, working with COVID-19 patients) were explored 
using multiple logistic regression models adjusted for the se-
mester at the medical school as well as age and sex. The results 
of these regressions are reported as odds ratios (ORs) of sero-
positivity and presented with 95% CIs. A P value of <.05 was 
considered significant.

Similarly, we tested the association between symptoms and 
seropositivity in univariate logistic regression models. Further, 
as COVID-19-like symptoms were expected to be common (eg, 
runny nose) in the background population, we wished to esti-
mate the prevalence of patients with SARS-CoV-2 antibodies 
without symptoms attributable to COVID-19. We calculated 
the probability of having symptoms of COVID-19 adjusted for 
the probability of seronegative participants having symptoms. 
This was done as previously described [19], and details can be 
seen in the Supplementary Data. 

Further, to look at exposures independent of the 2 parties, 
we chose to perform repeat analyses on the subgroup of partici-
pants who did not participate in any of the parties.

RESULTS

From October 19 to 26, a total of 1120 out of 3673 medical stu-
dents (30.5%) filled out the questionnaire, and of these 1096 had 
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full serology performed and were included in the study (Figure 
1 shows a CONSORT diagram of the study population). The 
median age (IQR) was 23.5 (22.1–25.3) years, and 782 (71.35%) 
were female. The medical students at UCPH have the following 
distribution: 1313 women and 595 men at the Bachelor’s level, 
and 1130 women and 635 men at the Master’s level. We have a 
slight but significant increase compared to the overall student 

population, of whom 2443 of 3673 (67%) were female (P = .003). 
Of the included medical students, 379 (34.58%; 95% CI, 31.82%–
37.45%) had anti-SARS-CoV-2 antibodies, based on the SARS-
CoV-2 ELISA test from Wantai. Among the seropositive, 288 
(76.0%; 95% CI, 71.4%–80.0%) had detectable IgG antibodies, 
10 (2.6%; 95% CI, 1.4%–4.8%) had IgM antibodies, 58 (15.3%; 

Seropositive
379

Seronegative
717

Full cohort
1096

No serology
24

Participated in
questionnaire

1120

Invited
3673

Figure 1. CONSORT diagram.

Table 1. Baseline Characteristics

 Seronegative Seropositive P

No. 717 379  

Age, median [IQR], y 23.8 [22.2–25.6] 23.1 [21.9–24.5] <.001

Female, No. (%) 532 (74.2) 250 (66.0) .005

Body mass index, 
mean (SD), kg/m2

22.2 (2.6) 22.7 (2.9) .011

Tobacco use, No. (%) 64 (8.9) 38 (10.0) .585

Asthma, No. (%) 76 (10.6) 38 (10.0) .835

Diabetes, No. (%) 8 (1.1) 3 (0.8) .757

Other chronic lung 
disease, No. (%)

2 (0.3) 1 (0.3) 1.000

Heart disease, No. (%) 3 (0.4) 1 (0.3) 1.000

Kidney disease, No. (%) 0 (0.0) 2 (0.5) .119

Weakened immune 
system, No. (%)

5 (0.7) 5 (1.3) .328

Hypertension, No. (%) 5 (0.7) 0 (0.0) .171

Allergies, No. (%) 224 (31.2) 96 (25.3) .043

Seropositive was defined using the Wantai total Ig assay; tobacco use was defined as ac-
tive smoker or user of snuff.
Abbreviations: Ig, immunoglobulin; IQR, interquartile range.
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Figure 2. Risk of seropositivity according to semester. Error bars indicate the 95% CIs.
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95% CI, 12.0%–19.3%) had IgA antibodies, and 88 (23.2%; 
95% CI, 19.3%–27.7%) were seronegative on the direct test 
(Supplementary Figure 1 shows the distribution of antibodies on 
the direct test). Table 1 shows baseline characteristics of the co-
hort divided according to seropositivity. The seropositive partici-
pants were significantly younger (23.48 vs 24.3; P < .001), more 
likely to be male (41.08% for men vs 31.97% for women; P = .01), 
and had a significantly higher BMI (22.7 vs 22.2; P = .014). Figure 
2 shows the percent seropositive for each semester of medical 
school. Bachelor’s students (1st–6th-semester students) were sig-
nificantly more likely to be seropositive than Master’s students 
(42.28% vs 16.87%; P < .001).

Exposures

Table 2 shows potential exposures divided according to se-
ropositivity. Similarly, Supplementary Tables 1 and 2 show 
potential exposures for Master’s and Bachelor’s students. To 
correct for the expected clustering effect associated with so-
cializing with other medical students during the semester, a 
multivariate logistic model was used to determine the signif-
icance of the exposures. The results of this logistic regression 
are shown in Table 3. Overall, the association of seropositivity 
was greatly increased for participants of the 2 parties held on 
February 29, 2020, and March 6, 2020, at the Faculty of Health 
and Medical Sciences, UCPH. At the party on February 29, 

272 (24.84%) individuals from the cohort participated, and of 
these, 161 (59.19%) were seropositive, resulting in an OR of 
2.45 (95% CI, 1.74–3.45; P < .001). Similarly, for the party on 
March 6, 290 (26.48%) individuals from the cohort partici-
pated, and of these, 181 (62.41%) were seropositive, resulting 
in an OR of 3.62 (95% CI, 2.64–5.00; P < .001). Attending ei-
ther party was associated with an OR of 5.84 (95% CI, 4.26–
8.06; P < .001), while attending both parties was associated 
with an OR of 6.41 (95% CI, 4.11–10.13; P < .001). Working 
with COVID-19 patients was common in the cohort (n = 461, 
42.06%) and was associated with a significantly increased risk 
of seropositivity, with medical students who reported working 
with COVID-19 patients having an OR of 1.40 (95% CI, 1.05–
1.88; P = .024). Age and sex were not significant predictors of 
seropositivity.

The number of hours spent at the institute (the Faculty of 
Health and Medical Sciences, UCPH) and the number of so-
cial contacts per day were not significant predictors of seroposi-
tivity. Likewise, there was no increased risk for medical students 
who had traveled to either of the countries where the SARS-
CoV-2 virus was most prevalent in the early spring (France, 
Italy, Austria, and China). However, there were relatively few 
instances of travel to these countries. No medical students trav-
eled to China during the study period.

The subanalysis results looking at participants who did not 
participate in either of the 2 parties can be seen in Supplementary 
Table 3. Overall, the risks were similar. However, in this group, 
travel to an area of risk was significantly associated with sero-
positivity (OR, 2.37; 95% CI, 1.15–4.72; P = .016).

Symptoms

Having any illness during the period was significantly asso-
ciated with seropositivity (596 of all, 54.48%), with an OR 
of 4.80 (95% CI, 3.62–6.40; P < .001). Still, 22.22% of sero-
positive participants reported no illness during the period. 
The symptom most strongly associated with seropositivity 
was loss of smell and/or taste (n = 182 of all, 16.61%), with 
an OR of 24.48 (95% CI, 15.49–40.60; P < .001). Table 4 

Table 2. Exposures and Risk

Seronegative Seropositive P

No. 717 379  

Participated in party on 3/6, No. (%) 109 (15.2) 181 (47.9) <.001

Participated in party on 2/29, No. (%) 111 (15.5) 161 (42.6) <.001

Participated in either of the 2 parties, 
No. (%)

170 (23.7) 257 (67.8) <.001

Hours at institute, median [IQR] 8.00 [0–25] 24.00 [6–30] <.001

Any work, No. (%) 588 (82.0) 335 (88.4) .007

Any work with COVID-19 patients, 
No. (%)

269 (37.5) 192 (50.7) <.001

Had work testing for COVID-19 
(swab), No. (%)

48 (49.0) 42 (57.5) .283

No. of contacts/d, No. (%)   .303

1–2 199 (27.8) 119 (31.5)  

3–5 276 (38.5) 142 (37.6)  

6–10 146 (20.4) 60 (15.9)  

11–15 52 (7.3) 27 (7.1)  

16–20 24 (3.3) 13 (3.4)  

>20 20 (2.8) 17 (4.5)  

>10 contacts/d, No. (%) 96 (13.4) 57 (15.1) .464

Bachelor’s student, No. (%) 441 (61.5) 323 (85.2) <.001

Travel to area of risk, No. (%) 67 (9.3) 44 (11.6) .248

Austria, No. (%) 14 (2.0) 7 (1.8) 1.000

Italy, No. (%) 12 (1.7) 4 (1.1) .598

Seropositive was defined using the Wantai total Ig assay; travel risk areas were defined 
as travel to Italy, France, Austria, or China during the period January 1 to April 1 (no one 
traveled to China).

Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range.

Table 3. Results of a Multivariate Logistic Model of Exposures and 
Baseline Characteristics

OR  95% CI P

Age 0.99 0.94–1.04 .787

Female 0.77 0.56–1.05 .099

Working with COVID-19 1.4 1.05–1.88 .024

Participated in party on 2/29 2.45 1.74–3.45 <.001

Participated in party on 3/6 3.62 2.64–5 <.001

Hours at institute (0–2 h, ref) 1 1.00–1.00  

Hours at institute (2–25 h) 1.14 0.74–1.75 .543

Hours at institute (>25 h) 1.4 0.87–2.25 .163

In addition to the abovementioned variables, the model was adjusted for the semester of 
the student (data not shown).

Abbreviations: COVID-19, coronavirus disease 2019; OR, odds ratio.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab273#supplementary-data
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shows the association of seropositivity for participants 
who reported any illness, fever, or loss of smell and/or taste 
and those who reported at least 3 symptoms. All reported 
symptoms and associated risk are shown in Supplementary 
Table 4.

When adjusting for the prevalence of symptoms among se-
ronegative participants, 61.7% of seropositive participants had 
symptoms attributable to their infection.

DISCUSSION

Our study showed that medical students at UCPH had a high 
seroprevalence of antibodies against SARS-CoV-2 in October 
2020 compared with earlier studies of the general Danish pop-
ulation or other health care workers [6, 20]. In August 2020, 
the seroprevalence of SARS-CoV-2 antibodies in Denmark 
was 4.6% in the age group 20–29  years [21]. A  review from 
November 2020 showed an overall average seroprevalence of 
SARS-CoV-2 antibodies among health care workers on a global 
scale of 8.7% [22]. However, it is difficult to directly com-
pare medical students and other health care workers because 
of the possible difference in social behaviors and working en-
vironments. Danish medical students often work in multiple 
hospitals and hospital wards. We found that the risk of seropos-
itivity was greatly increased for individuals who attended 2 par-
ties held on February 29, 2020, and March 6, 2020, at the Faculty 
of Health and Medical Sciences, UCPH, before the lockdown 
of Denmark on March 11. This could potentially have been a 
superspreader event [9], much like the ones seen in the United 
States [23], Thailand [24], etc. These superspreader events can 
be very problematic, especially as one-fifth of the participants at 
the social gatherings for medical students did not have any dis-
ease symptoms. Therefore, these students were able to work at 
various hospitals all over the Capital Region of Denmark.

We detect that the overall association of seropositivity was 
increased by the number of hours spent at UCPH. The sero-
positive group spent a median of 24 hours at the institute, while 
the seronegative group only spent a median of 8 hours. At the 
UCPH, there are shared study halls and a shared canteen area. 
Furthermore, a notable amount of medical education consists of 
shared class lectures. These locations can potentially have been 
places with increased risk of getting infected with SARS-CoV-2. 

The Master’s program in medicine at UCPH is mainly clinically 
based education at hospitals and the Bachelor’s program mainly 
occurs at the UCPH, which could also have influenced the dif-
ference in seropositivity between the groups. The difference in 
where the education takes place can also be seen by the number 
of hours the Master’s students and Bachelor’s students spent at 
UCPH. However, attendance at the 2 parties was higher among 
the Bachelor’s students than the Master’s students. There was no 
significant correlation between social interaction in either the 
Bachelor’s or Master’s group.

From the first semester, medical students can work in the 
Danish health care system in various functions at different hos-
pitals via the Union of Danish Medical Students’ employment 
agency (FADL’s vagtbureau). This gives great flexibility but car-
ries a risk as the medical students move around.

Loss of taste and/or smell was a common symptom of 
COVID-19 infection in our study, and it was highly associated 
with seropositivity, with an OR of 24.48 (95% CI, 15.49–40.60; 
P < .001). The percentage of medical students who lost their 
taste and/or smell during the study period was considerably 
higher than what has previously been reported in other studies 
of specific symptoms and seropositivity (20.9% vs 16% vs 15%) 
[25–27]. A considerable number of medical students with anti-
bodies did not exhibit any symptoms, which raises the risk of 
asymptomatic disease transmission.

Among those positive, in the total Ig ELISA, only around 
76% were seropositive using the direct ELISA. This discrepancy 
in seropositivity may be due to the total Ig assay’s greater sen-
sitivity (by including all antibody isotypes) than the direct IgG 
ELISA format [28]. Furthermore, it is important to note that 
the Wantai Ig assay is intended for the qualitative detection of 
total antibodies to SARS-CoV-2, whereas the direct ELISAs are 
quantitative. Therefore, due to, for example, antibody waning, 
low IgG titers would possibly be under the limit of detection 
by the direct ELISA, as the blood sampling took place up to 
7 months after a suspected COVID-19 infection [28, 29].

In this study, we found a relatively high association of sero-
positivity among participants who recalled having had a runny 
and/or stuffed nose (OR, 1.98; 95% CI, 1.51–2.58). This is sim-
ilar to a Swedish study of health care workers that reported an 
OR of seropositivity of runny nose of 1.68 (95% CI, 1.33–2.10) 
[30]. We think there are several reasons for the relatively strong 
correlation to this otherwise unspecific symptom. First, the co-
horts investigated here are relatively young and healthy and re-
port fewer everyday episodes of illness. Second, the period from 
the outbreak of the pandemic to the study was mainly during the 
summer. Thus, there were fewer episodes of seasonal rhinitis. 
Third, there could be an element of recall bias, as participants 
could have been more likely to recall having had symptoms if 
they also tested positive for COVID-19 during their illness.

The strengths of this study include the large sample size 
and a high percentage of participants who completed the 

Table 4. Selected Symptoms and Seropositivity

All % Seropositive % OR 95% CI P

Any illness 596 54.48 294 77.78 4.8 3.62–6.4 <.001

Fever 345 31.48 193 50.92 3.86 2.95–5.06 <.001

Loss of taste/
smell

182 16.61 161 42.48 24.48 15.49–40.6 <.001

At least 3 
symptoms

526 47.99 264 69.66 3.99 3.06–5.22 <.001

Abbreviation: OR, odds ratio.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab273#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab273#supplementary-data
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questionnaire. Despite this, participation was low relative to the 
number of medical students we invited (30.5% of the medical 
students at UCPH participated). Some medical students were 
aware of their antibody status before participating in the study, 
which could have promoted a selection bias. However, it is dif-
ficult to know which way this has affected our study. Those who 
knew they were positive for SARS-CoV-2 antibodies might not 
want to participate, since they already knew their result.

In contrast, medical students who had suspected infection 
might be more eager to participate. All medical students were 
invited to participate regardless of previous antibody status or 
presence of symptoms. The study was limited by relying on 
participants’ retrospectively self-reported symptoms, social be-
havior, contact with COVID-19 patients, etc., which allows for 
an unknown amount of misclassification. Another limitation 
is the possibility that many of the medical students had SARS-
CoV-2 7 months earlier than the samples were collected, which 
creates a risk of an uncertain seroprevalence estimate due to the 
possibility of antibody waning. Furthermore, some of the med-
ical students had had their antibodies tested before the study 
[6], which means that recall bias could have influenced their 
answers relating to symptoms, number of contacts, social be-
havior, etc., on our questionnaire.

In conclusion, we found that medical students at UCPH have 
an overall high seroprevalence of SARS-CoV-2 antibodies com-
pared with other groups of health care workers and the general 
Danish population. The risk of infection among medical students 
appears to be partly related to working with COVID-19-infected 
patients, but to a greater extent related to their social behavior. 
This study shows a strong correlation between seropositivity and 
attending the suspected superspreader events at UCPH. However, 
due to the inherent limitations of the study, we can only speculate 
that a substantial number of the medical students included in this 
work were infected with SARS-CoV-2 at said parties. The par-
ties could also signify proxies for increased risk behavior for con-
tracting COVID-19 in the study population. A large proportion 
of the medical students showed no symptoms related to COVID-
19 and therefore posed a risk of being asymptomatic carriers of 
the infection. This study highlights the importance of knowing 
the risks associated with both social and work-related transfer of 
SARS-CoV-2 among medical students at UCPH and the value in 
limiting large social gatherings during this pandemic.
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