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Abstract 

Objective:  With the novel coronavirus pandemic, the impact on the healthcare system and workers cannot be 
overlooked. However, studies on the infection status of medical personnel are still lacking. It is imperative to ensure 
the safety of health-care workers (HCWs) not only to safeguard continuous patient care but also to ensure they do not 
transmit the virus, therefore evaluation of infection rates in these groups are indicated.

Methods:  Demographic and clinical data regarding infected cases among HCWs of Fars, Iran with positive SARS‐
CoV‐2 PCR tests were obtained from 10th March to 17th May 2020.

Results:  Our data demonstrated a rate of 5.62% (273 out of 4854 cases) infection among HCW, with a mean age 
of 35 years and a dominance of female cases (146 cases: 53.5%). The majority of infected cases were among nurses 
(51.3%), while the most case infection rate (CIR) was among physicians (27 positive cases out of 842 performed test 
(3.2%)). Also, the highest rate of infection was in the emergency rooms (30.6%). Also, 35.5% of the patients were 
asymptomatic and the most frequent clinical features among symptomatic patients were myalgia (46%) and cough 
(45.5%). Although 5.5% were admitted to hospitals, there were no reports of ICU admission. Furthermore, 10.3% of the 
cases reported transmitting the infection to family and friends. Regarding safety precautions, 1.6% didn’t wear masks 
and 18.7% didn’t use gloves in work environments.

Conclusion:  HCWs are among the highest groups at risk of infection during the COVID-19 pandemic; therefore, 
evaluating infection rates and associated features is necessary to improve and adjust protective measures of these 
vulnerable, yet highly essential group.
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Background
In late December 2019, China reported an outbreak 
of viral pneumonia in Wuhan, Hubei Province, China, 
which spread rapidly to other areas [1, 2]. The novel coro-
navirus disease 2019 (Also known as COVID-19) caused 
by the severe acute respiratory syndrome coronavirus 

2 (SARS-CoV-2) is a global concern and has become a 
significant health problem since the number of infected 
cases and affected countries has escalated rapidly [3]. On 
March 11, 2020, the World Health Organization (WHO) 
confirmed COVID-19 a pandemic and as of December 
8th, over sixty-eight million cases of COVID have been 
reported with a death toll of over one and a half million 
patients and only around 47 million recovered cases in 
218 countries and territories worldwide.
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Amongst the highest population at the risk of exposure 
to the disease are the health-care workers (HCWs). Pre-
vious experiences of a similar disease, the severe acute 
respiratory syndrome (SARS), have left behind a distress-
ing toll on the health-care providers. During the SARS 
outbreak in 2002, WHO confirmed 8098 cases and 774 
(9.6%) deaths of which HCW accounted for 1707 (21%) 
cases. Also, Singapore reported 41% of 238 probable 
SARS cases in Singapore occurred in health-care workers 
[4]. With the ongoing pandemic of the COVID-19, occu-
pational contact of HCWs is therefore among the most 
vital concerns which need to be addressed comprehen-
sively and decisively. It is imperative to ensure the safety 
of HCWs not only to safeguard continuous patient care 
but also to ensure they do not transmit the virus. Reports 
have said that until 5th June 2020, at least 90,000 health-
care workers have been infected by COVID-19 and more 
than 260 nurses have lost their lives to the pandemic [5].

Iran was one of the top ten and hardest-hit countries 
by the COVID-19 pandemic. The outbreak of coronavi-
rus in Iran was officially confirmed in Qom on February 
19, 2020 [6], however, until 8th December, over one mil-
lion cases have been reported with a death toll of above 
50,000 cases. Here we report the incidence of COVID-19 
infection among HCWs in Fars province, as one of the 
most substantial foci of the disease in southern Iran.

Materials and methods
Data collection
The prevention and control center of the 2019 novel 
Coronavirus Disease (COVID-19) was launched on Feb-
ruary 20th, 2020, to detect the spread of the COVID-19 
in Fars Province, Iran’s fourth most populated province. 
In this retrospective cross-sectional study, data regarding 
infected cases among HCWs and hospital staff working 
in Fars province were obtained from 10th March to 17th 
May 2020. The study population consisted of all health-
care personnel working in either public or private hospi-
tals in Fars province. These data were recorded from 44 
private and community hospitals throughout the prov-
ince. All personal underwent screening process  at least 
once, while further tests were administered in person-
nel who developed COVID-19 related symptoms. Fur-
thermore, personnel with shifts in COVID-19 specific 
wards underwent monthly PCR for SARS-CoV-2. Indi-
viduals with a history of close contact with a suspicious 
case outside of the workplace such as family members 
or close friends were excluded from our study. Infection 
with COVID-19 was confirmed by Real-time reverse 
transcriptase-polymerase chain reaction (RT-PCR). Test-
ing was done for individuals based on the presentation 
of symptoms or in cases with unprotected close contact 
with confirmed COVID-19 case. RT-PCR assays were 

performed according to the protocol established by the 
WHO and previous studies [7–9]. The patient’s demo-
graphic information, signs and symptoms, radiological 
findings, occupation, and working location, along with 
safety protocols that they used and reports of infection 
among family and friends were recorded by contacting 
the patient and filling out a pre-designed form (Addi-
tional file  1). Also, signs and symptoms after recovery 
were documented. Furthermore, data regarding the total 
number of HCWs and also the total number of infected 
cases in the mentioned timeline in the studied centers 
along with features such as age, sex, and occupation were 
recorded for comparison.

Statistical analysis
Statistical differences were assessed by Pearson’s chi-
square for categorical variables and Student’s t test was 
used to compare means of quantitative data. All analyses 
were performed in SPSS version 26.0 while a P < 0.05 was 
considered statistically significant. Measurement data 
were described by mean ± standard deviation (SD) and 
enumeration data were described by number (%).

Results
A total of 4854 cases of positive PCR COVID-19 indi-
viduals were documented, with a mean age of 40.77 
(SD = 17.99, range 23—66) years with a majority of 
males (27.7%). The highest frequency of infected cases 
was among the age group of 25–45 years old. There was 
also a significant correlation among the age groups and 
also the gender of the patients. Our results showed that 
280 HCWs were infected with COVID-19, in which after 
evaluation of the previous history of infection among 
family and close friends, seven were excluded. Therefore, 
this study was based on 273 (5.62% of total cases) cases of 
HCW cases that were infected based on an occupational 
source. Figure  1 demonstrates the geographic informa-
tion system mapping of our study.

Among the selected patients, the age ranged from 23 to 
66 years (mean = 35.02; SD = 8.34) while their work expe-
rience ranging from 3 months to 29 years (mean = 9.28; 
SD = 6.82). Table  1 demonstrates the demographic fea-
tures of COVID-19 infected patients among the general 
population and hospital staff employees. As demon-
strated, there was a significant difference among the age 
group and also the gender of infected patients among the 
two populations, with higher infection rates of females 
in HCWs compared to males in the general popula-
tion. Also, the age group of 25–45 years showed signifi-
cantly higher rates of infection in HCWs compared to 
the general population, while for other age groups, the 
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general population had higher infection rates compared 
to HCWs.

Among the patients in our study, the majority of 
infected cases were among nurses (51.3%) and were from 
personnel of emergency wards (30.6%).

Data regarding the number of performed tests among 
medical staff and HCWs were obtained. Among 10,707 
total performed tests among hospital staff, 273 positive 
cases were detected (2.5%). These tests were among 44 
private and public hospitals and centers in Fars province, 

while most of the reports were from Shiraz, the capital of 
the province (Additional file 2).

Case infection rate (CIR) in our study is defined as the 
number of infections among the total number of tests 
performed in the index group; which included 138 out of 
6183 (2.23%) positive cases in nurses; 27 out of 842 (3.2%) 
in physicians; in paraclinical fields 27 out of 1165 (2.32%), 
among 22 out of 2517 (0.87%). Table 2 demonstrates the 
occupational features of HCWs.

Fig. 1  Geographic information system mapping of the novel coronavirus disease 2019 (COVID-19) infection in Fars province. a Geographical 
location of Fars province based on the map of Iran b population of cities in Fars province (× 105) c COVID-19 infection rate among healthcare 
workers (HCW) based on number of cases among cities in Fars province; d COVID-19 infection ratio based on total healthcare workers among cities 
in Fars province (percentage of number of HCW with positive COVID-19 divided by total number of HCW in the mentioned city)
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Based on our results, 220 (80.6%) of our patients 
had no underlying disease, while 48 (17.6%) had one, 
three (1.1%) had two, and two (0.7%) had three under-
lying diseases. The clinical features are demonstrated 
in Table  3. As shown, 97 (35.5%) of patients were 
asymptomatic.

Among the patients of our study, only 15 (5.5%) had 
hospital admission which the duration of hospital stays 
ranged from 0.5 to 8 days (mean: 3.63; SD = 2.51). Also, 
53 (19.4%) had pulmonary involvement in their CT 
scans. It is worth mentioning that there were no ICU 
admitted cases among the patients in our study.

Among the patients in our study, 28 (10.3%) cases 
reported infected cases of COVID-19 among their 
family or friends  after the confirmation of their infec-
tion (12 parents, nine spouses, eight children, and one 
friend). Furthermore, 200 (73.3%) reported a history of 
contact with a suspicious case in the work area, while 
33 (12.1%) reported negative and 40 (14.7%) reported 
no knowledge of contact with infected cases.

Based on the obtained information regarding maxi-
mum applied safety precautions, considering masks, 4 
(1.5%) didn’t use masks, 151 (55.3%) used surgical and 
standard masks, and 118 (43.22%) used N95 and FFP2 
masks. Also, among the patients, 51 (18.7%) reported 
that they didn’t use gloves in the workplace, 180 (65.9%) 
didn’t use protective goggles, and 159 (58.2%) didn’t use 
facial shields. Also, only 115 (42.1%) used gowns, 71 
(26%) used special clothing and 61 (22.3%) used shoe 
covers in the work environment.

Post recovery symptoms of the patients included 34 
(12.5%) cough, 25 (9.2%) dyspnea, 14 (5.1%) cough and 
dyspnea, 1 (0.4%) dyspnea and renal failure.

Based on the history of infected patients, 39 (14.3%) 
had no opinion, while from the remaining 234, 132 
(62.3%) thought that their cause of infection to be 
close contact with patients, 54 (25.5%) infected and 

Table 1  Demographic features of COVID-19 infected patients among the general population and hospital staff employees in Fars 
province, southern Iran

* Chi-square test, significance level set at 0.05

Variable General population n = 4854 Hospital staff n = 273 P-value 
between 
populations*Frequency (%) P value* Frequency (%) P value*

Age group

< 25 609 (16) < 0.001 15 (5.5) < 0.001 < 0.001

25 – 45 1863 (49) 229 (84.5)

 > 45 1327 (34.9) 27 (10)

Gender

Female 2039 (43.6) < 0.001 146 (53.5) 0.250 0.001

Male 2639 (56.4) 127 (46.5)

Table 2  Occupational features of health care workers infected 
with the novel coronavirus 2019 in Fars, Iran

*Chi-square test, significance level set at 0.05

Variable Frequency Percentage (%) P value*

Years of experience

< 10 78 50.6 < 0.001

10–20 68 44.2

> 20 8 5.2

Occupation

Nurse 138 51.3 < 0.001

Security and others 30 11.2

Hospital staff 25 9.3

Office workers 22 8.2

Specialist 12 4.5

Laboratory staff 10 3.7

Midwifery 8 3

General physician 8 3

Radiology technician 8 3

Medical student 4 1.5

Fellowship 3 1.1

Physiotherapist 1 0.4

Residence

Shiraz, capital of Fars province 151 58.3 0.008

Others cities in the province 108 41.7

Work location

Emergency wards 60 30.6 < 0.001

Wards (infectious and non-
infectious)

39 19.9

Hospital service 39 19.3

Operating room 35 17.9

Laboratory 9 4.6

Radiology department 7 3.6

Admission desk 5 2.6

Security 4 2



Page 5 of 8Sabetian et al. Virol J           (2021) 18:58 	

contaminated work environment, 26 (10.8%) both con-
tact with patients and work environment, 17 (7.9%) 
disregard of safety precautions in contaminated work-
space or contact with patients, 3 (1.4%) inadequate and 
unsatisfactory testing, 2 (0.9%) fatigue at work.

Figure 2 demonstrates the number of infected cases 
with COVID-19 during the period of our study, as 
shown, the highest number of cases was during April.

Discussion
The present study provides the first insight into the infec-
tion status of HCWs in Iran during the COVID-19 pan-
demic along with the need for proper equipment use and 
education of these individuals. Our report demonstrated 
an incidence of 273 individuals (5.62%) amongst HCW 
which can be assumed with a great magnitude that they 
acquired their disease based on occupational-related.

Based on our results the highest infection rate was 
among nurses (51.3%); However, the highest CIR was 
among physicians (3.2%). Our results are consistent with 
studies regarding HCW infection in Wuhan, China dem-
onstrating a rate of 52% among nurses. This finding may 
be because generally, nurses have more patient contact 
time compared to other HCW occupations such as phy-
sicians. Focusing on educating and providing appropriate 
safety measures in these groups which are higher at risk 
is essential for their physical and mental health [10, 11].

Our study demonstrated the highest CIR to be among 
physicians (3.2%) which was higher than the reported 
CIR among physicians in China (1.92%) [12]. Our data 
also demonstrated that 1.5% of HCWs didn’t use masks, 
18.7% didn’t use gloves, 65.9% didn’t use protective gog-
gles and 58.2% didn’t use face shields. This data is sup-
ported by a previous study regarding the knowledge, 
attitude, and practice towards COVID-19 in Iran, which 
demonstrated that personnel with healthcare-related 
occupations, although with higher knowledge, had sig-
nificantly lower practice towards the diseases [13]. This 
imposes a need for better implantation of protective 
measures by HCWs for decreasing infection rates in 
these groups.

In the early phase of the COVID-19 outbreak, the num-
ber of HCWs and personal protective equipment (PPE) 
was both insufficient, and the continuous working hours 
of HCWs were relatively longer. Therefore, the HCWs 
were exhausted physically and mentally. In this situation, 
decreased immunity and an increased chance of infec-
tion could occur in HCWs. Therefore, it is recommended 
that HCWs at the frontline receive sufficient rest time 
to ensure adequate sleep, avoid overwork and consume 
a nutritious diet and supplements to ensure adequate 
nutrition to increase the body immunity and reduce the 
likelihood of infection [12].

The government and the healthcare system have 
implanted various methods of dealing with the disease. 
The health ministry of Iran has dedicated several hospi-
tals as centers for solitary COVID-19 patients, resulting 
in the isolation of these patients and decreasing contact, 

Table 3  Clinical features and underlying diseases of health care 
workers infected with the novel coronavirus 2019

Variable Frequency Percentage (%)

Underlying disease

Cerebrovascular disease 8 2.9

Immunodeficiency 7 2.6

Respiratory disease 7 2.6

Corticosteroid use 7 2.6

Gastrointestinal disease 5 1.8

Others 5 1.8

Renal disease 4 1.5

Liver disease 4 1.5

Hypothyroid 4 1.5

Allergy 3 1.1

Anemia 1 0.4

Diabetes 1 0.4

Migraine 1 0.4

Sinusitis 1 0.4

Favism 1 0.4

Malignancy 0 0

Symptom

Asymptomatic 97 35.5

Symptomatic 176 64.5

Myalgia 81 46

Cough 80 45.5

Sore throat 68 38.6

Dyspnea 62 35.2

Headache 60 34.1

Fever 51 29

Chest pain 48 27.3

Severe weakness 46 26.1

Chills 37 21

Diarrhea 32 18.2

Anosmia 30 17

Rhinorrhea 28 15.9

Nasal congestion 28 15.9

Sweating 25 14.2

Conjunctival congestion 18 10.2

Palpitation 17 9.7

Vomiting 15 8.5

Others 4 2.3
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and periodic screening policy implemented in hospi-
tals to provide early detection of the disease amongst 
HCWs; However there is still a high rate of infection in 
units such as the emergency ward (30.6%), where con-
tact between first-hand, undiagnosed patients and HCWs 
would occur, and consequently, lack of awareness or dili-
gence or vigilance of infection control, and proper safety 
precautions in HCWs would result in viral transmis-
sion. Among other containment methods, one can name 
Singapore’s Ministry of Health to manage and treat all 
COVID-19 cases within hospitals, along with employ-
ing rapid contact tracing to detect, isolate and moni-
tor all associates with noteworthy exposure to the index 
cases [14]. It should be mentioned that there was a lack 
of sufficient reserves and resources of hospital protective 
equipment for a pandemic of such magnitude. Countless 
medical staff are not effectively equipped and get infected 
by unwitting contact with carriers or COVID-19 patients. 
Furthermore, protective equipment, including N95 
masks, protective clothing, and goggles are prioritized 
to first‐line HCWs in high contact centers, while other 
staff and centers often utmost have only surgical masks, 
which can result in the lower rates of infection in HCWs 
directly facing COVID-19 patients compared to HCWs 
who are less exposed.

One of the most significant findings of our study is that 
a considerable number of infected HCWs were asymp-
tomatic (35.5%) and the most frequent symptoms were 
myalgia (46%) and cough (45.5%). Other studies have 
also reported a rate of 78% regarding asymptomatic 

COVID-19 patients [15]. This is important due to asymp-
tomatic carriers can result in the person-to-person trans-
mission of the disease and should be considered a source 
of COVID-19 infection [16]. The disease might also pre-
sent with non-specific symptoms such as myalgia, which 
has also been reported as the most frequent (66%) syn-
drome in Fars province for COVID-19 in previous stud-
ies [17], making it hard to distinguish. In this regard, our 
data shows that 28 cases of individuals with close contact 
with HCWs were reported positive subsequently after the 
infection of the index case. The fact that detecting these 
individuals is challenging since they don’t present with 
any signs or symptoms emphasizes the need for prevent-
ing the spread of the disease compared to detecting and 
treating the infection to control and end the pandemic.

It is worth mentioning that among the patients of our 
study there was only 5.5% hospital admission with no 
reports of severe cases of mortality due to COVID-19, 
which were considerably lower than other studies. Chu 
et al. reported 54 hospital staff infections which included 
40 severe cases and 3 critical cases (79% in total) [18], and 
Li et al. [19] reported 4% of the 370 hospitalized patients 
were severe or critical cases from Wuhan Hospital. These 
variations may be due to that the majority of patients in 
our study were under 45 years (mean 35) and 80% had no 
underlying diseases which makes the virus less likely to 
progress to a severe form in these individuals. Also, both 
of the mentioned studies were carried out in the initial 
early phase of the pandemic that viral factors in terms 
of its virulence and less adaptation to the human at their 
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Fig. 2  Incidence of COVID-19 infection among the general population and medical staff in Fars, Iran from 10 March to 17 May, 2020
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initial emergence might also attribute the clinical severity 
of COVID-19; while our study was carried out from 10th 
March 2020 to 17th May 2020 that was in the later phase 
of the pandemic compared to the mentioned studies [17, 
18], in which the virus might have been further emerged 
to adapt in human and enhanced viral fitness, caus-
ing less severe symptoms and even more asymptomatic 
infection during the evolution and in the later phase of 
the pandemic.

It should be noted our province was affected less than 
other large provinces in the early phase of the pandemic 
and this degree of HCW involvement may change with 
subsequent disease surge. Healthcare infection varies 
based on the geographical location, magnitude, involving 
centers of the study, and also the method of disease con-
firmation. For instance, Peng et al. [20] in a single-center 
study in Wuhan, China reported 40 medical staff out of 
138 patients (29%) while another retrospective analysis 
of 1099 confirmed patients with COVID‐19 in 552 hos-
pitals from 31 provinces in China found that the propor-
tion of health professionals was 2.09% [21]. Among other 
causes variations, one can name the method of includ-
ing patients in the study, which in our study focused on 
positive RT-PCR for SARS‐CoV‐2, while in other studies, 
such as Chu et al. [18], reported a rate of 57 cases during 
5 weeks using clinical factors according to World Health 
Organization interim guidance [21] The method of detec-
tion (either clinical or molecular) and which should be 
interpreted as the authentic number of infection rate is 
still a matter of debate [22]. For the purpose of this study, 
we only included molecular confirmed SARS-CoV2 PCR 
positive patients, however, although high specificity, 
based on the chance of false-negative the actual num-
ber of cases might much as well be considerably higher. 
However, it cannot be denied that HCW are amongst 
the highest groups at risk of infection with COVID-19, 
which necessitates prompt decisions and action-taking 
for plummeting infection rates in these individuals to 
continuously safeguard patient care and ensure they do 
not transmit the virus.

Conclusion
With the ongoing COVID-19 outbreak and the increasing 
number of infected cases, ensuring the safety of HCWs 
is essential to end the pandemic. Therefore, investiga-
tion of the burden of COVID-19 among HCWs is vital in 
decreasing the spread of the virus, by increasing public 
awareness, and also offering useful recommendations for 
government agencies such as isolating infected cases in 
specific well-equipped hospitals. Since the majority of 
cases were asymptomatic, expanding protective measures 

for HCWs is essential to decrease infection rates among 
family members and colleagues.

Abbreviations
COVID-19: The novel coronavirus 2019; HCW: Health care worker; CIR: Case 
infection rate; PCR: Polymerase chain reaction; SARS: Severe acute respiratory 
syndrome; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; ICU: 
Intensive care unit; WHO: World Health Organization; RT-PCR: Real-time reverse 
transcriptase-polymerase chain reaction.

Supplementary Information
The online version contains supplementary material available at https​://doi.
org/10.1186/s1298​5-021-01532​-0.

Additional file 1. Healthcare worker COVID-19 screening data collection 
form.

Additional file 2. Frequency of tests and positive cases among healthcare 
workers in Fars, Southern Iran.

Acknowledgements
The authors would like to thank all the study participants for their voluntary 
participation and for providing essential information.

Authors’ contributions
GS, MM and MJF conceived the study. YSM and LH collected the data. RS and 
NA analyzed the data. RS wrote the first draft of the manuscript. MM and MJF 
proofread the manuscript. All authors read and approved the final version 
prior to submission.

Funding
None.

Availability of data and materials
All data generated or analyzed during this study are included in this manu-
script. Please write to the corresponding author for further information.

Declarations

Ethics approval and consent to participate
The study was approved by and carried out under the guidelines of the Ethical 
Committee of Shiraz University of Medical Sciences. All the study subjects 
provided their informed consent for the collection of data and subsequent 
analysis.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interest.

Author details
1 Trauma Research Center, Shiraz University of Medical Sciences, Shiraz, Iran. 
2 Clinical Microbiology Research Center, Shiraz University of Medical Sciences, 
Shiraz, Iran. 3 Vice Chancellor for Health Affairs Center of Disease Control (CDC), 
Shiraz University of Medical Sciences, Shiraz, Iran. 4 Student Research Commit-
tee, Shiraz University of Medical Sciences, Shiraz, Iran. 5 Thoracic and Vascular 
Surgery Research Center, Shiraz University of Medical Sciences, Shiraz, Iran. 
6 Department of Internal Medicine, Nemazee Hospital, Shiraz University 
of Medical Sciences, Shiraz, Iran. 7 Anesthesiology and Critical Care Research 
Center, Shiraz University of Medical Sciences, Shiraz, Iran. 

Received: 30 July 2020   Accepted: 9 March 2021

https://doi.org/10.1186/s12985-021-01532-0
https://doi.org/10.1186/s12985-021-01532-0


Page 8 of 8Sabetian et al. Virol J           (2021) 18:58 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

References
	1.	 Pan F, Ye T, Sun P, Gui S, Liang B, Li L, Zheng D, Wang J, Hesketh RL, Yang 

L. Time course of lung changes on chest CT during recovery from 2019 
novel coronavirus (COVID-19) pneumonia. Radiology. 2020. https​://doi.
org/10.1148/radio​l.20202​00370​.

	2.	 Ai T, Yang Z, Hou H, Zhan C, Chen C, Lv W, Tao Q, Sun Z, Xia L. Correlation 
of chest CT and RT-PCR testing in coronavirus disease 2019 (COVID-19) in 
China: a report of 1014 cases. Radiology. 2020. https​://doi.org/10.1148/
radio​l.20202​00642​.

	3.	 Cheng ZJ, Shan J. 2019 Novel coronavirus: where we are and what we 
know. Infection. 2020;48:155–63.

	4.	 Hsu L-Y, Lee C-C, Green JA, Ang B, Paton NI, Lee L, Villacian JS, Lim P-L, Ear-
nest A, Leo Y-S. Severe acute respiratory syndrome (SARS) in Singapore: 
clinical features of index patient and initial contacts. Emerg Infect Dis. 
2003;9(6):713.

	5.	 Euronews: At least 90,000 healthcare workers infected by COVID-19’, says 
nursing group. Available at: https​://www.euron​ews.com/2020/05/06/
at-least​-90-000-healt​hcare​-worke​rs-infec​ted-by-covid​-19-says-nursi​ng-
group​. Accessed 8 July.

	6.	 Anadolu agency: Iran confirms first two deaths from coronavirus. Avail-
able at: https​://www.aa.com.tr/en/healt​h/iran-confi​rms-first​-two-death​
s-from-coron​aviru​s/17386​79. Accessed 8 July.

	7.	 World Health Organization: Laboratory testing for coronavirus disease 
2019 (COVID-19) in suspected human cases: interim guidance, 2 March 
2020. In.: World Health Organization; 2020. Accessed 8 July.

	8.	 World Health Organization: Coronavirus disease (COVID-19) technical 
guidance: Laboratory testing for 2019-nCoV in humans. In: World Health 
Organization; 2020. Accessed 8 July.

	9.	 Corman VM, Landt O, Kaiser M, Molenkamp R, Meijer A, Chu DK, Bleicker 
T, Brünink S, Schneider J, Schmidt ML. Detection of 2019 novel coronavi-
rus (2019-nCoV) by real-time RT-PCR. Eurosurveillance. 2020. https​://doi.
org/10.2807/1560-7917.ES.2020.25.3.20000​45.

	10.	 Shahriarirad R, Erfani A, Ranjbar K, Bazrafshan A, Mirahmadizadeh A. The 
mental health impact of COVID-19 outbreak: a nationwide survey in Iran. 
Int J Ment Health Syst. 2021;15:19. https​://doi.org/10.1186/s1303​3-021-
00445​-3.

	11.	 Mirahmadizadeh A, Ranjbar K, Shahriarirad R, Erfani A, Ghaem H, Jafari K, 
Rahimi T. Evaluation of students’ attitude and emotions towards the sud-
den closure of schools during the COVID-19 pandemic: a cross-sectional 
study. BMC Psychol. 2020;8(1):134. https​://doi.org/10.1186/s4035​9-020-
00500​-7.

	12.	 Zheng L, Wang X, Zhou C, Liu Q, Li S, Sun Q, Wang M, Zhou Q, Wang 
W. Analysis of the infection status of the health care workers in Wuhan 

during the COVID-19 outbreak: a cross-sectional study. Clin Infect Dis. 
2020;71:2109–13.

	13.	 Erfani A, Shahriarirad R, Ranjbar K, Mirahmadizadeh A, Moghadami M. 
Knowledge, attitude and practice toward the novel coronavirus (COVID-
19) outbreak: a population-based survey in Iran. Bull World Health Organ. 
2020;76:648.

	14.	 Gan WH, Lim JW, Koh D. Preventing intra-hospital infection and transmis-
sion of coronavirus disease 2019 in health-care workers. Saf Health Work. 
2020;11(2):241–3.

	15.	 Day M. Covid-19: four fifths of cases are asymptomatic, China figures 
indicate. British Medical Journal Publishing Group; 2020.

	16.	 Hu Z, Song C, Xu C, Jin G, Chen Y, Xu X, Ma H, Chen W, Lin Y, Zheng Y. 
Clinical characteristics of 24 asymptomatic infections with COVID-19 
screened among close contacts in Nanjing, China. Sci China Life Sci. 
2020;63(5):706–11.

	17.	 Shahriarirad R, Khodamoradi Z, Erfani A, Hosseinpour H, Ranjbar K, Emami 
Y, Mirahmadizadeh A, Lotfi M, Shirazi Yeganeh B, Dorrani Nejad A, et al. 
Epidemiological and clinical features of 2019 novel coronavirus diseases 
(COVID-19) in the South of Iran. BMC Infect Dis. 2020;20(1):427. https​://
doi.org/10.1186/s1287​9-020-05128​-x.

	18.	 Chu J, Yang N, Wei Y, Yue H, Zhang F, Zhao J, He L, Sheng G, Chen P, Li G. 
Clinical characteristics of 54 medical staff with COVID-19: a retrospective 
study in a single center in Wuhan, China. J Med Virol. 2020;92:807–13.

	19.	 Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, Ren R, Leung KS, Lau EH, 
Wong JY. Early transmission dynamics in Wuhan, China, of novel corona-
virus-infected pneumonia. N Engl J Med. 2020 Mar 26;382(13):1199–1207. 
https​://doi.org/10.1056/NEJMo​a2001​316.

	20.	 Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, Wang B, Xiang H, Cheng 
Z, Xiong Y. Clinical characteristics of 138 hospitalized patients with 
2019 novel coronavirus–infected pneumonia in Wuhan, China. JAMA. 
2020;323(11):1061–9.

	21.	 Guan W-j, Ni Z-y, Hu Y, Liang W-h, Ou C-q, He J-x, Liu L, Shan H, Lei C-l, Hui 
DS. Clinical characteristics of 2019 novel coronavirus infection in China. 
MedRxiv 2020.

	22.	 Shahriarirad R, Sarkari B. COVID-19 clinical or laboratory diagnosis: a mat-
ter of debate. Trop Doct. 2020;51:131–2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1148/radiol.2020200370
https://doi.org/10.1148/radiol.2020200370
https://doi.org/10.1148/radiol.2020200642
https://doi.org/10.1148/radiol.2020200642
https://www.euronews.com/2020/05/06/at-least-90-000-healthcare-workers-infected-by-covid-19-says-nursing-group
https://www.euronews.com/2020/05/06/at-least-90-000-healthcare-workers-infected-by-covid-19-says-nursing-group
https://www.euronews.com/2020/05/06/at-least-90-000-healthcare-workers-infected-by-covid-19-says-nursing-group
https://www.aa.com.tr/en/health/iran-confirms-first-two-deaths-from-coronavirus/1738679
https://www.aa.com.tr/en/health/iran-confirms-first-two-deaths-from-coronavirus/1738679
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
https://doi.org/10.1186/s13033-021-00445-3
https://doi.org/10.1186/s13033-021-00445-3
https://doi.org/10.1186/s40359-020-00500-7
https://doi.org/10.1186/s40359-020-00500-7
https://doi.org/10.1186/s12879-020-05128-x
https://doi.org/10.1186/s12879-020-05128-x
https://doi.org/10.1056/NEJMoa2001316

	COVID-19 infection among healthcare workers: a cross-sectional study in southwest Iran
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Data collection
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


