
62 

Mohammadi Z, Tabarraei A, Ghorbani F, Khajeh A, Gholi Kami H, Shahabi S, Olsson U

J Health Sci Surveillance Sys January 2022; Vol 10; No 1

Recently Discovered Iranian Population 
of Rousettus leschenaultii (Chiroptera; 
Petropodidae), Highlighting the Essential  
Need for Taxonomic Expertise in Applied 
Medical Sciences

Zeinolabedin Mohammadi1, 
PhD; Alijan Tabarraei2, PhD; 
Fatemeh Ghorbani3, PhD; 

Asghar Khajeh4, PhD; Haji Gholi 
Kami2, PhD; Saeed Shahabi5, 
PhD; Urban Olsson6, 7, PhD

1Department of Microbiology, 
Faculty of Medicine, Golestan 

University of Medical Sciences, Iran
2Infectious Diseases Research 

Center, Golestan University of Medical 
Sciences, Gorgan, Iran

3Department of Biology, Faculty of 
Sciences, Golestan University, Gorgan, 

Iran
4Department of Animal Science, 

Faculty of Agriculture, Higher 
Educational Complex of Saravan, 

Saravan, Iran
5Department of Medical Entomology 
and Vector Control, School of Health, 

Shiraz University of Medical Sciences, 
Shiraz, Iran

6University of Gothenburg, Department 
of Biology and Environmental 
Sciences, Systematics and 

Biodiversity, Box 463, SE-405 30 
Göteborg, Sweden 

7Gothenburg Global Biodiversity 
Centre, Box 461, SE-405 30 Göteborg, 

Sweden

Correspondence: 
Alijan Tabarraei, PhD;

Infectious Diseases Research Center, 
Golestan University of Medical 

Sciences, Gorgan, Iran
Tel: +98 9112733321

Email: tabarraei@goums. ac. ir
Received: 26 October 2021
Revised: 28 November 2021

Accepted: 20 December 2021

Original article

 Abstract     
Background: Bats are potential reservoir hosts for vector-borne 
diseases that can transmit many bacterial and viral agents to 
humans. Fruit bats are considered reservoirs of many viruses 
and they are of major importance in the medical sciences for 
controlling and preventing vector-borne diseases. This study 
aimed to compare the morphological and genetic differences of 
two fruit bat species, Rousettus aegyptiacus and R. leschenaultii 
in Iran, implying anessential need for taxonomic expertise in 
applied medical sciences.
Methods: In this experimental study, we collected and identified 
26 specimens of bats belonging to two fruit bat species from the 
southeast of Iran. The morphological and genetic differences 
were characterized between recently recorded migratory fruit 
bat R. leschenaultii and the morphologically similar and resident 
R. aegyptiacus. The haplotype network was generated using 
the program POPART. The nucleotide variation and population 
differentiation were calculated in DNAsp. Furthermore, we 
considered additional records of 15 specimens from three 
widespread bat species in the north of Iran.
Results: Morphological characterization of two fruit bat 
species showed R. aegyptiacus is larger than R. leschenaultii 
in morphometric variables except tail length (TL) for both 
sexes. The demographic analyses revealed that all haplotypes 
of R. leschenaulti formed a single haplogroup in the species’ 
distributional range. In contrast, haplotypes of R. aegyptiacus 
were divided into five haplogroups respecting taxa/localities. The 
results represent a strong signature of population expansion for 
these two species of bats. 
Conclusion: Population of the fruit bats throughout their ranges 
in the Middle East may indicate an increased risk of the spread of 
viral agents over time. Therefore, precise identification of hosts 
and vectors in applied medical sciences is essential to conduct 
standard procedures. 
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Introduction

Taxonomic studies are sometimes an inevitable field 
of study in medical investigations (e.g., identification 
of vectors, reservoirs, and hosts) although identifying 
species in many cases is cumbersome and requires 
proficiency. Bats (order Chiroptera) are the second most 
species of mammals and have been considered vectors 
and reservoirs for many zoonotic diseases. Rousettus 
aegyptiacus and R. leschenaultii are two morphologically 
similar megabats in the family Petropodidae, which are 
considered the primary hosts for henipaviruses, and 
filoviruses, which cause fatal diseases in humans.1, 2

Egyptian fruit bat R. aegyptiacus is one of the 
most widespread bats in the southern part of Iran.3, 4  
The very recent discovery of R. leschenaultii in 
Chabahar, southeast Iran, by Khajeh et al.5 accentuates 
the importance of correct taxonomic assessments for 
accurate medical appraisals. This species appears 
to have been overlooked due to its similarity to R. 
aegyptiacus. Furthermore, unlike R. aegyptiacus, 
which is essentially non-migrant, R. leschenaultii is 
a migratory bat; therefore, it may increase concerns 
about the spread of infectious agents from the Indian 
sub-continent to the southeastern Iran.4, 6 Rousettus 
leschenaultii is also a reservoir of different viruses such 
as Betacoronavirus (including MERS-CoV, SARS-
CoV1, and SARS-CoV-2) and parainfluenza virus.7-10 
Detection of Chikungunya virus and Ebolavirus in R. 
leschenaultii11, 12 and spread of Chikungunya virus in 
2016 to 2017 throughout Pakistan13 and poor coverage 
of public health services in some parts of Pakistan and 
India, from where seropositive and suspected cases 
of infection to Ebolavirus were detected,14 increase 
the essential need for monitoring of R. leschenaultii 
and R. aegyptiacus populations in the southeast 
Iran by the health research services. Consequently, 
taxonomic studies are an integral component in 
medical investigations of the identification of vectors, 
reservoirs and hosts, although identifying wild species 
in many cases is a complicated process and needs 
proficiency.

The discovery of the migratory R. leschenaultii 
in Iran highlights the problem that satisfactory 
identification keys are not available for many taxa. 
Furthermore, in some cases, only certain forms of 
the species (males or females), or only certain age 
groups (larvae, juvenile, or adult), may be described in 
dichotomous identification keys. If such identification 
keys are created to cater for local demands, they may 
be based only on species that are already known to 
occur in the particular localities and would thus lack 
detection power for new species. Similarly, they would 
be unsatisfactory if used in other regions. Another 
potential problem is the character states described in 
dichotomous identification keys.

In many cases, these characters may have been 

selected by comparison with museum specimens and 
lack features that are only applicable to live specimens. 
Moreover, intra-species frequency in character states 
causes overlap between species in certain characters, 
making identifications more problematic in many 
cases. Additionally, taxonomy is a dynamic science 
and applying different species concepts, especially 
the phylogenetic approach for understanding the 
identity has caused many species to be revised 
in recent years. All these potential complications 
may result in species’ existence in a specific region 
remaining undetected. This event is an important 
caveat, as if hosts or vectors are misidentified or 
taxonomy is changed, so downstream research may 
be misled. For example, Trypanosoma grosi15 and the 
flea Leptopsylla taschenbergi taschenbergi16 were 
reported to be hosted by Apodemus sylvaticus sampled 
in Iran.17-19 However, due to taxonomic reassessment, 
A. sylvaticus is no longer considered part of the fauna 
of Iran, but instead A. witherbyi was mentioned in the 
checklist of mammlas from Iran.20-22 Therefore, either 
the range of the parasites or the identity of their host 
species might be misunderstood, demonstrating that 
updated taxonomic knowledge is essential for a better 
understanding of the biotic factors affecting human 
public health. 

Phylogenetic studies have rendered an effective 
diagnostic method for medical investigations and a 
reliable tool to cross-examine the relationship between 
hosts and infection agents. For example, Hassanin 
et al.23 investigated circulating hosts of ebolavirus 
applying comparative phylogeny and phylogeography 
of fruit bats in West Africa. The similarity between 
severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) to Bat/Yunnan/RaTG13 CoV has also 
been detected by phylogenetic studies.24 Nesi et al.25 
carried out a resolved phylogeny of the threatened Old 
World fruit bats applying coalescent-based methods.

Considering that R. leschenaultii migrates 
annually back and forth between Iran and India 
and also this species is a potential reservoir of 
several viruses, such as ebolavirus, coronaviruses, 
and flaviviruses, we assessed morphological and 
population genetic differences between this species 
and the morphologically similar R. aegyptiacus to 
provide diagnostic tools for future medical research. 
Furthermore, the hypothesis of the range expansion 
of these two species of fruit bats mentioned by 
Chen et al.26 and Stribna et al.27 was also examined 
to predict the long-term dynamic of bat-borne 
pathogens in response to climate change based on 
epidemiological triad. We also refer to genetic and 
morphological differences between these two species 
of megabats from Iran as they are a potential reservoir 
of the coronavirus. Moreover, we reported additional 
records of three species of bats, Pipistrellus kuhlii, 
Myotis blythii,and Rhinolophus hipposideros from 
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the north of Iran, considering their potential role 
in transmission of different viral agents to provide 
morphological information about some bat species 
for future medical research.

Methods

Sampling and Morphometric Measurements
41 individuals of the genera Rousettus (26 

specimens), Pipistrellus (4 specimens), Myotis (5 
specimens), and Rhinolophus (6 specimens) were 
collected using mist-nets during field trips from seven 
localities in Iran (Table 1 and Figure 1). The sex of the 
specimens was registered, and six external and two 
cranial measurements of the specimens were measured 
using a vernier caliper, accurate to the nearest 0.05 
mm. The abbreviations of morphometric variables 
are as follows: Head and body length (HBL to tail), 
Head and body length (BL to anus), Ear length (EL), 
Ear width (EW), Foot length (FL), Tail length (TL), 
Forearm length (FAL), the greatest length of the skull 
(GL), and Condylobasal length of the skull (CBL). 
A descriptive analysis was performed in R 3.5.2 (R 
Core Team28). The bat species were identified using 
morphological identification keys.29-31 Laboratory 

procedures were accomplished following the ethical 
protocols in the Ethics Committee on Animal 
Research, Golestan University of Medical Sciences 
(code: IR.GOUMS.REC.1399.072).

Demographic Analyses
To evaluate the potential risk of expansion of 

megabat populations and the zoonoses that serve as 
reservoirs, we used the dataset from our previous 
paper in Khajeh et al.5 consisting of 10 cytochrome 
b (cytb) sequences (Accession numbers: MW250906 
to MW250915) of the genus Rousettus together with 
the cytb dataset from GenBank (74 sequences). 
The 1098 base pairs (bp) of the cytb dataset and 84 
sequences were used for population genetic analyses. 
The unrooted median-joining haplotype network 
was generated using the program POPART ver. 1.732 
using equal weights for all mutations. The descriptive 
statistics of nucleotide variation and population 
differentiation, including numbers of haplotypes 
(H), haplotype diversity (h), and nucleotide diversity 
(p) were calculated in DNAsp 5.033 for each lineage. 
Fu’s Fs,34 Tajima’s D,35 and R236 were calculated in 
DNAsp using 1000 simulated replicates for each 
lineage to test significance and identify some of the 

Figure 1: The map shows the sampling points of the five bat species (Roussetus aegyptiacus (NO: 5 & 6 on map), R. leschenaultii (NO: 7), 
Myotis blythii (NO: 4), Rhinolophus hipposideros (NO: 1), and Pipistrellus kuhlii (NO: 2 & 3)). For details of the localities and numbers, 
see Table 1.

Table 1: Number of sampled individuals from Iran according to species and localities.
Locality NO. on map Species

R. aegyptiacus R. leschenaultii P. kuhlii M. blythii R. hipposideros 
Ghasr Ghand, Sistan & Baluchestan 6 16
Anbarabad, Kerman 5 6
Chabahar, Sistan & Baluchestan 7 4
Gorgan, Golestan 3 2
Sari, Mazandaran 2 2
Galikesh, Golestan 4 5
Masal, Guilan 1 6

n=22 n=4 n=4 n=5 n=6
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demographic evolutionary processes associated with 
genetic diversity.

Results

41 bats from seven localities in Iran were morphologically 
characterized, including Pteropodidae; R. aegyptiacus 
(22 specimens), and R. leschenaultii (4 specimens), 
Rhinolophidae: Rhinolophus hipposideros (6 specimens), 
and Vespertilionidae; Pipistrellus kuhlii (4 specimens) 
Myotis blythii (5 specimens). Besides, R. aegyptiacus 
and R. leschenaultii were genetically studied due to the 
cryptic diversity reported in southeast Iran. 

Morphological Identification
The most prominent characteristics of the family 

members Pteropodidae are dog-like head; absence of 
nose leaf, and simple ear pinna without tragus and 
anti-tragus. The genus Rousettus tail is longer than 10 
mm and separates wing membranes. This difference 

is the most obvious one between the genus Rousettus 
and other megabats distributed in the Middle East. 
Forearm longer than 75 mm (Table 2). Ears without 
any white margins. Rousettus leschenaultii is the 
new record from Iran as a reservoir of viruses from 
Chabahar, south of Sistan and Baluchestan province, 
where is sympatric with the other reservoir of the 
virus R. aegyptiacus. The forearm is shorter in R. 
leschenaultii compared to R. aegyptiacus (Table 2). 
The tips of the ears are conical and not attenuated, 
pollex and wings are shorter than those in R. 
aegyptiacus collected in Sistan and Baluchestan. The 
snout is well-haired, slender, and shorter than that in R. 
aegyptiacus. In general, R. aegyptiacus is larger than 
R. leschenaultii in morphometric variables except 
for both sexes’ tail length (TL) (Table 2). External 
measurements in R. aegyptiacusare FAL: 83-90 mm; 
TL: 14-20 mm; CBL: 36.9-40.4 mm whereas in R. 
leschenaultii are FAL: 75-86 mm; TL: 8-21 mm, and 
CBL: 33.5-37.7 mm (Table 2).

Table 2: The descriptive statistics including mean and standard deviation for six external and two cranial characters in five bat species 
from Iran. Parameters include Head and body length (HBL), Snout to anus length (BL), Ear length (EL), Foot length (FL), Tail length (TL), 
Forearm length (FAL), the greatest length of the skull (GL), Condylobasal length (CBL), and Number (n).
Species R. aegyptiacus (n=22) R. leschenaultii (n=4) P. kuhlii(n=4) M. blythii (n=5) R. hipposideros (n=6)
Sex Female 

(n=16)
Male 
(n=6)

Female 
(n=2)

Male 
(n=2)

Female
(n=1)

Male 
(n=3)

Male 
(n=5)

Female 
(n=5)

Male 
(n=1)

Character Mean±SD Mean±SD Mean±SD Mean±SD Mean Mean±SD Mean±SD Mean±SD Mean±SD
HBL 130.4±10.6 139.3±8.7 121.0±2.8 129.0±5.7 77.2 76.6±1.5 120±5.1 65.5±2.1 67.0
BL 118.9±8.4 131.3±7.9 113.5±6.4 116.5±2.1 45.0 44.7±3.0 69.2±2.3 41.5±2.1 42
EL 22.1±0.9 22.5±1.2 20.0±0.0 20.0±0.0 10 9.7±0.5 22.8±0.5 15±0 13
FL 39.8±2.8 40.7±3.6 37.0±1.4 38.0±1.4 5.5 6.2±0.8 10.6±0.9 7±0.0 7
TL 13.8±1.8 13.3±2.7 16.0±0.0 16.5±0.7 32 33.0±1 53.2±6.7 24±2.3 25
FAL 87.8±3.1 90.5±2.3 76.5±0.7 80.5±3.5 35 36.7±2.1 57.8±0.5 37.5±0.7 36
GL 40.3±0.9 40.9±0.5 36.1±0.6 37.6±0.4 14.12 - 22.74± - -
CBL 38.8±0.6 39.5±0.7 35.2±0.6 35.4±0.4 13.62 - 21.4± - -

Figure 2: Morphological characters of Rhinolophus hipposideros (a,b) and Myotis blythii(c,d).
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The Family Rhinolophidae is represented 
by a complex horseshoe-shaped nose leaf, and 
tragus is missing; however, the antitragal lobe is 
distinct (Figure 2a). The tail is enclosed within the 
interfemoral membrane and the triangular nose leaf 
consists of sella between the nostrils. Rhinolophid 
bats are characterized by pointed lancet raising near 
or above the forehead. The genus Rhinolophus nose 
leaf is complex and sella located above nostrils with 
a single triangular process (Figure 2a, b). The Lesser 
Horseshoe Bat Rh. hipposideros is the smallest 
horseshoe bat in Iran (mean value of forearm (FAL) is 
less than 43 mm, and condylobasal length (CBL) is less 
than 16 mm (Table 2). Sella lacks lateral basal lappets, 
and the tip of the connecting process is rounded and 
pointed more or less downwards (FAL: 35.9-40 mm).

The family Vespertilionidae in Iran is characterized 
by the absence of a nose leaf (Figure 2c). The muzzle 
has no dermal ridge. The tragus is present. Phalanges 
are reduced on the second digit of the wing and lack 
claws. The second phalanx of the third finger is only 
slightly longer than the first one. Vespertilionid bats 
have a well-developed interfemoral membrane by 

which the tail is completely enclosed (Figure 2c). In 
the genus Myotis, the mean value of the forearm is 
30–62.1 mm. It is 50.5–62.1 mm in M. blythii (Table 
2). The diagnostic character of the species is a long 
narrow tragus reaching half of the ear length (Figure 
2d). In Pipistrellus kuhlii, the last tail vertebrae 
projected 1-2 mm beyond the tail membrane, and the 
forearm is 30.3-37.1 mm (Table 2).

Genetic Comparison and Demographic Structure
Rousettus leschenaultii and R. aegyptiacus are 

sibling species and may be morphologically difficult 
to differentiate. The unrooted median-joining network 
based on cytb including 84 samples (10 samples this 
study+74 samples from GenBank) supported the 
identification of five haplogroups (A1 to A5) in the 
species range of R. aegyptiacus and one haplogroup in 
R. leschenaultii (Figure 3). Additionally, we detected 
higher levels of nucleotide diversity for R. aegyptiacus 
(0.024) compared to R. leschenaultii (0.008; Table 3).  
It is noteworthy that demographic statistics revealed 
a strong signature of population expansion of R. 
leschenaultii throughout its range, which can be 

Figure 3: (a) The mtDNA diversity (cyt b) for 84 individuals of the genus Rousettus (42 R. aegyptiacus and 42 R. leschenaultii) placed on 
an elevation map. The pie chart’s color and subdivision correspond to the lineages and number of haplotypes. (b) Median-joining haplotype 
network based on cyt b marker for R. aegyptiacus and R. leschenaultii. The size of the circle indicates the relative abundance of haplotype. 
Six lineages of the genus Rousettus are marked in different colors: R. aegyptiacus; Red: haplogroup A1, Yellow: haplogroup A2, Green: 
haplogroup A3, Purple:haplogroup A4, Turquoise: haplogroup A5, and Sky Blue: R. leschenaultii. See also Table 3 for related information.

Table 3: Genetic diversity of R. aegyptiacus and R. leschenaultii based on cyt b (84 individuals). Statistical parameters 
indicate the number of samples (N), number of haplotypes (nH), haplotype diversity (Hd±SD), nucleotide diversity 
(π±SD), singleton variable sites (S), number of variable sites (V), parsimony informative sites (P), Tajima’s D, Fu’s Fs, 
and R2 (Ramos-Onsin and Rozas’ statistic). Pvalues higher than 0.05 are in bold.
Taxa/Group N nH Hd π V S P Tajima’s D Fu’s Fs R2
Haplogroup A1 20 19 0.99±0.018 0.003±0.003 19 15 4 -1.90* -23.12*** 0.04***
Haplogroup A2 9 9 1.00±0.052 0.008±0.001 26 21 5 -1.48 -3.91* 0.08**
Haplogroup A3 4 4 1.00±0.17 0.012±0.004 21 20 1 -0.71 0.41 0.22
Haplogroup A4 5 5 1.00±0.12 0.004±0.001 8 7 1 -0.80 -1.51* 0.09**
Haplogroup A5 4 4 1.00± 0.17 0.003± 0.0005 5 5 0 -0.81 -2.00* 0.23
R. leschenaultii 42 36 0.99± 0.009 0.008±  0.0005 63 33 30 -1.78* -30.452 *** 0.05**
*P<0.05; **P<0.01; ***P<0.001
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inferred from highly significant Tajima’s D and Fu’s 
Fs (Table 3). The median-joining network within 
the Middle East samples of R. aegyptiacus implies 
colonization from a few refugia following extensive 
population bottleneck during severe conditions.

Discussion

Fruit bats’ phylogeny has been an interesting subject of 
investigation in recent years due to the role of megabats 
in the Ebola hemorrhagic fever (EHF) outbreak.23, 25, 27, 

37 Rousettus aegyptiacus and R. leschenaultii are two 
morphologically similar megabats included in the family 
Petropodidae. They were considered the primary hosts 
for some viruses which cause fatal diseases in humans. 
Morphological and molecular data showed unexpected 
diversity within fruit bats in south Iran. In this study, two 
species of megabats (the larger species R. aegyptiacus 
and the smaller one R. leschenaultii) were identified in 
Iran. Population genetic analyses revealed five lineages 
of R. aegyptiacus through its range, and the Iranian 
population of R. aegyptiacus clustered with the Middle 
East population. Our results also indicated that the 
population of R. leschenaultii shows no differentiation 
in the Indo-Himalayan and Indo-Chinese distributional 
range; however, there is a sampling gap regarding islands. 
Demographic analyses also revealed a strong signature 
of population expansion for Middle East population of 
R. aegyptiacus and R. leschenaultii from few refugia 
following extensive population bottleneck. The molecular 
signals of population expansion for R. aegyptiacus and R. 
leschenaultii throughout its range can be the consequence 
of climate change and raise more attention to these 
megabats in Iran as reservoir of different viral agents. In 
the recent decade, tropical fruits such as Jujube, guava, 
and papaya are part of the petropodid bats’ diet38-40 in 
Sistan and Baluchestan. They provided suitable habitat 
for fruit bats in southeast Iran. Migratory behavior of R. 
leschenaultii, which may imply the potential risk for viral 
agents spead with the establishment of new colonies of 
vectors into new invaded habitats should grab greater 
attention to the species.

Additionally, the other sympatric bat species 
and also potentially reservoir of coronavirus and 
other viral agents is R. aegyptiacus. This species 
has been shown to carry European bat lyssavirus 1, 
Orthonairoviruses (including Yogue virus (YOGV), 
Crimean-Congo Hemorrhagic Fever Virus (CCHF), 
and Kasokero orthonairovirus), Chikungunya virus, 
Paramyxovirus, Polyomavirus, Ebolavirus, and 
Poxvirus in different regions of the world.1, 2, 41-43 So, 
screening of these pathogens in different populations 
of megabats in southeast Iran is proposed.

Moreover, the results of this study, which is 
consistent with different recent studies, indicated 
that climate change and consequent global warming 
resulted in northward range shifts for many species. 

These climate-induced range shifts has also been 
predicted to be faster for volant species such as 
bats.44-47 These population expansion may also 
increase concerns about the spread of infectious 
agents from the Indian sub-continent to the southeast 
of Iran. Unlike R. aegyptiacus, which is essentially 
non-migrant, R. leschenaultii is a migratory bat.4, 6 
Detection of Ebolavirus in R. leschenaultii17 and poor 
coverage of public health services in some parts of 
Pakistan and India from where cases of Ebola fever 
were reported will increase the essential need for 
monitoring of R. leschenaultii and R. aegyptiacus 
populations in southeast Iran by the health research 
services. As a result, it can be dedicated that based 
on the epidemiological triad, which is relationships 
between pathogen, environment, and host.48 The range 
of related bat-borne pathogens can also be shifted in 
the future.

Recent studies on the bats mostly focused on the 
western parts of Iran.49-53 We presented here some new 
distribution records of bat species, especially fruit bats 
from eastern parts of Iran. However, the bats recorded 
in this study, including Rhinolophus hipposideros, 
Pipistrellus kuhlii, and Myotis blythii are the reservoir 
of some viral agents e.g., SARS-like coronavirus.54,55 
The Middle East Respiratory Syndrome Coronavirus 
(MERS CoV),42, 56 Rotavirus and Orthoreovirus,57 and 
Astrovirus (AstV) can harbor Lyssavirus, which causes 
rabies in humans.58 Furthermore, alteration in landuse 
and deforestation enhanced the probability of human-
bat interface in different places such as Hyrcanian 
forests in the north of Iran. It may increase the risk of 
spillover of zoonotic diseases. So, reporting these bat 
species close to humans may attract health authority’s 
attention to control and screen their possible viral 
infections. Eventually, precise identification of hosts 
and vectors in applied medical sciences is essential to 
conduct standard procedures. 

Conclusion

Haplotype network and demographic analyzes on the 
population of the genus Rousettus in Iran confirmed the 
presence of two separate evolutionary lineages, including 
R. aegyptiacus and R. leschenaultii in the country. Our 
results also indicated that the presence of populations 
of these two fruit bats in the region may occurred in 
response to climate change during Holocene. This 
climate-induced range shift can also result in northward 
alteration of the optimal range of pathogens hosted by 
these two species of bats. Moreover, the cultivation of 
tropical fruits in Sistan and Baluchestan provides suitable 
habitats for dense colonization of fruit bats and migratory 
behavior of R. leschenaultii will increase the essential 
need for monitoring and screening of related pathogens 
in R. leschenaultii and R. aegyptiacus populations in 
southeast Iran by the health research services.
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