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SUMMARY
In recent years, and now especially with the arrival of the
Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2), there has been increased interest in understanding the role of bats in the dynamics of transmission
and origin of this pandemic agent. To date, no systematic
reviews have been published on this topic. This systematic review aimed to summarize and highlight the frequency of bat infections reported in currently available observational studies for coronavirus. The purpose of this
study was also to examine the differences between the
pool prevalence by technique and country. We performed
a systematic literature review with meta-analysis, using
three databases to assess coronavirus (CoV) infection in
bats and its diagnosis by serological and molecular tests.
We carried out random-effects model meta-analysis to calculate the pooled prevalence and 95% confidence interval
(95% CI). In all, 824 articles were retrieved (1960-2021).
After screening by abstract/title, 43 articles were selected
for full-text assessment. Of these, 33 were finally included

for qualitative and quantitative analyses. From the total of
studies, the pool prevalence by RT-PCR (n=14,295 bats)
for CoV was 9.8% (95% CI 8.7-10.9%); Italy reported the
highest pooled prevalence (44.9%, 95% CI 31.6-58.1%), followed by the Philippines (29.6%). Regarding the ELISA,
the pool prevalence for coronavirus from 15 studies, including 359 bats, was 30.2% (95% CI 14.7-45.6%). The results for coronaviruses with the MIF were significantly
lower, 2.6% (95% CI 1.5-3.7%). A considerable proportion
of infected bats tested positive, particularly by molecular
tests. This essential condition highlights the relevance of
bats and the need for future studies to detail their role as
potential reservoirs of SARS-CoV-2. In this meta-analysis,
bats were positive in almost 10% by RT-PCR, suggesting
their relevance and the need to understand their potential
participation in maintaining wild zoonotic transmission.
Keywords: Bats; coronavirus; SARS-CoV-2; systematic
review; meta-analysis.
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n INTRODUCTION

B

ats are recognized for being a potential reservoir of various pathogens due to their high
diversity and multiple cell types and receptors [1].
After humans and rodents, bats are the most abundant of mammals. They are essential for maintaining the environment, and their guano is used as
fertilizer and for diverse manufacturing. Depending on the species, their diet is based on insects,
small mammals, fish, blood, fruits and pollen.
Many viruses can be found in bats, but not all of
these viruses can be transmitted to humans. The
most common viruses leading to zoonosis are Nipah, Hendra, Ebola, and rabies, although other
hosts are primary and more relevant in transmission, e.g. dogs for rabies. Now Coronaviruses, due
to the Coronavirus Disease 2019 (COVID-19) pandemic, are under consideration as needed for research on the links with them [2-5].
The Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), the etiological agent of
COVID-19, is a relatively recent virus that first appeared in the Chinese seafood and animal markets
in Wuhan. Since then, it has caused more than 2.3
million deaths worldwide [6-8]. This new virus
was identified from bronchoalveolar lavage samples from patients with pneumonia in China [7,
9-11]. It was found to be part of the coronavirus
family, more specifically the betacoronavirus genus, related to SARS-CoV that caused the Severe
Acute Respiratory Syndrome (SARS) in Guangdong in 2002 and caused 774 deaths in 37 different
countries and Middle East Respiratory Syndrome
(MERS-CoV) that appeared in Saudi Arabia in
2012 and caused 858 deaths [12, 13].
Coronaviruses infect a wide range of animals such
as camels, rabbits, and mainly–apparently- several
different species of bats [14]. Current scientific evidence proposes that SARS-CoV-2 has a zoonotic
origin, and everything suggests to its natural reservoir being possibly bats [15]. It seems that its
incredible infectious ability is because it has a Receptor-Binding Domain (RBD) that binds with
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greater affinity to Angiotensin-Converting Enzyme 2 (ACE2) than SARS-CoV; this may shed
light on the animal-to-human transmission potential of SARS-CoV-2 [16].
In humans, this virus can present with a wide variety of presentations, from mild symptoms to severe pneumonia. It also causes an increase in morbidity and mortality rates and causes considerable
expenses in the health system [17, 18]. Due to deforestation, economic development, and climate
change, human interactions with these zoonotic
hosts are expected to increase. That is why knowledge of the natural and intermediate reservoirs of
the virus could help us to control and prevent related infectious diseases in humans, avoiding possible outbreaks [19].
It is essential to mention that still, as of April 2021,
there is a lack of data in the prevalence of SARSCoV-2 in animals. Some studies have focused on
the phylogenetic analyses of SARS-CoV-2 regarding animals, such as bats and pangolins [20-22].
Some case reports and small series of natural infection of SARS-CoV-2, especially in cats, have also been reported. A systematic review of SARSCoV-2 infection in animals and, in general, coronaviruses among bats is highly expected soon [23,24].
The aim of this systematic review was to summarize and highlight the frequency of bats infections
reported on currently available observational
studies for coronavirus. Also, this study aimed to
examine the differences between the pool prevalence by technique and country.
n MATERIAL AND METHODS
Protocol
This protocol follows the recommendations established by the PRISMA statement [25].
Eligibility criteria
We included published peer-reviewed articles that
reported infection in animals with serological or
molecular confirmation of Coronaviruses. We considered serological tests as Enzyme-Linked Immunosorbent Assay (ELISA) and the macrophage
Migration Inhibitory Factor test (MIF), and for
molecular-based testing, the Reverse Transcription Polymerase Chain Reaction (RT-PCR). The
article language limit was not set, and we included publications from January 1st, 1990, until the
date the search was finalized and completed (Feb-
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ruary 1st, 2021). Review articles, opinion articles,
and letters not presenting original data were excluded from the study, as were studies reporting
on cases with incomplete information.
Information sources and search strategy
We conducted a systematic review using Medline/PubMed, Scopus, and Web of Sciences. The
search terms used were as follows: “coronavirus,”
“bats”, “Chiroptera”. The searches were concluded by February 1st, 2021, and four different researchers independently evaluated the search results.
Study selection
Results of the initial search strategy were first
screened by title and abstract. The full texts of relevant articles were examined for inclusion and
exclusion criteria. When an article reported the
same information from the same patient, information from both reports was combined to obtain
complementary data, counting only as a single
case. Observational studies reported the frequency of animals infected due to any coronavirus included for quantitative synthesis (meta-analysis).
Data collection process and data items
Data extraction forms, including information on
the type of publication, publishing institution,
country, year and date of publication, and number
of infected animals assessed by serological or molecular tests, were filled independently by four
investigators. A fifth researcher checked the article
list and data extractions to ensure no duplicate articles or duplicate information of the same study
and resolved discrepancies about study inclusion.
Assessment of methodological quality and risk of bias
For quality assessment, we used the IHE’s Quality
Appraisal of Case Series Studies Checklist and the
critical appraisal tool to assess the quality of
cross-sectional studies (AXIS) [26, 27]. Publication
bias was assessed using a funnel plot. A random-effects model was used to calculate the
pooled prevalence and 95% CI, given variable degrees of data heterogeneity.
Statistical approach
Unit discordance for variables was resolved by
converting all units to a standard measurement for
that variable. Percentages and means ± standard

deviation (SDs) were calculated to describe the
distributions of categorical and continuous variables, respectively. Since individual patient information was not available for all patients, we report
weighted means and SDs. The baseline data were
analyzed using the Stata version 14.0, licensed for
Universidad Tecnológica de Pereira.
The meta-analyses were performed using Stata®
and the software Open Meta[Analyst] and Comprehensive Meta-Analysis ve.3.3® licensed for
Universidad Tecnológica de Pereira [28]. Pooled
prevalences and their 95% confidence intervals
(95% CIs) were used to summarize the weighted
effect size for each study grouping variable using
the binary random-effects model (the weighting
took into consideration the sample sizes of the individual studies), except for median age, where a
continuous random-effect model was applied
(DerSimonian-Laird procedure) [29, 30]. A random-effects meta-analysis model assumes that the
effects estimated in different studies are not identical but follow some distribution. For random-effects analyses, the pooled estimate and 95%CIs
refer to the centre of the pooled prevalence distribution but do not describe the width of the distribution. Often the pooled estimate and its 95%CI
are quoted in isolation as an alternative estimate of
the quantity evaluated in a fixed-effect meta-analysis, which is inappropriate. The 95%CI from a
random-effects meta-analysis describes uncertainty in the mean of systematically different prevalence in the different studies.
Measures of heterogeneity, including Cochran’s Q
statistic, the I2 index, and the tau-squared test,
were estimated and reported. We performed subgroup analyses using techniques, animals, countries, and meta-analyses for each of the variables
of interest. Publication bias was assessed using a
funnel plot. A random-effects model was used to
calculate the pooled prevalence and 95% CI, given
variable degrees of data heterogeneity.
n RESULTS
Study selection and characteristics
A total of 824 articles were retrieved using the
search strategy. After screening by abstract and title, 43 articles were finally selected for full-text assessment. Of these, ten were excluded due to lack
of information on molecular diagnosis, and 33
were finally included for the final qualitative and
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Figure 1 - Study selection and characteristics.
Figure 1 - Study selection
and characteristics.

quantitative meta-analysis (Figure 1). The main
characteristics of the included studies are shown
in Tables 1, 2 and 3.
Our review included 33 studies that were published between January 1st, 2002, and February 1st,

2021, most of them from China (34%), France (6%),
and Italy (6%), among others (Tables 1-3), including a total of 14,295 bats assessed by RT-PCR, 801
by MIF, and 359 by ELISA. All the studies were
cross-sectional (Tables 1-3).

Table 1 - Characteristics of the studies evaluating with MIF, Coronavirus in Chiroptera.
Number/
code
RSM-02

Title Study
Viral
Diversity of
Microbats
within the
South West
Botanical
Province
of Western
Australia

YearPublication
2019

YearsStudy

State or City
or Place

2016-2018 North of
Australia

Country

Study
Type

Family

Scientific Name

Australia Prevalence Vespertilionidae Chalinolobus gouldii

N

n(+)

%

66

2

3.03

Chalinolobus morio

59

4

6.78

Falsistrellus
mackenziei

7

0

0.00

Nyctophilus geoffroyi

26

0

0.00

Nyctophilus gouldi

67

7

10.45

Nyctophilus major

5

2

40.00

Scotorepens balstoni

2

0

0.00

Vespadelus baverstocki

1

0

0.00

9

6.00

Vespadelus regulus

150

Continue >>>
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>>> Continue
Number/
code
RSM-02

Title Study
Viral
Diversity of
Microbats
within the
South West
Botanical
Province
of Western
Australia

YearPublication

YearsStudy

2019

State or City
or Place

2016-2018 North of
Australia

Country

Study
Type

Family

Australia Prevalence Molossidae

Scientific Name

N

n(+)

%

Austronomus australis

11

1

9.09

Ozimops sp

1

0

0.00

68

2

2.94

Chalinolobus morio

60

1

1.67

Falsistrellus
mackenziei

7

0

0.00

Nyctophilus geoffroyi

27

0

0.00

Nyctophilus gouldi

70

0

0.00

Nyctophilus major

4

0

0.00

Scotorepens balstoni

2

0

0.00

Vespadelus baverstocki

1

0

0.00

Vespadelus regulus

155

4

2.58

Austronomus australis

11

0

0.00

Ozimops sp

1

0

0.00

Vespertilionidae Chalinolobus gouldii

Molossidae

Individual study characteristics
The number of included animals per study was 23
for RT-PCR, 11 for MIF, and 7 for ELISA, with positive rates ranging from 0 to 100%.

Serological findings
The results for coronaviruses with the MIF were
significantly lower, 2.6% (95%CI 1.5-3.7%) (Tables
1 and 3, and Figure 2). Regarding the ELISA, the

Table 2 - Characteristics of the studies evaluating with ELISA, Coronavirus in Chiroptera.
Code

Title Study

Year

State or City or
Place

Country

Scientific Name

N

n(+)

%

Pteropodidae

Rousettus leschenaulti

84

1

1.19

China

Pteropodidae

Rousettus leschenaulti

42

0

0.00

Publication

Study

2005

2004-2005

Nanning, Guangxi China

Family

RSM-11 Bats Are Natural
Reservoirs of
RSM-11 SARS-Like
Coronaviruses.
RSM-11

2005

2004-2005

Maoming,
Guangdong

2005

2004-2005

Maoming,
Guangdong

China

Pteropodidae

Cynopterus sphinx

17

0

0.00

RSM-11

2005

2004-2005

Yichang, Hubei

China

Rhinolophidae

Rhinolophus
ferrumequinum

4

0

0.00
71.43

RSM-11

2005

2004-2005

Yichang, Hubei

China

Rhinolophidae

Rhinolophus macrotis

7

5

RSM-11

2005

2004-2005

Yichang, Hubei

China

Vespertilionidae

Nyctalus plancyi

1

0

0.00

RSM-11

2005

2004-2005

Yichang, Hubei

China

Vespertilionidae

Miniopterus schreibersi

1

0

0.00

China

RSM-11

2005

2004-2005

Yichang, Hubei

RSM-11

2005

2004-2005

Nanning, Guangxi China

Vespertilionidae

Myotis altarium

1

0

0.00

Pteropodidae

Rousettus leschenaulti

58

1

1.72

RSM-11

2005

2004-2005

Nanning, Guangxi China

Rhinolophidae

Rhinolophus pearsoni

46

13

28.26

RSM-11

2005

2004-2005

Nanning, Guangxi China

Rhinolophidae

Rhinolophus pussilus

6

2

33.33

2016

2006-2009

Multiple
Vespertilionidae
country

Scotorepens spp.

24

24

100.00

Coronavirus
Infection and
Diversity in
RSM-25 Bats in the
Australasian
RSM-25 Region

2016

2006-2009

Multiple
Vespertilionidae
country

Scotophilus spp.

4

4

100.00

2016

2006-2009

Multiple
Vespertilionidae
country

Miniopterus australis

1

1

100.00

RSM-25

2016

2006-2009

Multiple
Megadermatidae
country

Macroderma gigas

63

1

1.59

RSM-25
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Table 3 - Meta-analysis outcomes (random-effects model)*.
Technique

Number of Studies

Pool Prevalence (%)

95%CI

n

Q†

I2 ‡

t2 §

p

ELISA

15

30.2

14.7-45.6

359

1183.54

98.82

0.072

<0.001

MIF

22

2.6

1.5-3.7

801

20.554

0.001

0.001

<0.001

RT-PCR

33

9.8

8.7-10.9

14,295

1755.99

88.49

0.003

<0.001

Countries
Italy

4

44.9

31.6-58.1

50

–

–

–

–

Philippines

1

29.6

22.9-36.3

179

–

–

–

–

China

21

28.1

23.0-33.1

4317

–

–

–

–

United Kingdom

8

23.5

7.9-39.1

112

–

–

–

–

* 95% CI = 95% confidence interval. † Cochran’s Q statistic for heterogeneity. ‡ I2 index for the degree of heterogeneity. § Tau-squared measure
of heterogeneity. ELISA, enzyme-linked immunosorbent assay; MIF, macrophage migration inhibitory factor test; RT-PCR, reverse transcriptionpolymerase chain reaction.

pool prevalence for coronavirus from 15 studies,
including 359 bats, was 30.2% (95%CI 14.7-45.6%)
(Tables 2 and 3 and Figure 2).
Molecular findings
Regarding the RT-PCR, the pool prevalence for
coronaviruses derived from 33 studies, includ-

ing 14,295 bats, was 9.8% (95%CI 8.7-10.9%)
(Figure 2).
Comparing the findings by countries, Italy report2
ed the highest pooled prevalence (44.9%, 95%CI
31.6-58.1%), followed by the Philippines (29.6%),
China (28.1%) and United Kingdom (23.5%),
among others (Table 3).

Figure 2 - Forrest plots for the ELISA (A), the MIF (B), and the RT-PCR (C).

Figure 2 - Forrest plots for the ELISA (A), the MIF (B), and the RT-PCR (C).
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n DISCUSSION
Over the last decades, the interest in studying the
infectious agents of bats has increased [31, 32].
Bats may harbour parasites, bacteria, fungi and
viruses [33-35]. In recent years, the interest in the
role of Chiroptera has been intense, especially after the SARS-CoV epidemic in 2002 in China and
the MERS-CoV epidemic in 2012 in Saudi Arabia
and other Middle East countries [36-42]. Now,
SARS-CoV-2 affects more than 140 million people
globally, with more than 3 million people dead as
a result (April 17th, 2021). Despite that, there is a
lack of systematic reviews about coronavirus in
Chiropterans [23, 43]. Perhaps, in this systematic
review, few studies (only 33) were included for the
final analysis since a large number of them were
classified as containing lack information on laboratory diagnosis. This point could be a reminder to
the publishers of medical and scientific journals to
be careful in demanding more complete and rigorous information from the authors of manuscripts
in this regard [44].
In the current systematic review, we found almost
one third of the assessed bats seropositive to coronaviruses, with nearly 10% having molecular detection of at least one coronavirus. Although even
the detection should be carefully interpreted, as
this does not necessarily mean that it is an infectious source or a reservoir, it does call on the need
for further studies to confirm the fundamental role
of these flying mammals in the natural cycles of
coronavirus diseases such as SARS, MERS and the
recently emerged SARS-CoV-2 [4, 8, 45]. Several
ongoing studies are trying to describe the real risk
posed by the zoonotic origin of the pandemic
SARS-CoV-2 causing the COVID-19 [31, 46-52].
Although SARS-CoV-2 originated in China, as has
been widely described, few efforts to study this
coronavirus in bats in other countries and continents have been employed to date after one year
of the pandemic. Nevertheless, some studies,
among those included in the current review, have
been made in other countries, including some in
Asia, such as the Philippines, or Europe, as is Italy
and United Kingdom. Bats are mammals widely
distributed globally, and the hypotheses that all of
them may harbour coronaviruses are entirely
plausible [31, 32]. Recently, transmission from humans to other animals has been detected, especially in different feline animals (cats, lions, tigers),

but can bats infect these animals in the wild ecotone settings [12, 13, 44]? That is a question remaining to be answered. Some experts are concerned that SARS-CoV-2/COVID-19 become endemic for multiple reasons, including the potential
animal reservoirs, as well as wild species, like
Chiroptera [53].
Indeed, more studies are required, especially from
some areas of the world, as is the case of Africa
and Latin America, where although significantly
affected by millions of cases, still have not developed a significant number of studies in the One
Health interphases of human, animal and environmental health in the context of coronaviruses such
as the SARS-CoV-2 [54-56]. In countries such as
Brazil and Mexico, with a vast jungle threated by
often anthropogenic wildfires, experts are concerned about the SARS-CoV-2, and other new
coronaviruses may emerge from wild animals [5762]. There is a consensus that the question is not
“if” novel zoonotic viruses will rise but “when”
[62]. More research in these areas is crucial for future epidemics or even pandemic by emerging
coronaviruses.
More studies, going deep into the wild cycles, bats
and other different animals involved, the ecoepidemiological conditions and the areas with high
risk for human interaction, are essential among all
these settings. Coronaviruses are present in bats
and require more assessments to define their real
role in human and animal diseases. As limitation,
the number of studies specifying the specific CoVs
investigated is limited and techniques not uniform
at all. Then, more studies are needed [63].
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