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Background: Healthcare workers (HCWs) are still at higher risk of acquiring severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) infections than the general population. 
Identifying risk factors associated with severe SARS-CoV-2 infections is of paramount 
importance to protect HCWs and the non-infected patients attending different healthcare 
facilities.
Purpose: To recognize the predictors for severity of SARS-CoV2 infection among HCWs 
working in either COVID-19 or non-COVID-19 healthcare settings. Also, to assess com-
pliance of HCW to standard precautions of infection control and explore the possible risk 
factors for SARS-CoV-2 infection among HCWs.
Methods: A cross-sectional study was conducted among HCWs with suspected or con-
firmed SARS-CoV-2 infection, from different Egyptian governorates. They were asked to fill 
in a web-based self-reporting questionnaire. The questionnaire assessed the demographic and 
socio-economic characteristics of participants, compliance of HCWs to standard precautions 
of infection control and COVID-19 presentation.
Results: Our study enrolled 204 HCWs (52.3% physicians). Infection of SARS-CoV-2 was 
confirmed in 61.3% by RT- PCR; 35.8% were admitted to hospital, and of these, 3.9% were 
admitted to the intensive care unit. While 30.4% had mild disease, 48.5% had moderate 
disease, 17.2% had severe disease and 3.9% had critical disease. Regression analysis for 
variables predicting COVID-19 severity among study healthcare workers showed that asso-
ciated chronic diseases and management at home were the main independent variables 
predicting severity of their SARS-COV-2 infection, while the variables age, sex, residence, 
occupation or drug history of immunosuppressives had no role in severity prediction.
Conclusion: Associated chronic diseases and management at home were the main inde-
pendent variables predicting severity of SARS-COV-2 infection among HCWs. So, HCWs 
with chronic diseases should not work in COVID-19 designated hospitals, and there should 
be a screening strategy for their infection with SARS-COV-2. HCWs must not be negligent 
in adhering to strict precautions of infection control. HCWs infected with SARS-COV-2 
must be managed in hospital not at home.
Keywords: health care providers, SARS-CoV-2, COVID-19, delivery of health care, 
infection control introduction

Introduction
By the end of December 2019, new-coronavirus 19 (SARS-CoV-2) was identified as the 
main cause of a cluster of pneumonia cases in Wuhan.1 It rapidly spread throughout China 
resulting in an epidemic, followed by rapid global expansion throughout the world. The 
World Health Organization (WHO) designated the disease caused by SARS-Cov-2 to be 
named as coronavirus 19 (COVID-19).2 In mid-February 2020, Egypt reported its first 
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COVID-19 case in a contact of an infected case returning from 
China and it was confirmed by laboratory analysis for the 
virus.3 Few published data are available about the prevalence 
of SARS-CoV-2 infections in HWs.4 Lanher et al. described 
their experience of a teaching hospital in central Italy to assess 
SARS-CoV-2 infection rate amongst HWs and the diagnostic 
performance of SARS-CoV-2 serology as an index test in 
comparison with the SARS-CoV-2 RNA PCR assay as 
a reference standard; they demonstrated a low prevalence of 
SARS-CoV-2 infection amongst HWs, but higher than in the 
general population.5 That study did not investigate which con-
trol measures were accomplished or the compliance of HCWs 
to standard precautions.

Human-to-human transmission among close contacts 
of infected persons has been documented, with high risk 
of transmission to health care workers (HCWs) given their 
close and direct interactions with confirmed cases as well 
as shortage of personal protective equipment (PPE) in 
some healthcare facilities.6 According to the definition of 
the WHO, HCWs are all people engaged in actions whose 
primary intent is to enhance health. This includes physi-
cians, nurses, midwives, paramedical staff, hospital man-
agers, support staff and community workers, all of whom 
now face the occupational risk of acquiring SARS-CoV-2 
infection, and at worst, even death.7

Compliance of HCWs to standards of infection control 
is crucial, however protecting HCWs remains a challenge 
for most countries due to shortages of recommended PPE 
and due to limited testing availability, which prevent early 
identification and isolation of SARS-CoV-2 cases.8 It was 
reported that 95% of SARS-CoV-2 infections among 
HCWs occurred in a non-COVID-19 designated facility 
and 72% of these infections were linked to exposure to 
a coworker or patient as the source of infection. Most of 
these infections were attributed to non-adherence to pre-
scribed PPE in non- COVID-19 settings, non-adherence to 
strict infection control precautions, and asymptomatic 
infections among patients and coworkers.9

Although HCWs in certain specialties may be consid-
ered at high risk, the risk to other specialties must not be 
underestimated.10 Advanced age, comorbidities and ele-
vated inflammatory markers are predictive factors of 
COVID-19 severity among the general population.11,12

In this study we aimed to investigate the predictors for 
severity of SARS-CoV-2 infection among HCWs working 
in either COVID-19 or non-COVID-19 healthcare settings. 

We aimed also to assess compliance of HCW to standard 
precautions of infection control and explore the possible 
risk factors for SARS-CoV-2 infection among HCWs.

Patients and Methods
Study Design and Subjects
This cross-sectional survey study was conducted among 
HCWs with suspected or confirmed COVID-19, from dif-
ferent Egyptian governorates. All HCWs (physicians, 
nurses, technicians, administrative clerks, and hospital 
managers) with confirmed or suspected COVID-19 com-
pleted the survey according to the study protocol. The 
survey was distributed to HCWs working in either 
COVID-19 or non-COVID-19 healthcare settings through 
an appropriate, web-based self-reporting questionnaire.

Defining a COVID-19 Severity Spectrum
Adults with SARS-CoV-2 infection were grouped into the 
following categories according to the severity of illness:

Asymptomatic or Presymptomatic Infection: Individuals 
who test positive for SARS-CoV-2 using a virologic test (i.e., 
a nucleic acid amplification test or an antigen test) but who 
have no symptoms that are consistent with COVID-19.

Mild Illness: Individuals who have any of the various 
signs and symptoms of COVID-19 (e.g., fever, cough, sore 
throat, malaise, headache, muscle pain, nausea, vomiting, 
diarrhea, loss of taste and smell) but who do not have 
shortness of breath, dyspnea, or abnormal chest imaging.

Moderate Illness: Individuals who show evidence of 
lower respiratory disease during clinical assessment or 
imaging and who have saturation of oxygen (SpO2) 
≥94% in room air at sea level.

Severe Illness: Individuals who have SpO2 30 breaths/ 
min, or lung infiltrates >50%.

Critical Illness: Individuals who have respiratory fail-
ure, septic shock, and/or multiple organ dysfunction.13

Sample Size Calculation
The minimum sample size required was 204 according to 
Rao soft sample size calculator based on 95% confidence 
level, 6.86% margin of error, anticipated response of 50% 
and total target population size of 82,160 physicians, 
197,600 nurses (0.79 physicians/1000 population)14 (1.9 
nurses/1000 population)15 according to 2017 estimate.
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Data Collection and Questionnaire 
Validation
An Arabic questionnaire was created to identify risk vari-
ables for COVID-19 infection severity among HCWs. 
Curfew and social distance measures were applied until we 
reached the necessary sample size and met the inclusion 
requirements, thus a web-based questionnaire was designed 
for wider and faster dissemination and to minimize any 
personal contact. According to WHO and Egyptian 
Ministry of Health [MOH] standards, it was written in 
Arabic.16,17 The questions were authenticated and validated 
in terms of relevance, simplicity, and importance by a group 
of multidisciplinary professionals in relevant disciplines 
(pulmonology, internal medicine, epidemiology, infection 
control experts). A pilot study was done on 25 people of 
various ages and genders to evaluate the survey’s validity 
and make any necessary changes, and the questionnaire was 
finished following a series of group talks. The pilot data were 
not included in the final study. In this study, the scale showed 
good internal consistency with Cronbach’s alpha of 0.793.

The questionnaire was composed of three domains 
with multiple choice questions. The first domain described 
the demographic and socio-economic characteristics of 
participating HCWs. Also, it collected data about number 
and type of work setting and in which department SARS- 
CoV-2 infection may have been acquired. This domain 
also collected data about history of drugs that may mod-
ulate immunity. The second domain assessed compliance 
of HCWs to standard precautions of infection control. It 
collected data about recent and previous training on stan-
dard precautions of infection control especially proper 
hand washing and adherence to prescribed PPE in clinical 
practice. Also, it collected data about compliance of 
HCWs to these precautions. The third domain character-
ized COVID-19 among HCWs. It collected data about 
clinical presentation, diagnostic method and prescribed 
medications for COVID-19 among HCWs. Additionally, 
it collected data about duration of illnesses and relation to 
close family member infection.

Statistical Methods
Analysis was done using Statistical Package for Social 
Sciences [SPSS], version 23 [SPSS Inc., Chicago, USA]. 
Qualitative data including multiple response variables 
were presented in frequency and percentage distribution, 
while quantitative data were presented as mean [for central 
tendency] ± standard deviations [SD; for dispersion]. Chi- 

square goodness-of-fit test was used for single categorical 
variable with multiple choices. Hierarchical regression 
analysis was used to predict the possible independent 
variables which may predict the severity of the COVID- 
19 in HCWs as an independent variable. P value < 0.05 
was considered statistically significant.

Results
In this study, 204 HCWs with confirmed or suspected 
COVID-19 were enrolled; their mean age (± SD) was 37 
± 11.5 and their mean body mass index was 29.7 ± 10.6. 
The majority (53.9%) were females, and most (49.5%) of 
them resided in the Delta region in Egypt. Physicians and 
nurses represented 52.3% and 35.3% respectively of the 
participating HCWs. The majority of the studied HCWs 
(60.8%) worked in two healthcare facilities, while only 
5.4% worked in one facility. Out of 270 facilities attended 
by study participants, 44.4% were university hospitals and 
3% were primary healthcare facilities (Table 1). About 
27.9% of HCWs had chronic disease and 8.3% of them 
received immunosuppressant drugs regularly. 
Hypertension (HTN) and diabetes mellitus (DM) as asso-
ciated comorbidities were reported in 41.9% and 24.3% of 
HCWs, respectively (Figure 1A).

About one fifth (20.7%) of the study HCWs with 
COVID-19 thought that they had acquired infection in 
the outpatient clinic, 15.3% thought they may have got 
infected during their work in intensive care unit (ICU) and 
14.8% of them in emergency department. On the other 
hand, about (21.2%) of them did not know exactly where 
they might have caught the COVID-19 infection 
(Figure 1B). Among the studied HCWs, 45.1% reported 
recent training on standard infection control measures, 
70.6% had received training on standard hand washing 
and 86.8% washed their hands frequently before and 
after handling the patients. Only 52.5% of participant 
HCWs had been specially trained in how to properly put 
on and take off PPE. 30.9% of HCWs mentioned that PPE 
provided by their employer was appropriate to protect 
them from exposure to COVID-19, while 46.6% registered 
that PPE provided by their employer was adequate to 
protect them from exposure to COVID-19. 61.3% of 
HCWs had occupational safety concerns at workplace. 
55.9% of HCWs were not compliant with standard recom-
mendations for proper use of provided PPE during all 
work time and 53.9% removed their PPE in settings with 
coworkers outside patient wards (Table 2, Figure 2). More 
than half (53.9%) of included HCWs reported close 
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contact (less than 6 feet distance) with SARS-CoV-2 
infected patients, while only 2.7% denied contact or expo-
sure to SARS-CoV-2 infected patients. Only 7.8% were 
working in a specialized COVID-19 healthcare facility and 
9.8% did not know if they were exposed to patients or not 
(Supplementary Table 1).

Infection of SARS-CoV-2 was confirmed in 61.3% of 
the studied HCWs by real time- polymerase chain reaction 
(RT-PCR); while only 1.0% was suspected to have 
COVID-19 based on their clinical presentation. Most of 
these HCWs (63.2%) presented with constitutional 

symptoms like fever, headache, fatigue and body aches 
and 62.7% of them presented with upper respiratory tract 
manifestations (sore throat, anosmia, loss of taste, sneez-
ing and rhinorrhea). About 57.8% of infected HCWs 
sought medical advice in hospitals or clinics after onset 
of symptoms, while 28.4% were managed at home. A total 
of 51% and 77.5% of HCWs received hydroxychloroquine 
and azithromycin, respectively. Severity of COVID-19 
varied among HCWs; 30.4% had mild disease, 48.5% 
had moderate disease, 17.2% had severe disease and 
3.9% had critical disease. The majority (64.2%) of the 
study HCWs received treatment at home, 35.8% were 
admitted to hospital, and 3.9% were admitted to ICU. 
The average duration of disease among them was 18.99 
days. The majority (53.9%) of HCWs who got COVID-19 
quarantined at home as a work policy and around 13.7% 
were tracked by the hospital they worked at for symptom 
progression. Only 8.3% continued working in spite of their 
infection. 79.9% of infected HCWs were fully recovered, 
18.6% still under treatment while 0.5% died. Near to one 
third (29.9%) of the family members of the COVID-19 
infected HCWs were diagnosed after diagnosis of their 
related HCWs while 23% of them were diagnosed before 
the diagnosis of their related HCWs (Supplementary 
Table 2, Supplementary Figure 1).

Regression analysis for variables predicting COVID-19 
severity among study healthcare workers showed that asso-
ciated chronic diseases and management at home were the 
main independent variables predicting severity of SARS- 
COV-2 infection among HCWs, while the variables age, 
sex, residence, occupation or drug history of immunosup-
pressives had no role in severity prediction (Table 3).

Discussion
Worldwide, as well as in Egypt, the COVID-19 pandemic 
has significantly affected HCWs. There is increased risk 
for COVID-19 infection among HCWs compared with the 
general population. Healthcare workers are at increased 
risk of getting severe COVID-19 that needs hospital 
admission. Good understanding of SARS-CoV-2 in this 
special population is crucial to plan and implement proper 
measures for infection control, early diagnosis and treat-
ment to ensure that HCWs who fight against COVID-19 
are continually protected.18 So, we designed this study to 
recognize the predictors for severity of SARS-CoV-2 
infection among HCWs. Also, to assess compliance of 
HCW to standard precautions of infection control and 

Table 1 General Characteristics of the HCWs who Participated 
in the Study

Variable Frequency (n 
= 204)

Percentage 
(100%)

Age

1-<35 years 108 52.9%
2->35 years 96 47.1%

Residence
1-Cairo 17 8.3%

2-Delta Region 101 49.5%
3-Alexandria, Matrouh and 

Sinai

4 2%

4-Upper Egypt 82 40.2%

Occupation

1-Doctor 107 52.3%
2-Nurse 72 35.3%

3-Technician 6 2.9%

4-Pharmacist 6 2.9%
5-Administrative 9 4.4%

6-Worker 4 2.0%

7-Other

Number of healthcare facilities 

attended
1–1 11 5.4%

2–2 124 60.8%

3–3 53 26%
4->3 16 7.8%

Healthcare facilities type 
(Multiple response)

Total responses 
(R = 270)

Total % 
(133%)

1-University Hospital 120 44.4%

2-Governmental Hospital/ 
Center

39 14.4%

3-Isolation Hospital 35 13.0%

4-Private Hospital/ Center 30 11.1%
5-Private Clinic 38 14.1%

6-Primary health care unit 8 3.0%
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explore the possible risk factors for SARS-CoV-2 infection 
among HCWs.

Similar to several published studies, we reported that 
frontline (physicians and nurses) healthcare workers consti-
tute the main percentage getting COVID-19 infection 
among the studied HCWs.19 Human to human transmission 
of SARS-CoV-2 in hospital settings was documented.20 In 
this study, most HCWs were working in two healthcare 
facilities which may increase their risk of exposure to 
SARS-CoV-2 infection in the workplace. McMichael et al. 
had described the incidence of COVID-19 among HCWs 

working in long-term care facilities and showed that the 
temporal and geographical transmission of the disease was 
in part due to the movement of HCWs from one facility to 
another.21 HCWs in certain specialties may be considered at 
highrisk due to frequent exposure to infected secretions; in 
this study HCWs dealing with patients in outpatient clinics 
and ICU were more likely to be infected with COVID-19.22 

This may be attributed to the high flow of patients through 
outpatient clinics and possibility of infection transmission 
from asymptomatic carrier or during frequent invasive ICU 
tasks, in addition to lack of sufficient PPE, leading to 

Figure 1 (A) Associated comorbidities in the studied group of HCWs. (B) Departments of the hospital in which SARS-COV-2 might be acquired.
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increased risk of viral transmission.23 Nearly half of the 
positive HCWs reported no previous exposure to SARS- 
CoV-2-infected subjects and were diagnosed thanks to the 
proactive screening strategy.5 About one fifth (21.2%) of 
participant HCWs did not know where they had been 
infected with SARS CoV-2 as they had no previous expo-
sure to SARS-CoV-2-infected subjects. This could be due to 
the fact that COVID-19 has many atypical clinical manifes-
tations, so the patients may go to different departments for 
treatment.24 Also, the possibility exists of infection trans-
mission during the incubation period from a symptomatic 
patient with non-specific and brief illness or may be due to 
the presence of an asymptomatic carrier.23 Patient-facing 
HCWs are at increased risk of experiencing severe 
COVID-19 that needs hospital admission.25

Our study provides evidence that about one fifth 
(21.1%) of HCWs with COVID-19 had severe and critical 
disease needing hospital admission with a considerable 
proportion needing ICU admission. In a study by Sahu 
et al. the incidence of severe or critical disease in the 
affected HCWs was 9.9%.26 Outcome of SARS-CoV-2 
infection among HCWs was reported in the current 
study, where a small proportion (0.05%) died. This mor-
tality rate was lower than that reported by Vandercam et al. 
(0.5%).27 This observation may be related to the younger 
age of participant HCWs, who were also less likely to 
have associated comorbidities.21 HCWs may be at 
increased risk of transmitting SARS-CoV-2 to their house-
hold contacts,28 in accordance with our results, nearly one 
third of the family members of the COVID-19 infected 

Table 2 Compliance of HCWs to Infection Control Measures

Variable Yes N (%) No N (%) Not Sure 
N (%)

P- value**

You have been trained on standard infection control guidelines application 92(45.1%) 88 (43.1%) 24(11.8%) <0.001*

You are specially trained to wash hands properly 144(70.6%) 56(27.5%) 4(2.0%) <0.001*

Wash your hands frequently before and after handling the patients 177(86.8%) 13(6.4%) 14(6.9%) <0.001*

You have been specially trained in how to properly put on and take off PPE 107(52.5%) 81(39.7%) 16(7.8%) <0.001*

PPE provided by your employer is appropriate to protect you from exposure 

to COVID-19

63(30.9%) 55(27.0%) 86(42.2%) <0.001*

PPE provided by your employer is adequate to protect you from exposure to 

COVID-19

95(46.6%) 57(27.9%) 52(25.5%) <0.001*

You have occupational safety concerns at your workplace 125(61.3%) 37(18.1%) 42(20.6%) <0.001*

You comply with the recommendations of proper use of PPE all the time 
during work

114(55.9%) 51(25.0%) 39(19.1%) <0.001*

You remove your PPE while in settings with coworkers outside patient wards 110(53.9%) 24(11.8%) 70(34.3%) <0.001*

You face any of the following conditions or restrictions on your use of PPE 

(Multiple response)

Frequency 

(n=255)

Percentage 

(125.6%)

1-Prohibition - my employer refused to supply a certain type of PPE 31 15.3%

2-Restricted access - I was told I needed permission to use specified PPE 26 12.8%

3-My employer extended use of PPE beyond the normal use 27 13.3%

4-I have had to re-use my own PPE 46 22.7%

5-I have had to re-use PPE previously worn by others 2 1.0%

6-My employer has not imposed any conditions or restrictions on my use 
of PPE

113 55.7%

7-Other 10 4.9%

Notes: **Chi-square goodness-of-fit test was used, *p value is statistically significant <0.05.
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HCWs were diagnosed after diagnosis of their related 
HCWs. This study clearly identified the link between 
comorbidities and severity of disease, where a severe 
level of SARS CoV-2 infection was common in HCWs 

known to have chronic diseases. Also it was related to type 
of both treatment received and care setting. Age had no 
role in severity prediction in this study. This might be due 
to the younger age of this cohort as compared with that in 

Figure 2 PPE that has been provided to HCWs during the COVID-19 outbreak.

Table 3 Summary of Hierarchical Regression Analysis for Variables Predicting COVID-19 Severity Among Study Healthcare Workers

Variable Model 1 Model 2 Model 3

B SE B β B SE B β B SE B β

Age 0.206 0.112 0.130 0.194 0.105 0.122 0.068 0.110 0.043

Sex 0.220 0.117 0.138 0.161 0.110 0.101 0.188 0.108 0.118

Residence −0.020- 0.036 −0.039- 0.014 0.035 0.027 0.038 0.035 0.074

BMI −0.003- 0.005 −0.038- −0.001- 0.005 −0.017- −0.001- 0.005 −0.010-

Occupation 0.022 0.050 0.032 −0.014- 0.047 −0.021- −0.018- 0.046 −0.026-

History of Immunosuppressive drugs intake 0.321 0.190 0.112 0.261 0.186 0.091

Management at home 0.585 0.109 0.353* 0.572 0.107 0.346*

Infection control guidelines training −0.082- 0.079 −0.069- −0.084- 0.077 −0.071-

Chronic diseases 0.402 0.125 0.227*

R2 0.038 0.175 0.217

F for change in R2 1.561 10.834* 10.303*

Note: *p < 0.05. 
Abbreviations: BMI, body mass index; SE B, standard error of B.
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the study by Chu et al., who reported age was inversely 
related to the severity of illness.24

Our results revealed that chronic diseases and man-
agement at home were associated with severe and critical 
levels of COVID-19, which was inconsistent with the 
results of Li et al.29 Regression analysis showed that 
chronic diseases and management at home were the 
main independent variables predicting severity of SARS- 
COV-2 infection among HCWs. Training all HCW on 
preventive measures of SARS CoV2 including standard 
hand hygiene and PPE use is a promising policy to 
reduce viral transmission in healthcare facilities.27 

However, more than half of participant HCWs were not 
compliant to standard precautions of infection control in 
many ways; first, improper use of provided PPE during 
all work time. Second, removal of their PPE while in 
settings with coworkers outside the patient wards. Third, 
close contact with SARS-CoV-2 infected patients. These 
results were in agreement with a published study.9

Ongoing awareness, hands-on training, and maintain-
ing adequate supplies are needed to reinforce staff adher-
ence to infection prevention and control practices with 
regular auditing and feedback from observation of staff 
workflow.21 Most of the participating healthcare personnel 
work in non-specialized COVID-19 settings. It was 
reported that 95% of SARS-CoV-2 infections among 
HCWs occurred in a non-COVID-19 designated facility 
and 72% of these infections were linked to exposure to 
a coworker or patient as the source of infection.9

This study clearly identified the link between comorbid-
ities and severity of disease. This was not commonly reported 
in most other studies. This study had some limitations, first 
the small sample size. Second limitation could be non- 
compliance of Egyptian HCWs to infection control measures, 
unlike in other developed countries; this might increase hos-
pital-acquired infections in Egypt which cannot be fully gen-
eralized to countries with more strict infection control roles.

Conclusion
There is an increased risk of severe COVID-19 among 
healthcare workers. Chronic diseases and management at 
home were the main independent variables predicting sever-
ity of SARS-COV-2 infection among HCWs. So, HCWs 
with chronic diseases should not work in COVID-19 desig-
nated hospitals, and a screening strategy should be 
employed. HCWs must not be negligent in adhering to strict 
precautions of infection control. HCWs infected with SARS- 
COV-2 must be managed in hospital not at home.
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