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Abstract
Background. Medical workers are a group that is particularly vulnerable to infection during the coronavirus 
disease 2019 (COVID-19) pandemic.

Objectives. The study aimed to assess the risk of COVID-19 infection and its course in the medical staff 
of a COVID-only and a non-COVID hospital.

Materials and methods. The observational study included 732 participants who were medical workers. 
The study was conducted between June 2020 and December 2020, before widespread COVID-19 immuniza-
tion was introduced.

Results. Of the 732 employees of the hospitals, 377 had a history of COVID-19. The risk of disease was twice 
as high in the medical staff of the COVID-only hospital compared to the medical staff of the non-COVID 
hospital (odds ratio (OR) = 2.0; p < 0.001). Among medical personnel, 20.6% of the participants were 
asymptomatic and 6.4% required hospitalization. For the non-COVID hospital, the employees who were 
most frequently infected with COVID-19 were nurses/paramedics/medical caretakers. The factor influencing 
the risk of infection was body mass index (BMI; OR = 1.05; p = 0.004). The risk of COVID-19 infection was 
lower in the influenza vaccine group (OR = 2.23, p < 0.001).

Conclusions. The study results indicate that employees of the hospital treating only COVID patients have 
a higher risk of infection. Previous observations on factors predisposing to COVID-19 infection like gender 
and BMI were confirmed. However, the observations carried out on the studied population did not confirm 
the influence of other factors, such as the coexistence of chronic diseases (apart from diabetes) on the risk 
of developing COVID-19. In addition, we noticed that seasonal influenza vaccination has a beneficial effect 
in patients with COVID-19 infection.
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Background

Since the turn of 2019 and 2020, we are struggling with 
the  coronavirus disease 2019 (COVID-19) pandemic. 
Due to the high transmission rate of the virus, millions 
of people worldwide contracted COVID-19 within a short 
period. The severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) infection shows a broad spectrum 
of clinical presentation. In approx. 20% of patients, the dis-
ease leads to respiratory failure or damage to other organs. 
In symptomatic cases, the course of the disease depends 
on many factors, including age, gender and comorbidities.1,2 
By identifying and assessing risk factors and implement-
ing appropriate strategies, the risk of complications can 
be reduced. Age-related changes in innate and acquired 
immunity against COVID-19 infection have not yet been 
studied in detail, and the impairment and dysregulation 
of both kinds of immunity in older age can be inferred from 
examples of other viral infections, including flu. Kim et al. 
have noted an impaired interferon (IFN) type 1 response 
in the elderly, which is responsible for the increased rep-
lication of flu virus in cell culture.3 In addition, several 
common nonstructural proteins of SARS-CoV-2 suppress 
IFN type 1 responses, and such suppression leads to a poor 
response of CD8+ cell and T cell to viral infection.4,5

Obesity is another risk factor for severe SARS-CoV-2 
course, and this correlation is mainly attributed to im-
paired innate and acquired immunity among the over-
weight.6 In adipose tissue, the expression of ACE2 recep-
tors is higher than in the lung. Adipose tissue performs 
immune functions by maintaining chronic low-grade in-
flammation. Macrophages in the tissue can, under favor-
able conditions, activate a systemic acute inflammatory 
response, with the synthesis of pro-inflammatory cyto-
kines: interleukin 6 (IL-6), tumor necrosis factor alpha 
(TNF-α) and others. In the case of COVID-19 infection, 
it is thought that this process may contribute to the de-
velopment of the so-called cytokine storm. Adipocytes 
in adipose tissue release adiponectin and leptin, which are 
among the risk markers for cardiovascular disease (CVD) 
and are also associated with inflammation.6

Diabetes in COVID-19 patients has been found to in-
crease the risk of hospitalization, severe complications and 
death in the course of the disease.7 It is known that diabetes 
is associated with impaired innate as well as acquired im-
munity, which is due to impaired phagocytosis and function 
of macrophages and neutrophils, T cell function and clear-
ance of viral particles. In addition, diabetic patients suffer 
from chronic inflammation with increased levels of pro-
inflammatory cytokines such as IL-1, IL-6 and TNF-α.

Previous data on the association of smoking with the risk 
of COVID-19 infection and severity of COVID-19 are in-
conclusive. Virus entry into host cells occurs via ACE2 
receptors. The study by Leung et al. showed an increased 
ACE2 receptor expression on airway cells of active to-
bacco smokers, which could explain the increased risk 

and more severe course of SARS-CoV-2 in this subgroup.8 
In a cross-sectional study, Jackson et al. demonstrated 
a nearly 2 times higher incidence of COVID-19 among ac-
tive smokers compared to non-smokers, regardless of gen-
der, age and comorbidities.9 Another meta-analysis showed 
not only an increased risk of severe COVID-19 in active 
smokers, but also a higher risk of severity and death during 
hospitalization and the need for mechanical ventilation 
in former smokers.10,11 On the other hand, the attention 
is paid to the so-called smoker’s paradox and the anti-in-
flammatory effect of nicotine.12 Some observational stud-
ies have shown a lower number of active smokers among 
COVID-19 patients; moreover, no adverse effect of smok-
ing on the disease course was observed.13 A meta-analysis 
of 32 studies found that active smokers have a lower risk 
of COVID-19 infection compared to non-smokers.14

The  literature also highlights the  increased risk 
of COVID-19 infection among healthcare professionals. 
A meta-analysis of 49 studies showed that seroconver-
sion to anti-SARS-CoV-2 IgG+ in the study group affects 
8.7% of the population. Risk factors for seropositivity were: 
male sex, black race, Asian and Hispanic origin, work-
ing in a unit dedicated to COVID-19 patients, working 
in direct contact with patients, and using inappropriate 
personal protective equipment.15

The  medical staff has been the  group working 
on  the  front line in  the  fight against the  virus. When 
the COVID-19 pandemic began, 2 types of hospitals were 
established in our country. Some admitted only patients 
with COVID-19 infection (dedicated COVID hospitals), 
while other treated only patients with negative results for 
COVID-19 infection (non-COVID hospitals).

Objectives

The purpose of this study was to assess the risk of CO-
VID-19 infection among medical staff from 2 hospitals: 
a dedicated COVID-19 hospital and a non-COVID facility.

Materials and methods

Study design

The study group consisted of medical staff from 2 hospi-
tals: a dedicated COVID-19 hospital and a non-COVID-19 
hospital. After obtaining individuals’ informed consent 
to participate in the study, the following data were obtained 
from all participants: age, height, body weight, type of work 
performed in the case of medical staff (doctor, nurse, para-
medic, medical attendant, orderly, hospital cleaner, phys-
iotherapist, laboratory worker, technician, pharmacist), 
housing conditions (number of people living in a shared 
household), physical activity (defined as regular physical ac-
tivity of moderate intensity at least 2 times a week for at least 
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30 min), history of flu vaccination during the year preceding 
the survey, comorbidities, and smoking. In addition, the fol-
lowing information regarding the course of SARS-CoV-2 
infection was obtained: COVID-19 infection confirma-
tion method (positive polymerase chain reaction (PCR) 
test based on nasopharyngeal swab, positive antigen test 
of the nasopharyngeal swab, or positive results of antibodies 
against SARS-CoV-2), symptoms of SARS-CoV-2 infection, 
and the severity of the course of the disease.

The participant with past COVID-19 infection was de-
fined as a person who: 1) had a history of positive PCR and/
or antigen test results based on a nasopharyngeal swab, 
and/or 2) was tested positive for immunoglobulin G (IgG) 
and/or IgM anti-SARS-CoV-2 antibodies (semi-quantita-
tive or quantitative research) at the time of the current 
study (tested before COVID-19 vaccination).

Other participants who did not meet the above condi-
tions were considered as those with no past COVID-19 
infection.

Laboratory tests

Anti-SARS-CoV-2 antibodies were detected using en-
zyme-linked immunosorbent assay (ELISA). This assay 
uses semi-quantitative or quantitative method of detect-
ing antibodies present in human serum following CO-
VID-19 infection and arising from the vaccines based 
on the S1/RBD subunit of coronavirus.

The samples for the study were collected from medical 
staff after they provided their written consent to participate 
in the study. The ELISAs were performed in the labora-
tory of Euroimmun Polska sp. z o.o. (Wrocław, Poland) 
on ANALYSER I machines. The method was standard for 
determining antibodies: anti-SARS-CoV-2 in IgG, IgA and 
IgM classes and Quantivac IgG tests. Appropriately diluted 
test serum was placed on a 96-well microplate coated with 
a specific antigen. The antibodies present in the serum bind 
to solid-phase antigens. They are detected during the sec-
ond step, which involves the addition of an immunoglobulin 
antibody conjugate and an enzyme. The addition of sub-
strate for the enzyme catalyzes a color reaction whose mea-
sured intensity is proportional to the number of antibodies.

All reagents were supplied by Euroimmun Polska sp. 
z  o.o. Anti-SARS-CoV-2 antibodies were measured 
in the IgG, IgA and IgM classes using a semi-quantitative 
method based on the determination of the ratio coefficient. 
In addition, anti-IgG-positive sera were further assayed 
to obtain a quantitative antibody titer result, recorded 
as BAU/mL international units. For the semi-quantitative 
method, results above 1.1 were considered positive, while 
for the quantitative method, the cutoff point was a value 
of ≥35.2 BAU/mL.

This study received approval from the institutional ethics 
committee of Wroclaw Medical University, Wrocław, Po-
land (approval No. KB 634/2020), and adhered to the ethi-
cal guidelines of the Declaration of Helsinki.

Statistical analyses

Analyses were performed using R  software package 
v. 4.0.5 (R Foundation for Statistical Computing, Vienna, 
Austria) and STATISTICA v. 13.1 (TIBCO Software Inc., 
Palo Alto, USA). Categorical variables were presented 
as frequencies with percentages, whereas median and in-
terquartile range (IQR) were used to describe continuous 
variables. Categorical variables were compared using the χ2 
test or Fisher’s exact test. The evaluation of data normal-
ity was performed using the Shapiro–Wilk test, and non-
normally distributed continuous variables were compared 
using the Mann–Whitney test. For multiple comparisons, 
the Kruskal–Wallis test and a post hoc Dunn’s test with 
Benjamini–Hochberg correction were applied. The ef-
fect of risk factors on the probability of critical course 
of SARS-CoV-2 infection was estimated with univariate 
logistic regression. Outliers were checked with standard-
ized residuals analysis. A p-value of 0.05 was considered 
statistically significant.

Results

Analysis of COVID-19 incidence  
and SARS-CoV-2 course in a COVID-19 
hospital and a non-COVID hospital

Risk of disease by workplace – COVID hospital 
compared to non-COVID hospital

The study group consisted of 732 medical staff, of whom 
460 were employees of a non-COVID hospital and 272 
were employees of a COVID hospital. The staff included 
568 females (78%) and 164 males (22%); the average age 
of the staff was 47 years. The characteristics of the study 
group are described in Table 1.

Of 732 hospital workers, 377 had COVID-19 infection 
in the past. There was a statistically significant relation-
ship (χ2 = 20.58; p < 0.001), indicating that the number 
of cases depended on the place of work. The risk of disease 
was twice higher for COVID hospital medical staff than 
for non-COVID hospital medical staff – 62% and 45%, 
respectively (odds ratio (OR) = 2.0, p < 0.001).

Hospitalized patients were older than those with mild 
or asymptomatic COVID-19. In the analyzed population, 
hospitalized patients had a significantly higher median 
age than those who did not require hospitalization – 57 
(54–60) years and 48 (39–56) years, respectively (p < 0.001) 
(Fig. 1). In the univariate model, the chance of being hos-
pitalized was 10% higher with age increasing by 1 year 
(OR  =  1.1, p  <  0.001). Data on  regression, 95% confi-
dence intervals (95% CIs) for ORs, statistical significance 
for the entire model, and a measure of goodness-of-fit 
(Nagelkerke pseudo R2) are presented in Table 2.
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Among the  studied medical staff, 48% of  women 
and 62% of  men have been infected with COVID-19 
in the past. In 20.6% the course of the disease was as-
ymptomatic, in 73% required only home treatment and 
in 6.4% required hospitalization. In terms of severity, 

there were no statistically significant differences be-
tween COVID and non-COVID hospitals.

Risk of disease according to occupational groups

Risk for all hospital staff
A statistically significant relationship between occupa-

tional group and risk of infection (χ2 = 20.05; p = 0.0012) 
was demonstrated for all medical staff. The group of medi-
cal staff who were most likely to be infected with COVID-19 
were the nurses/paramedics/medical caretakers (60%), or-
derlies/hospital cleaners (55%) and physiotherapists (53%). 
Lab workers/technicians/pharmacists were the least likely 
to be infected (38%).

Risk of disease by workplace (COVID  
compared to non-COVID hospital) 

For the medical staff as a whole, the group of employ-
ees who were most frequently infected with COVID-19 
were nurses/paramedics/medical caretakers (56%) and 
the group of employees who were least frequently infected 
were administrative workers (23%). The above relationship 
was not observed for a COVID-19 hospital. There were 
no statistically significant correlations in incidence rates 
between occupational groups (p = 0.37) (Table 3).

Table 1. Characteristics of medical staff in a COVID hospital and a non-COVID hospital

Variable
n (%)

p-valuetotal
(n = 732)

COVID hospital 
(n = 272)

non-COVID hospital
(n = 460)

Age, mean (SD) [years] 47 (12) 47 (11) 46 (12) 0.92*

Gender
male
female

164 (22)
568 (78)

51 (19)
221 (81)

113 (25)
347 (75)

0.07**

BMI, mean (SD) [kg/m2] 26 (5) 27 (5) 26 (4) 0.83*

Smoking
non-smoker
former smoker
passive smoker
active smoker

478 (65)
125 (17)

20 (3)
109 (15)

171 (63)
47 (17)

7 (3)
47 (17)

306 (66)
78 (17)
13 (3)

63 (14)

0.65***

Number of persons in a household
1
2

 >2

94 (13)
266 (36)
372 (51)

32 (12)
92 (34)

148 (54)

62 (13)
174 (38)
224 (49)

0.30***

Number of households with children <5 years of age 63 (9) 24 (9) 39 (9) 1**

Number of households with persons >65 years of age 61 (8) 23 (9) 38 (8) 1**

Chronic diseases 240 (33) 96 (35) 144 (31) 0.17**

Renal diseases 6 (1) 2 (1) 4 (1) 1****

Cardiovascular diseases 69 (9) 19 (7) 50 (11) 0.15**

Pulmonary diseases 17 (2) 3 (1) 14 (3) 0.18****

Systemic connective tissue diseases 3 (0.4) 0 (0) 3 (1) <0.001****

Neurological diseases 12 (2) 6 (2) 6 (1) 0.48**

Hashimoto’s thyroiditis 67 (9) 23 (9) 44 (9) 0.83**

Diabetes 15 (2) 4 (1) 11 (2.5) 0.006****

COVID – coronavirus disease; SD – standard deviation; BMI – body mass index; * Mann–Whitney U test; ** χ2 test; *** Kruskal–Wallis test; **** Fisher’s exact test.

Fig. 1. Relationship between age and the hospitalization due 
to coronavirus disease 2019 (COVID-19) infection
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Effect of analyzed factors on risk 
of infection and on COVID-19 infection and 
the severity of the course of the disease

BMI and physical activity and the risk of infection  
and the severity of the course of the disease

For medical staff, the risk of COVID-19 infection was 
5% greater with an increase in body mass index (BMI) by 1 
unit (OR = 1.05, p = 0.004), whereas the risk of COVID-19 

infection was 85% greater for those who were overweight 
or  obese compared to  those who were underweight 
or of normal weight (OR = 1.85, p < 0.001). In addition, 
there was a statistically significant correlation between 
the severity of infection (no symptoms, home treatment, 
hospitalization) and BMI (χ2 = 17.028, p < 0.001). Among 
hospitalized patients, a significantly higher median BMI 
was noted compared to non-hospitalized patients – 26.8 
(IQR 25.3–30.3) kg/m2 and 26.2 (IQR 23.5–29.4) kg/m2, 
respectively (p = 0.043) (Fig. 2).

There was no correlation between the physical activ-
ity declared by the persons and the risk of infection and 
the severity of the course of the disease.

Impact of comorbidities and smoking on COVID-19 
incidence and the course of the disease

Among the medical staff surveyed, diabetes was present 
in a small group of 15 people (2%). The study results did 
not show that diabetic patients developed COVID-19 more 
frequently than those in the general population (Table 1). 
The influence of diabetes on the risk of hospitalization 
was observed in the group of COVID-19-positive patients. 
The history of diabetes was more than 5 times more fre-
quent (OR = 5.5; p = 0.049) among hospitalized patients 
compared to non-hospitalized patients (8.3% and 1.6%, 
respectively).

We took into account the coexistence of chronic diseases 
in general and we divided these conditions into cardiovas-
cular, pulmonary and renal disease, systemic connective 
tissue disease, neurological disease, and Hashimoto’s thy-
roiditis. Participants with chronic diseases were not shown 

Table 2. Data on regression, confidence intervals for odds ratios, statistical significance for the entire model, and a measure of goodness-of-fit (Nagelkerke 
pseudo R2)

Variable Model Estimate SE p-value OR 95% CI Nagelkerke 
pseudo R2

Age
univariate 0.095 0.03 <0.001 1.10 [1.05; 1.16] 0.12

multivariate 0.09 0.03 0.001 1.09 [1.04; 1.16] 0.14

Male sex
univariate −1.26 0.75 0.092 0.28 [0.04; 0.99] 0.03

multivariate −0.98 0.77 0.200 0.37 [0.06; 1.37] 0.14

SE – standard error; OR – odds ratio; 95% CI – 95% confidence interval.

Table 3. Risk of disease by workplace (COVID-19 hospital compared to non-COVID hospital)

Variable

Workplace

p-valueadministrative 
workers

n (%)

nurses/paramedics/
medical caretakers

n (%)

orderlies/
hospital cleaners

n (%)

physio
therapists

n (%)

lab workers/
technicians/
pharmacists

n (%)

treating 
physicians

n (%)

Non-COVID 
hospital

COVID-19-positive 7 (23) 86 (56) 6 (46) 7 (44) 31 (38) 73 (43)
0.009*

COVID-19-negative 24 (77) 68 (44) 7 (54) 9 (56) 50 (62) 98 (57)

COVID 
hospital

COVID-19-positive 25 (69) 104 (64) 10 (67) 3 (100) 4 (36) 21 (55)
0.370*

COVID-19-negative 11 (31) 59 (36) 5 (33) 0 (0) 7 (64) 17 (45)

COVID-19 – coronavirus disease 2019; * χ2 test.

Fig. 2. Box plot of the correlation of body mass index (BMI) and 
coronavirus disease 2019 (COVID-19) infection. The horizontal line marks 
the median, the box marks the interquartile range (IQR; Q1–Q3), and 
the whiskers mark the range of outliers. Empty bubbles are outliers
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to be more likely to have COVID-19 than those without 
these diseases. Among the medical staff in the study group, 
only 3 persons had systemic connective tissue disease, and 
all of them had COVID-19, but because of the very small 
group size, we were unable to draw firm conclusions.

Smoking did not have a significant impact on the inci-
dence of COVID-19 (p = 0.58).

Association of flu vaccination with COVID-19  
infection rates and SARS-CoV-2 course severity

Data on  past f lu vaccination was available for only 
a subset of the non-COVID hospital staff. The percent-
age of  those who were vaccinated against f lu and be-
came infected was significantly lower than of those who 
were not vaccinated and became infected (χ2 = 17.401; 

p < 0.001). The chance of COVID-19 infection was more 
than twice as high among those not vaccinated against flu 
(OR = 2.23, p < 0.001). The analysis of the severity of in-
fection is difficult because only 5 participants out of 460 
analyzed with data concerning flu vaccination were hos-
pitalized (among them 3 were not vaccinated against flu).

The correlation of COVID-19 incidence  
and number of people living in a shared household

There was no statistical relationship between the num-
ber of people living in the same household and the fre-
quency of COVID-19 infection and severity. The number 
of  infections and their severity was similar regardless 
of living with children under 5 and with persons over 65 
in the same household (Table 1,4).

Table 4. COVID-19 infections among medical staff at a COVID hospital and a non-COVID hospital

Variable
n (%)

p-valuetotal
(n = 732)

COVID-19-positive
(n = 377)

COVID-19-negative
(n = 355)

Age, mean (SD) [years] 47 (12) 47 (12) 47 (12) 0.73*

Sex
male
female

164 (22)
568 (78)

103 (62.8)
272 (48)

61 (37.2)
296 (52)

0.001**

BMI, mean (SD) 26 (5) 26.7 25.5 <0.001*

BMI
underweight
normal weight
overweight
obesity

11 (2)
333 (45)
260 (35)
128 (18)

3 (1)
147 (39)
155 (41)
72 (19)

8 (2)
186 (52)
105 (30)
56 (16)

0.001***

Smoking
non-smoker
former smoker
passive smoker
active smoker

478 (65)
126 (17)

19 (3)
109 (15)

240 (64)
77 (20)
12 (3)

48 (13)

238 (67)
49 (14)

7 (2)
61 (17)

0.05***

Number of persons in a household
1
2

 >2

96 (13)
267 (36)
369 (51)

44 (12)
142 (38)
191 (51)

52 (15)
125 (35)
178 (50)

0.47***

Number of households with 
children <5 years of age

63 (9) 29 (8) 34 (10) 0.52**

Number of households with 
persons >65 years of age

61 (8) 33 (9) 28 (8) 0.79**

Chronic diseases 240 (33) 124 (33) 116 (33) 1**

Renal diseases 6 (1) 3 (1) 3 (1) 1****

Cardiovascular diseases 69 (9) 35 (9) 34 (10) 0.87**

Pulmonary diseases 17 (2) 6 (1) 11 (3) 0.16**

Systemic connective tissue diseases 3 (1) 3 (1) 0 (0) <0.001****

Neurological diseases 12 (2) 6 (2) 6 (2) 1**

Hashimoto’s thyroiditis 67 (9) 39 (10) 28 (8) 0.3**

Diabetes 15 (2) 8 (2) 7 (2) 1**

Flu vaccination (460) 235 (51) 83 (40) 152 (59) <0.001**

Physical activity 323 (44) 159 (42) 164 (46) 0.34**

COVID-19 – coronavirus disease 2019; SD – standard deviation; BMI – body mass index; *Mann–Whitney U test; ** χ2 test; *** Kruskal–Wallis test; **** Fisher’s 
exact test.
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Discussion

In the presented study, we showed the relationship be-
tween BMI, age and coexistence of diabetes mellitus with 
the risk of hospitalization due to COVID-19 in the popula-
tion of medical professionals. We have shown that previous 
influenza vaccination is a factor that may influence the risk 
of COVID-19 infection. Other analyzed risk factors, in-
cluding comorbidities other than diabetes, smoking and 
socioeconomic factors, did not affect the risk of COVID-19 
infection and the course of the disease.

By analyzing the risk of COVID-19 infection among med-
ical staff, it was shown that the risk of COVID-19 infection 
is 2 times higher among employees of a COVID hospital. 
The greatest risk of infection was for staff in direct contact 
with patients, namely nurses/paramedics/medical care-
takers, orderlies, hospital cleaners, and physiotherapists. 
The staff who was not in direct contact with the patient 
(laboratory technicians, pharmacists) got infected least 
frequently. In the analysis of incidence patterns in a CO-
VID hospital compared to a non-COVID hospital, this 
incidence profile was only retained for the non-COVID 
hospital. The COVID hospital workers showed no signifi-
cant differences between occupational groups, which can 
be explained by the high risk of exposure to COVID-19, 
despite the personal protection methods used. This indi-
cates that the employees of COVID hospitals have a higher 
risk of contracting the disease without even having direct 
contact with the patients. It may be related to the exposure 
to infection from other hospital employees. The presented 
analysis concerned data obtained before the introduction 
of universal vaccination against COVID-19, which is also 
important for the frequency and severity of cases among 
medical personnel. Because of this, medical staff members 
require prophylactic methods (vaccination), appropriate 
personal protective equipment and early diagnosis of pos-
sible infection.

Similar to other publications, among out study group, 
men were more likely to contract COVID-19, which con-
firms that it is one of the most important non-modifiable 
risk factors.16–18 The reason for this tendency has not yet 
been fully examined. It is suspected that this may be related 
to the distribution of sex-specific hormones and their ef-
fects on specific receptors. As demonstrated by anothers 
authors, estradiol, which is present at high levels in women, 
causes an increase in expression and activity of ADAM17.19,20 
The ADAM17 protein is more highly expressed in the lung 
and liver, which is associated with the excretion of surface 
proteins such as ACE2. The ADAM17 activity increased 
by estradiol results in increased ACE2 solubility in women, 
which ultimately may be one of the reasons for the reduced 
incidence of COVID-19 in women compared with men.20,21 
Men were more likely to require intensified treatment, includ-
ing hospitalization, which is consistent with the literature.22

No relationship between COVID-19 incidence and se-
verity of the infection and the number of people living 

in the same household was found. We also did not observe 
such an association when considering children under 5 and 
elderly people in the household, although infections were 
more likely if people over 65 lived in the household, which 
may be due to the small number of such households in our 
analysis. A meta-analysis conducted by Madewell et al. 
demonstrated a higher prevalence of COVID-19 infection 
in households with the elderly than with children.23

Another risk factor for more severe SARS-CoV-2 infec-
tion is age. Hospitalized patients were on average 9 years 
older than those with mild or asymptomatic SARS-CoV-2 
course. Age-related decline and dysregulation of immune 
function, i.e., immunosenescence and inflammaging, play 
a major role in contributing to the increased susceptibility 
to severe sequelae of SARS-CoV-2 in older age.24,25

The  epidemiology of  COVID-19 incidence based 
on analyses of large populations shows a clear association 
with body weight, especially with obesity.26,27

In a study conducted in a group of medical staff em-
ployed at both COVID and non-COVID hospitals, BMI 
values were higher for those who had an infection com-
pared to those who were not infected. Consistent with 
our studies, Popkin et  al. found an  increased number 
of  COVID-19-positive individuals among obese ones; 
in addition, individuals with obesity were more likely to be 
hospitalized.28 Overweight and obesity were risk factors 
for hospitalization, mechanical ventilation and death.29

Based on  a  prospective study, Gao et  al. confirmed 
the relationship of BMI with hospitalization and death due 
to SARS-CoV-2; the relationship was J-shaped and meant 
a worse prognosis for people with malnutrition.30 In our 
study group, only 11 persons had below-normal BMI, and 
3 of them had an infection. Determining the cutoff line for 
BMI at which the risk of COVID-19 infection and/or se-
verity increases is an interesting and important challenge 
for further research on the epidemiology of COVID-19.

Physical activity is related to weight reduction and redis-
tribution of body fat. It also reduces the risk of metabolic 
and CVD and depression, and stimulates the  immune 
system. Nevertheless, the studies on the effect of physical 
activity on the risk of COVID-19 infection and the severity 
of the course of infection are limited and remain inconclu-
sive, which may be related to the methodology used.31–33 
In the study group, no correlation between the declared 
level of physical activity and the risk of COVID-19 infec-
tion or severity of SARS-CoV-2 was found.

Although diabetic patients are exposed to a higher inci-
dence of various infections, we have not shown that they 
have an increased frequency of COVID-19 infection and 
the results of our study confirm the previous observations. 
However, people with diabetes have a more severe course 
of SARS-CoV-2 infection. Pro-inflammatory activation 
of vascular endothelial cells and pro-thrombotic state, co-
occurring with diabetes, may be responsible for this. These 
processes may influence both an increased inflammatory 
response in the form of a “cytokine storm” in COVID-19 
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as well as more frequent thromboembolic complications. 
Hypertension, CVD7 and chronic obstructive pulmonary 
disease (COPD) increased the risk of severe COVID-1934; 
however, we did not confirm this observations in our study. 
In the present study, COVID-19 patients with coexisting 
diabetes were more likely to require hospitalization, which 
is consistent with the literature data.7,35

The foregoing findings do not allow firm conclusions 
to be drawn regarding the association between smoking 
and COVID-19 infection. The results of our study did 
not show a link between smoking and the risk of devel-
oping a disease. The study population was dominated 
by non-smokers.

The idea of a possible effect of seasonal flu virus vac-
cination on  reducing the  risk of  COVID-19 infection 
or a milder course of SARS-CoV-2 was based on the po-
tential role of the nonspecific immune response. We have 
shown that the risk of contracting COVID-19 is more than 
twice as high in persons not vaccinated against flu. Our 
observations confirm the results of the studies published 
so far. A retrospective analysis of a medical record database 
showed a beneficial effect of past flu vaccination on the risk 
of COVID-19 infection in a population older than 65.36 
Also, Candelli et al. indicated the benefits of flu vaccina-
tion in the population over 65. In a retrospective analysis 
of COVID-19 patients, these authors showed a lower risk 
of death over a 60-day period among those vaccinated.37 
On the other hand, a study conducted on a group of 3500 
medical staff showed neither positive nor negative asso-
ciation between COVID-19 infection and flu vaccination 
during the preceding 5 flu seasons.38 A broader aspect 
of the impact of flu vaccination on the course of COVID-19 
infection includes mainly, in addition to the nonspecific 
immune response, a reduction in the risk of co-infection. 
Flu virus causes increased expression of ACE2 receptors 
on airway cells, which could potentially worsen SARS-
CoV-2 course.

Limitations of the study

Our observations did not confirm previous data 
on the association of certain chronic diseases and smoking 
with the risk of developing COVID-19. However, the pre-
sented results should be interpreted with caution, because 
only 24 people of those who experienced COVID-19 re-
quired hospitalization.

Conclusions

The  results of  our study showed that the  incidence 
of COVID-19 infection was 2 times higher among COVID 
hospital medical staff. The highest risk of infection for 
a non-COVID hospital was for staff who had direct con-
tact with patients, whereas for a COVID hospital, the risk 
of infection was the same among all hospital staff. Based 

on the literature and our study, it appears that gender may 
influence the pathogenetic mechanisms of COVID-19, 
the risk of infection and severity of disease, and thus the se-
quelae. Our study confirmed that BMI value is important 
for infection risk and severity of COVID-19. In addition, 
we have shown that while diabetes does not increase the risk 
of developing SARS-CoV-2, it significantly affects the risk 
of hospitalization among people infected with COVID-19. 
We have also confirmed the importance of flu vaccina-
tion, i.e., the chance of the infection was more than twice 
as high among non-vaccinated individuals. The COVID-19 
pandemic remains a global problem, despite the tremen-
dous progress that has been made in a short period of time 
in the diagnosis and prevention of the disease.

ORCID iDs
Marta Madej  https://orcid.org/0000-0002-4523-9272
Agata Sebastian  https://orcid.org/0000-0001-6332-8714

References
1.	 Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 

2019 novel coronavirus in Wuhan, China. Lancet. 2020;395(10223): 
497–506. doi:10.1016/S0140-6736(20)30183-5

2.	 Rashedi J, Mahdavi Poor B, Asgharzadeh V, et al. Risk factors for 
COVID-19. Infez Med. 2020;28(4):469–474. PMID:33257620.

3.	 Kim JA, Seong RK, Shin OS. Enhanced viral replication by cellular 
replicative senescence. Immune Netw. 2016;16(5):286. doi:10.4110/
in.2016.16.5.286

4.	 Fung SY, Yuen KS, Ye ZW, Chan CP, Jin DY. A tug-of-war between severe 
acute respiratory syndrome coronavirus 2 and host antiviral defence: 
Lessons from other pathogenic viruses. Emerg Microbes Infect. 2020; 
9(1):558–570. doi:10.1080/22221751.2020.1736644

5.	 Manners C, Larios Bautista E, Sidoti H, Lopez OJ. Protective adaptive 
immunity against severe acute respiratory syndrome coronaviruses 2 
(SARS-CoV-2) and implications for vaccines. Cureus. 2020;12(6):e8399. 
doi:10.7759/cureus.8399

6.	 Landecho M, Marin-Oto M, Recalde-Zamacona B, Bilbao I, Frühbeck G.  
Obesity as an adipose tissue dysfunction disease and a risk factor 
for infections: Covid-19 as a case study. Eur J Intern Med. 2021;91:3–9. 
doi:10.1016/j.ejim.2021.03.031

7.	 Azar WS, Njeim R, Fares AH, et al. COVID-19 and diabetes mellitus: 
How one pandemic worsens the other. Rev Endocr Metab Disord. 2020; 
21(4):451–463. doi:10.1007/s11154-020-09573-6

8.	 Leung JM, Yang CX, Tam A, et al. ACE-2 expression in the small airway 
epithelia of smokers and COPD patients: Implications for COVID-19. 
Eur Respir J. 2020;55(5):2000688. doi:10.1183/13993003.00688-2020

9.	 Jackson SE, Brown J, Shahab L, Steptoe A, Fancourt D. COVID-19, smok-
ing and inequalities: A study of 53 002 adults in the UK. Tob Control.  
2021;30(e2):e111–e121. doi:10.1136/tobaccocontrol-2020-055933

10.	 Reddy RK, Charles WN, Sklavounos A, Dutt A, Seed PT, Khajuria A. 
The effect of smoking on COVID‐19 severity: A systematic review 
and meta‐analysis. J Med Virol. 2021;93(2):1045–1056. doi:10.1002/
jmv.26389

11.	 Grundy E, Suddek T, Filippidis F, Majeed A, Coronini-Cronberg S. 
Smoking, SARS-CoV-2 and COVID-19: A review of reviews consider-
ing implications for public health policy and practice. Tob Induc Dis. 
2020;18:58. doi:10.18332/tid/124788

12.	 Xie J, Zhong R, Wang W, Chen O, Zou Y. COVID-19 and smoking: 
What evidence needs our attention? Front Physiol. 2021;12:603850. 
doi:10.3389/fphys.2021.603850

13.	 Tsigaris P, Teixeira da Silva JA. Smoking prevalence and COVID-19 
in Europe. Nicotine Tob Res. 2020;22(9):1646–1649. doi:10.1093/ntr/
ntaa121

14.	 Simons D, Shahab L, Brown J, Perski O. The association of smok-
ing status with SARS‐CoV‐2 infection, hospitalization and mortality 
from COVID‐19: A living rapid evidence review with Bayesian meta‐
analyses (version 7). Addiction. 2021;116(6):1319–1368. doi:10.1111/
add.15276

https://www.doi.org/10.1016/S0140-6736(20)30183-5
https://pubmed.ncbi.nlm.nih.gov/33257620
https://www.doi.org/10.4110/in.2016.16.5.286
https://www.doi.org/10.4110/in.2016.16.5.286
https://www.doi.org/10.1080/22221751.2020.1736644
https://www.doi.org/10.7759/cureus.8399
https://www.doi.org/10.1016/j.ejim.2021.03.031
https://www.doi.org/10.1007/s11154-020-09573-6
https://www.doi.org/10.1183/13993003.00688-2020
https://www.doi.org/10.1136/tobaccocontrol-2020-055933
https://www.doi.org/10.1002/jmv.26389
https://www.doi.org/10.1002/jmv.26389
https://www.doi.org/10.18332/tid/124788
https://www.doi.org/10.3389/fphys.2021.603850
https://www.doi.org/10.1093/ntr/ntaa121
https://www.doi.org/10.1093/ntr/ntaa121
https://www.doi.org/10.1111/add.15276
https://www.doi.org/10.1111/add.15276


Adv Clin Exp Med. 2022;31(9):981–989 989

15.	 Galanis P, Vraka I, Fragkou D, Bilali A, Kaitelidou D. Seroprevalence 
of SARS-CoV-2 antibodies and associated factors in healthcare work-
ers: A systematic review and meta-analysis. J Hosp Infect. 2021;108: 
120–134. doi:10.1016/j.jhin.2020.11.008

16.	 Chen N, Zhou M, Dong X, et al. Epidemiological and clinical char-
acteristics of 99 cases of 2019 novel coronavirus pneumonia in 
Wuhan, China: A descriptive study. Lancet. 2020;395(10223):507–513.  
doi:10.1016/S0140-6736(20)30211-7

17.	 Lu R, Zhao X, Li J, et al. Genomic characterisation and epidemiology 
of 2019 novel coronavirus: Implications for virus origins and receptor 
binding. Lancet. 2020;395(10224):565–574. doi:10.1016/S0140-6736 
(20)30251-8

18.	 Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality 
of adult inpatients with COVID-19 in Wuhan, China: A retrospective 
cohort study. Lancet. 2020;395(10229):1054–1062. doi:10.1016/S0140-
6736(20)30566-3

19.	 Rizzo P, Vieceli Dalla Sega F, Fortini F, Marracino L, Rapezzi C, Ferrari R. 
COVID-19 in the heart and the lungs: Could we “Notch” the inflam-
matory storm? Basic Res Cardiol. 2020;115(3):31. doi:10.1007/s00395-
020-0791-5

20.	 Black RA, Rauch CT, Kozlosky CJ, et al. A metalloproteinase disinte-
grin that releases tumour-necrosis factor-α from cells. Nature. 1997; 
385(6618):729–733. doi:10.1038/385729a0

21.	 Zipeto D, Palmeira J da F, Argañaraz GA, Argañaraz ER. ACE2/
ADAM17/TMPRSS2 interplay may be the main risk factor for COVID-19.  
Front Immunol. 2020;11:576745. doi:10.3389/fimmu.2020.576745

22.	 Dutkiewicz J, Mackiewicz B, Lemieszek M. COVID 19: Possible interre-
lations with respiratory comorbidities caused by occupational expo-
sure to various hazardous bioaerosols. Part I. Occurrence, epidemi-
ology and presumed origin of the pandemic. Ann Agric Environ Med. 
2020;27(4):491–504. doi:10.26444/aaem/130871

23.	 Madewell ZJ, Yang Y, Longini IM, Halloran ME, Dean NE. Household 
transmission of SARS-CoV-2: A systematic review and meta-analysis.  
JAMA Netw Open. 2020;3(12):e2031756. doi:10.1001/jamanetworkopen. 
2020.31756

24.	 Chen Y, Klein SL, Garibaldi BT, et al. Aging in COVID-19: Vulnerability, 
immunity and intervention. Ageing Res Rev. 2021;65:101205. doi:10. 
1016/j.arr.2020.101205

25.	 O’Driscoll M, Ribeiro Dos Santos G, Wang L, et al. Age-specific mor-
tality and immunity patterns of SARS-CoV-2. Nature. 2021;590(7844): 
140–145. doi:10.1038/s41586-020-2918-0

26.	 Bil J, Możeńska O. The vicious cycle: A history of obesity and COVID-19. 
BMC Cardiovasc Disord. 2021;21(1):332. doi:10.1186/s12872-021-02134-y

27.	 Booth A, Reed AB, Ponzo S, et al. Population risk factors for severe 
disease and mortality in COVID-19: A global systematic review and 
meta-analysis. PLoS ONE. 2021;16(3):e0247461. doi:10.1371/journal.
pone.0247461

28.	 Popkin BM, Du S, Green WD, et al. Individuals with obesity and 
COVID‐19: A global perspective on the epidemiology and biologi-
cal relationships. Obes Rev. 2020;21(11):e13128. doi:10.1111/obr.13128

29.	 Kompaniyets L, Goodman AB, Belay B, et al. Body mass index and risk 
for COVID-19-related hospitalization, intensive care unit admission, 
invasive mechanical ventilation, and death: United States, March–
December 2020. MMWR Morb Mortal Wkly Rep. 2021;70(10):355–361. 
doi:10.15585/mmwr.mm7010e4

30.	 Gao M, Piernas C, Astbury NM, et al. Associations between body mass 
index and COVID-19 severity in 6.9 million people in England: A pro-
spective, community-based, cohort study. Lancet Diabetes Endocrinol.  
2021;9(6):350–359. doi:10.1016/S2213-8587(21)00089-9

31.	 Lee SW, Lee J, Moon SY, et al. Physical activity and the risk of SARS-
CoV-2 infection, severe COVID-19 illness and COVID-19 related mor-
tality in South Korea: A nationwide cohort study [published online 
ahead of print on July 22, 2021]. Br J Sports Med. 2021. doi:10.1136/
bjsports-2021-104203

32.	 Pinto AJ, Goessler KF, Fernandes AL, et al. No independent associa-
tions between physical activity and clinical outcomes among hospi-
talized patients with moderate to severe COVID-19. J Sport Health Sci.  
2021;10(6):690–696. doi:10.1016/j.jshs.2021.08.001

33.	 Sallis R, Young DR, Tartof SY, et al. Physical inactivity is associated 
with a higher risk for severe COVID-19 outcomes: A study in 48 440 
adult patients. Br J Sports Med. 2021;55(19):1099–1105. doi:10.1136/
bjsports-2021-104080

34.	 Wang B, Li R, Lu Z, Huang Y. Does comorbidity increase the risk of patients 
with COVID-19: Evidence from meta-analysis. Aging (Albany NY). 2020; 
12(7):6049–6057. doi:10.18632/aging.103000

35.	 Magdy Beshbishy A, Oti VB, Hussein DE, et al. Factors behind the higher  
COVID-19 risk in diabetes: A critical review. Front Public Health.  
2021;9:591982. doi:10.3389/fpubh.2021.591982

36.	 Huang K, Lin SW, Sheng WH, Wang CC. Influenza vaccination and 
the risk of COVID-19 infection and severe illness in older adults in 
the United States. Sci Rep. 2021;11(1):11025. doi:10.1038/s41598-021-
90068-y

37.	 Candelli M, Pignataro G, Torelli E, et al. Effect of influenza vaccine 
on COVID-19 mortality: A retrospective study. Intern Emerg Med. 2021; 
16(7):1849–1855. doi:10.1007/s11739-021-02702-2

38.	 Belingheri M, Paladino ME, Latocca R, De Vito G, Riva MA. Associa-
tion between seasonal flu vaccination and COVID-19 among health-
care workers. Occup Med (Lond). 2020;70(9):665–671. doi:10.1093/ 
occmed/kqaa197

https://www.doi.org/10.1016/j.jhin.2020.11.008
https://www.doi.org/10.1016/S0140-6736(20)30211-7
https://www.doi.org/10.1016/S0140-6736(20)30251-8
https://www.doi.org/10.1016/S0140-6736(20)30251-8
https://www.doi.org/10.1016/S0140-6736(20)30566-3
https://www.doi.org/10.1016/S0140-6736(20)30566-3
https://www.doi.org/10.1007/s00395-020-0791-5
https://www.doi.org/10.1007/s00395-020-0791-5
https://www.doi.org/10.1038/385729a0
https://www.doi.org/10.3389/fimmu.2020.576745
https://www.doi.org/10.26444/aaem/130871
https://www.doi.org/10.1001/jamanetworkopen.2020.31756
https://www.doi.org/10.1001/jamanetworkopen.2020.31756
https://www.doi.org/10.1016/j.arr.2020.101205
https://www.doi.org/10.1016/j.arr.2020.101205
https://www.doi.org/10.1038/s41586-020-2918-0
https://www.doi.org/10.1186/s12872-021-02134-y
https://www.doi.org/10.1371/journal.pone.0247461
https://www.doi.org/10.1371/journal.pone.0247461
https://www.doi.org/10.1111/obr.13128
https://www.doi.org/10.15585/mmwr.mm7010e4
https://www.doi.org/10.1016/S2213-8587(21)00089-9
https://www.doi.org/10.1136/bjsports-2021-104203
https://www.doi.org/10.1136/bjsports-2021-104203
https://www.doi.org/10.1016/j.jshs.2021.08.001
https://www.doi.org/10.1136/bjsports-2021-104080
https://www.doi.org/10.1136/bjsports-2021-104080
https://www.doi.org/10.18632/aging.103000
https://www.doi.org/10.3389/fpubh.2021.591982
https://www.doi.org/10.1038/s41598-021-90068-y
https://www.doi.org/10.1038/s41598-021-90068-y
https://www.doi.org/10.1007/s11739-021-02702-2
https://www.doi.org/10.1093/occmed/kqaa197
https://www.doi.org/10.1093/occmed/kqaa197

