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Abstract 
Background:Health care workers (HCWs) are at risk for severe acute respiratory 
syndrome-coronavirus (SARS-CoV-2) infection. 

Purpose: To examine the burden of SARS-CoV-2, SARS-CoV-1, and Middle Eastern 
respiratory syndrome (MERS)-CoV on HCWs and risk factors for infection, using rapid and 
living review methods. 

Data Sources: Multiple electronic databases including the WHO Database of 
Publications on Coronavirus Disease and medRxiv preprint server (2003 through 27 March 
2020, with ongoing surveillance through 24 April 2020), and reference lists. 

Study Selection: Studies published in any language reporting incidence of or outcomes 
associated with coronavirus infections in HCWs and studies on the association between risk 
factors (demographic characteristics, role, exposures, environmental and administrative factors, 
and personal protective equipment [PPE] use) and HCW infections. New evidence will be 
incorporated on an ongoing basis by using living review methods. 

Data Extraction: One reviewer abstracted data and assessed methodological limitations; 
verification was done by a second reviewer. 

Data Synthesis: 64 studies met inclusion criteria; 43 studies addressed burden of HCW 
infections (15 on SARS-CoV-2), and 34 studies addressed risk factors (3 on SARS-CoV-2). 
Health care workers accounted for a significant proportion of coronavirus infections and may 
experience particularly high infection incidence after unprotected exposures. Illness severity was 
lower than in non-HCWs. Depression, anxiety, and psychological distress were common in 
HCWs during the coronavirus disease 2019 outbreak. The strongest evidence on risk factors was 
on PPE use and decreased infection risk. The association was most consistent for masks but was 
also observed for gloves, gowns, eye protection, and handwashing; evidence suggested a dose–
response relationship. No study evaluated PPE reuse. Certain exposures (such as involvement in 
intubations, direct patient contact, or contact with bodily secretions) were associated with 
increased infection risk. Infection control training was associated with decreased risk. 

Limitation:There were few studies on risk factors for SARS-CoV-2, the studies had 
methodological limitations, and streamlined rapid review methods were used. 
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Conclusion:Health care workers experience significant burdens from coronavirus 
infections, including SARS-CoV-2. Use of PPE and infection control training are associated with 
decreased infection risk, and certain exposures are associated with increased risk. 

Primary Funding Source:World Health Organization. 

A cluster of pneumonia cases in Wuhan, China, was first reported to the World Health 

Organization (WHO) on 31 December 2019 (1). The cause was identified as the novel 

coronavirus SARS-CoV-2 (2–4), and the disease was named “coronavirus disease 2019” 

(COVID-2019) (5). 

Health care workers (HCWs) are at risk for SARS-CoV-2 infection (6), and reports have 

described COVID-19 cases in HCWs since early in the outbreak (7). Preventing HCW infections 

is important for reducing morbidity and potential mortality, maintaining health system capacity, 

and reducing secondary transmission (8, 9). 

This rapid review summarizes the evidence on the burden of and risk factors for SARS-CoV-2 

infections in HCWs. The report will be used by WHO to inform the development of evidence-

based guidance. Because evidence is limited on SARS-CoV-2, this review also includes 2 

coronaviruses associated with earlier pneumonia outbreaks: SARS-CoV-1 (causing severe acute 

respiratory syndrome [SARS-1]) and MERS-CoV (causing Middle East respiratory syndrome 

[MERS]). 

Methods 

Detailed methods are available in the full report (10). The key questions were developed by 

WHO with input from the review authors. 
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Key Question 1. What is the burden of SARS-CoV-2, SARS-CoV-1, and MERS-CoV on HCWs 

and how do burdens vary according to age, sex, and presence of comorbidities? 

Key Question 2. What are the risk factors for HCW infections with SARS-CoV-2, SARS-CoV-

1, and MERS-CoV? 

Key Question 3. What are the risk factors for household transmission of SARS-CoV-2, SARS-

CoV-1, and MERS-CoV from HCWs? 

Because of the urgent and ongoing need to support WHO's pandemic response, a rapid, living 

review approach was used (11). Rapid reviews utilize streamlined systematic review processes. 

For this review, modified methods included 1) protocol not posted to a systematic review 

registry; 2) a gray literature search limited to 1 website; 3) dual review of 25% of abstracts; 4) 

critical appraisal not conducted using a formal instrument; and 5) single-reviewer assessment of 

study limitations and data abstraction, with second reviewer verification. Living reviews use 

methods for continual updating, as new evidence becomes available.(12) 

Data Sources and Searches 

A medical librarian searched PubMed, MEDLINE, and Elsevier Embase (from 2003 through 27 

March 2020). Searches had no language restrictions. Search strategies are shown in Appendix 

Table 1 (all Appendix Tables are available at Annals.org). We also searched the WHO Database 

on Coronavirus Disease (13) and the medRxiv preprint server (14) and reviewed reference lists. 

Daily MEDLINE surveillance and weekly surveillance on EMBASE, the WHO Database on 
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Coronavirus Disease, and the medRxiv server is ongoing; this article includes surveillance 

through 24 April 2020. 

Study Selection 

Studies were selected by using predefined criteria (Appendix Table 2, available at Annals.org). 

The population was HCWs at risk for or with SARS-CoV-2, SARS-CoV-1, or MERS-CoV 

infection. For key question 1, for SARS-CoV-2, we included cohort studies and case series on 

incidence and severity of infection, mortality, morbidity (including mental health outcomes), and 

effects on family members and contacts. For SARS-CoV-1 and MERS-CoV, inclusion was 

restricted to cohort studies on incidence, infection severity, and mortality. For key question 2, 

potential risk factors were demographic characteristics, exposure history, administrative factors, 

health care setting/environmental factors, HCW health, and infection control and prevention 

factors. We included studies that reported risk estimates or infection incidence stratified by risk 

factor. 

One investigator reviewed each citation for potential full-text review. A second investigator 

reviewed a 25% random sample of citations; disagreements were resolved through consensus. 

One investigator reviewed each full-text article for inclusion, and a second verified exclusion 

decisions. We included non–peer-reviewed articles for SARS-CoV-2 because the peer-reviewed 

literature was sparse. Chinese-language articles were translated by a review team member who 

was a native speaker. 

Data Extraction 

https://www.acpjournals.org/doi/full/10.7326/M20-1632?journalCode=aim#s1-M201632


One investigator extracted study data into standardized tables and a second verified data: study 

author, year, setting (country, health care setting, dates), population characteristics (sample size, 

age, sex, HCW role/position, number of cases), and results. For key question 2, odds ratios were 

calculated if necessary and the data were available. 

Quality Assessment 

We did not perform formal risk for bias assessment. Instead, we noted key limitations of each 

study, such as potential recall, selection, or participation bias; issues regarding evaluation of 

outcomes and analytic methods; and confounding (15, 16). 

Data Synthesis and Analysis 

Results were synthesized narratively. For key question 2, unadjusted and adjusted risk estimates 

were presented. Quantitative synthesis was not possible owing to methodological limitations; 

study design variability; and heterogeneity in populations, comparisons, and analytic methods. 

Living Review 

Surveillance for new studies is ongoing, and study selection and quality assessment will follow 

the same processes described. New evidence that does not substantively change review 

conclusions will be briefly summarized on a monthly basis; a major update will be performed 

when new evidence changes the nature or strength of the conclusions. 
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Role of the Funding Source 

The study was funded by the WHO. Staff at the WHO developed the key questions and review 

scope but did not have any role in the selection, assessment, or synthesis of evidence. The WHO 

was not involved in the decision to submit this article for publication. 

Results 

Sixty-four studies met inclusion criteria (17–48-49–80). The Appendix Figure summarizes the 

study selection process and number of included studies, by key question and coronavirus type. 

 

Appendix Figure. Literature search and selection. 
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CoV = coronavirus; KQ = key question; MERS = Middle East respiratory syndrome; SARS = 
severe acute respiratory syndrome. 

* Some studies were included for multiple KQs; includes 6 studies that were not peer-reviewed 
(28, 39, 46, 47, 59, 79) and 3 Chinese-language studies translated into English (48, 52, 78). 

† Data from 2 World Health Organization websites on the incidence of SARS-1 (81) and MERS 
(82) were also included. 

‡ Included in the full evidence review (10). 

• Download figure 
• Download PowerPoint 

Key Question 1: Burden of Coronavirus Infections on HCWs 

SARS-CoV-2 

One cohort study (61), 9 cross-sectional studies (28, 36, 39, 40, 46, 51, 59, 79, 80) and 5 case 

series (47, 48, 53, 67, 68) reported on the burden of SARS-CoV-2 in HCWs (Appendix Table 3). 

Two non–peer-reviewed, retrospective cohort studies reported the proportion of exposed HCWs 

with polymerase chain reaction (PCR)–confirmed SARS-CoV-2 infection (39, 61). One study 

evaluated 1353 HCWs in the Netherlands with recent fever or mild respiratory symptoms. 

Infection with SARS-CoV-2 was present in 6.4% (86 of 1353) of the HCWs; 91.9% (79 of 86) of 

infections met the COVID-19 case definition. Two HCWs (3.7% [2 of 86]) were hospitalized, 

with no critical cases or deaths. A second, smaller study of 72 exposed HCWs with acute 

symptoms in Wuhan, China, reported a COVID-19 incidence of 38.9% (61). 

Health care workers accounted for 3.8% (1716 cases) of 44 672 cases of COVID-19 (PCR-

confirmed) diagnosed in China through 11 February 2020 (67). The proportion of HCW cases 
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classified as severe or critical was 15% (247 of 1608), and the case-fatality rate was 0.3% (5 of 

1716). Health care workers accounted for a higher proportion of cases from 11 to 20 January 

(5.7%), early in the outbreak when case numbers were increasing sharply. The proportion of 

cases that were severe or critical was highest from 1 to 10 January (45% [9 of 20]) and lowest 

after 1 February (8.7% [28 of 322]). 

Another non–peer-reviewed study evaluated a large series of 25 961 patients with PCR-

confirmed COVID-19 diagnosed in Wuhan, China, through 18 February 2020 (68). Health care 

workers accounted for 5.1% (1316 of 25 961) of cases. The overall estimated COVID-19 

incidence, using epidemiologic data for denominators, was higher in HCWs than the general 

population (144.7 [95% CI, 137.0 to 152.8] vs. 41.7 [CI 41.2 to 42.2] per 106 people) (Appendix 

Table 3). 

Three case series reported outcomes of COVID-19 infections in HCWs (47, 48, 53). Two 

separate series (50 and 64 HCWs) reported on infected HCWs in Wuhan, China (47, 48). The 

average age (35 years) and proportion female (~65%) were similar. In one study, one third of 

cases were physicians and two thirds were nurses; this was reversed in the other study. There 

were no deaths. In one study, 1.6% (1 of 64) of HCWs had severe illness not requiring 

mechanical ventilation (47). In the other study, 13.3% (4 of 30) met criteria for severe 

pneumonia and received noninvasive ventilation or nasal high-flow oxygen (48). A limitation of 

the studies is that 20% and 47% of cases remained hospitalized at outcome assessment. In 

addition, in 1 study, few cases (25% [7 of 30]) were PCR-confirmed (48). The third study found 

that 29% (50 of 167) of cases in a U.S. long-term care facility were HCWs (53). The median age 
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was 43.5 years, and 76% were female. Six percent (3 of 50) of HCWs were hospitalized, with no 

deaths. 

Seven cross-sectional studies (16 630 HCWs) evaluated the mental health or sleep quality of 

HCWs in China during the COVID-2019 outbreak (28, 36, 40, 46, 51, 59, 80). The proportion of 

HCWs meeting clinically relevant (that is, moderate or severe) thresholds was 14% to 15% for 

depression (40, 80), 12% to 24% for anxiety (40, 46, 80), 30% to 39% for psychological distress 

(28, 40, 80), 8% to 60% for sleep issues (40, 59), and 29% (36) for a composite mental health 

outcome. Female sex (28, 40, 80) and direct contact with cases (40, 46, 51, 80) were associated 

with increased likelihood of mental health issues; effect of HCW role on risk was inconsistent 

(28, 36, 80). Methodological limitations included no baseline symptom information, no non-

HCW comparison groups, and not controlling for work exposures. One cross-sectional study 

(843 persons) found a high prevalence of anxiety (34%) and psychological distress (29%) in 

family members of HCWs (79). 

No study reported the social or economic effects of SARS-CoV-2 infection in HCWs or the 

incidence of HCW transmission to close contacts. 

SARS-CoV-1 

Fourteen cohort studies (25, 30, 32–35, 43, 45, 50, 57, 60, 64, 69, 74), 1 cross-sectional study 

(27), and 1 case series (44) reported on the burden of SARS-CoV-1 in HCWs (Appendix Table 

3). We also included WHO data (81). 
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The prevalence of SARS-CoV-1 seropositivity in exposed or potentially exposed HCWs ranged 

from 0.3% to 40% in 6 studies (25, 27, 33, 57, 60, 69), and SARS-1 incidence ranged from 1.2% 

to 29.4% in 14 studies (25, 30, 32–35, 43, 45, 50, 57, 60, 64, 69, 74). The highest SARS-1 

incidence (29.4%) occurred in a large outbreak in Vietnam in a hospital without an isolation 

ward (57). In addition, infection control measures were not initiated owing to unawareness of the 

index SARS-1 case. Another study reporting high incidence focused on critical care nurses in 

Canada who cared for patients with SARS-1 with unstandardized PPE use, often before knowing 

patients' infection status (50). 

Health care workers accounted for 21% (1706 of 8096) of all SARS-1 cases reported to WHO 

(Appendix Table 4). Among countries with at least 50 cases, HCWs accounted for 19% (China) 

to 57% (Vietnam). Among all (n = 1755) SARS-1 cases from Hong Kong, the case-fatality rate 

in HCWs was 2.0% (8 of 405), compared with 21.8% (294 of 1350) in non-HCWs (adjusted OR, 

0.3 [CI, 0.1 to 0.7]) (Appendix Table 3) (44). 

MERS-CoV 

Seven cohort studies (18, 19, 21, 37, 38, 63, 71), 4 case series (17, 20, 22, 29), and 1 cross-

sectional study (54) reported on the burden of MERS in HCWs (Appendix Table 3). We also 

utilized WHO data (82). 

In 3 studies with at least 500 HCWs (3311 HCWs in total), the proportion with MERS-CoV 

infection ranged from 1.12% to 2.0% (21, 37, 54). In 5 smaller studies (9 to 283 HCWs), the 

proportion ranged from 0% to 7.1% (18, 19, 38, 63, 71). 
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As of December 2019, HCWs accounted for 19.1% (402 of 2106) of laboratory-confirmed cases 

of MERS in Saudi Arabia, which accounts for 84% of cases (Appendix Table 4) (82). Globally, 

among the 651 MERS cases diagnosed in July to December, 14% to 18% were HCWs in 2014 

and 2015 and 0 to 4% in 2018 and 2019. 

An analysis of all cases of MERS in HCWs reported to WHO found an overall case-fatality rate 

of 5.8% (24 of 415); excluding primary cases, mortality was slightly lower (4.7%) (29). These 

figures are lower than the overall MERS case-fatality rate (34.4%) (82). Two smaller case series 

(166 and 105 HCWs) reported HCW case-fatality rates of 3.0% and 16% (17, 20). Studies that 

directly compared MERS mortality in HCWs versus non-HCWs also reported lower mortality 

risk in HCWs (17, 20, 22). In the largest analysis (2260 HCWs), the adjusted OR was 0.07 (CI, 

0.001 to 0.35) (22). Factors associated with increased mortality risk in HCWs are older age and 

presence of comorbid conditions (22, 29). 

Key Question 2: Risk Factors for Coronavirus Infection in HCWs 

SARS-CoV-2 

Three retrospective cohort studies evaluated risk factors for COVID-19 in exposed HCWs 

(Appendix Table 5) (55, 61, 70). One study evaluated risk factors for COVID-19 in 72 exposed 

HCWs (clinicians and nurses) in Wuhan, China, who had acute symptoms (61). The median age 

was 31 years, and 69% of HCWs were female; PCR-confirmed COVID-19 occurred in 38.9% 

(28 of 72 HCWs). Risk factors were working in a high risk versus general department (relative 

risk [RR], 2.13 [CI, 1.45 to 3.95]), suboptimal handwashing before or after patient contact (RR, 
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3.10 [CI, 1.43 to 6.73] and 2.82 [CI, 1.11 to 7.18], respectively), longer work hours (log-rank P = 

0.02), and improper PPE use (RR, 2.82 [CI, 1.11 to 7.18]). Such procedures as endotracheal tube 

removal, cardiopulmonary resuscitation, fiberoptic bronchoscopy, and sputum suction were not 

associated with increased risk. Having a diagnosed family member was associated with increased 

risk (RR, 2.76 [CI 2.02 to 3.77]), suggesting that some HCW infections may have been acquired 

outside the hospital. The study was susceptible to recall bias, it was unclear whether risk 

estimates were adjusted, and some estimates were imprecise. 

Another study evaluated 41 HCWs exposed to a patient with COVID-19 and an aerosol-

generating procedure for 10 or more minutes at a distance of 2 meters or less (55). Eighty-five 

percent of HCWs used a surgical mask, and 15% used an N95 respirator. No COVID-19 cases 

occurred; therefore, it was not possible to draw conclusions about effects of mask type. One 

other study reported a strong association between N95 respirator use and decreased COVID-19 

risk, but had serious limitations (70). Mask use was based on the department worked (not on 

individual use), departments varied in other infection control measures (such as handwashing), 

and estimates were very imprecise. 

SARS-CoV-1 

Seventeen cohort studies (23, 25, 30, 32–35, 43, 45, 50, 57, 60, 64, 69, 72, 75, 77), 11 case–

control studies (26, 41, 49, 52, 56, 58, 62, 65, 66, 76), and one cross-sectional study (27) 

evaluated risk factors for SARS-CoV-1 infection in HCWs (Appendix Table 5). Seven studies 

evaluated risk for SARS-CoV-1 seropositivity, not necessarily meeting the SARS-1 case 
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definition (25–27, 33, 60, 69, 72). The remainder evaluated risk for SARS-1 meeting the case 

definition, usually with laboratory confirmation. Ten studies reported adjusted risk estimates 

from multivariate models (26, 41, 49, 52, 57, 58, 60, 66, 76, 78). Of these, 2 studies evaluated 

correlations between risk factors (for example, between use of different types of PPE) to inform 

variable selection for model building (49, 76). All studies except for 1 (32) were retrospective. 

The studies were limited in their ability to measure and control for the amount and intensity of 

exposures. 

Age and Sex. 

Six studies indicated no association between sex and risk for SARS-CoV-1 infection in HCWs 

(Appendix Table 6) (27, 56, 60, 66, 69). One study found no association between age and risk for 

SARS-CoV-1 infections after controlling for other factors (adjusted OR, 0.97 [CI, 0.90 to 1.03]) 

(57). Five other studies that did not control for confounders also found no association between 

age and risk for SARS-CoV-1 infection (27, 56, 60, 66). 

Professional Profile. 

Twelve studies reported SARS-CoV-2 infection incidence by HCW role (Appendix Table 6) 

(25, 27, 30, 32, 34, 43, 52, 56, 57, 60, 69). Infections occurred in HCWs across various clinical 

and nonclinical (including nonpatient contact) roles. There was no consistent difference in risk 

between nurses and physicians, the most commonly evaluated HCW roles, based on 12 studies 

(25, 27, 30, 32, 34, 43, 45, 52, 56, 57, 60, 69). There were too few studies and cases to determine 

risks for other HCW roles relative to nurses and physicians. 
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Exposure History. 

Exposure during endotracheal intubation was strongly and consistently associated with increased 

risk for HCW SARS-CoV-1 infections in 6 studies (Table 1) (26, 30, 49, 50, 58, 60). Of these, 4 

studies found exposure during endotracheal intubation to be independently associated with risk 

(26, 30, 58, 60). One study (50) found oxygen mask manipulation to be associated with increased 

risk for infection in a univariate analysis, but 2 other studies (60, 66) found that oxygen mask 

manipulation or oxygen administration were not independent predictors. Few studies evaluated 

risks associated with other procedures involving oxygen administration, such as noninvasive 

positive-pressure ventilation (30, 50, 60), high-frequency oscillatory ventilation (30), nebulizer 

treatment (50, 60), manual ventilation (50), high-flow oxygen (60), or mechanical ventilation 

(60), and estimates were often imprecise. Other procedures associated with increased risk but 

only evaluated in 1 or 2 studies each were electrocardiography (50, 60), chest compressions 

(49, 60), and suctioning before intubation (50). In most studies, direct patient contact was 

associated with increased risk compared with less direct contact, though some inconsistency was 

present (26, 33, 41, 49, 57, 58, 62, 66, 72). Other exposures associated with increased risk for 

infections in HCWs were exposure of eyes or mucous membranes to patient bodily fluids 

(60, 64), contact with more severely ill patients (60), contact with a “super spreading” patient 

(26), closer proximity to infected patients (58, 62, 64, 75), and contact with respiratory secretions 

(49, 52). Evidence on the association between duration of contact with patients and risk for 

infection was inconsistent (52, 60, 64, 66). 

Table 1. Exposure History and Risk for Infection With SARS-CoV-2, SARS-CoV-1, or 
MERS-CoV in HCWs* 
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Administrative Factors. 

One study found administrative measures (having a crisis response team, exclusion of visitors, or 

provision of administrative support) and PPE use policies (requiring N95 respirator in the 

emergency department, within certain hospital zones, or on entering the hospital) were not 

associated with risk for HCW infections (Appendix Table 7) (76). Another study (with the same 

lead author) found a lower incidence of HCW infections in a hospital in which an integrated 
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infection control strategy was implemented compared with 86 control hospitals, but did not 

control for use of infection control measures or degree of SARS-1 exposure (77). 

Health Care Setting and Environmental Factors. 

One study of hospitals found installation of a fever screen station outside of the emergency 

department and alcohol dispensers for hand sanitation to be associated with decreased likelihood 

of HCW SARS-1 infections (adjusted OR, 0.05 [CI, 0.004 to 0.692] and 0.043 [CI, 0.003 to 

0.63], respectively) (Appendix Table 7) (76). One study found a higher risk for infections in the 

emergency department compared with hospital wards (69), and 1 study reported HCW infections 

in multiple hospital departments (27). Natural air ventilation was associated with decreased risk 

for SARS-CoV-1 infection versus artificial ventilation in 1 study (adjusted OR, 0.40 [CI, 0.18 to 

0.88]) (26); another study found a well-ventilated office to be associated with a non–statistically 

significant decreased risk (adjusted OR, 0.32 [CI, 0.09 to 1.15]) (58). One study attempted to 

assess physical aspects of the hospital ward and risk for SARS-1 infection in HCWs, but only 

evaluated 4 wards, with many confounding factors (35). 

HCW Health. 

Two studies found no association between presence of comorbid conditions in HCWs and 

SARS-CoV-1 infection risk (60, 66). One study found having an upper respiratory infection in 

the past 6 months to be associated with decreased risk for SARS-CoV-1 infection (62). Another 

study found an HCW history of to be diabetes associated with increased univariate risk for 

infection, but it was not an independent predictor (58). 
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Infection Prevention and Control Factors. 

The most consistent and robust evidence on PPE measures was on the association between use of 

masks and decreased infection risk (Table 2>) (26, 41, 49, 50, 52, 56–58, 60, 65, 66, 72, 78). 

Four studies found N95 respirators to be associated with decreased risk versus surgical masks in 

unadjusted analyses (23, 49, 50, 60). Evidence was inconsistent on the effectiveness of multiple 

masks versus a single mask (26, 49). Most studies found an association between use of gloves 

(49, 50, 56, 58, 60, 65, 66, 72, 78), gowns (41, 50, 52, 56, 60, 65, 66, 78), eye protection 

(23, 26, 41, 49, 52, 58, 60, 78), or shoe covers (26, 78) and decreased risk for HCW infections 

(Table 3). In some studies, individual PPE measures were not included in multivariate models, 

but information on the degree of correlation between PPE measures was lacking. When 

evaluated as “inconsistent use of more than one type of PPE,” 1 study found a strong, 

independent association with increased risk for HCW infection (adjusted OR 5.06, 95% CI 5.06 

to 598.92) (41). Studies also found full PPE use (gloves, mask, gown, and eye protection) to be 

associated with reduced infection risk versus partial PPE (33, 56, 65, 78); some studies found a 

dose–response relationship between more frequent or consistent PPE use and decreased risk 

(26, 33, 41, 78). Handwashing was associated with decreased risk for SARS-CoV-1 infection in 

most studies (41, 52, 56, 57, 65, 66, 72), but there was no association in others (26, 56), and 

handwashing was not included in some multivariate models (26, 52). Nasal washing was not 

independently associated with decreased risk for infection in HCWs in 3 studies (26, 49, 52). No 

study evaluated the association between reuse of PPE and infection risk. One study found 

perceived inadequacy of PPE supplies associated with increased risk for HCW infections (41). 

Infection control training and education were consistently associated with decreased infection 
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risk, though this finding was not always retained in multivariate models (Table 3) 

(26, 41, 49, 57, 58). 

Table 2. Mask Use and Risk for Infection With SARS-CoV-2, SARS-CoV-1, or MERS-
CoV in HCWs* 

 

Table 3. Infection Prevention and Control Factors (Other Than Masks) and Risk for 
Infection With SARS-CoV-2, SARS-CoV-1, or MERS-CoV in HCWs* 
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MERS-CoV 

One retrospective cohort study of 283 HCWs at a Saudi Arabian hospital found participation in 

MERS-CoV training to be associated with decreased risk for MERS-CoV seropositivity 

(adjusted RR, 0.33 [CI 0.12 to 0.90]) (Appendix Table 7) (19). Cases occurred almost 

exclusively among HCWs with close contact with patients with MERS. Always using an N95 

respirator was associated with a non–statistically significant decreased risk compared with some 
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or no use (adjusted RR, 0.44 [CI, 0.15 to 1.24]). Past or current smoking was associated with a 

nonstatistically increased risk for infection. 

Another study evaluated risk factors for MERS-CoV seropositivity in 737 HCWs who had direct 

contact with a patient with MERS in 31 hospitals in South Korea (37), but only reported 2 cases 

in HCWs (both of whom had not used appropriate PPE). 

Key Question 3: Risk Factors for Transmission of Coronavirus Infection 
From HCWs 

No study evaluated risk factors for transmission of coronavirus infections from HCWs to 

household or other close contacts. Four studies (24, 31, 42, 73) that did not evaluate risk factors 

for HCW transmission but compared SARS-CoV-1 transmission incidence from HCWs versus 

non-HCWs to household contacts are described in the full report (10). 

Discussion 

This rapid, living review summarizes the evidence on the burden of and risk factors for HCW 

coronavirus infections. Health care workers account for a significant proportion of infections in 

these outbreaks. Exposed HCWs may experience a high incidence of infections, particularly for 

unprotected and repeated exposures, though they appear to experience less severe illness and 

mortality than non-HCWs, possibly related to younger age and fewer comorbid conditions. 

Evidence that depression, anxiety, and psychological distress are common in HCWs in the 

COVID-19 outbreak is consistent with findings from the SARS-1 outbreak (83–90). Evidence on 

risk factors for coronavirus infections in HCWs is primarily available for SARS-CoV-1, with the 
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strongest evidence indicating an association between PPE use versus nonuse and decreased risk. 

The association was most consistent for masks but was also observed for gloves, gowns, and eye 

protection, as well as handwashing. There was evidence that more consistent and full use of 

recommended PPE measures was associated with decreased risk for infection, suggesting a 

dose–response relationship, and evidence that N95 respirators might be associated with 

decreased risk for infection versus surgical masks. Evidence also indicated an association 

between certain exposures (such as involvement in intubations, direct contact with infected 

patients, or contact with bodily secretions) and increased infection risk. Education and training in 

infection control measures were consistently associated with decreased risk for HCW infections. 

Our findings are generally consistent with prior reviews on risk factors for respiratory infections 

in HCWs, including PPE use (91–96). It differs from prior reviews by including recent evidence 

on risk factors (including those related to SARS-CoV-2 infections), focusing on coronavirus 

infections, excluding surrogate markers for transmission risk, evaluating a broader array of 

potential risk factors, and including a more comprehensive set of relevant studies. In addition, we 

implemented living review processes to incorporate new evidence on an ongoing basis. 

The evidence base has important limitations. The evidence on SARS-CoV-2 infections in HCWs 

is sparse and has methodological limitations. Many studies on the burden of SARS-CoV-2 

infections are case series and epidemiologic evaluations; evaluations of clinical cohorts of 

exposed HCWs are lacking. Studies on SARS-CoV-2 infections in HCWs that reported mental 

health or sleep outcomes used a cross-sectional design, did not control for baseline status, and 

did not include a non-HCW comparison group. Almost all studies on risk factors were 
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retrospective and susceptible to recall bias with regard to PPE use and other factors. Some risk 

factor studies did not control for confounders, and those that did had limited ability to control for 

exposure intensity and frequency. Few studies that analyzed risk factors in multivariate models 

addressed collinearity (97), complicating interpretation for potentially correlated risk factors (for 

example, use of different types of PPE). Case–control studies did not match cases and controls 

on such factors as age, sex, or HCW role. Applicability of evidence on SARS-CoV-1 and 

MERS-CoV infections to SARS-CoV-2 is uncertain, owing to decreased transmission 

propensity, greater illness severity, or variability in affected populations. Most evidence on 

SARS-CoV-2 in HCWs is from China; studies from other settings, including those with 

decreased availability or use of infection prevention and control measures, are needed. 

The review process had limitations, in particular the use of streamlined rapid review methods for 

searching and selecting studies. We did not assess study quality by using a formal instrument, 

though key methodological limitations were highlighted. We included non–peer-reviewed 

studies on SARS-CoV-2 infection in HCWs, given the lack of peer-reviewed literature, which 

may reduce data quality. Meta-analysis was not attempted owing to study limitations and 

heterogeneity in study designs, comparisons, and analyses. 

Studies are needed to better understand the proportion of exposed HCWs who are infected with 

SARS-CoV-2 and associated outcomes, including economic effects; ability to work; social 

effects (for example, need for child care); and effects on family members and other close 

contacts, including transmission. Studies evaluating mental health and other outcomes should 

control for baseline status, include non-HCW controls, and incorporate longitudinal follow-up. 
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Recovered HCWs require evaluation to understand outcomes over time (such as after return to 

work). For assessing SARS-CoV-2 infection risk factors, studies that prospectively measure 

exposures, PPE use, and other factors would increase measurement accuracy, reduce recall bias, 

and enable analyses that minimize confounding. Multivariate analyses of risk factors should 

account for potential collinearity. Given current limitations related to PPE supply, research on 

effects of PPE reuse is a priority (98). Studies are needed on the association between 

administrative factors, environmental factors, and HCW health and risk for HCW infections. 

In conclusion, HCWs experience significant burdens from coronavirus infections, including 

SARS-CoV-2. Use of PPE and infection control training are associated with decreased infection 

risk and certain exposures are associated with increased risk. Research is urgently needed on 

optimal methods for reducing HCW risk for SARS-CoV-2 infections. 

 

https://www.acpjournals.org/doi/full/10.7326/M20-1632?journalCode=aim#r98-M201632

	Epidemiology of and Risk Factors for Coronavirus Infection in Health Care Workers
	Abstract
	Background:Health care workers (HCWs) are at risk for severe acute respiratory syndrome-coronavirus (SARS-CoV-2) infection.
	Purpose: To examine the burden of SARS-CoV-2, SARS-CoV-1, and Middle Eastern respiratory syndrome (MERS)-CoV on HCWs and risk factors for infection, using rapid and living review methods.
	Data Sources: Multiple electronic databases including the WHO Database of Publications on Coronavirus Disease and medRxiv preprint server (2003 through 27 March 2020, with ongoing surveillance through 24 April 2020), and reference lists.
	Study Selection: Studies published in any language reporting incidence of or outcomes associated with coronavirus infections in HCWs and studies on the association between risk factors (demographic characteristics, role, exposures, environmental and a...
	Data Extraction: One reviewer abstracted data and assessed methodological limitations; verification was done by a second reviewer.
	Data Synthesis: 64 studies met inclusion criteria; 43 studies addressed burden of HCW infections (15 on SARS-CoV-2), and 34 studies addressed risk factors (3 on SARS-CoV-2). Health care workers accounted for a significant proportion of coronavirus inf...
	Limitation:There were few studies on risk factors for SARS-CoV-2, the studies had methodological limitations, and streamlined rapid review methods were used.
	Conclusion:Health care workers experience significant burdens from coronavirus infections, including SARS-CoV-2. Use of PPE and infection control training are associated with decreased infection risk, and certain exposures are associated with increase...
	Primary Funding Source:World Health Organization.
	Methods
	Data Sources and Searches
	Study Selection
	Data Extraction
	Quality Assessment
	Data Synthesis and Analysis
	Living Review
	Role of the Funding Source

	Results
	Key Question 1: Burden of Coronavirus Infections on HCWs
	SARS-CoV-2
	SARS-CoV-1
	MERS-CoV

	Key Question 2: Risk Factors for Coronavirus Infection in HCWs
	SARS-CoV-2
	SARS-CoV-1
	Age and Sex.
	Professional Profile.
	Exposure History.
	Administrative Factors.
	Health Care Setting and Environmental Factors.
	HCW Health.
	Infection Prevention and Control Factors.

	MERS-CoV

	Key Question 3: Risk Factors for Transmission of Coronavirus Infection From HCWs

	Discussion


