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a b s t r a c t 

OBJECTIVES: To estimate COVID-19 infection and outcomes among healthcare workers (HCWs) compared 

with non-HCWs. 

METHODS: A prospective surveillance study was conducted among HCWs and non-HCWs eligible for 

treatment at a large tertiary care facility in Riyadh between March 1st to November 30th, 2020. 

RESULTS: A total 13,219 cases with confirmed COVID-19 have been detected during the study; 1596 

(12.1%) HCW patients (HCWPs) and 11623 (87.9%) non-HCWPs. Infection per 100 population was almost 

ten-fold higher in HCWs compared with non-HCWs (9.78 versus 1.01, p < 0.001). The risk of infection in 

support staff (15.1%) was almost double the risk in other professional groups (p < 0.001). Hospitalization 

(14.1% versus 1.8%, p < 0.001), ICU admission (3.0% versus 0.5%, p < 0.001), and case fatality (0.13% ver- 

sus 2.77%, p < 0.001) were significantly lower in HCWPs compared with non-HCWPs. The mortality per 

10 0,0 0 0 population was significantly lower in HCWs compared with non-HCWs (12.3 and 28.1, p < 0.001). 

CONCLUSION: HCWs are at ten-fold higher risk of COVID-19 infection but have much better outcomes 

compared with non-HCWs. More strict infection control measures are still required to protect HCWs, 

including those who are not involved in direct patient care. 

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ACKGROUND 

Since its first appearance in Wuhan (China) in late 2019, 

ore than 100 million patients were infected with severe acute 

espiratory syndrome coronavirus number 2 (SARS-CoV-2) with 

ore than 2.25 million related deaths by end of January 2021 

 World Health Organization, 2020 ). Nevertheless, these numbers 

re considerably underestimated and the actual number of infected 

ersons is probably 3 to 20 times higher than the reported num- 
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ers ( Wu et al., 2020 ). This makes the current coronavirus disease 

COVID-19) pandemic the largest pandemic in the twenty first cen- 

ury and the largest ever pandemic caused by one of the coron- 

viruses ( Ashour et al., 2020 ). 

The COVID-19 pandemic is considered an unprecedented phys- 

cal and mental challenge for healthcare workers (HCWs) around 

he world (Salazar de Pablo et al., 2020 , Shaukat et al., 2020 ).

CWs being at the frontline of treating patients with confirmed 

OVID-19 are at higher risk of exposure than the general pop- 

lation ( Ali et al., 2020 , Nguyen et al., 2020 , Wei et al., 2020 ,

heng et al., 2020 ). However, being more healthy they are ex- 

ected to have better outcome in terms of hospitalization and 

ortality compared with non-HCWs ( Misra-Hebert et al., 2020 , 

ei et al., 2020 , Zheng et al., 2020 ). Infected HCWs represent a 

isk for their families, their fellow HCWs, and hospitalized patients 

 Shah et al., 2020 , Souadka et al., 2020 ). The risk of exposure,
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isk of introducing infection to others, long working hours, and 

erceived stigma from family members and society can be man- 

fested with a number of psychological morbidities including poor 

leep quality, stress, post-traumatic stress symptoms, anxiety, and 

epression ( Cabarkapa et al., 2020 , Krishnamoorthy et al., 2020 , 

eo et al., 2020 ). 

COVID-19 risk of infection and mortality among HCWs has not 

een the focus of COVID-19 research in Saudi Arabia. Quantify- 

ng such risk is essential for planning additional infection control 

easures to protect HCWs. Additionally, the finding may give indi- 

ect assessment of the currently implemented protective measures 

t the healthcare setting. The objective of the current study was 

o estimate COVID-19 infection and outcomes among HCWs com- 

ared with non-HCWs in Saudi Arabia. 

ETHODS 

etting 

The current study was conducted at King Abdulaziz Medical 

ity at Riyadh (KAMC-R), Saudi Arabia, which is an approximately 

488-bed tertiary care facility, composed of two hospitals. The fa- 

ility provides healthcare services for almost 1.15 million eligible 

audi National Guard soldiers, employees and their families. The 

acility had a total 172 (11.6%) intensive care beds and 168 (11.3%) 

mergency beds. According to local hospital statistics for 2019, 

AMC-R received 55,025 admissions and served 863,073 outpatient 

linic visits. The facility is served by 16317 HCWs, including 2,451 

hysicians, 5,483 nurses, and 3101 other clinical HCWs, as well as 

,282 administrative and support jobs that involve no direct pa- 

ient care. 

tudy design 

The current study design was a prospective surveillance study 

or all COVID-19 confirmed HCW patients (HCWPs) and non-HCW 

atients (non-HCWPs) at KAMC-R during the pandemic period, 

arch 1 st to November 30 th , 2020. 

efinitions 

The case definition used was based on the definition released 

y the Saudi Ministry of Health and the Saudi Center for Dis- 

ase Prevention and Control at the beginning of the pandemic 

 Saudi Center for Disease Prevention and Control, 2020 ). Only con- 

rmed cases who had a positive RT-PCR test for COVID-19 were in- 

luded in the current study. The study outcomes included COVID- 

9 infection and related outcomes including hospitalization, ICU 

dmission, case fatality, and mortality. 

ase finding 

All HCWPs and non-HCWPs attending KAMC-R during the study 

eriod and who met the suspected COVID-19 definition or as part 

f contact tracing had their nasopharyngeal swabs examined us- 

ng RT-PCR test for COVID-19. Suspected COVID-19 definition in- 

luded those with acute respiratory illness with epidemiologic link 

contact with a confirmed case, working in a healthcare facility, 

r recent travel to an infected area) or severe acute respiratory 

llness without epidemiologic link [10]. There was no difference 

n the strategy of testing for HCWPs and non-HCWPs. The prob- 

ble source of transmission (hospital versus community) was as- 

ertained as reported by the HCWPs and non-HCWPs. 
239 
nfection control measures 

Early in the outbreak and even before the diagnosis of first case 

n the hospital, infection control measures were strictly enforced 

ncluding hand hygiene, environmental cleaning, and wearing per- 

onal protective equipment (PPE). Additionally, universal masking 

nd measuring body temperature before starting the shift were 

tipulated. Several measures were done to reduce transmission and 

xposure to COVID-19 within the hospital, including triage, na- 

opharyngeal swabbing for all new admissions, dedicated COVID- 

9 units, contact tracing clinic, and changes in patient flow at each 

tage of care. 

ource of data 

Numerator data include all those who tested positive for 

OVID-19, irrespective of hospital admission. Numerator data were 

ollected through active surveillance using a structured data collec- 

ion tool. These included HCWs status, demographic data, disease 

ourse, and study outcomes. Denominator data (for infection and 

ortality) were obtained from the most recent hospital statistics. 

hese include the number of HCWs working at KAMC-R by profes- 

ional category and nationality as well as the number of non-HCW 

eople eligible for treatment at KAMC-R. 

tatistical methods 

Epidemic curves for HCWPs and non-HCWPs at KAMC-R were 

reated. Infection and outcomes parameters were compared be- 

ween groups using Chi-square. All P-values were two-tailed. P- 

alue < 0.05 was considered as significant. SPSS (Version 22.0. Ar- 

onk, NY: IBM Corp) was used for all statistical analyses. 

ESULTS 

During the 9-month period of the study, a total 13,219 cases 

ith confirmed COVID-19 were detected after 54622 RT-PCR tests 

one at the KAMC-R between March and November 2020. As 

hown in Table 1 , these included 1596 (12.1%) HCWPs and 11623 

87.9%) non-HCWPs. The mean age was slightly but significantly 

igher among HCWPs compared with non-HCWPs (38.0 ±10.0 ver- 

us 36.1 ±20.4 years, p < 0.001). However, those above the age of 

5 years were less frequent in HCWPs compared with non-HCWPs 

22.6% versus 31.0%, p < 0.001). The majority (57%) of confirmed 

ases were males, with no significant differences between HCWPs 

nd non-HCWPs. Non-Saudi people represented 58.4% of HCWs but 

nly 9.4% of the non-HCWPs (p < 0.001). Symptomatic disease was 

ore common in HCWPs compared with non-HCWPs (78.0% ver- 

us 56.9%, p < 0.001). Hospital transmission represented the source 

f infection in the majority (48.0%) of HCWs while community 

ransmission represented the source of infection in the majority 

64.8%) of the non-HCWPs (p < 0.001). Hospitalization (14.1% ver- 

us 1.8%, p < 0.001), ICU admission (3.0% versus 0.5%, p < 0.001), and 

ase fatality (0.1% versus 2.8%, p < 0.001) were significantly less fre- 

uent in HCWPs compared with non-HCWPs. The average number 

f tests per positive case was higher in HCWPs than non-HCWPs 

5.1 versus 4.0 tests, p < 0.001) and HCWPs were less likely to have 

heir positive results after the first test done (87.8% versus 97.7%, 

 < 0.001). After adjusting for age, gender, nationality, and number 

f tests done, the higher risk of hospital and ICU admission among 

on-HCWPs compared with HCWPs increased more than two or 

hree times, respectively. However, the risk of death remained es- 

entially the same ( Table 2 ). 
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Table 1 

Comparisons of demographic characteristics and disease course between HCWPs and non-HCWPs examined at 

KAMC-R, March to November 2020 

HCWPs (N = 1596) Non-HCWPs (N = 11623) Total (N = 13219) p-value 

Age (years) 

Mean ±SD 38.0 ±10.0 36.1 ±20.4 36.3 ±19.5 < 0.001 

< 30 348 (22.0%) 4774 (42.2%) 5122 (39.7%) < 0.001 

30-45 878 (55.5%) 3028 (26.8%) 3906 (30.3%) 

> 45 357 (22.6%) 3503 (31.0%) 3860 (30.0%) 

Gender 

Male 902 (57.0%) 6630 (57.2%) 7532 (57.1%) 0.898 

Female 681 (43.0%) 4971 (42.8%) 5652 (42.9%) 

Nationality 

Saudi Arabia 658 (41.6%) 10088 (90.6%) 10746 (84.5%) < 0.001 

Non-Saudi 923 (58.4%) 1041 (9.4%) 1964 (15.5%) 

Symptoms 

Asymptomatic 327 (22.0%) 4682 (43.1%) 5009 (40.6%) < 0.001 

Symptomatic 1159 (78.0%) 6181 (56.9%) 7340 (59.4%) 

Probable source of infection 

Community-acquired 499 (31.3%) 8074 (69.5%) 8573 (64.8%) < 0.001 

Hospital-acquired 766 (48.0%) 73 (0.6%) 839 (6.3%) 

Unknown 331 (20.7%) 3477 (29.9%) 3808 (28.8%) 

Hospitalization 

No 1567 (98.2%) 9983 (85.9%) 11550 (87.4%) < 0.001 

Yes 28 (1.8%) 1640 (14.1%) 1668 (12.6%) 

ICU admission 

No 1588 (99.5%) 11274 (97.0%) 12862 (97.3%) < 0.001 

Yes 8 (0.5%) 350 (3.0%) 358 (2.7%) 

Death 

No 1594 (99.9%) 11301 (97.2%) 12895 (97.5%) < 0.001 

Yes 2 (0.1%) 322 (2.8%) 324 (2.5%) 

Testing 

Number of tests done 8130 46492 54622 < 0.001 

Tests per positive 5.1 4.0 4.1 

Order of positive result 

First 1401 (87.8%) 11358 (97.7%) 12759 (96.5%) < 0.001 

Second or more 194 (12.2%) 265 (2.3%) 459 (3.5%) 

HCWPs, healthcare worker patients; non-HCWPs, non-healthcare worker patients; KAMC-R, KAMC-R, King Abdu- 

laziz Medical City at Riyadh 

Table 2 

Adjusted outcomes in non-HCWPs compared with HCWPs working in KAMC- 

R, March to November 2020 

Odds 

ratio 

95% confidence 

p-value 
Lower limit Upper limit 

Hospital admission 

Unadjusted 8.3 5.8 11.9 < 0.001 

Adjusted 17.1 11.7 25.0 < 0.001 

ICU admission 

Unadjusted 6.1 3.0 12.4 < 0.001 

Adjusted 19.4 9.2 41.0 < 0.001 

Death 

Unadjusted 22.7 5.7 91.3 < 0.001 

Adjusted 20.5 5.0 84.3 < 0.001 

Abbreviations as in Table 1 . ∗Adjusted for age, gender, nationality, and number 

of tests. 
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As shown in Figure 1 , the infections per 100 population were 

lmost ten-fold higher in HCWs compared with non-HCWs (9.78 

ersus 1.01, p < 0.001). The mortality per 10 0,0 0 0 population was

ignificantly lower in HCWPs compared with non-HCWPs (12.3 and 

8.1, p < 0.001). As shown in Table 3 , the infection risk in sup-

ort staff (15.1%) was almost double the risk in other professional 

roups (p < 0.001) and was significantly higher in non-Saudi com- 

ared with Saudi HCWPs (11.6% versus 7.9%, p < 0.001). 

As shown in Figure 2 , the epidemic curve of confirmed COVID- 

9 infection in HCWPs was very similar to the curves of infected 

nd hospitalized non-HCWPs, with all showing peaks at the 23 rd 

eek (early June 2020). Obviously, the HCWPs curve was much 

maller compared with that of infected non-HCWPs but outnum- 

ered that of the hospitalized non-HCWPs. 
240 
ISCUSSION 

The current study estimated the prevalence of COVID-19 infec- 

ion at 10% among HCWs working at a large tertiary care facility 

n Saudi Arabia during the first 9 months of the pandemic. Com- 

aring the current findings is challenging due to wide variability 

etween studies estimating the prevalence of COVID-19 infection 

mong HCWs ( Chou et al., 2020 , Sahu et al., 2020 ). The variabil-

ty is probably caused by differences in inclusion criteria, testing 

ype and policy, presence or absence of symptoms, period covered, 

mplemented infection control measures, and finally real differ- 

nces in COVID-19 risk in different parts of the world ( Chou et al.,

021 ). For example, a meta-analysis that covered the first 4 months 

f 2020 confirmed wide variability between countries; 4.2% in 

hina, 9% in Italy, and 17.8% in USA ( Sahu et al., 2020 ). Nev-

rtheless, the current infection prevalence is generally consistent 

ith those reported in meta-analysis studies ( Gomez-Ochoa et al., 

020 , Sahu et al., 2020 ). For example, a meta-analysis of 97 stud- 

es done among HCWs working in different countries within the 

rst 6 months of the pandemic estimated the prevalence of in- 

ection at 11% using PCR and 7% using antibodies testing ( Gomez- 

choa et al., 2020 ). In the same study, the prevalence was 8% in

he PCR studies that included all HCWs and 19% in the PCR stud- 

es that included only symptomatic HCWs ( Gomez-Ochoa et al., 

020 ). On the other hand, another meta-analysis covering the same 

eriod estimated the percentage of positivity among HCWs at a 

ery high level (51.7%)( Gholami et al., 2021 ). Clearly, the report 

uffered from considerable methodological problems by including 

any fewer studies (N = 30) and including studies that examined 

nly HCWs with positive COVID-19 testing. It should be noted that 
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Figure 1. Infection (A), case fatality (B), and mortality (C) of HCWPs compared to 

non-HCWPs at KAMC-R 

Note: Abbreviations as in Table 1 . 
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Figure 2. Epidemic curve of confirmed COVID-19 infection in HCWPs compared 

with all (A) and hospitalized (B) non-HCWPs at KAMC-R 

Note: Abbreviations as in Table 1 . 
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he current and previous estimates of prevalence of COVID-19 in- 

ection are probably underestimated. Most COVID-19 testing is ini- 

iated after symptoms, missing many asymptomatic infections. Ad- 

itionally, conservative testing policy and limited availability of 

ests in some countries can add to the underestimation. 

The current findings showed a ten-fold higher risk of COVID- 

9 infection among HCWs at a large tertiary care facility com- 

ared with the patient population eligible for treatment at the 

ame facility. Large studies that included data for both HCWs and 

on-HCWs consistently showed a higher risk of COVID-19 infection 

mong HCWs, ranging from 1.4 to 12 times ( Misra-Hebert et al., 
241 
020 , Nguyen et al., 2020 , Wei et al., 2020 , Zheng et al., 2020 ).

or example, in a large study that was done in the USA and UK 

etween February and March 2020 including more than two mil- 

ion community individuals and close to 100 thousand frontline 

CWs, it was found the likelihood of testing positive for COVID-19 

as 3 •96% in HCWs compared with 0.33% in community residents 

 Nguyen et al., 2020 ). Previous studies showed that the factors 

ssociated with higher risk of COVID-19 infection in the health- 

are setting may include unprotected exposure, inappropriate use 

r reuse of PPEs, inadequate hand hygiene, higher-risk care prac- 

ices, higher-risk departments, and long working hours ( Chou et al., 

020 , Shaukat et al., 2020 ). Similar to previous studies, HCWs 

n the current study reported higher hospital source of infection, 

hich is probably related to exposure to infected HCWs and non- 

CWs ( Ali et al., 2020 , Chou et al., 2020 , Shaukat et al., 2020 ). This

as supported by the similar epidemic curves of HCWPs and non- 

CWPs at KAMC-R ( Figure 2 ). However, the higher infection risk 

mong support staff in the current study who have no direct pa- 

ient care role may point to the importance of hospital environ- 

ent and community exposure ( Al-Maani et al., 2021 ). Similarly, 

upport staff in Oman had the highest seroprevalence among all 

CWPs, which was mainly attributed to community sources ( Al- 

aani et al., 2021 ). Additionally, the lower perceived risk in sup- 

ort staff may have weakened their compliance with infection con- 

rol measures. It should be noted that the observed higher risk 

f COVID-19 infection among HCWs in this and previous studies 

s probably overestimated. The difference in access to testing and 
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Table 3 

Infection ∗ rates among HCWs working in KAMC-R, March to November 2020 

All HCWs COVID-19 confirmed HCWPs 

p-value 
Number Percentage Number Percentage Infection ∗

Professional category 

Nurse 5483 33.6% 385 24.1% 7.0% < 0.001 

Physician 2451 15.0% 187 11.7% 7.6% 

Other HCW 3101 19.0% 227 14.2% 7.3% 

Support staff 5282 32.4% 797 49.9% 15.1% 

Total 16317 100.0% 1596 100.0% 9.8% 

Nationality 

Saudi Arabia 8330 51.1% 658 41.6% 7.9% < 0.001 

Non-Saudi 7987 48.9% 923 58.4% 11.6% 

Total 16317 100.0% 1581 100.0% 9.7% 

Abbreviations as in Table 1 . ∗Infection rate refer to the number of COVID-19 confirmed HCWs per 100 HCWs 

working in KAMC-R 
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wareness of disease symptomatology may have inflated the risk in 

CWs and underestimated the risk in non-HCWs. However, the in- 

ation in the current study should be minimal due to similar test- 

ng policy for HCWPs and non-HCWPs, the small difference in the 

umber of tests per positive HCWPs and non-HCWPs observed in 

he current study and the liberal free testing policy in Saudi Arabia 

n general ( Adly et al., 2020 , Saudi Ministry of Health, 2020 ). 

Unlike infection, HCWPs in the current study had 17-fold lower 

ospitalization, 19-fold lower ICU admission, and 21-fold lower 

ase fatality compared with the non-HCWPs treated at the same 

acility. Similarly, previous studies showed much better outcomes 

n HCWs but with smaller magnitude than observed in the cur- 

ent study. For example, previous studies showed between 8- 

nd 13-fold lower case fatality in HCWs ( CDC COVID-19 Response 

eam, 2020 , Shah et al., 2020 , Wei et al., 2020 , Zheng et al., 2020 ).

lthough very limited, previous data showed double risk of hospi- 

alization and ICU admission in non-HCWs compared with HCWs 

 Misra-Hebert et al., 2020 ). HCWs in the current study had ap- 

roximately 55% lower mortality compared with the population 

ligible for treatment at the same facility. We could not identify 

ny mortality studies to compare, probably due to difficulty of ob- 

aining the catchment population (denominator). Interestingly, the 

ifference in mortality between HCWs and non-HCWs was much 

educed compared with case fatality, probably due to the higher 

nfection rate. The better outcome among HCWs can probably be 

xplained by the relatively younger age, lower comorbidity, bet- 

er awareness, and earlier access to treatment compared with non- 

CWs ( Gholami et al., 2021 ). 

The current study is considered the first local study to esti- 

ate COVID-19 infection and outcomes among HCWs. The pres- 

nce of a defined eligible population for our facility enabled us to 

ompare the risk of infection and mortality among HCWs relative 

o non-HCWs. Additionally, the study had a relatively larger sam- 

le size and longer duration covered compared with many stud- 

es worldwide. Nevertheless, lack of stratification of denominator 

ata by age, gender, and nationality did not allow for calcula- 

ion/adjustment of respective infection and mortality rates. Despite 

eing a large tertiary care facility composed of two hospitals, the 

ndings should be generalized with caution to Saudi hospitals. The 

igher risk of infection in HCWs was probably inflated due to dif- 

erence in access to testing and awareness of disease symptoma- 

ology. However, this is an inherent bias in all similar studies and 

nlikely to affect the comparison of current finding. 

In conclusion, we are reporting a ten-fold higher risk of COVID- 

9 infection among HCWs at a large tertiary care facility compared 

ith non-HCWs. The higher risk of infection cannot be fully ex- 

lained by direct patient care. Unlike infection, HCWPs in the cur- 

ent study had several-fold lower hospitalization, ICU admission, 

nd case fatality compared with the non-HCWPs treated at the 
242 
ame facility. The higher risk of COVID-19 infection among HCWs 

ay indicate that more strict infection control measures are still 

equired at healthcare settings. The higher risk among support staff

ay indicate that these measures should be enforced universally, 

rrespective of direct patient care. 
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