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ARTICLE INFO ABSTRACT

Background and objectives: It is essential to know the proportion of health care workers (HCW) who are COVID 19
positive, as well as the severity and mortality among them.

Methods: This systematic review was performed according to the Preferred Reporting Items for Systematic re-
view and meta-analysis. Databases including PubMed, EMBASE and Web of Science were searched from
December-31,2019 to April-23, 2020. The search was limited to the studies that reported the data on the number
of COVID-19 positive healthcare workers, among the COVID-19 positive patients. Case reports, duplicate publica-
tions, reviews, and family-based studies were excluded. The methodological quality of studies was assessed by
the Appraisal tool for Cross-Sectional Studies (AXIS) tool.

Results: In this systematic review and meta-analysis, we pooled eleven studies to investigate the above factors.
The overall proportion of HCW who were SARS-CoV-2 positive among all COVID-19 patients was 10.1% (95%
CI: 5.3-14.9). This proportion varied according to the country of study i.e. China (7 studies) - 4.2%, 95%
(Cl:2.4-6.0; United States (3 studies) — 17.8%, 95%Cl:7.5-28.0; and Italy (1 study) - 9.0%, 95%Cl:8.6-9.4. The inci-
dence of severe or critical disease in HCW (9.9%, 95%Cl:0.8-18.9) was significantly lower (p <0.001) than the in-
cidence of severe or critical disease in all COVID-19 positive patients (29.4%, 95%Cl:18.6-40.2). Similarly, the
mortality among HCW (0.3%, 95%C1:0.2-0.4) was also significantly lower (p < 0.001) as compared to that of all
patients (2.3%, 95%Cl:2.2-2.4).

Conclusion: Health care workers who are COVID-19 positive constituted a significant proportion of all COVID-19
patients; but the severity and mortality were lower among them.
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1. Introduction of severe or critical disease and deaths among HCW. Comparison of in-
cidence in HCW and all COVID-19 patients were also investigated.

The outbreak of novel coronavirus disease 2019 (COVID-19) started

in Wuhan, Hubei Province, China in late December 2019. The resulting
pandemic has infected 5.7 million people globally as of May 29, 2020
[1]. The recent spread of COVID-19 globally led to considerable anxiety
and concern among health care workers (HCW) [2]. HCWs are at risk for
infection caring for infected patients. They understandably worry not
only about becoming infected but also infecting co-workers, patients
and family members. In the SARS and MERS outbreak health care
workers made up around a quarter of those infected [3,4].

The primary objective of this systematic review was to determine
the proportion of HCW who were COVID-19 positive among all the
COVID-19 patients. Secondary objectives were to find out the incidence
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2. Materials and methods
2.1. Data sources and searches

This systematic review was performed according to the Preferred
Reporting Items for Systematic Review and Meta-analysis (PRISMA
guidelines) [5]. Databases including PubMed, EMBASE and Web of Sci-
ence were searched from December-31, 2019 to April-23, 2020. Two in-
dependent investigators (AK, SB) searched the databases using search
terms like 2019-ncov’, ‘novel coronavirus 2019’, ‘COVID-19’, ‘SARS-
CoV-2’, ‘Wuhan coronavirus’, ‘health care worker’, ‘health care profes-
sional’, ‘physician’ and ‘medical staff’ (search query available in Supple-
ment Table S1). There were no restrictions in terms of country,
publication language or publication date. Reference lists of all relevant
articles and ‘related citation’ search tool of PubMed were checked for
any additional publications.
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2.2. Selection criteria

Study selection was performed by two independent investigators
(AK, SB). We included studies that reported the data on the number of
COVID-19 positive HCW, among the COVID-19 positive patients. Case
reports, duplicate publications, reviews, and family-based studies
were excluded. Discrepancies between reviewers were resolved in the
presence of a third reviewer (RM).

2.3. Data abstraction and quality assessment

Data collected included study characteristics such as authors, publica-
tion date, study design, country, study sample size (i.e. the number of
COVID-19 positive patients), number of COVID-19 infected HCW, the
number of severe/critical disease in HCW and all patients, definition
used for severe/critical disease in the study, and the number of deaths
in HCW and all patients. One reviewer (AV) extracted the data and second
reviewer verified the data independently (SB). The methodological
quality of the studies were assessed with the Appraisal tool for Cross-
Sectional Studies (AXIS) tool [6]. Two authors (AV, PA) performed the
quality assessment separately and disagreements were resolved by
consensus in the presence of a third reviewer (JN). In AXIS tool, for
every correct answer, the score of one was assigned to each of the twenty
questions.

2.4. Quantitative data synthesis

The total number of healthcare workers infected with COVID-19
(numerator) and the total number of COVID-19 positive patients
(denominator) were extracted for calculation of proportion, and these
proportions were summarised by using random-effects meta-analysis.
To assess the heterogeneity among studies, inconsistency statistics

(12) were calculated. Significant heterogeneity was considered to be
present when I2 was >50% [7]. Traditional funnel plots were found to
be inaccurate in the assessment of publication bias in meta-analysis of
proportions [8]. Hence, funnel plots were not prepared. The p-value
for Egger's regression coefficient <0.10 was considered as significant
publication bias [9]. Subgroup analysis, according to the country of
publication, was undertaken. To compare the incidence of severe/
critical disease and deaths in HCW versus all patients, the chi-square
test was utilized (p < 0.05 was considered statistically significant)
[10,11]. All data were collected in Microsoft Excel Spreadsheet (Office
365). Random-effects analysis, generation of forest plot, assessment of
heterogeneity and publication bias were performed with the
METAPROP platform for STATA (version-14.2); StataCorp, College
Station, TX).

3. Results
3.1. Search results and study characteristics

The literature search flow diagram is summarised in PRISMA format
(Fig. 1) and detailed PRISMA checklist is available in Supplement
Table S2. Using our search criteria, we identified 142 studies, of which
131 were from PubMed, nine were from EMBASE, and two were from
Web of Science. A total of 45 records were screened after removal of du-
plicates. A total of 17 full-text articles were assessed for eligibility, and
six articles were excluded due to various reasons, as shown in Fig. 1. Fi-
nally, eleven studies were included in this meta-analysis [3,12-21].

3.2. Characteristics of the included studies

A total of eleven studies, consisting of 119,216 patients (includ-
ing 13,199 HCW), were selected for this meta-analysis (Table 1).
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Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram.
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Table 1
Characteristics of the included studies in the systematic review and meta-analysis.
Author [reference]  Country Publication date Number of Number of total Proportion Severe and critical Severe and critical Death Overall Quality of
HCW COVID-19 {(a/b)? disease among among disease all, among deaths,n  study (score
infected (a) patients (b) 100%} HCW, n (%) n (%) HCW,n (%) (% overall) out of 20)*

Li[12] China January 29, 2020 15 370 4.05 - - - - 18
Mingquiang Z [13] ~ China February 3, 2020 1 9 11.11 - - - - 12

Wang [14] China February 7, 2020 40 138 28.99 1(2.5) 36 (26.1) - - 18

Feng Z (China CDC) China February 17,2020 1716 44672 3.84 247 (14.39) 8255 (18.48) 5(0.3) 1023 18

[15] (2.29)

Zhang [16] China February 18, 2020 3 140 2.14 0(0) 58 (41.43) - - 16

Guan [17] China February 28, 2020 38 1099 3.46 - - - - 18

Xuequi L [3] China March 11, 2020 4 346 1.16 - - - - 15
Livingston [18] Italy March 17, 2020 2026 22512 9.00 - - - - couldn't be

done
McMichael T[19] United March 27, 2020 50 167 29.94 - - 0(0) 35 18
States (20.96)
Burrer S (USA CDC)  United April 14, 2020 9282 49370 18.8 184 (0.02) - 27 (0.003) - 15
[20] States
Goyal [21] United April 21, 2020 24 393 8(33.33) 130 (33.08) - - 18
States

CDC - Center for Disease Control and Prevention, HCW - healthcare workers, Severe disease - dyspnoea, tachypnoea (respiratory rate >30/min), critical disease - respiratory failure, septic

shock or multiorgan dysfunction.
2 Scores for each study in Appraisal tool for Cross-Sectional Studies (AXIS) tool.

Studies were published recently between January 29, 2019 to April
21, 2020. Individual study population size ranged between 9 and
49,370 laboratory-confirmed COVID-19 patients. Among the in-
cluded studies, seven were from China [3,12-17], three were from
the United States [19-21] and one from Italy [18]. All eleven studies
provided information on the number of HCW infected, as well as
the total number of COVID-19 patients. Incidence of severe and
critically ill among HCW was reported in 4 studies, i.e. by Feng
et al. [15], Wang et al. [14], Burrer et al. [20] and Goyal et al.
[21]. Incidence of severe and critically ill among all COVID-19 pa-
tients was reported in 4 studies, i.e. by Feng et al. [15], Wang
et al. [14], Zhang et al. [16] and Goyal et al. [21]. There were varia-
tions in the definition of severe/critical disease across the included
studies. Feng et al. [15] and Zhang et al. [16] defined ‘severe’ dis-
ease as presence of dyspnea, tachypnea (RR > 30/min), oxygen sat-
uration (< 93%), PaO,/FiO, ratio < 300, and/or > 50% lung
infiltrates; and ‘critical’ disease as multiorgan dysfunction and/or
ICU admission. Wang et al. [14] and Burrer et al. [20] defined ‘se-
vere/critical’ disease as ICU admission only, whereas Goyal et al.
[21] included patients requiring invasive mechanical ventilation
as ‘severe/critical’ disease. Similarly, separate COVID-19 specific
mortality data of HCW were reported in 2 studies (Feng et al.
[15] and Burrer et al. [20]) and of all patients were reported in 2
studies (Feng et al. [15] and McMichael et al. [19]). Results of the
quality assessment of the included studies are summarised as
AXIS scores in Table 1 and the detailed risk of bias analysis is avail-
able in Supplement Table S3. The overall quality score of studies
was sixteen out of twenty. Six studies had a quality score of eigh-
teen [12,14,15,17,19,21], one study of sixteen [16], two studies of
fifteen [3,20] and one study of twelve [13]. Quality of the study
by Livingston et al. [18] could not be assessed as detailed data
could not be retrieved.

3.3. Quantitative data synthesis results

The overall proportion of HCW (n = 13,199) who were SARS-CoV-2
positive among all COVID-19 patients (n = 1,19,216) was 10.1% (95%
(CI:5.3-14.9). This proportion varied according to the country of study
i.e. China (7 studies) - 4.2%, 95%Cl:2.4-6.0; United States (3 studies) -
17.8%, 95%Cl:7.5-28.0; and Italy (1 study) - 9.0%, 95%CI:8.6-9.4. Forest

plot summarizing the proportions as well as subgroup analysis by coun-
try is depicted in Fig. 2.

We further analyzed the available information to find out the severity
of COVID-19 among the affected HCW. It was found that the incidence of
severe or critical disease in HCW (9.9%, 95%Cl:0.8-18.9, Fig. S1) was sig-
nificantly lower than the incidence in all COVID-19 patients (29.4%, 95%
CI:18.6-40.2, Fig. S2) {difference:19.5%, 95%Cl:18.79-20.19, p < 0.001}.
The mortality among HCW (0.3%, 95%Cl:0.2-0.4, Fig. S3) was also signif-
icantly lower as compared to the mortality in all COVID-19 patients (2.3%,
95%Cl:2.2-2.4, Fig. S4) {difference:2%, 95%Cl:1.82-2.17, p < 0.001}. Sum-
mary of all the above results are depicted in an infographic form, in Fig. 3.

Among the included studies, significant statistical heterogeneity was
observed (12-99.8%). Subgroup analysis according to the country
showed that studies from China had a significant statistical heterogene-
ity (12-90.9%), as well as from the US (12-98.3%). Egger's regression
demonstrated the absence of evidence of publication bias (p - 0.61).

4. Discussion

Our systematic review and meta-analysis showed that the overall
proportion of HCW who were SARS-CoV-2 positive among all COVID-
19 patients was nearly 10%. This was in contrast to the percentage of
HCW infected during SARS epidemic, which was much higher in the
range of 21 to 26.31% [3,4]. The subgroup analysis showed a significant
variation in the proportion that was observed country-wise, ranging
from 4.2% in Chinese studies to 17.8% in American studies. This might
be explained due to the lack of adequate preparation in the West to
meet the surge of patients, which led to the acute shortage in the per-
sonal protective equipment [22,23].

More than half of the COVID-19 positive HCW reported that they
had contact with COVID-19 positive patients in healthcare settings.
However, there were also known exposures in households and commu-
nity settings [20]. Hence, HCW should take the utmost care during their
duties in hospitals and should prioritize precautions like hand hygiene
and social distancing in the community

The data on HCW specialties and hospital area was investigated only
in one of the included studies [14]. Data on the specialty of HCW and
the area of the hospital where they were exposed were not available in
most of the studies. Only Wang et al. had reported that among the affected
health care workers, 77.5% worked on general wards, 17.5% in the emer-
gency department and 5% in the ICU [14]. McMichael et al. had described
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Fig. 2. Forest plot showing the overall proportion of health care workers infected with COVID-19 among all patients of COVID-19.

the incidence of COVID-19 among HCW working in long term care facili-
ties, and showed that the temporal and geographical transmission of the
disease was in part due to the movement of HCW from one facility to an-
other [19]. A retrospective study by Ran et al. concluded that high risk de-
partments, long duty hours, and suboptimal hand hygiene after contact
with patients were linked to COVID 19 infection. The study by Chu et al.
highlighted that the atypical manifestations of COVID-19, infectivity dur-
ing the incubation period, lack of sufficient protective equipment and in-
patient caregivers and visitors add to the infection risk among HCW [24].

Health care| —
workers
10.1%
Non - Health care workers
89.9%

All COVID-19 positive patients

We further analyzed the incidence of severe or critical disease and
deaths among the affected HCW. This was nearly three times lower com-
pared to all positive COVID-19 patients (9.9% vs 29.4%), and the mortality
among HCW was seven times lower compared to all positive COVID-19
patients (0.3% vs 2.3%). These facts might be explained by the younger
age of HCW and lesser prevalence of comorbidities as compared to non-
HCW [19]. This also could be attributed to the early accessibility of an
HCW to the health care system and their better knowledge of the disease
process. The severe disease was seen more in older HCWs, similar to the
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Fig. 3. Infographic showing the overall proportion of health care workers (HCW) who were COVID-19 positive among all COVID-19 patients, and the proportion of severe disease and

mortality in HCW and all patients.
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non-HCW. The study from US showed only 6% of HCWs were aged
>65 years but 37% of the deaths occurred among this age group [20].
This highlights the need to protect our older HCWs, by involving them
in an administrative capacity rather than direct patient care.

The high-risk exposure among HCW highlights the need for contact
tracing and screening of all HCW for fever and respiratory symptoms at
the shift beginning. There is also a need for considering the psychologi-
cal impact on the HCW while working in a highly infected area, which
can severely hamper the staff's functioning. Training all HCW on pre-
ventive measures including hand hygiene and PPE use is another prom-
ising strategy to reduce transmission in health care settings. Improving
surveillance through routine reporting is necessary for monitoring the
impact and effect of infection prevention and control measures.

5. Limitations

There are several limitations in our study. The studies included in our
analysis were only from three countries, while >200 countries have been
affected by COVID-19. Out of the eleven studies included, only four studies
had described the incidence of severe and critical disease, and two of the
studies had provided information on incidence of deaths in HCW. There
were differences in the definition of severe or critical disease across the
included studies. A significant statistical heterogeneity was observed
among the included studies. Finally, it is possible that new studies were
published between the completion of the literature review and when
this article was completed. However, we are not aware of any new publi-
cation since that time.

6. Conclusion

There is considerable risk of contracting COVID19 infection among
HCWs, but the incidence of severe disease and deaths was significantly
low. This data underscores the vulnerabilities of frontline healthcare
workers in tackling novel and highly transmissible pathogens. Early rec-
ognition, identification and isolation with implementation of appropri-
ate infection prevention and control measures are imperative.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ajem.2020.05.113.
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