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A B S T R A C T   

Healthcare workers have potentially been among the most exposed to SARS-CoV-2 infection as well as the deleterious toll of the pandemic. This study has the 
objective to differentiate the pandemic toll from post-acute sequelae of SARS-CoV-2 infection in healthcare workers compared to the general population. 

The study was conducted between April and July 2021 at the Geneva University Hospitals, Switzerland. Eligible participants were all tested staff, and outpatient 
individuals tested for SARS-CoV-2 at the same hospital. The primary outcome was the prevalence of symptoms in healthcare workers compared to the general 
population, with measures of COVID-related symptoms and functional impairment, using prevalence estimates and multivariable logistic regression models. 

Healthcare workers (n = 3083) suffered mostly from fatigue (25.5 %), headache (10.0 %), difficulty concentrating (7.9 %), exhaustion/burnout (7.1 %), insomnia 
(6.2 %), myalgia (6.7 %) and arthralgia (6.3 %). Regardless of SARS-CoV-2 infection, all symptoms were significantly higher in healthcare workers than the general 
population (n = 3556). SARS-CoV-2 infection in healthcare workers was associated with loss or change in smell, loss or change in taste, palpitations, dyspnea, 
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difficulty concentrating, fatigue, and headache. Functional impairment was more significant in healthcare workers compared to the general population (aOR 2.28; 
1.76–2.96), with a positive association with SARS-CoV-2 infection (aOR 3.81; 2.59–5.60). 

Symptoms and functional impairment in healthcare workers were increased compared to the general population, and potentially related to the pandemic toll as 
well as post-acute sequelae of SARS-CoV-2 infection. These findings are of concern, considering the essential role of healthcare workers in caring for all patients 
including and beyond COVID-19.   

1. Introduction 

COVID-19 has disproportionately affected healthcare workers1. They 
have been on the frontline of this pandemic and have been constantly 
working when the general population was able to follow lockdown 
measures in order to protect themselves. Personal protective equipment 
and vaccination have been crucial in protecting healthcare staff from 
being infected (Mehta et al., 2021), however they still have been in the 
groups of essential workers most impacted by SARS-CoV-2 infections 
(Stringhini et al., 2021); (Bergwerk et al., 2021). While acute compli
cations of SARS-CoV-2 in healthcare workers have been described in 
meta-analyses (Gholami et al., 2021), post-acute sequelae of SARS-CoV-2 
(PASC) (NIH, 2021) have been less documented. The prevalence of PASC 
in the general population (Nehme et al., 2021; Nehme et al., 2020; 
Lopez-Leon et al., 2021) is potentially applicable to healthcare workers, 
with the additional pandemic-related toll and work-related strains on 
their mental and physical health, as suggested in previous pandemics 
(Maunder et al., 2006). A recent study in Sweden including 323 sero
positive and 1072 seronegative healthcare professionals suggested that 
26 % of seropositive healthcare workers still had at least one moderate 
to severe symptom 2 months and 15 % at 8 months after the infection 
versus 9 % and 3 % in seronegative healthcare workers respectively 
(Havervall et al., 2021). While not comparing symptoms to the general 
population, this study provided first-hand accounts of potential long- 
term symptoms in healthcare workers. 

In this study, we differentiate the direct effects of SARS-CoV-2 from 
the pandemic-related indirect effects on healthcare workers at the 
Geneva University Hospitals in Geneva, Switzerland using a large sam
ple cohort (n = 3083) and comparing results to non-healthcare workers 
(n = 3556) from the same source population. 

2. Methods 

From June 22, 2021 to July 1st, 2021, an online questionnaire was 
sent to all staff of the Geneva University Hospitals (HUG). Our definition 
of healthcare workers included all hospital staff. In parallel, between 
April 23, 2021 and July 27, 2021, the same questionnaire was sent to all 
individuals tested for SARS-CoV-2 at the outpatient SARS-CoV-2 testing 
center at the same hospital (general population). Individuals were then 
categorized into healthcare workers and the general population. All 
participants in the general population who were healthcare workers 
(outside of HUG) were excluded. All participants in the healthcare 
workers group who were not tested were excluded. Participants who had 
chronic symptoms prior to testing, similar to those listed, were also 
excluded, considering their symptoms could potentially be due to other 
causes. All individuals gave consent and the study was approved by the 
Cantonal Research Ethics Commission of Geneva, Switzerland (protocol 
numbers 2021–00389 and 2021–00931). 

The questionnaire included questions about baseline characteristics, 
comorbidities, self-rated health, symptoms and evolution of symptoms 
since testing, current symptoms over the past two weeks, quality of life, 
functional capacity and productivity using the Sheehan disability scale 
(Leon et al., 1997) and the work ability index scale (Ilmarinen and 
Tuomi, 2004). The questionnaire instrument is available as supple
mentary material. Data was collected using REDCap v11.0.3 and 
analyzed using the statistical software Stata, version 16.0 (StataCorp). 
Descriptive analyses and prevalence included percentages, with com
parisons using chi-square tests or Fisher’s exact test when appropriate. A 

p-value of < 0.05 was considered as significant. To evaluate the effect of 
the role of profession (healthcare worker versus non-healthcare worker) 
and SARS-CoV-2 infection on the outcomes of fatigue, headache, diffi
culty concentrating, insomnia and exhaustion/burnout, a causal medi
ation analysis was conducted using the STATA med4way command with 
a logistic regression model form. The exposure considered in this anal
ysis was the profession (healthcare worker versus non-healthcare 
worker), the mediator considered in this analysis was SARS-CoV-2 
infection, and the confounders based on a directed acyclic graph 
model were age, sex, time from testing, symptoms at presentation, and 
COVID-19 vaccination status. Age and time from testing were fixed at 
their respective mean values, sex at female, symptoms at presentation at 
symptomatic, and vaccination at fully vaccinated (2 doses or 1 dose with 
infection, as suggested by the national vaccination guidelines in 
Switzerland at the time) (Federal Office of Public Health, n.d.). The total 
excess relative risk corresponds to the effect of the profession (health
care worker) along with mediation and interaction, the direct excess 
relative risk due to controlled direct effect represents the effect due to 
neither mediation nor interaction (profession only), the excess relative 
risk due to reference interaction represents the portion of effect due to 
just interaction without mediation, the excess relative risk due to 
mediated interaction represents the portion of effect due to both medi
ation and interaction and the excess relative risk due to pure indirect 
effect represents the portion of effect due to just mediation without 
interaction. 

3. Results 

The mean age of healthcare workers (n = 3083) was 
43.8 years ± 11.0 standard deviation (SD), 72.3 % were women, 43.9 % 
nursing staff, 19.3 % administrative staff, and 15.9 % physicians. This 
distribution was in line with the staff distribution at the Geneva Uni
versity Hospitals. In comparison, the mean age in the general population 
group (n = 3556) was 44.4 years (SD, 14.4) and 56.5 % were women 
(Table 1). The median time from infection to follow-up was 244 days 
(interquartile range IQR 202–400 days) in healthcare workers versus 
220 days (IQR 198–344 days) in the general population (p < 0.001). 

Symptoms prevalence was higher in healthcare workers than in the 
general population independently of SARS-CoV-2 infection (Table 1). 
Fatigue, headache, difficulty concentrating/loss of memory, exhaus
tion/burnout, arthralgia, myalgia, and insomnia were among the most 
prominent symptoms in healthcare workers compared to the general 
population (Table 1 and Fig. 1, panel A). SARS-CoV-2 infection was 
associated with loss or change in smell, loss or change in taste, palpi
tations, dyspnea, difficulty concentrating/loss of memory, fatigue and 
headache in healthcare workers (Fig. 1, panel B). Mediation analysis 
shows an association between exposure (healthcare worker) and the 
different outcomes, with an excess relative risk due to controlled direct 
effect without mediation nor interaction. There is also an excess relative 
risk due to pure indirect effect (SARS-CoV-2 infection). Results are 
shown in Table 2. 

Overall, 61.6 % of healthcare workers reported working at 95–100 % 
of their functional capacity versus 77.2 % of individuals in the general 
population (unadjusted and adjusted p-values < 0.001). The odds of 
having moderate to severe functional impairment was higher in 
healthcare workers compared to the general population (aOR 2.28; 
1.76–2.96), as well as in SARS-CoV-2 infected versus non-infected 
healthcare workers (aOR 3.81; 2.59–5.60). 
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4. Discussion 

Healthcare workers suffer from a high prevalence of symptoms 
associated with the pandemic toll in general and with the effects of 
SARS-CoV-2 infection more specifically. These symptoms include fa
tigue, headache, difficulty concentrating, insomnia, and exhaustion/ 
burnout among others. A mediation analysis shows that being a 
healthcare worker is directly associated with a higher likelihood of these 
symptoms, even after considering potential mediator and interaction 
effects. Functional impairment is also more prevalent in healthcare 
workers compared to the general population, and even more so in SARS- 
CoV-2 positive compared to SARS-CoV-2 negative healthcare workers. 
Healthcare associated infections account for 4.3 % all COVID-19 cases in 
Geneva (Mongin et al., 2019). Studies suggested that healthcare workers 
were at risk of burnout and mental health issues during the first 
pandemic wave (Pappa et al., 2020); (Carmassi et al., 2020), and 
healthcare workers were generally considered at a higher risk of fatigue, 
insomnia and burnout even prior to the pandemic (Gates et al., 2018 Sep 

Table 1 
Characteristics of healthcare workers and individuals from the general popula
tion.*   

Total 
(n = 6639) 

Healthcare 
workers 
(n = 3083) 

General 
population 
(n = 3556) 

P-value 

N (%) N (%) N (%)  

Age categories     <0.001 
below 40 2695(40.6) 1193(38.7) 1502(42.2)  
40–59 3205(48.3) 1699(55.1) 1506(42.4)  
60 and above 739(11.1) 191(6.2) 548(15.4)   

Sex     <0.001 
Male 2399(36.2) 854(27.7) 1545(43.5)  
Female 4237(63.8) 2228(72.3) 2009(56.5)   

Test result     0.157 
Negative 4256(64.1) 2004(65.0) 2252(63.3)  
Positive 2383(35.9) 1079(35.0) 1304(36.7)   

Smoking     <0.001 
Never smoked 3544(53.4) 1750(56.8) 1794(50.5)  
Current smoker 1243(18.7) 550(17.8) 693(19.5)  
Ex-smoker, stopped 

independently of 
COVID-19 

1673(25.2) 706(22.9) 967(27.2)  

Ex-smoker, stopped 
because of COVID-19 

24(0.4) 8(0.3) 16(0.5)  

Prefer not to answer 151(2.3) 68(2.2) 83(2.3)   

Physical activity     0.104 
None 909(13.7) 389(12.6) 520(14.6)  
Partially active 3380(50.9) 1589(51.6) 1791(50.4)  
Regular physical 

activity 
2300(34.7) 1080(35) 1220(34.3)  

Prefer not to answer 46(0.7) 24(0.8) 22(0.6)   

Symptoms at 
presentation     

<0.001 

None 1662(25.2) 894(29.5) 768(21.6)  
Pauci-symptomatic 3207(48.7) 1404(46.3) 1803(50.7)  
Had several symptoms 1703(25.9) 729(24) 974(27.4)  
Prefer not to answer 15(0.2) 7(0.2) 8(0.2)   

Regular work activity     <0.001 
<30 % 88(1.5) 26(0.8) 62(2.3)  
Between 30 and 49 % 41(0.7) 18(0.6) 23(0.8)  
Between 50 and 79 % 580(10) 371(12) 209(7.7)  
Between 80 and 100 % 5094(87.8) 2666(86.5) 2428(89.2)   

COVID-19 vaccination 
status     

<0.001 

Not vaccinated 2189(33) 659(21.4) 1530(43.1)  
Received 2 doses 3172(47.8) 2017(65.4) 1155(32.5)  
Received 1 dose 1225(18.5) 374(12.1) 851(24)  
Prefer not to answer 50(0.8) 33(1.1) 17(0.5)   

Symptoms     
Fatigue 1667(25.1) 1206(39.1) 461(13.0)  <0.001 
Headache 729(11.0) 489(15.9) 240(6.7)  <0.001 
Difficulty 

concentrating 
583(8.8) 364(11.8) 219(6.2)  <0.001 

Insomnia 565(8.5) 423(13.7) 142(4.0)  <0.001 
Exhaustion/Burnout 557(8.4) 373(12.1) 184(5.2)  <0.001 
Myalgia 465(7.0) 288(9.3) 177(5.0)  <0.001 
Arthralgia 368(5.5) 261(8.5) 107(3.0)  <0.001 
Dyspnea 370(5.6) 197(6.4) 173(4.9)  0.007 
Loss or change in smell 466(7.0) 212(6.9) 254(7.1)  0.672 
Loss or change in taste 324(4.9) 144(4.7) 180(5.1)  0.461 
Cough 231(3.5) 140(4.5) 91(2.6)  <0.001 
Palpitations 184(2.8) 105(3.4) 79(2.2)  0.003 
Chest pain 108(1.6) 62(2.0) 46(1.3)  0.021  

Table 1 (continued )  

Total 
(n = 6639) 

Healthcare 
workers 
(n = 3083) 

General 
population 
(n = 3556) 

P-value 

N (%) N (%) N (%)  

Stress 460(6.9) 315(10.2) 145(4.1)  <0.001  

Functional impairment     0.096 
None 5238(78.9) 2423(78.6) 2815(79.2)  
Mild 588(8.9) 259(8.4) 329(9.2)  
Moderate 571(8.6) 272(8.8) 299(8.4)  
Severe 242(3.6) 129(4.2) 113(3.2)   

Co-morbidities     
No comorbidities 3137(47.3) 1545(50.1) 1592(44.8)  <0.001 
Obesity or overweight 1088(16.4) 515(16.7) 573(16.1)  0.517 
Headache (all types) 815(12.3) 391(12.7) 424(11.9)  0.347 
Insomnia 731(11.0) 327(10.6) 404(11.4)  0.327 
Hypertension 524(7.9) 185(6.0) 339(9.5)  <0.001 
Rheumatological 

disorder 
469(7.1) 169(5.5) 300(8.4)  <0.001 

Anxiety 392(5.9) 124(4) 268(7.5)  <0.001 
Respiratory disease 300(4.5) 134(4.3) 166(4.7)  0.529 
Irritable bowel 

syndrome 
299(4.5) 103(3.3) 196(5.5)  <0.001 

Cognitive disorders 
(attention deficit, 
memory disorders) 

287(4.3) 104(3.4) 183(5.1)  <0.001 

Chronic fatigue 
syndrome 

276(4.2) 110(3.6) 166(4.7)  0.025 

Depression 266(4.0) 65(2.1) 201(5.7)  <0.001 
Anemia 206(3.1) 91(3.0) 115(3.2)  0.508 
Hypothyroidism 202(3) 111(3.6) 91(2.6)  0.014 
Cardiovascular disease 150(2.3) 44(1.4) 106(3.0)  <0.001 
Diabetes 141(2.1) 53(1.7) 88(2.5)  0.033 
Dysmenorrhea 142(2.1) 113(3.7) 29(0.8)  <0.001 
Chronic pain 

syndrome/ 
Fibromyalgia 

100(1.5) 43(1.4) 57(1.6)  0.487 

Immunosuppression 76(1.1) 25(0.8) 51(1.4)  0.017 
Hyperthyroidism 56(0.8) 26(0.8) 30(0.8)  0.999 
Inflammatory bowel 

disease 
46(0.7) 24(0.8) 22(0.6)  0.434 

Thromboembolic 
disease 

43(0.6) 13(0.4) 30(0.8)  0.033 

Cancer 30(0.5) 3(0.1) 27(0.8)  <0.001 
Renal disease 25(0.4) 8(0.3) 17(0.5)  0.147 
Multiple sclerosis 23(0.3) 7(0.2) 16(0.4)  0.123 
Psychiatric disorder 13(0.2) 0(0.0) 13(0.4)  0.001 
Lupus 13(0.2) 6(0.2) 7(0.2)  0.984  

* Pauci-symptomatic was defined in the questionnaire as: “I have symptoms 
but very few”, as opposed to “I have no symptoms”; “I have several symptoms”, 
or “Prefer not to answer”. 
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21). In this current COVID-19 pandemic, smaller studies showed that 
45 % of 138 healthcare workers had persistent symptoms after their 
SARS-CoV-2 infection (Gaber et al., 2021 Jun 16), and 26.5 % and 
13.5 % of 260 healthcare workers in a Swiss hospital reported persistent 
symptoms at 3 and 12 months after the infection (Martinez et al., 2021). 
Additionally, healthcare workers were more likely to be vaccinated in 
this study, and some symptoms including headaches have been associ
ated with vaccination (Göbel et al., 2021). To note however that head
aches were associated to date with the ChAdOx1 nCoV-19 (AZD1222) 
vaccine which has not been used in Switzerland (Göbel et al., 2021). 
This current study highlights both the differentially more important 
pandemic burden on healthcare workers compared to the general pop
ulation and the added direct effect of SARS-CoV-2 infection, with a 

potential functional impairment that could develop into long-term 
overall reduced work capacity. Limitations include potential ascertain
ment bias similarly to questionnaires in general (Althubaiti, 2016 May), 
with the subjective rating of self-reported symptoms and a potentially 
higher health literacy in healthcare workers. The study lacked differ
entiation between frontline and non-frontline workers but showed an 
overall prevalence of symptoms in healthcare workers. Additionally, this 
study being a cross-sectional design, it is difficult to assess a causal 
inference. Using the mediation analysis mitigates this limitation but 
does not remove it completely. Looking forward, different variants and 
an ongoing pandemic may induce different stress levels to be taken into 
consideration (Temsah et al., 2022). Health systems cannot function 
without healthcare workers, and it is important to pay special attention 

Fig. 1. Symptoms prevalence in SARS-CoV-2 
infected and non-infected healthcare workers 
and the general population*, *aOR: adjusted odds 
ratios; CI: confidence interval, Panel A: Odds ratios 
were adjusted for test result, age, sex, time from 
testing, symptoms at presentation, smoking, physical 
activity, COVID-19 vaccination status, hospitaliza
tion, and the following comorbidities present prior to 
testing: overweight or obese, hypertension, respira
tory disease, cardiovascular disease, diabetes, 
immunosuppression, hypothyroidism, hyperthyroid
ism, anemia, headache (migraine or tension head
ache), cognitive disorders (attention deficit disorder 
or memory disorder), sleeping disorder, anxiety, 
depression, any psychiatric condition, irritable 
bowel syndrome, chronic pain syndrome, fibromy
algia, and chronic fatigue, Panel B: Odds ratios were 
adjusted for age, sex, time from testing, symptoms at 
presentation, smoking, physical activity, COVID-19 
vaccination status, hospitalization, and the 
following comorbidities present prior to testing: 
overweight or obese, hypertension, respiratory dis
ease, cardiovascular disease, diabetes, immunosup
pression, hypothyroidism, hyperthyroidism, anemia, 
headache (migraine or tension headache), cognitive 
disorders (attention deficit disorder or memory dis
order), sleeping disorder, anxiety, depression, any 
psychiatric condition, irritable bowel syndrome, 
chronic pain syndrome, fibromyalgia, and chronic 
fatigue.   
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and provide additional care and support to our staff in order to ensure 
the proper recovery and wellbeing of those who have been on the 
frontlines since the beginning of the pandemic, who have to face new 
potential waves and continue caring for all patients including and 
beyond COVID-19. 
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interaction without mediation, the excess relative risk due to mediated interaction represents the portion of effect due to both mediation and interaction and the excess 
relative risk due to pure indirect effect represents the portion of effect due to just without interaction. 
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