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ABSTRACT 

Health care workers (HCW) are at the frontline response to the new coronavirus disease 

2019 (COVID-19), being at a higher risk of acquiring the disease, and subsequently, 

exposing patients and colleagues. Searches in eight bibliographic databases were performed 

to systematically review the evidence on the prevalence, risk factors, clinical 

characteristics, and prognosis of severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) infection among HCW. Ninety-seven studies (All published in 2020), including 

230,398 HCW, met the inclusion criteria. From the screened HCW using RT-PCR and the 

presence of antibodies, the estimated prevalence of SARS-CoV-2 infection was 11% 

(95%CI; 7%-15%) and 7% (95% CI; 4%-11%), respectively. The most frequently affected 

personnel were the nurses (48%. 95%CI; 41%-56%), while most of the COVID-19 positive 

medical personnel were working in hospitalization/non-emergency wards during the 

screening (43%, 95%CI;28%-59%). Anosmia, fever and myalgia were identified as the 

only symptoms associated with HCW SARS-CoV-2 positivity. Among RT-PCR positive 

HCW, 40% (95%CI;17%-65%) did not show symptoms at the time of diagnosis. Finally, 

5% (95%CI;3%-8%) of the COVID-19 positive HCW developed severe clinical 

complications, and 0.5% (95% CI; 0.02%-1.3%) died. HCW suffer a significant burden 

from COVID-19, with HCW working in hospitalization/non-emergency wards and nurses 

being the most infected personnel.  

 

Keywords: 2019-nCoV; SARS-CoV-2; COVID-19; Health Care Workers; Medical 

Workers 
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Abbreviations 

COVID-19: Coronavirus disease 2019 

SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2 

HCW: Healthcare workers 

RT-PCR: Reverse transcription polymerase chain reaction 

PPE: Personal protective equipment 

HCQ: Hydroxychloroquine 

 

 

 

INTRODUCTION 

The pandemic of Coronavirus disease 2019 (COVID-19) caused by the severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) virus has already caused more than 14 

million infections and 600 thousand deaths globally(1). Although SARS-CoV-2 infection 

has a lower mortality rate compared to infections caused by the severe acute respiratory 

syndrome (SARS) virus or Middle East respiratory syndrome (MERS) virus, its long 

incubation period and lower virulence have resulted in a large number of asymptomatic 

carriers(2). Several studies have shown that asymptomatic carriers contribute substantially 

to the spread of the virus, even by merely breathing in a room(3–5). Among asymptomatic 

carriers and individuals at risk due to asymptomatic coronavirus transmission, health care 

workers (HCW) represent an important but yet understudied population(6). HCW may 

experience an increased risk of SARS-CoV-2 infection due to their close contact with 

highly infectious patients, but also due to exposure to undiagnosed or subclinical infectious 

cases. This could be even more problematic, considering the poor access to personal 

protective equipment (PPE) worldwide(7). A recent report of the Centers for Disease 

Control and Prevention (CDC) shows that, as of April 9th, 2020, 9,282 known coronavirus 

disease 2019 (COVID-19) cases were labeled as HCW in the U.S, with numbers probably 

underestimated (8). 
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Currently, there is no clarity regarding the prevalence of SARS-CoV-2 infection among 

HCW according to specific clinical settings, limiting the possibility of designing effective 

preventive measures to limit the transmission of the virus within a hospital, and from 

hospitals to the community(9,10). Furthermore, it is unknown whether the clinical 

characteristics and outcomes of HCW may be different from those of the general 

population, considering that the repeated exposure to the virus may lead to higher SARS-

CoV-2 viral load and therefore to worse clinical outcomes(11,12). Therefore, characterizing 

SARS-CoV-2 infection within health-care workers is critical for achieving optimal control 

of the pandemic. The present systematic review and meta-analysis aimed to identify, 

analyze, and quantify the prevalence, risk factors, clinical characteristics, and outcomes of 

COVID-19 among HCW. 

 

METHODS 

This systematic review and meta-analysis was conducted following a recently published 

guideline on how to perform a systematic review and reported following the PRISMA 

guidelines (Web Table 1) (13,14).  

Data source and strategy 

MEDLINE, EMBASE, LILACS, Cochrane, Web of Science, WHO COVID-19 database, 

Google scholar and 'Living Evidence on COVID-19', a database developed by the 

University of Bern (ISPM), were searched to identify relevant articles from inception until 

July 8
th

, 2020 without language restrictions. The following search terms related to the 

COVID-19 infection in HCW were used: coronavirus disease 2019, coronaviridae, SARS-
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CoV-2, SARS coronavirus, 2019-nCov, prevalence, screening, clinical characteristics, 

clinical course, severity of illness, outcomes, among others. We limited our search to 

human studies, with no language restriction. The complete search strategy is described in 

the Web Appendix 1. 

 

Study selection and eligibility criteria 

All observational studies (e.g., cross-sectional, cohort, case-control studies, and case-

series), except for case reports, were included. We included studies that reported the 

prevalence of COVID-19 in HCW by using either RT-PCR or a serum antibodies assay. 

We also included studies evaluating the risk factors for SARS-CoV-2 infection and those 

analyzing the clinical characteristics and outcomes of laboratory-confirmed COVID-19 

among HCW. We excluded those articles that evaluated HCW with suspected but not 

laboratory-confirmed SARS-CoV-2 infection. Two independent reviewers screened the 

titles and abstracts according to the selection criteria.  

 

Methods on Data extraction, Quality assessment and Living systematic review can be found 

in the Web Material (Web Appendix 2). 

 

Data synthesis and analysis 

Based on the extracted data of each study (performed by two independent investigators), we 

first estimated the global prevalence of SARS-CoV-2 infection by each test used for 
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screening (RT-PCR vs. antibodies tests). Before pooling, all proportions were transformed 

using the Freeman-Tukey Double Arcsine method. For dichotomous risk factors, results 

were expressed as ORs with 95% confidence intervals (CI). Heterogeneity of results was 

assessed using the I
2
 measure of inconsistency; however, regardless of heterogeneity, 

random-effects models were chosen for all the analyses. Screening criteria, geographical 

location, HCW professions, the clinical setting, and the mean of daily new cases of SARS-

CoV-2 per million inhabitants (obtained from the European Centers of Disease Control 

website. https://www.ecdc.europa.eu/en) in the country during the period in which the 

study was carried out were pre-specified as characteristics for assessment of heterogeneity 

and were evaluated using stratified analyses and univariate random-effects meta-regression. 

All analyses were conducted using STATA 15.1 (Statacorp, Texas, US, 2017). For main 

analysis, a p-value <0.05 was considered significant. To account for multiple testing, in the 

stratified analysis, we considered a p-value of 0.01 as significant. 

 

RESULTS 

The initial search yielded 4,107 studies, from which ninety-seven studies met the inclusion 

criteria (Figure 1). A total of 230,398 participants were evaluated in the included studies, 

mostly women (69.98%) and with a mean age of 40±11 years (8,15–58). Of the 97 studies, 

70 studies reported data regarding the prevalence of SARS-CoV-2 infection in HCW (total 

screened HCW: 96,813) (15–18,22,24–26,28,30,33–35,35–39,41,42,42,43,49–98), 38 

studies analyzed the clinical characteristics of infected medical workers (n=32,144) (8,19–

21,23,27,29–32,34,44–46,50,52,57,59,64,65,68,71,74,77–80,93,99,99–107) and, thirteen 
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studies evaluated risk factors for COVID-19 positivity among 

HCW(24,34,44,48,57,63,65,67,70,89,93,108,109). 

 

SARS-CoV-2 infection prevalence in HCW using RT-PCR 

Forty-six studies evaluated the prevalence of SARS-CoV-2 infection among HCW using 

RT-PCR. Of those, 31 studies were based in clinical facilities in Europe, nine in the USA, 

and six in Asia (15,16,18,22,24,26,28,30,34–36,38,39,41,43,44,50–54,57–59,62,64–

68,70,71,74,75,78–84,86,87,92–95,110) (Figure 2). The prevalence of SARS-CoV-2 

infection ranged from 0.4% in the study of Olalla et al among 498 Spanish HCW to 

57,06%% in the study of Breazzano et al, carried out in New York city. Among 75,859 

HCW screened for COVID-19 using RT-PCR, the estimated pooled prevalence of SARS-

CoV-2 infection was 11% (95% CI; 7%-15%; p-value for heterogeneity <0.001, I
2
: 98%) 

(Figure 3, Web Figure 1). Furthermore, the prevalence among symptomatic HCW was the 

highest (19%. 95% CI; 12%-28%; p-value for heterogeneity <0.001, I
2
: 99%), followed by 

the one observed in studies including both symptomatic and asymptomatic individuals (8%. 

95% CI; 3%-16%; p-value for heterogeneity <0.001, I
2
: 99%). Finally, asymptomatic HCW 

showed the lowest prevalence of SARS-CoV-2 infection (5%. 95% CI; 1%-13%; p-value 

for heterogeneity <0.001, I
2
: 98%) (Figure 3, Web Figure 1, Table 1). Among HCW with 

positive results, 48% (95% CI; 41%-56%; p-value for heterogeneity <0.001, I2: 98%) were 

nurses, followed by physicians (25%, 95% CI; 16%-35%; p-value for heterogeneity <0.001, 

I2: 99%) and other HCW (23%, 95% CI; 12%-36%; p-value for heterogeneity <0.001, I2: 

99%). Most of the SARS-CoV-2 positive personnel were working in hospitalization/non-

emergency wards during the screenings (43 %, 95% CI; 28%-59%; p-value for 
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heterogeneity <0.001. I
2
: 91%), followed by the operating rooms and surgery services 

(24%, 95% CI; 17% - 31%; p-value for heterogeneity: 0.05, I
2
: 60%) (15,16,20,22,24–

27,38,39,41–44,47,49,50,52–54,59–63,66,67,73,74,80,82–84,94,103,105,106) (Web 

Figure 2 and Table 2). 

 

Stratification analysis, supported by meta-regression analysis, showed that the symptoms 

criteria (p-value=0.002) for performing SARS-CoV-2 RT-PCR screenings was significantly 

associated with SARS-CoV-2 infection prevalence among HCW (Web Figure 3), while no 

role of other factors was observed (Web Figures 4 and Web Table 2). 

 

Prevalence of antibodies against SARS-CoV-2 in HCW  

Twenty-eight studies evaluated the prevalence of antibodies against SARS-COV-2 in HCW 

using serum antibody tests. The data regarding the sensitivity and specificity of the 

antibody detection kits used in each study are available in Web Table 3, with sensitivity 

ranging from 75% to 100%, and specificity being 80% and above. Among 27,445 HCW 

screened for the presence of antibodies, a pooled infection prevalence of 7% (95% CI; 4%-

11%; p-value for heterogeneity < 0.001. I
2
: 99%) was estimated. The prevalence of 

COVID-19 infection was similar after comparing studies regarding their screening criteria 

(p-value=0.543) and the mean of new daily cases of SARS-CoV-2 infection per million 

inhabitants in the country during the previous 2 weeks to the study initiation (p-

value=0.787).  (Web Figure 5). 
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Prevalence of COVID-19 in HCW after exposure to undiagnosed infected patients 

Eight studies analyzed the scenario of direct exposure of HCW to an individual or a group 

of SARS-CoV-2 infected patients without knowing their infection status. The studies 

comprised a total of 1126 HCW screened after in-hospital exposure, highlighting the lack 

of PPE use in 57.37% (n=646) of the exposed workers. From the studies including HCW 

without proper PPE use, 4,7% (n=28) of the exposed individuals had a positive RT-PCR or 

antibody test result during the contact tracings. On the other hand, there was no single case 

of COVID-19 attributed to the exposure to the index case in the studies that included HCW 

with proper PPE use. In line with this trend, the study of Chen et al reported that adequate 

PPE use was associated with a reduced risk of seroconversion in HCW exposed to COVID-

19 patients (OR, 0.127, 95% CI 0.017, 0.968)(42,49,60,63,69,71,75,91). 

 

Clinical characteristics and outcomes of COVID-19 positive HCW 

Thirty-seven studies, based on 31,866 COVID-19 positive HCW (69% women, mean age: 

40.1±12.33), evaluated the clinical characteristics or outcomes of HCW infected by the 

SARS-CoV-2(8,19,19–21,23,27,29–32,32,34,44–46,46,50,52,57,59,64,65,68,71,74,77–

80,93,99–107). Among the 11,772 positive HCW with data regarding comorbidities, the 

pooled prevalence of hypertension, cardiovascular disease, type 2 diabetes and chronic 

obstructive pulmonary disease was 7% (95% CI; 4%-10%; p-value for heterogeneity: 0.35, 

I
2
: 10%), 3% (95% CI; 1%-8%; p-value for heterogeneity: 0.19, I

2
: 39%), 4% (95% CI; 

2%-7%; p-value for heterogeneity: 0.01, I
2
: 63%) and 3% (95% CI; 1%-6%; p-value for 

heterogeneity: 0.01, I
2
: 77%), respectively. Furthermore, based on data from 15 studies, 
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including 12,089 HCW, the pooled prevalence of individuals diagnosed by RT-PCR that 

did not show symptoms at time of diagnosis was 40% (95% CI 17%-65%. p-value for 

heterogeneity < 0.001. I
2
: 99%)(16,24,38,50,51,59,62,71,74,80,83,84,102,110,111) (Web 

Figure 6).  

 

Among symptomatic COVID-19 HCW, the most frequently reported symptoms were fever 

(57%, 95% CI; 50%-64%. 29 studies. p-value for heterogeneity < 0.001, I
2
: 96%)and dry 

cough (57%, 95% CI; 50%-65%. 26 studies. p-value for heterogeneity < 0.001, I
2
: 97%), 

followed by malaise (43%, 95% CI; 26%-61%. 1 studies. p-value for heterogeneity < 

0.001, I
2
: 96%) and myalgia (48%, 95% CI; 35%-62%. 10 studies. p-value for 

heterogeneity < 0.001, I
2
: 92%) (Table 3). Finally, eight studies reported the severity of the 

disease, including ICU admission(8,20,23,27,29,32,45,50). Among these, a pooled 

prevalence of 5% (95% CI; 3%-8%. p-value for heterogeneity < 0.001, I
2
: 95%) for severe 

disease was estimated. Finally, eleven studies provided information regarding mortality in 

this population(8,19,23,32,50). An estimated 0.5% (95% CI; 0.02%-1.3%. p-value for 

heterogeneity < 0.001. I
2
: 96%) of the total HCW reported as infected by the SARS-CoV-2 

died because of complications of the disease. 

 

Factors associated with SARS-CoV-2 infection in HCW 

Fifteen studies analyzed the factors potentially associated with SARS-CoV-2 infection in 

HCW. From these, four studies provided sufficient data from infected and non-infected 

HCW to perform a meta-analysis for anosmia and five for fever, finding a significantly 
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higher risk of COVID-19 with the presence of these symptoms (OR 28.37; 95%CI 9.45-

85.16. p-value for heterogeneity = 0.002, I
2
: 79% for anosmia and OR 4.86; 95%CI 2.83-

8.37 p-value for heterogeneity < 0.001, I
2
: 84% for fever) (Web Table 4). Furthermore, the 

study of Rudberg et al also found a significantly higher risk of a positive RT-PCR result in 

HCW with anosmia (OR 28.43; p<0.001) or fever (OR 6.27; p<0.001).  

 

A similar result was observed for myalgia, a symptom that was significantly associated 

with SARS-CoV-2 infection (OR 3.06; 95% CI 1.24-7.56. p-value for heterogeneity = 

0.001, I
2
: 86%. three studies). Finally, the study of Clemency et al evaluated the predictive 

value of different symptoms for COVID-19 diagnosis, highlighting the loss of taste and 

smell, with a positive predictive value (PPV) of 0.5 and a negative predictive value (NPV) 

of 0.85, fever, with a PPV of 0.31 and a NPV of 0.83, and myalgia, with a PPV of 0.27 and 

a NPV of 0.80. On the other hand, no significant associations were found for fatigue (5 

studies. OR 2.41. 95% CI; 0.92, 6.27. p-value for heterogeneity < 0.001, I
2
: 92%)(24,44,57) 

and sore throat (4 studies. OR 0.55. 95% CI; 0.30, 1.01. p-value for heterogeneity: 0.02,  I
2
: 

75%) (Web Table 4)(44,57). 

 

Ran et al. found that, among seventy-two HCWs in Wuhan, China, unqualified hand-

washing (OR 2.64; 1.04-6.71), suboptimal hand hygiene before, patient contact (OR 3.10; 

1.43-6.73,), and inadequate PPE (OR 2.82; 1.11-7.18) were risk factors for SARS-CoV-2 

infection(34). Similarly, the study of Wang X et al. reported that in a sample of 493 HCW 

in Wuhan, China, the risk of COVID-19 in HCW using medical masks was significantly 
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higher when compared to those using N95 respirators (OR: 464.82, (95% CI:97.73-

infinite), despite this last group had a significantly higher exposure to infected patients (48). 

Chaterjee et al reported similar results, highlighting a higher risk of SARS-CoV-2 infection 

in HCW that never used PPE compared to those with usual protection usage (OR 3.72; 95% 

CI 2.12-6.52).  

 

Moreover, the risk of aerosol-generating procedures for HCW was analyzed by the 

prospective multi-center study by El-Boghdadly et al, which evaluated 1718 HCW 

participating in tracheal intubation of patients with suspected or confirmed COVID-19. The 

overall incidence of the composite outcome (new laboratory-confirmed COVID-19 or new 

COVID-19 symptoms requiring self-isolation or hospitalization) was 10.7% over a median 

follow-up of 32 (18–48) days. Furthermore, 10% of the HCW involved in tracheal 

intubation procedures in these cohort had subsequently the composite outcome(109). 

 

The potential source of infection was studied by García Basteiro et al, observing that HCW 

with a larger household size tended to have more frequently detectable antibodies (IgM or 

IgA) against SARS-CoV-2; albeit non-significant (p=0.093)(24). The study of Kluytmans et 

al. reported that among 84 SARS-CoV-2 positive HCW in two hospitals in The 

Netherlands, only three percent reported having been exposed to an inpatient with 

confirmed COVID-19 before symptoms onset(30). Finally, Sikkema et al., by investigating 

the genome sequences from infected HCW and patients, reported that the obtained patterns ORIG
IN
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were consistent with multiple introductions into the hospitals through community-acquired 

infections and local amplification of the viral disease in the community context(93). 

Interestingly, two studies evaluated the benefit of pharmacological prophylaxis with 

hydroxychloroquine (HCQ) to prevent SARS-CoV-2 infection among high-risk HCW, with 

both studies showing that the history of having taken maintenance doses of HCQ was 

associated with a significantly lower risk of COVID-19(70,108). 

 

Study Quality 

The majority of studies were of moderate (n=61 [62.9%]) quality, with 29.9% (n=29) being 

high quality, while of the rest of low quality (n=7, 7.2%). Web Tables 5, 6, and 7 present a 

summary of the studies’ quality evaluation. 

 

Discussion 

The current evidence shows that around a tenth of the total HCW in the screened hospitals 

have a diagnosis of acute SARS-CoV-2 infection, with half being nurses. To date, only 7% 

of the HCW have resulted to be positive for the presence of antibodies indicating SARS-

CoV-2 infection. Furthermore, most of the SARS-CoV-2 positive personnel were working 

in hospitalization/non-emergency wards during the laboratory screenings. Fever, anosmia 

and myalgia were the main associated factors for SARS-CoV-2 infection in the meta-

analysis. From the fifteen studies that screened HCW irrespective of their symptoms and 

reported the clinical features of SARS-CoV-2 positive individuals, 40% did not report any 

symptom compatible with COVID-19 during the screenings. Furthermore, we observed a 
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pooled prevalence of severe COVID-19 of 5% among HCW, while 0.5% of the infected 

HCW died because of complications of the disease. 

 

Our findings show a higher prevalence of SARS-CoV-2 infection among HCW when 

compared to the data from the general population reported in the literature(112). This 

difference may be attributable to workplace exposures of the HCW; nevertheless, only a 

few studies analyzed the potential source of infection in this population, limiting the 

possibility of evaluating the impact of nosocomial vs. community-acquired infection. The 

study of Folgueira et al. reported that there were no significant differences in the infection 

rates between the groups of HCW working in high, intermediate, and low exposure risk 

settings(22). Furthermore, the study of Hunter et al. found no differences in the proportion 

of infected HCW when comparing the ones with patient-facing roles with those without this 

exposure(26). In addition, the results of the studies of García-Basteiro et al, Kluytmans et 

al, and Sikkema et al provided evidence suggesting a relevant role of community 

transmission of the disease in HCW infections. These results may suggest that household 

contacts may play a significant role in SARS-CoV-2 infection in HCW, mainly due to the 

rapid circulation of the virus in the community. Another reason could be the infection from 

asymptomatic carriers, considering that about a half of the SARS-CoV-2 infected HCW 

were asymptomatic during the screenings. However, the importance of nosocomial 

transmission needs to be analyzed in light of the use of PPE and other measures designed to 

reduce the exposure of HCW in the work settings, but that are not usually applied by the 

health personnel in low-risk settings or the community context(113). 
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As new strategies have been designed and implemented for the ―re-opening‖ of the 

economic activities in different countries, the understanding of the role of asymptomatic 

transmission of SARS-CoV-2 is essential, especially in a clinical setting. According to 

WHO, at least 50% of patients dying from COVID-19 were residents in hospitals or 

nursing homes, highlighting the need to control the spread of infection in a health care 

setting. Our findings suggest that almost half of SARS-CoV-2 infected HCW are 

asymptomatic during the screenings. However, the contribution of asymptomatic carriers in 

the transmission of SARS-CoV-2 infection is still not clear. A recent study showed similar 

viral loads in symptomatic patients compared to asymptomatic individuals, highlighting the 

transmission potential of SARS-CoV-2 carriers despite their clinical status(114). On the 

other hand, the study of Gao et al. suggested potentially low infectivity of asymptomatic 

SARS-CoV-2 carriers, as none of the 455 contacts who were exposed to an asymptomatic 

COVID-19 virus carrier had a positive test(73). These results were in-line with the studies 

performed by Ng et al. and Canova et al., in which none of the exposed HCW had a 

subsequent positive SARS-CoV-2 test(42,49). Nevertheless, the lack of infection among 

HCW in these studies could also be due to adequate use of PPE, hand hygiene, and other 

standard procedures. Indeed, all asymptomatic patients investigated in the study by Gao et 

al. were wearing a mask, reducing further the spread of the infection. Nonetheless, even if 

this low infectivity is confirmed by further studies, the potential of silent transmission still 

represents an enormous issue that needs to be addressed efficiently, especially in low and 

middle-income countries lacking medical resources (e.g. PPE and diagnostic capacity). 

Considering the results of the present study, in which almost half of the positive HCW by 

RT-PCR were asymptomatic, there is an urgent need to promote a process of continuous, 

systematic screening of all HCW in high-risk settings, the use of adequate PPE and other 
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standard procedures. Moreover, a low threshold for suspicion of infection in low-risk 

settings is also needed to promote early isolation to avoid cross-infection(57). 

 

To improve the screening performance and early detection of SARS-CoV-2 infection 

among HCW, the analysis of risk factors for COVID-19 positivity is of importance. In the 

present review, fifteen studies analyzed the symptoms and signs associated with SARS-

CoV-2 infection among HCW. Fever (OR: 4.86, 95% CI; 2.38-8.37. I
2
: 84%), anosmia 

(OR: 28.37; 95%CI 9.45-85.16I
2
: 79%) and myalgia (OR 3.06; 95% CI 1.24-7.56. I

2
: 86%) 

proved to be associated with higher odds of COVID-19 in symptomatic HCW; however, 

relying on these specific but not sensitive symptoms to define screening criteria may lead to 

an important proportion of missed COVID-19 positive cases. This was the conclusion of 

the study of Yombi et al., which assessed the impact of using fever as a predictor for the 

positivity of SARS-CoV-2 RT-PCR. Their results showed that fever might have a positive 

impact on the yield of RT-PCR for SARS-CoV-2; nonetheless, when this symptom was 

required as a criterion for testing, an important number of positive cases were missed(57). 

Similar results were reported by Chow et al. in a cohort of HCW in King County, 

Washington. In this study, screening only for fever, cough, shortness of breath, or sore 

throat might have missed 17% of symptomatic HCW at the time of illness onset. The 

authors also mention that expanding criteria for symptoms screening to include chills and 

myalgia may still have missed 10%(21). According to the results of the present systematic 

review and meta-analysis, malaise (48%) and headache (36%) represent additional common 

symptoms with a high prevalence among positive HCW (Table 3). Therefore, the inclusion 

of these symptoms in the screening criteria for testing may improve the identification of 
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SARS-CoV-2 positive individuals and prevent further transmission(21,57). Specifically, 

screening for these symptoms could be useful in low- and middle-income countries with 

limited testing capacity. However, screening HCW by symptoms may still miss a 

significant proportion of COVID-19 cases; therefore, universal screening for all exposed 

HCW regardless of symptoms should be the standard strategy to reduce transmission of 

SARS-CoV-2 in a hospital setting. 

 

The high number of nurses being SARS-CoV-2 positive in our study could be explained by 

the larger time staff nurses usually spend with direct patient care involving tasks performed 

at the bedside, drug administration, and being the first line of response in case of any 

patient complications. The fact that more infected HCW were observed in 

hospitalization/non-emergency wards in the current study may suggest a difference in PPE 

use across the settings, being the compliance to this measures higher in the emergency 

departments and ICUs (where the subjective risk perception is higher) compared to non-

COVID-19 wards(115–117). However, most of the studies did not report the total number 

of screened HCW per area/professional category, limiting the representativeness of the 

studies and precluding the analysis of the prevalence of SARS-CoV-2 infection by unit or 

per profession. For instance, nurses being the highest number of employees in the health 

care setting could explain the high nurse SARS-CoV-2 positivity among other positive 

HCW. If future studies confirm nurses being the most affected personnel and 

hospitalization/non-emergency wards are associated with higher risk of SARS-CoV-2 

infection, then the findings would have important implications for policy makers and 
ORIG

IN
AL U

NEDIT
ED M

ANUSC
RIP

T



19 
 

hospital administrators in better planning of resources to reduce SARS-CoV-2 transmission 

in hospitals. 

Finally, our findings highlight the risk of clinical complications and mortality among 

HCW. We found that COVID-19 among HCW is associated with approximately a 0.5% 

proportion of fatal cases. Although the mortality among HCW is lower compared to the rate 

of mortality in the general population reported in the literature, better overall health and 

care among HCW, different age demography, and other factors could explain these 

differences. Yet, due to exposure to numerous infected individuals exposures, HCW, if 

infected, could be characterized by higher viral load which is associated with worst clinical 

outcomes(12). 

Strengths and limitations 

To our knowledge, this is the first systematic review quantifying the burden of COVID-19 

among HCW. However, limitations in the current study merit careful consideration. First, 

in our analysis, we included evidence mainly deriving from preprint publications, which are 

not peer-reviewed. Nevertheless, we assessed their quality, highlighting the potential 

limitations of each study. Second, the heterogeneity of the included studies represented a 

challenge when pooling the results; thus, we aimed to overcome this limitation by 

performing different sub-group analyses when estimating the prevalence. Third, an 

important limitation of the study was the lack of reporting of the test quality (sensitivity and 

specificity) in most of the included articles, and therefore the prevalence reported from each 

study could be under or overestimated depending on the applied test. Fourth, clinical 

settings and HCW professional categories were determined mainly based on employment, 

which may not necessarily represent specific exposure levels to COVID-19 positive 
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patients. Fifth, the potential source of SARS-CoV-2 infection in positive HCW was poorly 

studied in the included articles, therefore limiting the possibility of analyzing the impact of 

nosocomial vs. community transmission. Last, most of the studies did not report the level of 

adherence to preventive measures and PPE use, which is an essential factor affecting the 

transmission of the virus.  

 

To conclude, HCW represent a population with a significant burden from COVID-19. 

HCW exhibit a high prevalence of SARS-CoV-2 infection, with a significant proportion of 

the infected HCW being asymptomatic carriers, a condition that favors silent transmission 

both in the clinical and community contexts if preventive measures and other standard 

procedures are not implemented.  

Declaration of interests 

None to declare 

Funding 

Not received 

  

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T



21 
 

References 

1.  Progressier. The Coronavirus App. https://coronavirus.app/map. Published February 

1, 2020. Accessed July 8, 2020. 

2.  Mahase E. COVID-19 has killed more people than SARS and MERS combined, 

despite lower case fatality rate. BMJ.2020;368. 

3.  Yu X, Yang R. COVID-19 transmission through asymptomatic carriers is a 

challenge to containment. Influenza Other Respir Viruses. 2020;14(4):474-475 

4.  Riediker M, Tsai D-H. Estimation of SARS-CoV-2 emissions from non-

symptomatic cases. medRxiv. 2020. Accessed July 8, 2020. 

5.  Oran DP, Topol EJ. Prevalence of Asymptomatic SARS-CoV-2 Infection. Ann 

Intern Med. 2020:M20-3012. Available in: https://www.acpjournals.org/doi/10.7326/M20-

3012 

6.  Kursumovic E, Lennane S, Cook TM. Deaths in healthcare workers due to COVID‐

19: the need for robust data and analysis. Anaesthesia. 2020;75(8):989-992. 

7.  Wang X, Zhang X, He J. Challenges to the system of reserve medical supplies for 

public health emergencies: reflections on the outbreak of the severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) epidemic in China. Biosci Trends. 2020;14(1):3-8. 

8.  CDC COVID-19 Response Team. Characteristics of Health Care Personnel with 

COVID-19 - United States, February 12-April 9, 2020. MMWR Morb Mortal Wkly Rep. 

2020;69(15):477-81. 

9.  Wang J, Zhou M, Liu F. Reasons for healthcare workers becoming infected with 

novel coronavirus disease 2019 (COVID-19) in China. J Hosp Infect. 2020;105(1):100-101. 

10.  The Lancet. COVID-19: protecting health-care workers. Lancet Lond Engl. 

2020;395(10228):922.  

11.  Yu X, Sun S, Shi Y, Wang H, Zhao R, Sheng J. SARS-CoV-2 viral load in sputum 

correlates with risk of COVID-19 progression. Crit Care. 2020;24(1):170. 

12.  Liu Y, Yan L-M, Wan L, Xiang T-X, Le A, Liu J-M, et al. Viral dynamics in mild 

and severe cases of COVID-19. Lancet Infect Dis. 2020;20(6):656-7. 

13.  Moher D, Liberati A, Tetzlaff J, Altman DG, Group TP. Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLOS Med. 

2009;6(7):e1000097. 

14.  Muka T, Glisic M, Milic J, Verhoog S, Bohlius J, Bramer W, et al. A 24-step guide 

on how to design, conduct, and successfully publish a systematic review and meta-analysis 

in medical research. Eur J Epidemiol. 2020;35(1):49-60. 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T



22 
 

15.  Bai Y, Wang X, Huang Q, Wang H, Gurarie D, Ndeffo-Mbah M, et al. SARS-CoV-

2 infection in health care workers: a retrospective analysis and a model study. medRxiv. 

2020. doi: 10.1101/2020.03.29.20047159 

16.  Barrett ES, Horton DB, Roy J, Gennaro ML, Brooks A, Tischfield J, et al. 

Prevalence of SARS-CoV-2 infection in previously undiagnosed health care workers at the 

onset of the U.S. COVID-19 epidemic. medRxiv. 2020. doi: 10.1101/2020.04.20.20072470 

17.  Behrens GM, Cossmann A, Stankov MV, Witte T, Ernst D, Happle C, et al. 

Perceived versus proven SARS-CoV-2 specific immune responses in health care workers. 

Infection. 2020; 48(4): 631–634. 

18.  Breazzano MP, Shen J, Abdelhakim AH, Glass LRD, Horowitz JD, Xie SX, et al. 

Resident physician exposure to novel coronavirus (2019-nCoV, SARS-CoV-2) within New 

York City during exponential phase of COVID-19 pandemic: Report of the New York City 

Residency Program Directors COVID-19 Research Group. medRxiv. 2020. 

doi:10.1101/2020.04.23.20074310 

19.  Team TNCPERE. The epidemiological characteristics of an outbreak of 2019 novel 

coronavirus diseases (COVID-19) in China. Chin J Epidemiol. 2020;41(02):145-51. 

20.  Chu J, Yang N, Wei Y, Yue H, Zhang F, Zhao J, et al. Clinical Characteristics of 54 

medical staff with COVID-19: A retrospective study in a single center in Wuhan, China. J 

Med Virol. 2020; 92(7):807-813. 

21.  Chow EJ, Schwartz NG, Tobolowsky FA, Zacks RLT, Huntington-Frazier M, 

Reddy SC, et al. Symptom Screening at Illness Onset of Health Care Personnel With 

SARS-CoV-2 Infection in King County, Washington. JAMA. 2020;323(20):2087-2089.  

22.  Folgueira MD, Munoz-Ruiperez C, Alonso-Lopez MA, Delgado R. SARS-CoV-2 

infection in Health Care Workers in a large public hospital in Madrid, Spain, during March 

2020. medRxiv. 27 de abril de 2020. doi: 10.1101/2020.04.07.20055723 

23.  Gao W, Sanna M, Tsai MK, Wen CP. Geo-temporal distribution of 1,688 Chinese 

healthcare workers infected with COVID-19 in severe conditions—A secondary data 

analysis. PLOS ONE. 2020;15(5):e0233255. 

24.  Garcia-Basteiro AL, Moncunill G, Tortajada M, Vidal M, Guinovart C, Jimenez A, 

et al. Seroprevalence of antibodies against SARS-CoV-2 among health care workers in a 

large Spanish reference hospital. Nat Commun 11, 3500 (2020). 

25.  Hains DS, Schwaderer AL, Carroll AE, Starr MC, Wilson AC, Amanat F, et al. 

Asymptomatic Seroconversion of Immunoglobulins to SARS-CoV-2 in a Pediatric Dialysis 

Unit. JAMA. 2020;323(23): 2424–2425. 

26.  Hunter E, Price DA, Murphy E, van der Loeff IS, Baker KF, Lendrem D, et al. First 

experience of COVID-19 screening of health-care workers in England. Lancet Lond Engl. 

2020;395(10234):e77-8. 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T



23 
 

27.  Jin Y-H, Huang Q, Wang Y-Y, Zeng X-T, Luo L-S, Pan Z-Y, et al. Perceived 

infection transmission routes, infection control practices, psychosocial changes, and 

management of COVID-19 infected healthcare workers in a tertiary acute care hospital in 

Wuhan: a cross-sectional survey. Mil Med Res. 2020;7(1):24. 

28.  Keeley AJ, Evans C, Colton H, Ankcorn M, Cope A, State A, et al. Roll-out of 

SARS-CoV-2 testing for healthcare workers at a large NHS Foundation Trust in the United 

Kingdom, March 2020. Eurosurveillance.2020;25(14):2000433. 

29.  Liu J, Ouyang L, Guo P, Wu H sheng, Fu P, Chen Y liang, et al. Epidemiological, 

Clinical Characteristics and Outcome of Medical Staff Infected with COVID-19 in Wuhan, 

China: A Retrospective Case Series Analysis. medRxiv. 2020. doi: 

10.1101/2020.03.09.20033118. 

30.  Kluytmans M, Buiting A, Pas S, Bentvelsen R, Bijllaardt W van den, Oudheusden 

A van, et al. SARS-CoV-2 infection in 86 healthcare workers in two Dutch hospitals in 

March 2020. medRxiv. 2020. doi: 10.1101/2020.03.23.20041913 

31.  McMichael TM, Currie DW, Clark S, Pogosjans S, Kay M, Schwartz NG, et al. 

Epidemiology of Covid-19 in a Long-Term Care Facility in King County, Washington. N 

Engl J Med. 2020;382(21):2005-2011. 

32.  Liu M, He P, Liu HG, Wang XJ, Li FJ, Chen S, et al. [Clinical characteristics of 30 

medical workers infected with new coronavirus pneumonia]. Zhonghua Jie He He Hu Xi Za 

Zhi Zhonghua Jiehe He Huxi Zazhi Chin J Tuberc Respir Dis. 2020;43(3):209-14. 

33.  Paradiso AV, Summa simona D, Silvestris N, Tommasi S, Tufaro A, Palma GD, et 

al. COVID-19 SCREENING AND MONITORING OF ASYMPTOMATIC HEALTH 

WORKERS WITH A RAPID SEROLOGICAL TEST. medRxiv. 2020. doi: 

10.1101/2020.05.05.20086017 

34.  Ran L, Chen X, Wang Y, Wu W, Zhang L, Tan X. Risk Factors of Healthcare 

Workers with Corona Virus Disease 2019: A Retrospective Cohort Study in a Designated 

Hospital of Wuhan in China [available online ahead of print August 18, 2020]. Clin Infect 

Dis. 2020; ciaa287 . doi: 10.1093/cid/ciaa287 

35.  Reusken CB, Buiting A, Bleeker-Rovers C, Diederen B, Hooiveld M, Friesema I, et 

al. Rapid assessment of regional SARS-CoV-2 community transmission through a 

convenience sample of healthcare workers, the Netherlands, March 2020. Eurosurveillance. 

2020;25(12). 

36.  Rivett L, Sridhar S, Sparkes D, Routledge M, Jones NK, Forrest S, et al. Screening 

of healthcare workers for SARS-CoV-2 highlights the role of asymptomatic carriage in 

COVID-19 transmission. eLife. 2020;9:e58728.. 

37.  Guery R, Delaye C, Brule N, Nael V, Castain L, Raffi F, et al. Limited effectiveness 

of systematic screening by nasopharyngeal RT-PCR of medicalized nursing home staff 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T



24 
 

after a first case of COVID-19 in a resident [available online ahead of print July 8 2020]. 

Med Mal Infect. 2020;S0399-077X(20)30126-8. doi: 10.1016/j.medmal.2020.04.020. 

38.  Roxby AC. Detection of SARS-CoV-2 Among Residents and Staff Members of an 

Independent and Assisted Living Community for Older Adults — Seattle, Washington, 

2020. MMWR Morb Mortal Wkly Rep. 2020;69(14):416–418 

39.  Solodky ML, Galvez C, Russias B, Detourbet P, N’Guyen-Bonin V, Herr A-L, et al. 

Lower detection rates of SARS-COV2 antibodies in cancer patients vs healthcare workers 

after symptomatic COVID-19. Ann Oncol Off J Eur Soc Med Oncol. 2020;31(8):1087-

1088. 

40.  Takita M, Matsumura T, Yamamoto K, Yamashita E, Hosoda K, Hamaki T, et al. 

Preliminary Results of Seroprevalence of SARS-CoV-2 at Community Clinics in Tokyo. 

medRxiv. 2020. doi: 10.1101/2020.04.29.20085449 

41.  Treibel TA, Manisty C, Burton M, McKnight Á, Lambourne J, Augusto JB, et al. 

COVID-19: PCR screening of asymptomatic health-care workers at London hospital. The 

Lancet. 2020;395(10237):1608-10. 

42.  Canova V, Lederer Schläpfer H, Piso RJ, Droll A, Fenner L, Hoffmann T, et al. 

Transmission risk of SARS-CoV-2 to healthcare workers -observational results of a 

primary care hospital contact tracing. Swiss Med Wkly. 2020; 25(12): 2000334. 

43.  Tosato F, Pelloso M, Gallo N, Giraudo C, Llanaj G, Cosma C, et al. Severe Acute 

Respiratory Syndrome Coronavirus 2 Serology in Asymptomatic Healthcare Professionals: 

Preliminary Experience of a Tertiary Italian Academic Center. medRxiv. 2020. doi: 

10.1101/2020.04.27.20073858v1 

44.  Tostmann A, Bradley J, Bousema T, Yiek W-K, Holwerda M, Bleeker-Rovers C, 

et al. Strong associations and moderate predictive value of early symptoms for SARS-CoV-

2 test positivity among healthcare workers, the Netherlands, March 2020. Euro Surveill 

Bull Eur Sur Mal Transm Eur Commun Dis Bull. 2020;25(16):2000508. 

45.  Wang X, Liu W, Zhao J, Lu Y, Wang X, Yu C, et al. Clinical characteristics of 80 

hospitalized frontline medical workers infected with COVID-19 in Wuhan, China. J Hosp 

Infect. 2020;105(3):399-403 

46.  Wei X-S, Wang X-R, Zhang J-C, Yang W-B, Ma W-L, Yang B-H, et al. A cluster 

of health care workers with COVID-19 pneumonia caused by SARS-CoV-2 [available 

online ahead of print April 1, 2012]. J Microbiol Immunol Infect Wei Mian Yu Gan Ran Za 

Zhi. 2020. doi: 10.1016/j.jmii.2020.04.013 

47.  Zheng L, Wang X, Zhou C, Liu Q, Li S, Sun Q, et al. Analysis of the infection 

status of the health care workers in Wuhan during the COVID-19 outbreak: A cross-

sectional study [available online ahead of print July 8 2020]. Clin Infect Dis. 2020. doi: 

10.1093/cid/ciaa588/5837357 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T



25 
 

48.  Wang X, Pan Z, Cheng Z. Association between 2019-nCoV transmission and N95 

respirator use. J Hosp Infect. 2020;105(1):104-5. 

49.  Ng K, Poon BH, Kiat Puar TH, Shan Quah JL, Loh WJ, Wong YJ, et al. COVID-19 

and the Risk to Health Care Workers: A Case Report [available online ahead of print Juy 8 

2020]. Ann Intern Med. 2020. doi: 10.7326/L20-0175 

50.  Lai X, Wang M, Qin C, Tan L, Ran L, Chen D, et al. Coronavirus Disease 2019 

(COVID-2019) Infection Among Health Care Workers and Implications for Prevention 

Measures in a Tertiary Hospital in Wuhan, China. JAMA Netw Open. 2020;3(5):e209666-

e209666. 

51.  Khalil A, Hill R, Ladhani S, Pattisson K, O’Brien P. COVID-19 screening of 

health-care workers in a London maternity hospital. Lancet Infect Dis. 2020;S1473-

3099(20)30403-5 

52.  Contejean A, Leporrier J, Canoui E, Alby-Laurent F, Lafont E, Beaudeau L, et al. 

Comparing dynamics and determinants of SARS-CoV-2 transmissions among health care 

workers of adult and pediatric settings in central Paris. medRxiv. 2020. doi: 

10.1101/2020.05.19.20106427 

53.  Graham N, Junghans C, Downes R, Sendall C, Lai H, Mckirdy A, et al. SARS-CoV-2 

infection, clinical features and outcome of COVID-19 in United Kingdom nursing homes. 

Journal of Infection. 2020;81(3):411-419. 

54.  Vahidy F, Sostman HD, Bernard D, Boom ML, Drews AL, Christensen PA, et al. 

Prevalence of SARS-CoV-2 infection among asymptomatic healthcare workers in greater 

Houston: a cross-sectional analysis of surveillance data from a large healthcare system. 

JAMA Netw Open. 2020;3(7):e2016451. 

55.  Fujita K, Kada S, Kanai O, Hata H, Odagaki T, Satoh-Asahara N, et al. Quantitative 

SARS-CoV-2 antibody screening of healthcare workers in the southern part of Kyoto city 

during the COVID-19 peri-pandemic period. medRxiv. 2020. doi: 

10.1101/2020.05.12.20098962 

56.  Sikora K, Barwick I, Hamilton C. Serological prevalence of antibodies to SARS 

CoV-2 amongst cancer centre staff. medRxiv. 2020. doi: 10.1101/2020.05.16.20099408. 

57.  Yombi JC, De Greef J, Marsin A-S, Simon A, Rodriguez-Villalobos H, Penaloza A, 

et al. Symptom-based screening for COVID-19 in health care workers: The importance of 

fever. J Hosp Infect. 2020;105(3): 428–429. 

58.  Olalla J, Correa AM, Martin-Escalante MD, Hortas ML, Martin-Sendarrubias MJ, 

Fuentes V, et al. Search for asymptomatic carriers of SARS-CoV-2 in healthcare workers 

during the pandemic: a Spanish experience [available online ahead of print July 8th 2020]. 

QJM: An International Journal of Medicine. doi: 10.1093/qjmed/hcaa238 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T



26 
 

59.  Antonio-Villa NE, Bello-Chavolla OY, Vargas-Vazquez A, Fermin-Martinez CA, 

Marquez-Salinas A, Bahena-Lopez JP. Health-care workers with COVID-19 living in 

Mexico City: clinical characterization and related outcomes. medRxiv. 2020. doi: 

10.1101/2020.07.02.20145169. 

60.  Baker M.A., Rhee C., Fiumara K., Bennett-Rizzo C., Tucker R., Williams S.A., et 

al. COVID-19 infections among healthcare workers exposed to a patient with a delayed 

diagnosis of COVID-19. Infect Control Hosp Epidemiol. 2020: 1–2. doi: 

10.1017/ice.2020.256 

61.  Fernández-Rivas G, Quirant-Sánchez B, González V, Doladé M, Martinez-Caceres 

E, Piña M, et al. Seroprevalence of SARS-CoV-2 IgG Specific Antibodies among 

Healthcare Workers in the Northern Metropolitan Area of Barcelona, Spain, after the first 

pandemic wave. medRxiv. doi: 10.1101/2020.06.24.20135673. 

62.  Borras-Bermejo B, Martínez-Gómez X, San Miguel MG, Esperalba J, Antón A, 

Martin E, et al. Asymptomatic SARS-CoV-2 Infection in Nursing Homes, Barcelona, 

Spain, April 2020 [available online ahead of print July 8 2020]. Emerg Infect Dis. 

2020;26(9). doi: 10.3201/eid2609.202603. 

63.  Chen Y., Tong X., Wang J., Huang W., Yin S., Huang R., et al. High SARS-CoV-2 

antibody prevalence among healthcare workers exposed to COVID-19 patients. J Infect. 

2020; 81(3): 420–426. 

64.  Cho J.-H., Kang S.H., Park H.C., Kim D.K., Lee S.-H., Do J.Y., et al. Hemodialysis 

with Cohort Isolation to Prevent Secondary Transmission during a COVID-19 Outbreak in 

Korea. J Am Soc Nephrol. 2020;31(7):1398-1408. 

65.  Clemency BM, Varughese R, Scheafer DK, Ludwig B, Welch JV, McCormack RF, 

et al. Symptom Criteria for COVID-19 Testing of Heath Care Workers. Acad Emerg Med. 

2020;27(6):469-74. 

66.  Fusco FM, Pisaturo M, Iodice V, Bellopede R, Tambaro O, Parrella G, et al. 

COVID-19 infections among Healthcare Workers in an Infectious Diseases specialized 

setting in Naples, Southern Italy: results of a cross-sectional surveillance study. J Hosp 

Infect. 2020; 105(4): 596–600. 

67.  Galan I, Velasco M, Casas ML, Goyanes MJ, Rodriguez-Caravaca G, Losa JE, et al. 

SARS-CoV-2 SEROPREVALENCE AMONG ALL WORKERS IN A TEACHING 

HOSPITAL IN SPAIN: UNMASKING THE RISK. medRxiv. 2020. doi: 

10.1101/2020.05.29.20116731. 

68.  Albalate M, Arribas P, Torres E, Cintra M, Alcázar R, Puerta M, et al. High 

prevalence of asymptomatic COVID-19 in hemodialysis: Daily learning during first month 

of COVID-19 pandemic. Nefrol Engl Ed. 2020; 40(3)279-286. 

69.  Bays DJ, Nguyen M-VH, Cohen SH, Waldman S, Martin CS, Thompson GR, et al. 

Investigation of Nosocomial SARS-CoV-2 Transmission from Two Patients to Health Care 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T



27 
 

Workers Identifies Close Contact but not Airborne Transmission Events [available online 

ahead of print July 8 2020]. Infect Control Hosp Epidemiol. 2020:1-22. 

70.  Bhattacharya R, Chowdhury S, Mukherjee R, Nandi A, Kulshrestha M, Ghosh R, et 

al. Pre exposure Hydroxychloroquine use is associated with reduced COVID19 risk in 

healthcare workers - a Retrospective cohort. medRxiv. 2020. doi: 

10.1101/2020.06.09.20116806. 

71.  Brandstetter S, Roth S, Harner S, Buntrock-Döpke H, Toncheva AA, Borchers N, et 

al. Symptoms and immunoglobulin development in hospital staff exposed to a SARS-CoV-

2 outbreak [available online ahead of print July 8 2020]. Pediatr Allergy Immunol. 2020. 

doi: 10.1111/pai.13278 

72.  Mansour M, Leven E, Muellers K, Stone K, Mendu DR, Wajnberg A. Prevalence of 

SARS-CoV-2 Antibodies Among Healthcare Workers at a Tertiary Academic Hospital in 

New York City. J Gen Intern Med. 2020; 35(8): 2485–2486. 

73.  Gao M, Yang L, Chen X, Deng Y, Yang S, Xu H, et al. A study on infectivity of 

asymptomatic SARS-CoV-2 carriers. Respir Med. 2020;169:106026. doi: 

10.1016/j.rmed.2020.106026 

74.  Houlihan C, Vora N, Byrne T, Lewer D, Heaney J, Moore DA, et al. SARS-CoV-2 

virus and antibodies in front-line Health Care Workers in an acute hospital in London: 

preliminary results from a longitudinal study. medRxiv. 2020. doi: 

10.1101/2020.06.08.20120584. 

75.  Jeon YW, Park ES, Jung SJ, Kim Y, Choi JY, Kim HC. Protection of Healthcare 

Workers Against COVID-19 at a Large Teaching Hospital in Seoul, Korea. Yonsei Med J. 

2020;61(7):631-4. 

76.  Kammon AM, El-Arabi AA, Erhouma EA, Mehemed TM, Mohamed OA. 

Seroprevalence of antibodies against SARS-CoV-2 among public community and health-

care workers in Alzintan City of Libya. medRxiv. 2020. doi: 

10.1101/2020.05.25.20109470. 

77.  Korth J, Wilde B, Dolff S, Anastasiou OE, Krawczyk A, Jahn M, et al. SARS-CoV-

2-specific antibody detection in healthcare workers in Germany with direct contact to 

COVID-19 patients. J Clin Virol. 2020;128:104437-104437. 

78.  Lahner E, Dilaghi E, Prestigiacomo C, Alessio G, Marcellini L, Simmaco M, et al. 

Prevalence of Sars-Cov-2 Infection in Health Workers (HWs) and Diagnostic Test 

Performance: The Experience of a Teaching Hospital in Central Italy. Int J Env Res Public 

Health Online. 2020;17(12): 4417. 

79.  Lan F-Y, Filler R, Mathew S, Buley J, Iliaki E, Bruno-Murtha LA, et al. COVID-19 

symptoms predictive of healthcare workers’ SARS-CoV-2 PCR results. PLoS One. 

2020;15(6):e0235460-e0235460. 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T



28 
 

80.  Lombardi A, Consonni D, Carugno M, Bozzi G, Mangioni D, Muscatello A, et al. 

Characteristics of 1573 healthcare workers who underwent nasopharyngeal swab testing for 

SARS-CoV-2 in Milan, Lombardy, Italy[available online ahead of print July 8 2020]. Clin 

Microbiol Infect. 2020. doi: 10.1016/j.cmi.2020.06.013 

81.  Ma Y, Diao B, Lv X, Zhu J, Chen C, Liu L, et al. Epidemiological, clinical, and 

immunological features of a cluster of COVID-19 contracted hemodialysis patients. Kidney 

Int Rep. 2020; 5(8): 1333–1341. 

82.  Mani NS, Budak JZ, Lan KF, Bryson-Cahn C, Zelikoff A, Barker GEC, et al. 

Prevalence of COVID-19 Infection and Outcomes Among Symptomatic Healthcare 

Workers in Seattle, Washington [available online ahead of print July 8 2020]. Clin Infect 

Dis. 2020:ciaa761. doi: 10.1093/cid/ciaa761 

83.  Jones NK, Rivett L, Sparkes D, Forrest S, Sridhar S, Young J, et al. Effective 

control of SARS-CoV-2 transmission between healthcare workers during a period of 

diminished community prevalence of COVID-19.eLife 

2020;9:e59391 DOI: 10.7554/eLife.59391 

84.  Martin C, Montesinos I, Dauby N, Gilles C, Dahma H, Van Den Wijngaert S, et al. 

Dynamic of SARS-CoV-2 RT-PCR positivity and seroprevalence among high-risk health 

care workers and hospital staff. J Hosp Infect. 2020;102-106. 

85.  Nakamura A, Sato R, Ando S, Oana N, Nozaki E, Endo H, et al. Seroprevalence of 

Antibodies to SARS-CoV-2 in Healthcare Workers in Non-epidemic Region: A Hospital 

Report in Iwate Prefecture, Japan. medRxiv. 2020. doi: 10.1101/2020.06.15.20132316. 

86.  Paderno A., Fior M., Berretti G., Schreiber A., Grammatica A., Mattavelli D., et al. 

SARS-CoV-2 Infection in Health Care Workers: Cross-sectional Analysis of an 

Otolaryngology Unit. Otolaryngol Head Neck Surg.2020;194599820932162. doi: 

10.1177/0194599820932162. 

87.  Parcell B, Brechin K, Allstaff S, Park M, Third W, Bean S, et al. Drive-through 

testing for SARS-CoV-2 in symptomatic health and social care workers and household 

members: an observational cohort study in Tayside, Scotland. medRxiv. 2020. doi: 

10.1101/2020.05.08.20078386. 

88.  Psichogiou M, Karabinis A, Pavlopoulou ID, Basoulis D, Petsios K, Roussos S, et 

al. Antibodies against SARS-CoV-2 among health care workers in a country with low 

burden of COVID-19. medRxiv. 2020. doi: 10.1101/2020.06.23.20137620 

89.  Rudberg A-S, Havervall S, Manberg A, Falk AJ, Aguilera K, Ng H, et al. SARS-

CoV-2 exposure, symptoms and seroprevalence in health care workers. medRxiv. 2020. 

doi: 10.1101/2020.06.22.20137646. 

90.  Schmidt SB, Grüter L, Boltzmann M, Rollnik JD. Prevalence of serum IgG 

antibodies against SARS-CoV-2 among clinic staff. PLoS One. 2020;15(6):e0235417-

e0235417. 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T



29 
 

91.  Schneider KN, Correa-Martínez CL, Gosheger G, Rickert C, Schorn D, Mellmann 

A, et al. Assessing the spreading potential of an undetected case of COVID-19 in 

orthopaedic surgery [available online ahead of print July 8 2020]. Arch Orthop Trauma 

Surg. 2020: 1–7. _doi: 10.1007/s00402-020-03516-1 

92.  Shields AM, Faustini SE, Perez-Toledo M, Jossi S, Aldera EL, Allen JD, et al. 

SARS-CoV-2 seroconversion in health care workers. medRxiv. 2020. doi: 

10.1101/2020.05.18.20105197 

93.  Sikkema RS, Pas SD, Nieuwenhuijse DF, O’Toole Á, Verweij J, Linden A van der, 

et al. COVID-19 in health-care workers in three hospitals in the south of the Netherlands: a 

cross-sectional study [available online ahead of print July 8 2020]. Lancet Infect Dis. 2020. 

doi: 10.1016/S1473-3099(20)30527-2 

94.  Bird P, Badhwar V, Fallon K, Kwok KO, Tang JW. High SARS-CoV-2 infection 

rates in respiratory staff nurses and correlation of COVID-19 symptom patterns with PCR 

positivity and relative viral loads. J Infect.2020; 81(3): 452–482. 

95.  Wee LE, Sim XYJ, Conceicao EP, Aung MK, Goh JQ, Yeo DWT, et al. 

Containment of COVID-19 cases among healthcare workers: The role of surveillance, early 

detection, and outbreak management[available online ahead of print July 8 2020]. Infect 

Control Hosp Epidemiol. 2020;1-7. doi: 10.1017/ice.2020.219. 

96.  Xiong S, Guo C, Dittmer U, Zheng X, Wang B. The prevalence of antibodies to 

SARS-CoV-2 in asymptomatic healthcare workers with intensive exposure to COVID-19. 

medRxiv.2020. doi: 10.1101/2020.05.28.20110767 

97.  Xu X, Sun J, Nie S, Li H, Kong Y, Liang M, et al. Seroprevalence of 

immunoglobulin M and G antibodies against SARS-CoV-2 in China. Nat 

Med.2020;26:1193–1195. 

98.  Zhao R, Li M, Song H, Chen J, Ren W, Feng Y, et al. Early detection of SARS-

CoV-2 antibodies in COVID-19 patients as a serologic marker of infection [available online 

ahead of print July 8 2020]. Clin Infect Dis. 2020. doi: 10.1093/cid/ciaa523 

99.  Jary A, Flandre P, Chabouis A, Nguyen S, Marot S, Burrel S, et al. Clinical 

presentation of Covid-19 in health care workers from a French University Hospital. J 

Infect. 2020; 81(3): e61–e63. 

100.  Ji M., Yuan L., Shen W., Lv J., Li Y., Li M., et al. Characteristics of Disease 

Progress in Patients with Coronavirus Disease 2019 in Wuhan, China [available online 

ahead of print July 8 2020]. Epidemiol Infect. 2020;148: e94. 

101.  Malani A, Mohanan M, Kumar C, Kramer J, Tandel V. Prevalence of SARS-CoV-2 

among workers returning to Bihar gives snapshot of COVID across India. medRxiv. 2020. 

doi: 10.1101/2020.06.26.20138545. 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T



30 
 

102.  Mandić-Rajčević S, Masci F, Crespi E, Franchetti S, Longo A, Bollina I, et al. 

Contact tracing and isolation of asymptomatic spreaders to successfully control the 

COVID-19 epidemic among healthcare workers in Milan (Italy). medRxiv. 2020. doi: 

10.1101/2020.06.26.20138545. Accessed July 8, 2020. 

103.  Caseiro MM, Mazzurana M, Barreiro B, Barbosa EC, Barbosa AP. Positivity of 

SARS-CoV-2, by RT-PCR among workers of a Public Hospital in the city of Santos, SP, 

Brazil 2020. medRxiv. 2020. doi: 10.1101/2020.06.30.20143529. Accessed July 8, 2020. 

104.  Ortiz-Brizuela E, Villanueva-Reza M, González-Lara MF, Tamez-Torres KM, 

Román-Montes CM, Díaz-Mejía BA, et al. CLINICAL AND EPIDEMIOLOGICAL 

CHARACTERISTICS OF PATIENTS DIAGNOSED WITH COVID-19 IN A TERTIARY 

CARE CENTER IN MEXICO CITY: A PROSPECTIVE COHORT STUDY. Rev Invest 

Clin. 2020;72(3):165-77.  

105.  Schwartz KL, Achonu C, Buchan SA, Brown KA, Lee B, Whelan M, et al. COVID-

19 infections among Healthcare Workers and Transmission within Households. medRxiv. 

2020. doi: 10.1101/2020.06.12.20129619. Accessed July 8, 2020. 

106.  Wu F, Guo M, Zhang S, Ma Y, Ma P, Duan L, et al. Transmission of 2019-nCoV to 

Health-Care Workers in the Early Epidemic. SSRN. doi: 10.2139/ssrn.3542155. Accessed 

July 8, 2020. 

107.  Li YK, Peng S, Li LQ, Wang Q, Ping W, Zhang N, et al. Clinical and Transmission 

Characteristics of Covid-19 - A Retrospective Study of 25 Cases from a Single Thoracic 

Surgery Department [available online ahead of print July 8 2020]. Curr Med Sci. 2020:1-6. 

doi: 10.1007/s11596-020-2176-2. 

108.  Chatterjee P, Anand T, Singh KJ, Rasaily R, Singh R, Das S, et al. Healthcare 

workers & SARS-CoV-2 infection in India: A case-control investigation in the time of 

COVID-19. Indian J Med Res. 2020;151(5):459-67. 

109.  El-Boghdadly K, Wong DJN, Owen R, Neuman MD, Pocock S, Carlisle JB, et al. 

Risks to healthcare workers following tracheal intubation of patients with COVID-19: a 

prospective international multicentre cohort study[available online ahead of print July 8 

2020]. Anaesthesia. 2020. doi: 10.1111/anae.15170. 

110.  Guery R, Cécile D, Noëlle B, Virginie N, Louise C, François R, et al. Limited 

effectiveness of systematic screening by nasopharyngeal RT-PCR of medicalized nursing 

home staff after a first case of COVID-19 in a resident[available online ahead of print July 

8 2020]. Med Mal Infect. 2020;S0399-077X(20)30126-8. doi: 

10.1016/j.medmal.2020.04.020. 

111.  Alsofayan Y.M., Althunayyan S.M., Khan A.A., Hakawi A.M., Assiri A.M. Clinical 

characteristics of COVID-19 in Saudi Arabia: A national retrospective study. J Infect 

Public Health. 2020;13:920-925. 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T



31 
 

112.  Wu Z, McGoogan JM. Characteristics of and Important Lessons From the 

Coronavirus Disease 2019 (COVID-19) Outbreak in China: Summary of a Report of 72 

314 Cases From the Chinese Center for Disease Control and Prevention. 

JAMA.2020;323(13):1239-42. 

113.  Eurosurveillance editorial team. Updated rapid risk assessment from ECDC on 

coronavirus disease 2019 (COVID-19) pandemic: increased transmission in the EU/EEA 

and the UK. Eurosurveillance. 2020;25(12). 

114.  Zou L, Ruan F, Huang M, Liang L, Huang H, Hong Z, et al. SARS-CoV-2 Viral 

Load in Upper Respiratory Specimens of Infected Patients. N Engl J Med. 

2020;382(12):1177-9. 

115.  Felice C., Di Tanna G.L., Zanus G., Grossi U. Impact of COVID-19 Outbreak on 

Healthcare Workers in Italy: Results from a National E-Survey. J Community Health. 

2020;45(4):675-683. 

116.  Tabah A, Ramanan M, Laupland KB, Buetti N, Cortegiani A, Mellinghoff J, et al. 

Personal protective equipment and intensive care unit healthcare worker safety in the 

COVID-19 era (PPE-SAFE): An international survey. J Crit Care. 2020;59:70-5. 

117.  Iqbal M.R., Chaudhuri A. COVID-19: Results of a national survey of United 

Kingdom healthcare professionals’ perceptions of current management strategy – A cross-

sectional questionnaire study. Int J Surg. 2020;79: 156–161. 

ORIG
IN

AL U
NEDIT

ED M
ANUSC

RIP
T



32 
 

 Table 1. Characterization of studies describing SARS-CoV-2 prevalence in HCW using RT-PCR 

First Author, Year 

(Reference No.) 

Number of 

participants 
Setting Selection criteria City, Country 

Kluytmans et al (2020)(30) 86 Hospital, all services HCW who fever or (mild) respiratory symptoms Breda, The Netherlands 

García-Basteiro et al 

(2020) (24) 
583 Hospital, all services 

All HCW who deliver care and services to patients, 

either directly as physicians or nurses, or indirectly as 

assistants, technicians, stretcher-bearers or other 

support staff (administrative officers, cleaning, kitchen, 

laundry, maintenance, etc.) 

Barcelona, Spain 

Breazzano et al (2020) (18) 2088 

Hospitals at the city level. 

Data reported by each 

postgraduate director 

Medical residents in universities of NYC. Screened 

according to symptoms. 
New York City, NY, USA 

Tosato et al (2020) (43) 133 Laboratory Department All workers in the laboratory department. Padova, Italy 

Keeley et al (2020) (28) 1533 Hospital, all services All HCW Sheffield, UK 

Tostmann et al (2020) (44) 803 Hospital, all services HCW with  symptoms suggestive of COVID-19 Nijmegen, The Netherlands 

Reusken et al (2020) (35) 1097 Hospital, all services 
HCW with respiratory any symptom, even mild 

respiratory complaints. 

Noord-Brabant Province, 

The Netherlands 

Hunter et al (2020) (26) 1654 

Hospital, all services 

including ambulance service 

staff 

Staff with compatible symptoms (ie, new continuous 

cough or fever) 
Newcastle upon Tyne, UK 

Ran et al (2020) (34) 72 Hospital, all services All HCW Wuhan, China 

Solodky et al (2020) (39) 244 Hospital, Cancer Institute Voluntary HCW Lyon, France 
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Guery et al (2020) (37) 136 Long-term care facility All HCW Nantes, France 

Treibel et al (2020) (41) 400 Hospitals at a city level All HCW London, UK 

Roxby et al (2020) (38) 62 Long-term care facility All HCW Seattle, WA, USA 

Lai et al (2020) (50) 335 Hospital, all services All HCW Wuhan, China 

Graham et al (2020) (53) 70 Long-term care facility Asymptomatic HCW London, UK 

Vahidy et al (2020) (54) 2887 Hospital, all services Asymptomatic HCW Houston, TX, USA 

Olalla et al (2020) (58) 498 Hospital, all services Asymptomatic HCW Marbella, Spain 

Yombi et al (2020) (57) 536 Hospital, all services Symptomatic HCW Brussels, Belgium 

Khalil et al (2020) (51) 266 Hospital, all services All HCW London, UK 

Contejean et al (2020) (52) 1344 Hospital, all services Symptomatic HCW Paris, France 

Barrett et al (2020) (16) 546 Hospital, all services 

All HCW  that reported: (1) ≥20 hours of hospital work 

weekly; (2) occupations with regular patient exposure 

(e.g., residents, fellows, attending physicians, dentists, 

nurse practitioners, physician assistants, registered 

nurses, technicians, respiratory therapists, physical 

therapists); and (3) regular direct patient contact (≥3 

patients/shift) expected in the next three months. 

Newark, NJ, USA 

Bai et al (2020) (15) 118 
Hospital, Neurosurgery 

Department 
All HCW Wuhan, China 
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Folgueira et al (2020) (22) 1438 Hospital, City-level All HCW Madrid, Spain 

Antonio-Villa et al (2020) 

(59) 
34263 Hospital, all services All HCW Mexico City, Mexico 

Borras-Bermejo et al 

(2020) (62) 
2655 Long-term care facility All HCW Catalonia, Spain 

Cho JH et al (2020) (64) 278 Hospital, all services Symptomatic HCW South Korea 

Clemency BM et al (2020) 

(65) 
961 Hospital, all services Symptomatic HCW New York City, NY, USA 

Fusco FM et al (2020) (66) 115 Hospital, all services Asymptomatic HCW Naples, Italy 

Galán MI et al (2020) (67) 2590 Hospital, all services 
HCW with positive IgG and symptoms in the past 14 

days  
Madrid, Spain 

Albalate M. et al (2020) 

(68) 
14 Hospital, all services Symptomatic HCW Madrid, Spain 

Bhattacharya et al (2020) 

(70) 
106 Hospital, all services All HCW Kollkata, India 

Houlihan et al (2020) (74) 200 Hospital, all services All HCW London, UK 

Lahner et al (2020) (78) 2115 Hospital, all services All HCW Rome, Italy 

Lan et al (2020) (79) 592 Hospital, all services All HCW Massachussets, USA 

Lombardi et al (2020) (80) 1573 Hospital, all services All HCW Milan, Italy 

Ma et al (2020) (81) 33 Hemodialysis unit All HCW Wuhan, China 
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Mani et al (2020) (82) 3477 Hospital, all services Symptomatic HCW Seattle,WA, USA 

Jones et al (2020) (83) 4800 Hospital, all services Symptomatic HCW London, UK 

Martin et al (2020) (84) 326 Hospital, all services Symptomatic HCW Brussels, Belgium 

Paderno et al (2020) (86) 58 Otorrinolaringology Clinic Symptomatic HCW Brescia, Italy 

Parcell et al (2020) (87) 1173 Hospital, all services Symptomatic HCW Tayside, UK 

Shields et al (2020) (92) 554 Hospital, all services All HCW Birmingham, UK 

Sikkema et al (2020) (93) 1796 Hospital, all services Symptomatic HCW 
Breda and tilburg, 

Netherlands 

Bird et al (2020) (94) 152 Hospital, all services Symptomatic HCW Leicester, UK 

Wee et al (2020) (95) 1642 Hospital, all services Symptomatic HCW Singapore 

Brandstetter et al (2020) 

(71) 
201 Hospital, all services All HCW Regensburg, Germany 

HCW: Health care workers; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. 
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Table 2. Areas in which COVID-19 positive health care workers were laboring during RT-PCR screenings 

Area/Setting Number of studies Proportion, (%) 95% CI I
2
 

Clinics/Wards 5 43 28% - 59% 91% 

Operating Room 4 24 17% - 31% 60% 

Others 4 29 13% - 48% 91% 

Emergency Room 5 16 6% - 29% 91% 

ICU 5 9 4% - 15% 68% 
          COVID-19: Coronavirus disease 2019; ICU: Intensive care unit. 
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Table 3. Prevalence of symptoms in COVID-19 positive health care workers 

Symptom Number of 

studies 

Pooled Prevalence, (%) 95% CI I
2
 

Fever 29 57 50% - 64% 96% 

Cough 26 57 50% - 65% 96% 

Malaise 10 48 35% - 62% 89% 

Myalgia 22 44 36% - 52% 96% 

Headache 22 36 27% - 46% 97% 

Sore Throat 15 32 23% - 42% 97% 

Shortness of 

Breath 

21 22 17% -28% 95% 

Diarrhea 21 18 14% - 22% 87% 

Nausea 7 9 6% - 14% 73% 

Chest Pain 6 8 1% - 18% 86% 
          COVID-19: Coronavirus disease 2019 
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Figure 1. Flowchart summarizing the study search and selection process. 

Legend. The PRISMA 2009 Flow Diagram, obtained from ―Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. 

doi:10.1371/journal.pmed1000097‖ 

Figure 2. Geographical distribution of studies that reported data on SARS-CoV-2 prevalence in healthcare workers. 

Legend: SARS-CoV-2, Severe acute respiratory syndrome coronavirus 2; %, percent. 

 

Figure 3. SARS-CoV-2 infection prevalence in healthcare workers using RT-PCR  

 

Legend: The results are presented as fractions. The overall summary estimates presented are calculated using random-effects models. HCW, 

health care workers; LTCF, long-term care facility; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; %, percent. 
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