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Background: The prevalence of SARS-CoV-2 infection among health care workers (HCWs) provides in-
formation about the spread of COVID-19 within health care facilities, and the risk groups.
Objectives: We aimed to describe the rate of SARS-CoV-2 seroprevalence and its determinants among
HCWs.
Data sources: We used Web of Science, PubMed, Scopus, MEDLINE, EBSCOhost and Cochrane Library.
Study eligibility criteria: We included the reports of SARS-CoV-2 seroprevalence with a sample size of
minimum 1000 HCWs.
Methods: The study was registered at the International Prospective Register of Systematic Reviews
(PROSPERO, no. CRD42021230456). We used PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) statement. The keywords were “COVID-19”, “SARS-CoV-2”, “Coronavirus”, “sero-
prevalence”, “health care workers” and “risk factors”.
Results: In total 4329 reports were retrieved, duplications were removed; after filtering according to the
title and abstract, 25 studies were selected. Risk of bias was assessed in 25 studies; it was low in 13
studies, medium in four studies, and high in eight studies. In meta-analysis using the random effect
model, the weighted average of seroprevalence was calculated as 8% (95% CI 6e10%). The pooled sero-
prevalence rates of the selected variables that have a rate above the average were male HCWs with 9%
(95% CI 7e11%); HCWs from ethnic minorities with 13% (95% CI 9e17%); high exposure 9% (95% CI 6
e13%); exposure to the virus outside the health care setting 22% (95% CI 14e32%).
Conclusions: Our analysis indicates a SARS-CoV-2 seroprevalence rate of 8% among studies that included
>1000 HCWs for the year 2020, before vaccinations started. The most common risk factors associated
with higher seroprevalence rate were ethnicity, male gender and having a higher number of household
contacts. Working as a frontline HCW was inconsistent in its association with higher seroprevalence.
_Ilker Kayı, Clin Microbiol Infect 2021;▪:1
© 2021 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
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December 2019. Health care workers (HCWs) have been consid-
ered at high risk of contracting the virus and may also pose a
significant risk of transmitting the virus to patients, colleagues
and their social contacts [1]. According to the World Health Or-
ganization (WHO), one out of every seven patients (14%) is a HCW
[2]. A study from the UK and the USA reported that frontline
HCWs have a 3.4 times higher risk than people living in the
community [3]. In a systematic review the hospitalization and
mortality rate of HCWs were reported to be 15.1% and 1.5%
respectively [4]. Inability to protect the safety of frontline HCWs
poses a risk for collapse of the health care system as well as
transmission of the virus from health care settings to the com-
munity [5]. The rate of SARS-CoV-2 seroprevalence among HCWs
varies between and within countries and even between in-
stitutions due to the variations in infection control measures
taken in health care settings, geographic areas, established health
policies and procedures at national level along with individual
behaviours of HCWs to adhere to these measures [6].

The prevalence of SARS-CoV-2 infection among HCWs provides
valuable information to understand the spread of COVID-19 within
health care facilities and to detect the risk groups for the infection
[7]. In this study, we aimed to investigate the seroprevalence of
SARS-CoV-2 among HCWs and related risk factors by including
studies published in 2020 which were conducted before the un-
predictable effects of highly spreading new variants appeared and
vaccination programmes put in place in 2021.

Materials and methods

Study design, registration and search protocol

This is a systematic review and meta-analysis that has been
registered at the International Prospective Register of Systematic Re-
views (PROSPERO) with a registration number of CRD42020159198.
We performed the review according to the PRISMA (Preferred
Reporting Items for Systematic Reviews andMeta-Analyses) statement
(PRISMA checklist, Table S1) [8]. An independent librarian conducted
the search to find articles published up to 31 December 2020 in
PubMed, Web of Science, Scopus, MEDLINE, EBSCOhost and the
Cochrane Library. Please see Table S2 for the search strategy, which
included variations of the following terms “COVID-19, “SARS-CoV-2”,
“Coronavirus”, “seroprevalence”, “health care workers” and “risk fac-
tors”. The librarian provided the list of articles after eliminating
duplicate files. We have also searched Google for non-peer-reviewed
publications and also the list of references of all relevant articles and
previous reviews.

Eligibility criteria

We included antibody screening studies among HCWswith over
1000 participants. We excluded surveys, preprint reports, diag-
nostic or screening studies performed primarily by using poly-
merase chain reaction (PCR) for viral RNA, and studies that included
only suspected or confirmed cases.

Study selection and data collection
There were two phases of the selection process. In the first

phase, two reviewers (B.M. and _I.K.) independently screened the
titles and abstracts of each study. Two other reviewers (Ş.K. and
€O.K.) conducted another screening to double check the first re-
viewers, which yielded consistent results. The studies which do not
fulfil the eligibility criteria were excluded. Studies with promising
titles but missing abstracts were included in the full text screening.
Reference lists of included studies were searched to identify further
studies. In the second phase, two reviewers (B.M. and _I.K.) read the
Please cite this article as: Kayı _I et al., The seroprevalence of SARS-CoV-2 a
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full text of the articles that remained from the first phase and
discrepancies in selectionwere resolved via a consensus discussion
among the review team.

The data extracted from each article included authors, location,
dates of starting and ending terms of screening, sample size, setting,
study design, antibody tests, sensitivity and specificity of antibody
tests and risk factors associated with seroprevalence of SARS-CoV-2
antibodies. The data required for the pooled analysis were extracted
for the variables of gender, race/ethnicity, job description, level of
exposure and location of exposure (in or outside of the hospital) to
the virus. Race/ethnicity was dichotomized as white and ethnic
minorities. Level of exposure was categorized as high for (1) front-
line workers, (2) in high exposure conditions, (3) emergency
department (ED), intensive care units (ICUs), infectious disease
department and pulmonology departments.

Risk of bias assessment
In order to evaluate the systematic errors in each study one of

the authors (_I.K.) assessed the risk of Bias (RoB) by using the Joanna
Briggs Institute (JBI) critical appraisal tools for prevalence studies.
This is a 9-point scalewhere a score of 8e9 indicates low risk of bias
whereas a score of 5e7 indicates moderate and �4 indicates high
risk of bias [9]. As we have included studies with over 1000 par-
ticipants, the sample size item on the JBI scale was considered as
fulfilled, but we have evaluated the item about response rate as low
if it was less than 50% and unclear if it was not mentioned or we
were unable to calculate according to the number of target popu-
lation provided.

Data analysis

The primary outcome measure was the pooled seroprevalence
rate obtained from the articles and pooled seroprevalence rate for
selected risk factors. Heterogeneity assessment was done using the
I2 test. The estimation for the pooled seroprevalence for SARS-CoV-
2was carried outwhenever appropriatewith 95% CI.We performed
meta-analysis on prevalence rates using both the fixed effect model
and random effects model under logit transformation. Statistical
analyses were done using meta package in R [10]. The outcome of
this analysis was visualized using Forest plots.

Results

Study characteristics, SARS-CoV-2 seroprevalence and related
factors

Our literature review yielded 4329 reports in total. After
removal of duplications and initial screening according to the title
and abstract we had 35 articles for full text review. Finally we had
25 studies that met the eligibility criteria (PRISMA flowchart, Fig. 1).
According to the RoB assessment 13 studies showed low RoB, five
medium RoB and seven high RoB (please see supplementary
information 2).

Table 1 shows the main characteristics of the studies, sero-
prevalence rates and risk factors investigated in each study. The
start of data collection was March 2020 [11] and the end was
August 2020 [12]. The mean duration of data collection was
45.8 days (min. 8 days [13] and max. 181 days [14]. The majority of
the participants were female in each study with range 64e85%,
except one in India with a rate of 34.6%. The range of the mean age
was 37.0 and 49.4 years. Fourteen studies were performed in one
centre, whereas 11 were multicentre studies. The lowest rate of
seroprevalence was 1.1 %, reported in May from the USA [15]. The
highest seroprevalence rate was reported to 35.4% in May from
ntibodies among health care workers before the era of vaccination: a
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Fig. 1. Flowchart for selection of the study reports.
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the USA [16]. Risk factors described in 25 studies are summarized
in Table 2.

Pooled analysis of SARS-CoV-2 seroprevalence and selected risk
factors

In total, data extracted for 168 200 HCWs were included. The
lowest sample size was 1122 [12], the highest one was 40 329 [17]
(Fig. 2). In meta-analysis using the random effects model, the
weighted average of seroprevalence was calculated as 8% (95% CI
6e10%) with a heterogeneity of I2 ¼ 100% (p < 0.001) (Figs. 3 and 4).

The pooled analysis of selected risk factors are presented in
Table 3 (for the detailed Forest plots please see Figs S1e12). The
pooled seroprevalence rates of the selected risk factors that have a
rate over the average were male HCWs with 9% (95% CI 7e11%);
non-white HCWswith 13% (95% CI 9e17%); frontline HCWswith 9%
(95% CI 6e13%); exposure to the virus outside the health care
setting 22% (95% CI 14e32%).

Discussion

Since the beginning of the pandemic HCWs were considered as
the number one risk group for COVID-19, therefore our goal was to
investigate seroprevalence rates amongHCWs in scientific literature
with over 1000 participants in order to ensure high level repre-
sentation of the source population. The timeframe of our study was
from the start of the pandemic until the vaccination programs
began. At the first phase of the pandemic, the aim of the seropre-
valence studies was to have an idea about the level of asymptomatic
cases, risk factors and herd immunity in the population. Therefore,
Please cite this article as: Kayı _I et al., The seroprevalence of SARS-CoV-2 a
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the seroprevalence studies among HCWs proved to be valuable to
understand the risk and related factors as well. Towards the end of
2020, the vaccination programmes were in place, starting with
HCWs. At the same time, there was another increasing concern
regarding the new variants of the virus, all of which halted the ef-
forts to detect antibodies among HCWs. Although vaccines have
been stated to prevent the disease and severe illness, it is still under
investigation whether vaccines will prevent acquiring and/or
transmission of the infection [18,19].

Our analysis showed that the weighted average of the seropre-
valence rate among HCWs in the selected studies was 8.0% (95% CI
6.0e10.0%) and the seropositivity rate reported in the articles
ranged from 1.1% [15] to 35.4% [16]. However in a meta-analysis at
the population level which excluded HCWs Rostami et al. reported
that the SARS-CoV-2 seroprevalence rate was 3.38% (95% CI
3.05e3.72%) and in their report seroprevalence in the countries
that we included in our analysis ranged from 0.36% in Greece to 15%
in Sweden [20].

In our study, there were reports with a high seroprevalence rate
(>20%) that required further explanation. One reason might be that
two studies from the USA, in which the seroprevalence rates were
reported as 35.4% [16] and 19% [21], representation of the African-
American population, who already had higher rates of infection, in
the general population was high, 48.4 % [16] and 27.2% [21] respec-
tively. Additionally, the variance in seroprevalence rates reported in
the studies was due to different commercial serological tests, statis-
tical power or the studies and the timing of the study, corresponding
to the waves in the epidemic curve of each country or region. For
example, Racine-Brazostek et al. [16] conducted their study during the
declining curve of the first wave in New York, USA, meaning that
ntibodies among health care workers before the era of vaccination: a
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Table 1
Review of the included studies

Reference Country Females
(%)

Mean Age
(years)

Number of
screened HCWs

Number of
positive HCWs

Positivity
rate

Response
rate

Sampling start date
(dd.mm.yyyy)

Sampling end date
(dd.mm.yyyy)

Moscola et al., 2020 USA 73.7 42.7 40 329 5523 13.7 65.1 20.04.2020 23.06.2020
Iversen et al., 2020 Denmark 78.9 44.4 28 792 1163 4.0 96.3 15.04.2020 23.04.2020
Martin et al., 2020 UK 79.8 44.0 10 662 1148 10.8 66.6 29.05.2020 13.07.2020
Eyre et al., 2020 UK NR NR 9958 1069 10.7 73.0 23.04.2020 08.06.2020
Dimeglio et al., 2020 France 80.4 40.0 8758 276 3.2 53.0 10.06.2020 10.07.2020
Lidstrom et al., 2020 Sweden 77.0 44.0 8679 577 6.6 NR 27.05.2020 25.06.2020
Plebani et al., 2020 Italy 71.6 43.2 8285 378 4.6 NR 22.02.2020 19.05.2020
Jones et al., 2020 UK 77.8 NR 6858 638 9.3 56.0 01.01.2020 30.06.2020
Calcagno et al., 2020 Italy 74.7 49.4 5444 377 6.9 NR 17.04.2020 20.05.2020
Delmas et al., 2020 France 75.0 41.8 4600 527 11.5 91.8 14.05.2020 17.06.2020
Xu et al., 2020 China 75.2 37.1 4384 81 1.8 NR 09.03.2020 10.04.2020
Pere et al., 2020 France 74.8 39.6 3569 423 11.9 NR 02.05.2020 29.06.2020
Self et al., 2020 USA 65.6 38.5 3248 194 6.0 NR 03.04.2020 19.06.2020
De Carlo et al., 2020 Italy NR 46.5 3242 62 1.9 NR 17.03.2020 18.05.2020
Steensels et al., 2020 Belgium NR NR 3056 197 6.4 74.0 22.04.2020 30.04.2020
Brant-Zawadzki et al., 2020 USA 72.0 42.6 2932 31 1.1 NR 01.05.2020 30.06.2020
Racine-Brazostek et al., 2020 USA 64.5 37.0 2274 805 35.4 NR 17.04.2020 07.05.2020
Rudberg et al., 2020 Sweden 85.0 44.0 2149 410 19.1 85.0 14.04.2020 08.05.2020
Grant et al., 2020 UK NR 40.3 2004 634 31.6 54.2 15.05.2020 05.06.2020
Sydney et al., 2020 USA NR NR 1700 327 19.2 NR 28.04.2020 04.06.2020
Jeremias et al., 2020 USA 70.2 42.8 1699 167 9.8 NR 01.03.2020 30.04.2020
Psichogiou et al., 2020 Greece 69.7 46.4 1495 15 1.3 77.0 13.04.2020 14.05.2020
Blairon et al., 2020 Belgium 72.4 43.9 1485 217 14.6 47.7 25.05.2020 19.06.2020
Dimcheff et al., 2020 USA 64.0 NR 1476 72 4.9 51.0 08.06.2020 08.07.2020
Goenka et al., 2020 India 34.6 NR 1122 134 11.9 25.0 12.07.2020 24.08.2020

Fig. 2. (A) The rates of SARS CoV-2 seropositivity among HCWs by antibody test among 25 studies. (B) The rates of SARS CoV-2 seropositivity among HCWs by antibody test after
quality assessment among 13 studies.
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there were too many patients and too many unknowns about the
prevention of COVID-19. Another study by Grant et al. [22] similarly
reported a high level of seropositivity (31.6%) among HCWs and the
authors suggested that it may be due to the spatial constraints in
health care settings where exposures such as patient-to-HCWs or
HCWs-to-HCWs might have played a role along with HCWs' aware-
ness of and adherence to infection control measures. On the other
hand, Brant-Zawadzki et al. [15] found the seroprevalence rate among
HCWs in California, USA, to be 1.1%; however, the response rate in
their research was below 50%. Xu et al. [23] reported a seroprevalence
rate of 1.8% in Wuhan, China; however, their study was conducted
after the first wave of the pandemic, when the daily number of cases
in China was below 100 per day during their data collection period;
Please cite this article as: Kayı _I et al., The seroprevalence of SARS-CoV-2 a
systematic review and meta-analysis, Clinical Microbiology and Infection
the study is also subject to selection bias. Regarding the different
conditions and the methods of data collection, it can be argued that
the variance between studies is multifactorial.

Age

It has been well documented that older ages carry a higher risk
for severe illness and death [24]. However, there were conflicting
results in the studies we have included. Lidstr€om et al. in Sweden
[25], Iversen et al. in Denmark [13], Martin et al. [26], Eyre et al. [27]
and Jones et al. [14] in the UK found that age was inversely asso-
ciated with seropositivity. While their analysis depended on
multivariate analysis, a similar statistically significant finding in
ntibodies among health care workers before the era of vaccination: a
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Fig. 3. (A) Forest plot of the severe acute respiratory syndrome coronavirus-2 seroprevalence rate among HCWs in 25 studies (see Fig. 2A). (B) Forest plot of the severe acute
respiratory syndrome coronavirus-2 seroprevalence rate among HCWs after quality assessment, in 13 studies (see Fig. 2B).
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univariate analysis by Goenka et al. [12] was diminished in the
logistic regression model. Conversely, Xu et al. [23] in China found
that seroprevalence significantly increased among HCWs over
65 years of age. Lastly, other studies [5,11,16,27e33] have found no
significant association between seroprevalence rates and age. In a
systematic review by Bandyopadhyay et al. [34] COVID-19 inci-
dence rates at a global level were higher in older HCWs, especially
in the 50e59 years age group. However, the incidence reports
depend on PCR tests, which might represent active disease rather
than past disease. Studies showing PCR screening results are out of
our scope; however, it has been shown that symptomatic cases
Please cite this article as: Kayı _I et al., The seroprevalence of SARS-CoV-2 a
systematic review and meta-analysis, Clinical Microbiology and Infection
increase with age [35]. Detecting COVID-19 cases with PCR has the
potential to yield results of relatively older patients. However,
serological tests also convey past infections, which might have
been asymptomatic or less symptomatic among younger pop-
ulations. Hence, compared with PCR studies, seroprevalence
studies can be expected to have a higher proportion of infected
people from younger age groups. On the other hand, studies
showing significant association between lower age and seroposi-
tivity might be a result of higher community transmission among
younger adults andmore active roles during patient care to protect
older HCWs as well.
ntibodies among health care workers before the era of vaccination: a
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Fig. 4. Pooled analysis of SARS-CoV-2 seroprevalence rates among health care workers according to selected variables.
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Gender

Themajority of the studies included in our review have found no
association between gender and seroprevalence rates. While
Goenka et al. [12] found that the significant association between
gender and seroprevalence rates diminished in multivariate anal-
ysis, males in the study by Iversen et al. [13] and females in the
study by Self et al. [32] were significantly associated with higher
seroprevalence rates. Our analysis shows that the pooled seropre-
valence rates were 9% (95% CI 7e11%) for males and 8% (95% CI
6e10%) for females, which are very close to each other.

It has been shown that COVID-19 prevalence was higher among
males for several reasons, including gender-based roles such as
males being more likely to be employed in essential jobs, which
increases their exposure to virus. At the same time, males had a
higher tendency to engage in risky behaviours, including smoking
[36]. Our findings from pooled analysis for gender data indicate a 1%
higher seroprevalence for male HCWs. This slight difference is less
likely to depend on gender roles, as the level of exposure to SARS-
CoV-2 in health care settings might be a stronger determinant.
Race/ethnicity

Studies mainly from the USA and the UK have assessed the as-
sociation between race/ethnicity and seropositivity among HCWs,
and all [14e17,21,26,27,32] but one [11] found significantly
increased rate among HCWs of African-American, Hispanic, Asian
or indigenous populations. This finding is in line with previous
studies indicating higher COVID-19 incidence among ethnic mi-
nority groups [6,37,38]. Our pooled analysis for seroprevalence
according to race/ethnicity also confirms that white HCWs have
lower levels of pooled seroprevalence (8%; 95% CI 6e11%) compared
with HCWs from ethnic minorities (13%; 95% CI 9e17%).

The studies included in our review had limitations explaining the
possible reasons of such a disparity in COVID-19 seroprevalence rate
among HCWs based on race/ethnicity. It is well established that
with few exceptions ethnic minorities are of lower socioeconomic
Please cite this article as: Kayı _I et al., The seroprevalence of SARS-CoV-2 a
systematic review and meta-analysis, Clinical Microbiology and Infection
status, and it is difficult to distinguish between the contributions of
the two. Therefore, these findings indicate a deep inequality in
exposure to SARS-CoV-2 against HCWs from ethnic minorities as a
result of potential structural and social determinants of occupational
health and safety conditions. Population-based studies could pro-
vide some explanations, such as crowded household conditions,
cultural differences in social relation patterns, income and higher
rates of comorbidities among ethnic minorities [37,39,40]. However,
there is a need for further research in understanding the reasons of
increased seropositivity among HCWs from ethnic minority pop-
ulations, including access to PPE, adherence to infection control
measures at clinical settings and their job descriptions.
Level and location of exposure to the virus

Our systematic review indicates that there has been a signifi-
cantly increased seropositivity rate for HCWs in contact with pa-
tients either working in frontline service or a COVID-19 unit
[5,22,25,26,28,41]. For example, Rudberg et al. [5] have shown that
patient-related work increased the risk 2.3 times compared with
other occupational groups. Moreover, even among the same occu-
pational category, the ones with higher contact with patients had
increased rates of seropositivity. It may be due to frequent contacts
with the patients during the early stages of the disease, when they
were more contagious. However, similar studies [11,17,30,33] did
not report significant associations. While it is plausible that pro-
longed contact with patients, especially COVID-19 patients, in-
creases the risk of transmission of the virus, some other studies
have found no association between patient contact or work loca-
tion, and the SARS-CoV-2 seropositivity rate indicates a contextual
phenomenon [11,17,30,31,33].

Our pooled analysis results for level of exposure are in line with
these findings. While HCWs with a high level of exposure to the
virus have a higher pooled seropositivity rate (9% with 95% CI
6e13%) than average (8% with 95% CI 6e10%), the ones with a low
level of exposure have a lower pooled seropositivity rate (7%; 95% CI
4e12%). As we have labelled high levels of exposure for the ones
ntibodies among health care workers before the era of vaccination: a
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with increased patient contact, such a result indicates that the risk
of contracting the disease lies with the group of HCWs who are
spending more time at clinical encounters.

Another inquiry among the studies was the location of exposure.
For example, Dimcheff et al. [30] and Steensels et al. [33] have
shown no significant association between seropositivity rate and
occupational factors, but there was only an increased seropositivity
rate among the HCWs who had been exposed to a COVID-19 pa-
tients outside the health care system. Eyre et al. [27] reported
household contact as the greatest risk factor for increased sero-
positivity among HCWs. Our pooled analysis for the seroprevalence
rate based on location of exposure supports these findings. It is
more likely that infection control measures and strict requirements
to use PPE could have prevented patient-to-HCW as well as HCW-
to-HCW transmission of SARS-CoV-2 in health care settings.
However, it should not be underestimated that HCWs are at risk of
getting infected in community settings, especially when the num-
ber of cases are on the increase [42].

Departments

Four studies from USA in our review have conveyed different
results for the association of seropositivity and work place in health
care setting. While Jeremias et al. [11], Self et al. [32] and Moscola
et al. [17] have presented results showing low seropositivity rates in
ICUs, there were no significant difference between departments.
On the other hand, Sydney et al. [21] have found that seropositivity
was significantly higher in EDs and significantly lower in ICUs.
Similarly Eyre et al. [27] and Grant et al. [22] have found signifi-
cantly lower rates of seropositivity in ICUs. The lower rates in ICUs
might be the result of several factors, such as robust safety training
for procedures in these units, availability of gowns and other su-
perior PPE, strict adherence to preventive measures and well-
ventilated wards [6,43]. Moreover, symptoms such as coughing or
sneezing are limited in ICUs as patients use ventilators, and lastly
aerosol-generating procedures might contain lower amounts of
virus as patient admission to ICUs are at a later phase of the disease
progression when viable virus secretion decreases [44].

This review is subject to several limitations. As each study has
reported varying levels of sensitivity and specificity levels for their
test kits, it is hard to ensure standard measurement across studies.
Therefore, seroprevalence reported in studies might be subject to
overestimation as well as underestimation. Also, therewere limited
studies fromdeveloping countries. Lastly, the risk factors associated
with seroprevalence rates were not standard. However, as a first
step we have included studies with over 1000 participants to
minimize bias and ensure generalizability of SARS-CoV-2 seropre-
valence among HCWs. Second, we have presented the outcomes of
our analysis according to RoB assessment to illustrate the variation
in seroprevalence rates.

Conclusion

This study brings together studies with high sample size to
ensure a representative sample of HCWs from the targeted health
care settings. However, the unavailability of high-quality studies
with low RoB especially from developing countries makes it
difficult to understand the true level of seropositivity among
HCWs and related factors. Nevertheless, our analysis indicates
that SARS-CoV-2 seroprevalence rate was 8% (95% CI 6e10%) and
seropositivity was higher among HCWs who have been exposed
to the virus outside the health care setting, the ones with high
level of exposure to the virus and HCWs from ethnic minorities.
Decreasing the burden of COVID-19 among HCWs depends on
ensuring high adherence to infection control measures, early
Please cite this article as: Kayı _I et al., The seroprevalence of SARS-CoV-2 a
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detection of infection in the health care settings along with pre-
vention of transmission of the virus to HCWs in the community.
There is also a need for high-quality seroprevalence studies
among HCWs in future phases of the pandemic especially from
developing countries to understand the real burden of COVID-19
and assess the efficacy of the vaccines and effectiveness of the
vaccination programmes.
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