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Asko Järvinen a, Satu Kurkela g, Anne J. Jääskeläinen g, Olli Vapalahti d,e,g, Tarja Sironen d,e 

a Infectious Diseases, Inflammation Center, Helsinki University Hospital and University of Helsinki, Finland 
b Human Microbiome Research Program, Faculty of Medicine, University of Helsinki, Finland 
c Meilahti Vaccine Research Center, MeVac, Helsinki University Hospital and University of Helsinki, Finland 
d Department of Virology, Medicum, Faculty of Medicine, University of Helsinki, Finland 
e Department of Veterinary Biosciences, Faculty of Veterinary Medicine, University of Helsinki, P.O. Box 66, 00014 University of Helsinki, Finland 
f Department of Geosciences and Geography, Faculty of Science, University of Helsinki, Finland 
g HUS Diagnostic Center, HUSLAB, Clinical Microbiology, University of Helsinki and Helsinki University Hospital, Finland   

A R T I C L E  I N F O   

Keywords: 
Healthcare staff 
HCW 
SARS-CoV-2 
Covid-19 
Antibody response 
Neutralizing antibodies 

A B S T R A C T   

Background: Exposure, risks and immunity of healthcare workers (HCWs), a vital resource during the SARS-CoV-2 
pandemic, warrant special attention. 
Methods: HCWs at Helsinki University Hospital, Finland, filled in questionnaires and provided serum samples for 
SARS-CoV-2-specific antibody screening by Euroimmun IgG assay in March–April 2020. Positive/equivocal 
findings were confirmed by Abbott and microneutralization tests. Positivity by two of the three assays or RT-PCR 
indicated a Covid-19 case (CoV+). 
Results: The rate of CoV(+) was 3.3% (36/1095) and seropositivity 3.0% (33/1095). CoV(+) was associated with 
contact with a known Covid-19 case, and working on a Covid-19-dedicated ward or one with cases among staff. 
The rate in the Covid-19-dedicated ICU was negligible. Smoking and age <55 years were associated with 
decreased risk. CoV(+) was strongly associated with ageusia, anosmia, myalgia, fatigue, fever, and chest pres-
sure. Seropositivity was recorded for 89.3% of those with prior documented RT-PCR-positivity and 2.4% of those 
RT-PCR-negative. The rate of previously unidentified cases was 0.7% (8/1067) and asymptomatic ones 0% (0/ 
36). 
Conclusion: Undiagnosed and asymptomatic cases among HCWs proved rare. An increased risk was associated 
with Covid-19-dedicated wards. Particularly high rates were seen for wards with liberal HCW-HCW contacts, 
highlighting the importance of social distancing also among HCWs.   

1. Introduction 

The upsurge of the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) [1,2] poses a massive challenge to healthcare systems 
worldwide: by 21 November, 2020 the number of confirmed cases 
exceeded 57 million, with over 1 373 695 deaths reported [3]. 
Large-scale RT-PCR testing, preventive measures at hospitals and in 
society, mask wearing, isolation of positive cases, contact tracing, and 
quarantine for those exposed have been suggested as effective means of 

containing the epidemic [4–8]. As the virus is mainly transmitted from 
person to person, healthcare workers (HCWs) frequently exposed to 
Covid-19 patients constitute a vulnerable part of the workforce [9], and, 
if infected, may pose a risk to patients and other members of staff. 

In Finland, the first Covid19-positive patient was a Chinese traveller 
from Wuhan diagnosed on 29 January 2020 [10]. As of 27 February, 
new cases occurred among travellers returning from Central and 
Southern Europe, most of them identified in the capital region, i.e. our 
hospital district. The epidemic peaked around the turn of March and 
April, after which a gradual decline was seen [11]. Investigations carried 
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out by the Finnish Institute for Health and Welfare (THL), report that on 
weeks 17–19 the national incidence was 26.2 per 100 000 inhabitants 
[11], and according to a serological population study conducted since 
March, in the surrounding hospital district of Helsinki and Uusimaa the 
concomitant seroprevalence by MNT was 0.5% [12]. 

Several studies among HCWs have shown that while asymptomatic 
infections do occur [13–21], symptomatic cases have stronger potential 
to transmit the virus [22]. 

Most patients infected with SARS-CoV-2 develop antibodies against 
virus-specific proteins [23]. Antibodies are considered one of the key 
elements for protection against re-infections: some antibodies targeting 
the receptor-binding and N terminal domains of the spike protein can 
neutralize the virus [24]. Testing such antibodies may present a useful 
tool for identification of those recovered from Covid-19 and presumably 
at reduced risk of reinfection. Reports from various countries show 
differing seroprevalences among HCWs, with a rate of 9.3% recorded in 
Spain [13], 1.6% and 2.7% in Germany [20,25], 11.2% and 24.4% in the 
UK [22,26], 7.4% in Italy [27], 4.0% in Denmark [16], 7.6% and 13.7% 
in the USA [21,28], and 23.0% and 19.1% in Sweden [17,19]; The data 
are from studies mostly conducted in April–May 2020. Further under-
standing of factors associated with HCWs’ infection risk is needed. Here, 
we set out to study the SARS-CoV-2 serological response by a two-tiered 
testing protocol including a neutralization test, and to explore related 
exposure and clinical data among HCWs. 

2. METHODS 

2.1. Study design and data collection 

To obtain data on prevalence of identified and unidentified SARS- 
CoV-2 infections, factors increasing/decreasing transmission risk, and 
antibody response among HCWs, we recruited HCWs on selected wards 
(part of them with known SARS-CoV-2 exposure, others with none 
identified) at Helsinki University Hospital (HUH), Finland. On 22 April 
2020, a total of 1737 HCWs in selected working areas were invited to fill 
in a web-based questionnaire (accessible until 15 May) and provide one 
or more blood samples. The study protocol was approved by the Ethics 
Committee of HUH. 

2.2. Covid-19 at HUH 

HUH provides secondary and tertiary care for the 1.7 million pop-
ulation of Helsinki and Uusimaa region in Finland; there are 2805 beds, 
559167 ED visits and 26536 members of staff (43.9% nurses/practical 
nurses and 12.9% physicians). In this article, ‘nurses’ refer to registered 
nurses with a bachelor’s degree and ‘practical nurses’ to professionals 
with vocational training in nursing. 

The first Covid-19 patient was diagnosed 26 February, the number 
amounting to 4129 by 22 April, the date of invitation, with 527 
laboratory-confirmed admitted patients, and 142 intensive care unit 
(ICU) periods. At the onset of the pandemic, limited laboratory capacity 
did not allow testing all members of staff with symptoms. Instead, they 
were advised to stay at home for 14 days from symptom onset. After 14 
March, those with symptoms were all tested by PCR. On the ordinary 
wards, respirators were replaced by surgical masks in mid-March; both 

were worn together with face shield or safety eyewear and water- 
resistant gowns in all close contacts with risk patients. In ICUs or dur-
ing aerosol-generating procedures, respirators were worn all the time. 
No shortage of protective equipment was reported over the study period, 
the brands varied, though. 

2.3. Volunteers, sampling and questionnaires 

We invited all HCWs (symptomatic and asymptomatic) from selected 
working areas at HUH. These comprised two emergency departments; 
Covid-19-dedicated units (two ICUs and four infectious diseases/pul-
monary/new cohort wards); units with no such patients (one ICU and 
two oncological wards); units with no such patients but with known 
HCW-HCW exposure among staff (later wards A with 25 and B with 32 
exposed HCWs; the two index cases on these two wards were not 
included in the study). For inclusion, a serum sample was required and 
an online questionnaire was to be filled in. Those with equivocal anti-
body result by the first serological assay (Euroimmun) were asked to 
provide a new sample two weeks later. The results of previous SARS- 
CoV-2 RT-PCR tests, if taken, were retrieved from the laboratory 
database. 

The questionnaires covered background data on demographics, 
working area, profession, history of Covid-19 and exposures to SARS- 
CoV-2, symptoms, etc. (Supplementary Table 1, Supplementary 
Table 2). 

2.4. Serological methods 

We used three serological assays. All samples were screened by 
SARS-CoV-2 IgG ELISA (Euroimmun, Lübeck, Germany) with EURO-
Labworkstation (Euroimmun), the assay we previously reported to have 
a specificity of 87% and sensitivity of 71% [29]. For positive and 
equivocal samples, a further analysis was conducted by both an auto-
mated chemiluminescent microparticle immunoassay (CMIA) for 
SARS-CoV-2 IgG (Abbott, Illinois, USA) with Architect Plus i2000sr 
Analyzer (Abbott) and a microneutralization (MNT) test with SARS-COV 
Fin-1 strain on Vero E6 cells essentially as described previously [10]. 
The Abbot assay proved to present 95% specificity and 80% sensitivity 
in our use [29]. Both the Euroimmun and Abbott assays were conducted 
according to manufacturers’ instructions (Euroimmun; Abbott). In the 
MNT, the sera were titrated to endpoint starting from the dilution of 
1:20 in duplicates. Titres 1:20 and above were considered positive. 

As an internal control to examine the success of the Euroimmun test 
in screening, we tested 216 first samples, regardless of result, also by 
MNT (data not shown). 

2.5. Definitions and categorizations 

Serology was considered as positive if the results were positive by 
two of the three assays: Euroimmun (positive/equivocal in primary 
screening), Abbott and MNT (positive in confirming secondary tests). 

A confirmed Covid-19 case, CoV(+), was defined as one with positive 
serology or a recorded positive SARS-CoV-2 RT-PCR result. An asymp-
tomatic case was defined as one recorded as CoV(+) but with no 
symptoms. 

The working areas were categorized by potential exposure to SARS- 
CoV-2 as follows: 1) Covid-19-dedicated ICU; 2) regular ICU (no patients 
with suspected/confirmed Covid-19); 3) Covid-19-dedicated ward; 4) 
non-Covid-19 ward; 5) ward A: non-Covid-19-dedicated ward but case 
(s) identified among members of staff not having socialized outside 
working hours; 6) ward B: non-Covid-19 ward but case(s) identified 
among staff and members known to have attended a common get- 
together; 7) emergency department. For analyses of the impact of 
working area, only nurses, practical nurses, and physicians were 
selected. 

Abbreviations 

CoV(+) a Covid-19 case 
CoV(− ) a non-Covid-19 case 
HCW healthcare worker 
SARS-CoV-2 Severe Acute Respiratory Syndrome Coronavirus 2 
Covid-19 Coronavirus disease 2019  
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2.6. Statistical analyses 

SPSS v. 22.0 (IBM Corp., Armonk, NY) was used for all statistical 
analyses, for categorical variables the χ2-test, Fisher’s exact test or bi-
nary logistic regression, as appropriate, and for continuous variables, 
Mann-Whitney U test. 

3. RESULTS 

3.1. Study population and background data 

Of the 1737 HCWs initially invited by the HUH occupational 
healthcare, 1131 (65.1%) gave an informed consent. Blood samples 
were missing for 34 and two did not fill in the questionnaire (Fig. 1). The 
final study population comprised 1095 HCWs, 895 (82.7%) females and 
187 (17.3%) males, and the median age was 38 years (IQR 31–48). Of 
all, 23.0% were physicians, 58.5% nurses, 5.1% practical nurses, 4.2% 
clerks, and 4.5% ward domestics (Supplementary Table 1). Of the re-
spondents, 28 (2.8%) had tested positive for SARS-CoV-2 by RT-PCR 
before recruitment, 206 (18.8%) had tested negative, and 861 (78.6%) 
had not taken the test. In total, we identified 63 HCW-HCW exposures 
and 12 Covid-19 patient-HCW exposures (data not shown). 

3.2. Serology 

A positive SARS-CoV-2 serology (positive result by two of the three 
assays, Euroimmun, Abbott and MNT) was recorded for 33/1095 (3.0%) 
HCWs. An initial positive result was obtained for 73/1095 (6.7%) by 
Euroimmun; of these, 32 (43.8%) were also positive by the Abbott test, 

and 29 (39.7%) had neutralizing antibodies. In addition, one sample 
equivocal with Euroimmun yet positive by Abbott and MNT was 
considered seropositive. Three previously RT-PCR-positive cases proved 
seronegative: two had negative results and one positive using the 
Euroimmun assay, the latter tested negative by Abbott and MNT. 

When scrutinizing the three RT-PCR-positive/seronegative cases, the 
following was observed: In the case negative by Euroimmun and MNT 
but positive by Abbott, the serum sample was taken 12 days after RT- 
PCR positivity. However, follow-up serum samples taken five weeks 
after the PCR-positive result tested positive by both Euroimmun and 
Abbott. In addition, one patient with positive PCR 11 days earlier was 
negative by both Euroimmun and Abbott but a follow-up sample taken 
79 days later tested positive by both assays. Moreover, one case found 
RT-PCR-positive 46 days earlier proved positive only by Euroimmun but 
not by Abbott and MNT and was thus judged as seronegative; no follow- 
up sample was available. 

Of CoV(+) cases, 30/36 (83.3%) proved positive by MNT. Of the 33 
seropositives, 25 (75.8%) had previously been tested positive and five 
(15.2%) negative by RT-PCR; three (9.1%) had not been tested. Of the 
28 RT-PCR-positive HCWs, 25 (89.3%) had positive serology. In total, 8/ 
1067 (0.7%) can be considered new diagnoses: Among the 206 RT-PCR- 
negatives, five had positive serology (2.4%) despite being tested nega-
tive at the time of symptoms. Among the 861 with no record of RT-PCR 
testing, three (0.3%) were seropositive. Of these three, one had merely 
reported headache and myalgia, one was febrile with rhinorrhoea, and 
the third had a sore throat, rhinorrhoea, fatigue, and breathlessness. 

Analysis of the 216 first consecutive samples showed for Euroimmun 
92.9% sensitivity and 76.1% specificity in comparison with the MNT 
assay (data not shown). 

Fig. 1. Flow chart of study conduct. Healthcare workers (HCWs) were invited to participate in the study by an email sent by the occupational healthcare of Helsinki 
University Hospital (HUH). 
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3.3. Characteristics of CoV(+) cases 

A total of 3.3% (36/1095) were considered to have had a Covid-19 
infection (at least two of the three antibody assays positive or recor-
ded positive RT-PCR), with no gender differences. CoV(+) status was 
more common among those aged 55 years or older (6.8%) than the 
younger (2.9%; p = 0.022; OR 2.4, 95% CI 1.1–5.2). None of the un-
derlying illnesses reported by 34.0% of the participants were associated 
with CoV(+). 

3.4. Potential risk factors 

3.4.1. Professional group and working areas, occupational/other exposure 
Nearly all CoV(+) participants reported a known contact with 

another laboratory-confirmed case. CoV(+) rates were not found to 
differ significantly between the various professional groups (Supple-
mentary Table 1). Among physicians, nurses, and practical nurses dif-
ferences were associated with working area: the CoV(+) rates among 
those working on Covid-19-dedicated wards were higher in non-ICUs 
than ICUs (9.1% vs. 0.9%; p = 0.002, OR 11.0, 95% CI 1.3–89.7). 

In addition to patient-HCW transmission, an increased risk was also 
associated with HCW-HCW contacts outside working hours: higher rates 
were recorded for ward B (Covid-19 cases among staff plus get-together) 
but not for ward A (cases among staff but no gatherings) (22.6% vs. 0%). 

Ward B showed the highest rates of all in the study (Table 1). HCW-HCW 
contacts accounted for most transmissions: HCWs on Ward B constituted 
55.9% of all cases. 

We found no association between number of daily contacts outside 
workplace and risk of CoV(+) (data not shown). 

3.4.2. History of respiratory tract infections and upper respiratory tract 
surgical interventions 

CoV(+) cases were not found more common among those with a 
history of frequent upper respiratory tract infections, pneumonia in 
lifetime or upper respiratory tract surgical interventions (such as tym-
panostomy or adenoidectomy in childhood). 

3.4.3. Smoking status and vitamin D supplementation 
None of the 36 who tested CoV(+) were current smokers (smoking at 

least once a week); 31.4% were ex-smokers, and 60.0% had never 
smoked. Current smoking was associated with lower rates of CoV(+) (p 
= 0.027). Likewise, smokeless tobacco products were used by 3.2%, 
none of these CoV(+) (Supplementary Table 1). 

In our data, supplementation with vitamin D, regardless of dose, did 
not provide protection against Covid-19 (Supplementary Table 1). 

Table 1 
Factors associated with CoV(+) (SARS-CoV-2 infection) among 1095 HCWs.   

Total CoV(+) 
(%) 

CoV(− ) 
(%) 

p-value OR (95% CI) 

Total 1095 36 (100) 1059 (100)   

Working area (only registered nurses, practical nurses, physiciansa) 
Covid-19 ICU 111 (11.7) 1 (2.9) 110 (12.0)  1.0 
Other ICU 245 (25.8) 0 (0) 245 (26.8) 0.995 N/A 
Covid-19 ward 88 (9.3) 8 (23.5) 80 (8.7) 0.025 11.0 (1.3–89.7) 
Non-Covid-19 ward Ab with case(s) among staff 23 (2.4) 0 (0) 23 (2.5) 0.998 N/A 
Non-Covid-19 ward Bc with case(s) among staff 84 (8.9) 19 (55.9) 65 (7.1) 0.001 32.2 (4.2–245.8) 
Other non-Covid-19 ward 178 (18.8) 1 (2.9) 177 (19.3) 0.738 0.6 (0.04–10.0) 
Emergency department 206 (21.7) 5 (14.7) 201 (22.0) 0.351 2.7 (0.3–23.7) 
Other working area 14 (1.5) 0 (0) 14 (1.5) 0.998 N/A 
Known contacts with Covid-19 patientsd 

Treated Covid-19 patients 653 (60.0) 12 (35.3) 641 (60.8) 0.003 0.4 (0.2–0.7) 
Treated Covid-19 patient(s) without adequate protection 52 (4.8) 5 (14.7) 30 (2.9) 0.020 3.7 (1.4–10.0) 
Treated patients without known Covid-19 497 (45.7) 18 (52.9) 479 (45.4) 0.388 1.4 (0.7–2.7) 
Covid-19 ward, no patient contact 182 (16.7) 1 (2.9) 282 (17.2) 0.029 0.1 (0.02–1.1) 
Other working areas, no patient contact 122 (11.2) 2 (5.9) 120 (11.4) 0.317 0.5 (0.1–2.1) 
Contact with persons with Covid-19/suspicion of Covid-19/travel abroad 
-No known contact 573 (52.3) 7 (19.4) 566 (53.4)  1.0 
-Contact with a person with Covid-19 suspicion or travel abroad 195 (17.8) 2 (5.6) 193 (18.2) 0.826 0.8 (0.2–4.1) 
-Contact with a confirmed Covid-19 case 327 (29.8) 27 (75.0) 300 (28.3) <0.001 7.3 (3.1–16.9) 
Isolation      
-None 850 (79.2) 13 (3.1) 837 (80.7)  1.0 
-Respondent in quarantine 167 (15.5) 12 (33.3) 155 (14.9) <0.001 5.0 (2.2–11.1) 
-Household contact in quarantine 35 (3.3) 1 (2.8) 34 (3.3) 0.544 1.9 (0.2–14.9) 
-Respondent plus family member in quarantine 12 (1.1) 1 (2.8) 11 (1.1) 0.102 5.9 (0.7–48.7) 
- Covid-19-positive household member 9 (0.8) 9 (25.0) 0 (0) 0.998 N/A 
Used public transportation 532 (49.5) 18 (50.0) 514 (49.6) 0.959 1.0 (0.5–2.0) 
Travel abroade      

-No 728 (66.5) 24 (66.7) 704 (66.5)  1.0 
-Yes 367 (33.5) 12 (33.3) 355 (33.5) 0.981 1.0 (0.5–2.0) 
Household members      
No others 270 (24.7) 10 (27.8) 260 (24.6) 0.661 1.0/0.8 (0.4–1.8) 
One other adult 658 (60.1) 21 (58.3) 637 (60.2) 0.782 0.9 (0.4–1.9) 
Two or more other adults 113 (10.3) 5 (13.9) 108 (10.2) 0.740 1.2 (0.4–3.6) 
Children 10–18 years 251 (22.9) 15 (41.7) 236 (22.3) 0.230 1.7 (0.7–3.8) 
Children 6–9 years 168 (15.3) 7 (19.4) 161 (15.2) 0.807 1.1 (0.4–3.0) 
Children 0–5 years 178 (16.2) 0 (0) 178 (16.8) 0.987 N/A  

a Total number of CoV (+) = 34 and CoV(− ) = 915. 
b No socializing outside working hours. 
c Socializing outside working hours. 
d Missing data 17. 
e No significant differences were seen between the various regions as destinations. 
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3.5. Symptoms 

The great majority of our Covid-19 cases (35/36; 97.2%) were mild; 
only one (2.8%) was hospitalized and treated in ICU. Some of the 
symptoms proved significantly more common in the CoV(+) (n = 36) 
than the CoV(− ) (n = 1059) group (Supplementary Table 2, Fig. 2). 
These included complete anosmia and ageusia (55.6% versus 0.6% and 
38.9% versus 0.2%); myalgia (75.0% versus 28.2%); fatigue (75.0% 
versus 36.5%); fever (50.0% versus 16.7%); pressure in the chest (47.2% 
versus 17.4%); cough (66.7% versus 34.8%); and dyspnoea (36.1% 
versus 14.9%). No association was found between CoV(+) and gastro-
intestinal symptoms. 

4. Discussion 

Combining positive serology (3.0%) and recorded positive RT-PCR 
(2.8%) for our HCWs, the proportion of Covid-19 cases added up to 
3.3%. This percentage appears small compared to HCW studies report-
ing rates between 1.6% and 44% [13,14,16,17,19,20,22,25–28], pre-
sumably reflecting epidemiological situation, availability of personal 
protective equipment, and differences in diagnostic methods used. Ac-
cording with increased risk reported for HCWs [16,18–20,22,30], our 
rate exceeded sixfold the seroprevalence of 0.5% as confirmed by MNT 
among the general population in our hospital district [12]. 

4.1. Newly diagnosed cases 

Interestingly, eight (22.9%) of those found CoV(+) had not been 
diagnosed earlier; five (14.3%) had tested negative and three (8.6%) had 
not taken any tests (each reported only minor symptoms). Increasing 
evidence suggests limited clinical sensitivity of RT-PCR for SARS-CoV-2 
testing [31]. Possible false negative PCR results are, of course, a great 
concern. Our five PCR-negative CoV(+) cases may not all have been true 
false negatives, as the patients may have contracted the disease on 
another occasion, or the negative result could be attributed to late 
sampling [32]. However, if serology was taken as a reference and all 
these were interpreted as false negatives, it is evident that the rate 
remained low: at the maximum only 2.4% (5/206) of all PCR tests. 

4.2. Asymptomatic cases 

While some studies report asymptomatic/presymptomatic trans-
mission to account for half of all Covid-19 infections [33], we found no 
truly asymptomatic cases: all our participants had Covid-19 symptoms; 
three cases were so mild that the HCW saw no need to take a test. Indeed, 
in investigations looking at seropositive HCWs the proportion of those 
showing no symptoms varies considerably, from 9.0% up to 64% [13,14, 
16,17,19–21]. On the other hand, studies carried out in Spain, Italy, and 
the UK among fully asymptomatic HCWs report PCR-positive rates not 
higher than 0.2–2.4% [18,22,26,34–36]. In our data, only the symp-
tomatic HCWs were tested by RT-PCR, whereas our rates of those 
asymptomatic were based on seropositivity. The lack of asymptomatic 
infections may partly be attributed to the longish period (up to two 
months) covered in the questionnaires: the CoV(+) individuals may 
have experienced, besides an asymptomatic Covid-19 disease, some 
respiratory tract infection and solely report symptoms related to that. 
Our strict definition of asymptomatic disease – not even allowing 
atypical symptoms – may to some extent also explain the low rates. 
Indeed, in numerous studies as many as half of the “asymptomatic” 
report respiratory tract symptoms in questionnaires or in detailed in-
terviews [18,22]. Furthermore, the rates reported may depend on the 
methods used: had we solely relied on the Euroimmun assay yielding the 
highest rates of seropositivity, our asymptomatic infection rate would 
have amounted to 17.8%. Moreover, as recent literature suggests that 
>90% of those infected develop antibody responses that persist for 
months [37], it is unlikely that we could have missed any significant 
number of CoV(+) cases since the blood samples were drawn within a 
few weeks after symptom onset. 

Our negligible proportion of asymptomatic cases supports the policy 
of only testing HCWs having symptoms, not overlooking even mild ones, 
though. Indeed, in a study by Eyre et al. PCR-positive asymptomatic 
HCWs did not transmit the infection to their co-workers [22]. 

4.3. Symptoms of Covid-19 

Overall, Covid-19 among our HCWs was in most cases not found 
severe: one (1/36; 2.8%) was hospitalized (ICU). According with many 
other studies [16,17,19,35,38–40], in our data anosmia (complete 

Fig. 2. Proportion of healthcare workers with given symptoms in groups considered as Covid-19 positive (CoV+; black) and Covid-19 negative cases (CoV-; gray). 
Symptoms are listed by the order of decreasing OR (for more detailed information, see Supplementary Table 2. 
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among CoV(+) versus CoV(− ) 55.6% versus 0.6%; partial 8.3% versus 
6.5%) and ageusia (complete 38.9% versus 0.2%; partial 33.3% versus 
6.0%) were strongly associated with CoV(+). The proportion of CoV(+) 
HCWs with olfactory and/or taste disorders varies greatly between 
studies: in an investigation by Lan et al. 15.7% of the PCR-positive [41] 
and Lindahl et al. 12.0% of the seropositive [17] show olfactory/taste 
disorders, whereas Villareal et al. and Lombardi et al. present consid-
erably higher rates ranging from 70.0 to 76.9% [35,40] that accord with 
our data, where the respective figure is 77.1% for olfactory or taste 
disorders. Increasing awareness of these symptoms being related to 
Covid-19 and their suggested association with milder disease may ac-
count for the rates differing [42–44]. Younger age may also explain 
some of the variation [44]. Unlike many previous studies [35,45,46] our 
data with mostly mild cases did not show significant differences between 
CoV(+) and CoV(− ) HCWs in the prevalence of gastrointestinal symp-
toms. Indeed, gastrointestinal symptoms have been associated with se-
vere clinical picture [46], while in non-severe cases the data are 
inconsistent [35,41]. 

4.4. Does smoking decrease risk of contracting SARS-CoV-2? 

Remarkably, none of the participants in our CoV(+) group were 
current smokers. In the literature, the impact of smoking appears 
controversial [45,47–52]. Despite several studies presenting lower rates 
of COVID-19 among smokers than non-smokers [49,52], the habit 
should by no means be advocated, as this potential benefit is definitely 
outweighed by its harmfulness [52]. 

4.5. Does treating Covid-19 patients involve increased risk for HCWs? 

Higher risk of contracting SARS-CoV-2 is reported in several in-
vestigations both for HCWs treating [16,18–20,22] and not treating 
Covid-19 patients [19,22], while many other researchers have found no 
such association [25,27,53]. In our data, of those working in ICUs caring 
for known/suspected COVID-19 patients, only one (0.9%) of the 111 
HCWs was CoV(+), consistent with recent research among HCWs in 
ICUs [22,26,54]. Of our participants on non-ICU wards caring for 
known/suspected COVID-19 patients and wearing surgical masks 8 
(9.1%) were positive. While the difference may simply be explained by 
varying quality of personal protection (respirators in ICU, surgical mask 
on ward), it may also be associated with degree of social distancing, 
since unlike HCWs on wards, those in ICUs mostly stay at their patients’ 
bedside, not in nursing areas together with coworkers. Since there was 
no shortage in supply of personal protective devices like respirators, our 
data serve particularly well to unravel the true occupational risks. What 
our results show is that in ICU settings protection and practices were 
adequate, whereas on Covid-19-dedicated non-ICU wards more cases 
were recorded. 

Our highest CoV(+) rates were seen for those who worked in a unit 
without known COVID-19 patients but cases among staff who had a 
gathering after work. No such increase was seen on a ward with cases 
among staff but no socializing after work day. This result brings HCW- 
HCW transmission to the fore, demonstrating that attention should 
also be paid to social distancing outside working hours [54]. 

Indeed, contact tracing on our Covid-19 wards (data not shown) also 
suggest that although a HCW initially contracted the virus from a brief 
unprotected exposure when caring for a patient, the subsequent HCW- 
HCW transmissions demonstrate that socializing at work and during 
spare time may pose greater risk than interaction with patients. 

Although our results do not associate number of household contacts 
(children or other adults) and risk of Cov(+), the data accord with 
previous studies [22,54] in showing significant association with CoV(+) 
cases at home, an obvious source of transmission. 

4.6. Limitations and strengths 

Our low Covid-19 rate – presumably ascribable to vigorous domestic 
lockdown measures – may have impacted the assessment of many of the 
risk factors. In fact, our rate should not be considered as an estimate of 
all employees, either since the working areas were not picked randomly 
but had been selected so as to cover ward, emergency departments, and 
ICU, either with or without Covid-19 patients and wards with known 
Covid-19 cases among the staff (the two index cases not included). 
However, this selection was designed to comprise wards of all kinds and 
thus allow rough comparisons between the wards. 

One limitation concerns the analyses of symptoms. The question-
naire covered a period with high rates of respiratory tract infections of 
any kind. While this very time spans enables comparisons between 
symptoms of Covid-19 and other respiratory tract infections, some vol-
unteers with CoV(+) may have had both and thus list symptoms of both. 
As this study was cross-sectional, a recall bias should be considered. 
However, since the first patient case at HUH was not recorded until late 
February, the numbers peaking in March–April, for most participants the 
recall period remained rather short (average 31 days). 

One of our strengths was that the volunteers responded prudently to 
practically all questions; this may partly explain the low proportion of 
asymptomatic cases. It should be noted that our study probably differs 
from many others, since no shortage of personal protective devices was 
reported. 

5. Conclusions 

The CoV(+) rates among our HCWs exceeded the background level. 
A positive serology was seen for the majority of those with confirmed 
Covid-19, most of whom also had neutralizing antibodies. The low rates 
of possible false negative PCR results and lack of asymptomatic in-
fections support active testing of HCWs with symptoms as the principal 
approach for identifying Covid-19 cases among HCWs. In our HCW data, 
a particularly high risk of contracting SARS-CoV-2 pertains to socializing 
with co-workers. In addition to demonstrating the importance of pro-
tective precautions when treating patients, our results highlight the 
necessity for social distancing between co-workers. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.tmaid.2020.101949. 
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