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Abstract. Background. SARS-CoV-2 infection has become a global public health concern globally. Even
though Healthcare Workers (HCWs) are supposedly at increased risk for SARS-CoV-2 infection, to date
no pooled evidence has been collected. Materials and Methods. We searched online electronic databases (Pub-
Med, Embase, medRxiv.org for pre-prints) for all available contribution (up to May 20, 2019). Two Authors
independently screened articles and extracted the data. The pooled prevalence of SARS-CoV-2 was ana-
lyzed using the random-effects model. The possible sources of heterogeneity were analyzed through subgroup
analysis, and meta-regression. Resu/ts. The overall pooled prevalence of SARS-CoV-2 was 3.5% (95%CI
1.8-6.6) for studies based on molecular assays, 5.5% (95%CI 2.1-14.1) for studies based on serological as-
says, and 6.5% (95%CI 2.5-15.6) for point-of-care capillary blood tests. Among subgroups, serological tests
identified higher risk for SARS-CoV-2 seropositivity in physicians than in nurses (OR 1.436, 95%CI 1.026
to 2.008). Regression analysis indicated the possible presence of publication bias only for molecular tests
(t -3.3526, p-value 0.002648). Conclusions. The overall pooled prevalence of SARS-CoV-2 was lower than
previously expected, but available studies were affected by significant heterogeneity, and the molecular stud-
ies by significant publication bias. Therefore, further high-quality research in the field is warranted. (www.
actabiomedica.it)
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worldwide, eventually becoming a global pandemic
(1-3). To date, around 3 million people worldwide have

The “Severe Acute Respiratory Syndrome corona-
virus type 2” (SARS-CoV-2) is an enveloped, single-
stranded, positive-sense RNA virus, responsible for a
highly contagious infection, known as “coronavirus dis-
ease 19” (COVID-19). SARS-CoV-2 was discovered in
late December 2019 and, following the initial outbreak
in mainland China, has spread into numerous countries

been affected, with nearly 300,000 deaths.

While in the earlier Chinese reports, healthcare
workers (HCWs) did not appear at increased risk for
contracting COVID-19 (4), subsequent studies have
reported very high SARS-CoV-2 infection rates (5,6),
presumptively due to close contacts with highly infec-
tious patients and, particularly in the first months of the
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pandemic, to the insufficient access to personal protec-
tive equipment (PPE). Several reports have therefore
hinted that HCWs may have played a significant role
in the initial hospital outbreaks, while the subsequent
spillovers may have contributed to the propagation of
the SARS-CoV-2 in the general population (5,7).

However, our understanding of the actual epide-
miology of SARS-CoV-2 infection in HCWs is un-
clear. In fact, during the initial weeks of the pandemic,
the only diagnostic option was an assay based on the
real-time polymerase chain reaction (RT-qPCR) in
respiratory samples (usually, rhinopharyngeal swabs)
(8-10). Unfortunately, RT-qPCR is affected by sev-
eral practical limitations, including a relatively invasive
sampling, a time-consuming procedure to process and
generate results, the need for specialized operators and
certified laboratories (11). Moreover, while RT-qPCR
can detect actively infected subjects with high accu-
racy, ultimately avoiding the spread of SARS-CoV-2
among susceptible contacts, it is unable to identify
whether subjects had prior infection or not (10-14).
Consequently, alternative diagnostic methods have
been developed, in particular immunological tests.
Available either as serological tests or point-of-care
rapid diagnostic tests on capillary blood (POCT), an-
tibody assays can reveal the number of potential in-
fected people per population, allowing a proper analy-
sis of the potential spread of COVID-19 in the local
environment, being of potential assistance in the deci-
sion making processes(15-18).

Following the availability of such instruments,
and the similarly improved testing capacity with
RT-qPCR, an ever-increasing number of reports on
HCWs have been made available. As results appear
somewhat conflicting, an updated synthesis of the lit-
erature to better inform health policies and guidelines
is urgently in need. Therefore, the present systematic
review and meta-analysis was undertaken to explore

the occurrence of SARS-CoV-2 infection in HCWs.

Materials and Methods

This systematic review has been conducted fol-
lowing the PRISMA (Prepared Items for System-
atic Reviews and Meta-Analysis) guidelines (19).

We searched into two different settings. On the one
hand, we searched conventional scientific databases
(i.e. PubMed and EMBASE) for relevant studies un-
til 20/05/2020, without any backward chronological
restriction. The search strategy was a combination of
the following keywords (free text and Medical Sub-
ject Heading (MeSH) terms): («healthcare worker» OR
«health care worker» OR «health care personnel>» OR
«healthcare worker») AND («COVID» OR «SARS-
CoV-2» OR «novel coronavirus») AND («incidence»
OR «prevalence» OR «frequency» OR «occurrence»). On
the other hand, we performed a similar research on a
preprint database (i.e. medRxiv.org), with analogous
entries. Records were handled using a references man-
agement software (Mendeley Desktop Version 1.19.5,
Mendeley Ltd 2019, London), and duplicates were
removed.

Documents eligible for review were original re-
search publications available online or through inter-
library loan. Articles had to be written in Italian, Eng-
lish, German, French or Spanish, the languages spoken
by the investigators. Studies included were national
and international reports, case studies, cohort studies,
case-control studies and cross-sectional studies. Re-
trieved documents were excluded if: (1) full text was
not available; (2) articles were written in a language
not understood by reviewers; (3) reports lacked defini-
tion of the original inclusion criteria, or it was only
vaguely defined; (4) laboratory assessment of HCW
status was not detailed.

Two independent authors reviewed titles, ab-
stracts, and articles. T'itles were screened for relevance
to the subject. Any articles reporting original studies,
which did not meet one or more of the exclusion cri-
teria, were retained for full-text review. The investiga-
tors independently read full-text versions of eligible
articles. Disagreements were resolved by consensus
between the two reviewers; where they did not reach
consensus, input from a third investigator (MR) was
obtained. Further studies were retrieved from refer-
ence lists of relevant articles and consultation with ex-
perts in the field.

Data abstracted included:

(1) Settings of the study: timeframe, country, study
design (i.e. prospective vs. retrospective; inclusion
strategy);
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(2) Screening procedures: molecular tests by means of
RT-qPCR, POCT, serological assessment of IgG
and/or IgM and/or IgA.

(3) Total number of sampled HCWs;

(4) Total number of positive cases;

(5) Total number of physicians and nurses included in
the analyses, and their respective status.

We first performed a descriptive analysis to report
the characteristics of the included studies. Crude prev-
alence figures were initially calculated as per cent val-
ues. Pooled prevalence (per cent values) estimates were
then calculated by means of a random effect model
in order to cope with the presumptive heterogeneity
in study design. Estimates were initially stratified by
the country of occurrence. Estimates of the associa-
tion of SARS-CoV-2 positivity with the occupational
status (physicians vs. nurse) were similarly assessed
as Odds Ratios (OR) with their correspondent 95%
Confidence Intervals (95%CI). I? statistic was then
calculated to quantify the amount of inconsistency be-
tween included studies; it estimates the percentage of
total variation across studies that is due to heteroge-
neity rather than chance. I? values ranging from 0 to
25% were considered to represent low heterogeneity,
from 26% to 50% as moderate heterogeneity and above
50% as substantial heterogeneity, being pooled using a
fixed-effects model because of the reduced number of
samples eventually included.

To investigate publication bias, funnel plots were
initially generated: publication bias was evaluated by
testing the null hypothesis that publication bias does
not exist by means of the regression test for funnel plot
asymmetry. The null hypothesis was rejected if the p-
value is less than 0.10.

All calculations were performed in R (version
3.6.1; R Core Team (2019). R: A language and envi-
ronment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. URL https://
www.R-project.org/) and RStudio (version 1.2.5042,
RStudio lab, Boston) software by means of meza pack-
age (version 4.9-9), functions metaprop for pooling of

prevalence, and metabin for binary comparison and
calculation of the OR. The meta package is an open-
source add-on for conducting meta-analyses.

Results

Initially, 1238 entries were identified, including
a total of 353 articles from MedLine/EMBASE and
885 medRxiv preprints: eventually, 49 abstracts were
screened. After applying the inclusion and exclusion
criteria (Figure 1) and removing duplicated studies, 32
articles (15 of them as preprint) were included in the
analyses and summarized, encompassing a total of 39
estimates, and more precisely: 26 estimates based on
RT-qPCR assays (20-45), 4 on POCT (32,36,46,47),
9 estimates based on ser

In the majority of the studies, estimates were based
either on RT-gPCR, or on serological assessment,
while only one study based the estimates of SARS-
CoV-2 positivity on POCT alone(47). Moreover, four
studies were sequentially based on initial serological
assessment followed by RT-qPCR (30,33,41), and one
study on POCT followed by confirmatory RT-qPCR
(32). One further study included initial POCT assess-
ment, followed by serology and eventually RT-qPCR,
for a total of three estimates (36).

Eventually, the final sample included a total
of 25,900 HCWs. The majority of the studies were
prompted after March 2020: overall, only 5 studies
and 5 estimates were prompted before March 2020
(20,25,37,42,44), while 26 studies were started in-
between the 9" and the 13* week of 2020. Focusing
on the geographical origin of the HCWs, the major-
ity of studies (No. = 23) and available estimates (No.
= 29) were based on European countries (22-25,27—
30,32-36,38-41,45,47,48,50), with only 3 studies
(3 estimates) each from China (20,26,37) and Japan
(43,46,49), 2 studies (2 estimates) from the USA
(21,42), 1 study (1 estimate) from Singapore (44).

Pooled estimates for SARS-CoV-2 prevalence are
summarized in Figure 2, 3 and 4.

Focusing on RT-qPCR based reports (Figure 2),
not only sample size (range 28 to 2085), but also re-
ported prevalence was quite heterogenous. Actually, it
ranged from 0 in an early study from Singapore, to
37.9% (44) in a study from Madrid (Spain)(40), with
a crude estimate of 1117 SARS-CoV-2 positive cases
out of 9051 sampled HCWs (12.3%) for prospective
studies, and 1015 positive cases out of 15983 samples
(6.4%, chi squared test p value < 0.001) for retrospec-
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Figure 1. The process of studies retrieval and inclusion adopted in the present systematic review and meta-analysis.

tive ones. However, reflecting the high heterogeneity
of retrieved studies (I> 98%, p < 0.01), the random ef-
fect model retrieved a pooled estimate of 3.0% (95%CI
0.8-10.1) for prospective studies, and 3.8% (95%ClI,
1.8-7.8) for retrospective ones, and summary estimate
of 3.5% (95%CI 1.8-6.6) (Figure 2).

Regarding POCT (Figure 3), only one prospec-
tive study was retrieved, with a reported prevalence
of 9 out of 606 samples (1.5%), while 3 further ret-
rospective studies reported a pooled raw prevalence
of 14.5% (chi squared test p value < 0.001), equals to
11.4% (95%CI 6.8-18.4) in the random effect model.
A summary pooled estimate of 6.5% (2.5-15.6) was
eventually calculated. Again, the heterogeneity was
substantial (I = 92%).

Eventually, 4 prospective and 3 retrospective stud-
ies based on serological tests were retrieved (Figure 4),
whose sample size ranged from 25 to 606 HCWs, with

a seroprevalence seemingly quite heterogenous (I 96%,
p < 0.01). Overall, 93 positive cases were retrieved out
of 1518 samples (6.1%) for prospective studies, and
136 SARS-CoV-2 positive cases out of 965 samples
for retrospective ones (14.1%, chi squared p value <
0.001), with pooled estimates of 7.0% (1.6-25.8) and
5.6% (1.3-21.2), respectively, and a summary pooled
estimate of 6.4% (95%CI 2.2-17.2).

Interestingly, in a meta-regression model, the
effect of the progressive calendar week on the resid-
ual heterogeneity Q was not statistically significant
(for RT-qPCR based studies, Q = 0.0028, p value =
0.9579; for serological based studies, Q = 0.7766, p
value = 0.3782; for POCT studies, Q = 0.1493, p value
=0.6992).

Eventually, a total of 8 studies (20, 21, 25, 26, 34,
37, 38, 44) included data that allowed a comparison
between the likelihood for SARS-CoV-2 infection
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Events per 100

Study SARS-CoV-2 pos. HCWs Sampled observations % 95% CI
Bai et al. 25/12 - 15/02 China 14 171 -0-— 8.2 [4.5 134]
Ran et al. undisclosed China 14 83 | —#— 16.9 [9.5; 26.7]
Wang et al. undisclosed - 01/03 China 120 5442 1 22 [1.8, 28]
—_—
Kabesch et al. 14/03 - 16/03 Germany 29 562 + 52 [35 7.3]
Schwierzeck et al. 05/03 - 09/03 Germany 7 28 —_— 250 [10.7; 44.9]
—_—
Comar et al. undisclosed Italy 1 524 02 [00; 1.1]
Durante-Mangoni et al. 13/03 - 16/03 ltaly 4 107 #— 3.7 [1.0; 93]
Lombardi et al. 24/02 - 31/03 ltaly 138 1573 8.8 [7.4; 10.3]
Tosato et al. undisclosed Italy 1 133 = 08 [00; 4.1]
Virgilio Paradiso et al. 26/03 - 17/04 Italy 1 606 1 02 [00; 09]
@
Hirotsu et al. 11/03 - 28/04 Japan 0 195 00 [00; 1.9]
Kluytmans-van den Bergh 07/03 - 12/03 Netherlands 86 1353 6.4 [51;, 7.8]
Reusken et al. 06/03 - 08/03 Netherlands 45 1097 4.1 [3.0; 55]
Sikkema et al. 02/03 - 12/03 Netherlands 96 1796 | 53 [4.4; &5]
Tostmann et al. 10/03 - 29/03 Netherlands 90 803 : #= 11.2 [9.1; 13.6)
<
Htet et al. 23/01 - 23/03 Singapore 0 1524 0.0 [0.0; 0.2]
Folgueira et al 01/03 - 03/29 Spain 79 2085 ] 37.9 [35.8; 40.1)
Garcia-Basteiro et al. 28/03 - 09/04 Spain 14 578 & 24 [1.3, 4.0]
Olalla et al. 15/04 - 24/04 Spain 2 498 1 04 [00; 14]
—_—
Hunter et al. 10/03 - 30/03 UK 240 1666 14.4 [12.8; 16.2]
Keeley et al. 16/03 - 29/03 UK 282 1533 ¢ L 18.4 [16.5; 20.4]
Rivett et al. 06/04 - 24/04 UK 57 1032 ! 55 [42; 7.1]
Shields et al. 25/04 - 26/04 UK 13 554 23 [1.3; 4.0]
Treibel et al. 23/03 - 01/04 UK 44 400 ;= 11.0 [8.1; 14.5]
Barrett et al. 24/03 - 07/04 USA 40 546 % 73 [53 98]
Heinzerling et al. 26/02 - 10/03 USA 3 145 = 21 [04; 59]
-
Random effects model 25034 <= 35 [1.8; 6.6]
[

T T T T 1
0 20 40 60 &0 100

Prevalence (%)

Heterogeneity: I = 99%, +* = 2.8584, p =0
Residual heterogeneity: i = 86%, p < 0.01

Figure 2. Forest plot for occurrence of SARS-CoV-2 infection among healthcare professionals, studies reporting data form RT-
gPCR tests broken down by reporting country. Pooled prevalence was 3.5% (95%CI 1.8-6.6), with significant heterogeneity among
retrieved studies (12 99%, p < 0.01).
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Figure 3. Forest plot for occurrence of SARS-CoV-2 infection among healthcare professionals, studies reporting data form serologi-
cal tests broken down by reporting country. Pooled prevalence was 5.5% (95%CI 2.1-14.1), with significant heterogeneity among
retrieved studies (12 97%, p < 0.01).
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Figure 4. Forest plot for occurrence of SARS-CoV-2 infection among healthcare professionals, studies reporting data from point-
of-care tests broken down by reporting country. Mean prevalence was 6.5% (95%CI 2.5-15.6), with significant heterogeneity among
retrieved studies (12 92%, p < 0.01).
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Figure 5. Odds Ratio (OR) for SARS-CoV-2 positive status in Physicians vs. Nurses, as assessed by RT-PCR (a) and serological
status (b). Note: as only one point-of-care test (i.e. Comar et al.) was eventually included, it was assessed alongside conventional

serological tests.

between physicians and nurse based on RT-qPCR as-
says, while 4 further studies (32,38,41,49) reported an-
tibody-based tests. More precisely, three of them were
based on serological assays, while a further study (32)
was based on POCT. Eventually, only antibody-based
test confirmed an increased risk for physicians to be
infected when compared to nurses (OR 1.436, 95%CI
1.026 to 2.008), with substantially no heterogeneity (I
- 0%, p = 0.460).

The presence of publication bias was evaluated
using funnel plots and regression test for funnel plot
asymmetry, separately for the laboratory assessment
of SARS-CoV-2 status of HCW. In funnel plots,
each point represents a separate study and asymmetri-
cal distribution indicates the presence of publication
bias. First, studies’ effect sizes were plotted against
their standard errors. The visual evaluation of the fun-
nel plot suggested a significant publication bias for all
sub-analyses (Figure 6, a to d), as the graphs appeared
slightly asymmetrical. On the contrary, after the re-
gression analysis, such subjective evidence from the

funnel plot was confirmed for studies based on RT-
qPCR (t = -3.3526, df = 24, p-value = 0.002648), and
for studies based on serology (t = -2.3591, df = 7, p-
value = 0.05041), while it was rejected for reports based
on point-of-care tests (t = -1.7229, df = 2, p-value =
0.227) (Figure 6, a to c). Similarly, when comparison
between occupational status (i.e. physicians vs. nurses)
was taken in account, regression analysis denied any
significant publication bias (i.e. t = -0.7664, df = 5, p-
value = 0.478 for RT-PCR studies, and t = -1.134, df =
2, p-value = 0.3744 for serological studies).

Discussion

Following the global spreading of SARS-CoV-2
infection, HCWs have accounted for a disproportion-
ally high share of total COVID-19 cases, with a simi-
larly high case fatality ratio (25,52). For instance, while
the overall proportion of HCWs in the Italian adult
population is estimated to be 1.87%, until March 30%,
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Figure 6. Funnel plot of studies dealing with SARS-CoV-2 occurrence in healthcare workers. Overall, available studies showed high
heterogeneity, that were eventually confirmed at regression test only for RT-qPCR (t = -3.3526, df = 24, p-value = 0.002648), while
no heterogeneity was reported for studies based on serology (t = -2.3591, df = 7, p-value = 0.05041) or point-of-care tests (t = -1.7229,
df = 2, p-value = 0.227). Focusing on comparisons between SARS-CoV-2 infection in Physicians vs. nurses, no significant asymmetry
was identified either at visual inspection or by regression analysis for RT-qPCR studies ( d), t = -0.7664, df = 5, p-value = 0.478), and
studies based on antibody assays ( e), t = -1.134, df = 2, p-value = 0.3744).

2020, 8956 cases out of 94312 total Italian cases were
HCWs (i.e. 9.49%) (53). Similarly, between March
1 and May 17%, 2020, a total of 19461 COVID-19
cases have been diagnosed among French healthcare
personnel, i.e. 13.6% of total notified cases (142903
cases) (54). However, as a large share of cases remains
asymptomatic, it is was initially presumed that such
figure may have been affected by a significant under-
reporting.

Nevertheless, our results suggest that the share
of HCWs who have actually contracted COVID-19
might be significantly lower than previously expected.
Despite a significant heterogeneity across retrieved
studies, our pooled estimates hint towards a point
prevalence of 3.5% (95%CI 1.8 — 6.6) for SARS-
CoV-2 RT-qPCR positive cases (i.e. active infections),
with a seroprevalence ranging from 6.5% (95%CI 2.5 -
15.6) as resumed from POCT assays, to 6.4% (95%CI

2.2 = 17.2) from serological tests. Moreover, our es-
timates point out a somewhat increased occurrence
of SARS-CoV-2 infection among physicians than in
nurses, even assessing the very same healthcare set-
tings (OR 1.436, 95%CI 1.026 to 2.008).

However, such estimates should be carefully as-
sessed for several reasons. First at all, available esti-
mates were strikingly heterogenous for study design,
including both perspective and retrospective assess-
ments, but also for their sampling strategy, as only a
few studies actually attempted to report all the work-
force (20,22,23,27,33,36,37,39,49), or at least a ran-
dom sample (41,43,50) of the index healthcare provid-
er. On the one hand, as based on voluntary participa-
tion, some studies included a sort of self-selected study
population (30,32,35,47), that potentially oversampled
HCWs with higher risk perception for COVID-19,
either resulting from better health literacy (with a pro-
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fessional behavior guided by presumptively stronger
precautionary and preventive measures) or from more
extensive interaction with actual cases. On the other
hand, some further reports preventively stratified the
HCWs to be tested for SARS-CoV-2 infection in risk
groups, and only higher risk or symptomatic workers
were ultimately tested (21,26,28,31,34), with possible
oversampling of positive cases, particularly for reports
that deliberately focused on HCWs who were actually
exposed to notified COVID-19 cases (25,40,42,51).

Second, even though the majority of reports were
prompted during the months of March and April
2020, they necessarily reflect the diachronic evolution
of the COVID-19 pandemic. As a consequence, our
meta-analysis included both estimates drawn at the
actual zenith of the epidemic (25,40,41), or from re-
gions that at the time of study were particularly in-
volved in the ongoing epidemics (24,28,34), as well as
reports from areas that were currently and/or tempo-
rarily spared from higher transmission of the pathogen
(36,44). Notwithstanding the seemly not significant
effect of the sampling time on the meta-regression
analysis, it should be stressed that RT-qPCR based
studies report an instant prevalence of the infection
among the sampled population: as a consequence, an-
ticipating or delaying the sampling, even in the very
same study population, may result in strikingly heter-
ogenous prevalence estimates.

Third, it is important to stress that both serologi-
cal (either chemiluminescence or ELISA based) and
POCT tests are far from being absolutely accurate
(8,16,18). Despite significant and continuous im-
provements, antibody-based assays are still affected by
inappropriate sensitivity. For instance, a recent meta-
analysis estimated a pooled sensitivity of 64.8%: as
the actual sensitivity of such tests depends also on the
prevalence of the estimated seropositive status in the
study population, being significantly impaired for low-
er estimates, eventual figures are of limited reliability
in estimating the actual prevalence of SARS-CoV-2
seropositivity. Moreover, even though a recent report
has apparently guaranteed that potentially neutraliz-
ing IgG levels may last much longer than previously
suspected (i.e. based on our understanding of other
members of the Coronavirus family)(55), and since
POCT seem substantially unaffected by actual IgG/

IgM concentration (18), it is possible that HCWs who
developed a proper but somewhat tenuous immune re-
sponse to the virus, as well as HCWs tested in the very
late phases of the infection (i.e. viral clearance), might
have an increased risk to be improperly diagnosed
as negative when compared to workers tested in the
proper “diagnostic open window” (55,56).

Notwithstanding the relative importance of our
results, some significant limitations should be advo-
cated. First and foremost, a significant share of sam-
pled studied were retrieved from a pre-print platform
(i.e. medrxiv.org), without a preventive peer-review.
Second, our meta-analysis was unable to systemati-
cally take in account the delay between the potential
exposure of HCWs to index cases and the testing.
As a consequence, it is possible that serological and
POCT testing underestimated the actual prevalence
of SARS-CoV-2 infection, having been employed in
an inappropriate timeframe. Then, we suggest that our
results should be regarded only cautiously. Third, our
assessment should be compared to the parent popula-
tion, and nearly all available epidemiological data are
significantly affected by different sampling strategy,
that have been otherwise advocated in order to explain,
at least partially, the strikingly different case fatality
ratio across highly developed regions of Western Eu-
rope (57,58).

Conclusions

Despite significant heterogeneity across studies
and geographical areas, the estimates for both point
prevalence for COVID-19 and seroprevalence of
SARS-CoV-2 were much lower than previously ex-
pected. However, given the limitations of the present
review, and statistically significant amount of hetero-
geneity among studies, further high-quality research in
the field is warranted.
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