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Abstract

Bats are important reservoirs of viral entities that cause diverse economical and health problems in several sectors.
The purpose of this study was to determine the prevalence of the rabies virus in vampire bats. We also tested for 3 other
zoonotic viruses in the collected tissue. We captured 45 vampire bats (Desmodus rotundus), which were measured and
sexed under standard parameters. We followed an RT-PCR reaction to amplify the viral products of four virus types:
chikungunya (CHIKV), dengue (DENV), rabies (RABV) and Zika virus (ZIKV) from cerebral tissue. We obtained an
amplicon of 100 bp for ZIKV in 2 samples, representing a prevalence of 4.4%. An amplicon of 581 bp for RABV was
observed in 9 individuals, which is equivalent to 20% of our sample. We obtained 4 different haplotypes for RABV and
a single haplotype for ZIKV. We did not record the presence of DENV and CHIKV. We corroborated the presence of
the family Rhabdoviridae in the vampire bat and recorded the presence of ZIKV for the first time in this bat species.
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Resumen

Los murci¢lagos son reservorios importantes de virus que pueden causar diversos problemas econémicos y

de salud en diferentes sectores. El proposito de este estudio fue determinar la prevalencia del virus de la rabia en

murciélagos vampiro. También se evalu6 la prevalencia de 3 virus zoonéticos més en el tejido recolectado. Se capturd

un total de 45 individuos, los cuales fueron medidos y sexados bajo parametros estandar. Se efectu6 la reaccion de RT-
PCR para amplificar los productos virales de 4 tipos de virus: chikungunya (CHIKV), dengue (DENV), rabia (RABV)
y Zika (ZIKV) de tejido cerebral. Se obtuvo un amplicon de 100 pb para ZIKV en 2 muestras, lo que representa una

prevalencia del 4.4%. Para el caso de RABV, se obtuvo un amplicon de 581 pb en 9 individuos, lo que equivale al

20% de la muestra. Se obtuvieron 4 haplotipos diferentes para RABV y un solo haplotipo para ZIKV. También se

evalud la presencia de virus del dengue (DENV) y virus de chikungunya (CHIKV), pero no se encontraron muestras

positivas. Se corroboro la presencia de la familia Rhabdoviridae en el murciélago vampiro y se registrd por primera

vez la presencia de ZIKV en Desmodus rotundus.

Palabras clave: Chikungunya; Dengue; Flaviviridae; Rabia; Rhabdoviridae; Murcié¢lago vampiro; Zika

Introduction

Understanding why bats are major reservoirs of zoonotic
viruses is an enduring objective in the field of virology. Co-
evolutionary theory covers the close relationship between
reservoirs/vectors and parasites; however, fine-scale
details regarding the processes of pathogen acquisition,
prevalence, host survival, and mechanisms of immunity are
usually overlooked in many of the reports that describe the
presence of viruses (Schountz, 2014). Detection of viruses
in bats dates back to the middle of the last century when
captured individuals were tested to establish prevalence.
Many of the initial publications on the subject were limited
to describing the recognition of a virus in a given species
of bat (Calisher, 2015). Most studies showed incidental
results regarding the detection of viruses without there
being a particular objective for this type of study in bats.
It was not until the 1980s that the field of virology began
to gain relevance and to use more modern methods for
virus detection (Calisher, 2015; Woo et al., 2006; Zhang et
al., 1989). Recently, the detection of viruses by molecular
methods has spread widely within the field. Current studies
show viral sequences detected in bats, but it should be
noted that these studies are reporting the nucleic acids of
viral sequences and not the isolated virus per se. These
viral sequences are only partial transcriptions of the viral
genome that can be detected as endovirus in the host DNA,
fragments, or complete viral genomes. Detection of these
genomes by molecular techniques allows recognition of
new pathogens in a host (Quan et al., 2013).

The wide diversity of viruses harbored by bats has
been revealed by their extensive surveillance in the wild
(Quan et al., 2013). These studies have determined a recent
list of virus-bat relationships with a total number of 12
distinct viral families associated with the bats (Calisher,
2015; Calisher et al., 2006). The hematophagous vampire

bat (Desmodus rotundus) is of great importance within the
Chiroptera order since it is considered a species of relevance
to public and veterinary health, particularly because of its
propensity to spread rabies in livestock. Rabies transmitted
by D. rotundus represents a risk to the health of cattle
and its importance has been recognized in Latin America,
where vampire bats are considered the main natural source
of infection and reservoir of the etiological agent (Nadin-
Davis & Loza, 2006; Velasco et al., 2006). The rabies virus
(RABV) belongs to Lyssavirus (family Rhabdoviridae)
and is transmitted via the saliva of infected animals
through bites. Given their hematophagous habits, vampire
bats usually cause serious epidemiological problems in
livestock, in addition to considerable economic losses
(Anderson et al., 2014). However, vampire bats can be
asymptomatic reservoirs of viruses or can be productively
infected with mortal consequences. In addition to rabies,
vampire bats can be reservoirs of other viruses of human
public health importance, such as some arbovirus belonging
to the families Flaviviridae and Togaviridae (Kading &
Schountz, 2016) that were included in this work (DENV,
ZIKV, and CHIKV). Some studies support the evidence
of infections in these bats; however, their relevance in the
infection cycle is still unknown, which makes them an
ideal ecological study model within the field of virology to
elucidate their role as a potential reservoir for the dispersal
of emerging viruses. Lack of studies on bat population in
arbovirus such as ZIKV and CHIKV in Mexico supports
the idea of carrying out new searches.

Viruses of the Flaviviridae and Togaviridae families
are arthropod-borne since they require a blood-sucking
arthropod to complete their cycle. It has been postulated
that these viruses evolved in Africa, but they are now widely
distributed across the tropical areas of the globe (Althouse
et al., 2018). Outbreaks of dengue in the Americas have
been reported since the 1800s, but more recent evaluations
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show that the disease is expanding its geographic area
and infecting more people, mainly related to the increase
in anthropogenic activities that cause alterations to the
environment (Hernandez-Aguilar et al., 2021; Petersen
& Marfin, 2005). Zika disease has presented very rapid
progress over recent decades, primarily in urban areas of
Central America. Factors that have the greatest influence
on the distribution of the vector within the aforementioned
areas are correlated with optimum temperature points
accompanied by ideal habitat conditions, which promote
the population growth of the mosquito with an increase
in the possible risk of disease transmission (Cunze et al.,
2019). Chikungunya was reported for the first time in
2013 in the Caribbean French Island of Saint Martin, and
has since spread to 45 countries of North, Central, and
South America, with consecutive outbreaks occurring
particularly in the rainy season. These countries have
dealt with this new regional emergency in different ways,
but the most effective measures for its management are
associated with vector density and control (Yactayo et
al., 2016). We selected these specific viruses because we
wanted to understand the possible participation of these
bats during the infection cycle, as a potential reservoir for
these diseases of importance to humans, since there has
been no evidence to date to positively support such a role.

To improve our knowledge regarding viruses of human
health concern present in vampire bats, we assessed the
prevalence of the viruses chikungunya (CHIKV), dengue
(DENV), rabies (RABV), and Zika (ZIKV) in the brain
tissue of the vampire bat. To fulfill our objective, we
utilized molecular tools that allow us to detect sequences
in brain tissues, but which do not necessarily indicate an
active infection with these viruses.

Materials and methods

Four field trips were conducted from mid-2016 to
mid-2017 in the Mexican states of Guanajuato, Puebla,
and Yucatan, where vampire bats were reported (Elizalde-
Arellano et al.,, 2010). We captured bats using mist
nets of 6 m in length, set for 4 consecutive nights at
the entrance of previously identified roosting sites for
vampire bats (i.e., Socavon Cave in Guanajuato and
Ejecayan Cave in Puebla). Hand nets were also used to
collect individuals roosting during the day within the
caves. Captured individuals were taxonomically identified
using professional field guides (Medellin et al., 2008).
These individuals were classified as adults when the wing
epiphyses were completely ossified, and as juveniles when
the joints were cartilaginous (Kunz, 1990), with standard
morphological measurements taken to corroborate this
classification. A spring scale (accurate to 0.1 g) was used

to measure body mass, and an electronic caliper (accurate
to 0.1 mm) was used to measure the total length and
forearm length. We followed the bioethical norms of the
American Society of Mammalogists, and the sampling
procedures followed the ethical recommendations included
in the Animal Care and Use Committee of the American
Society of Mammalogists (Sikes et al., 2016). Collection
permits were issued by the Secretaria de Medio Ambiente
y Recursos Naturales, Mexico (SGPA/DGVS/02291/16,
SGPA/DGVS/12772/17).

We performed cervical dislocation on each of the
captured specimens and the brain was extracted from
the skull and stored frozen in Eppendorf tubes with
RNA later buffer until subsequent transportation to the
laboratory. Each captured bat was handled individually,
and precautionary measures were taken to decontaminate
the extraction material by cleaning thoroughly with
alcohol and soap each time the processing of the animal
was finished. RNA from bat brains was extracted using
the Trizol protocol (Chomczynsli & Sacchi, 1987) with
0.2 g of brain tissue. The RNA was re-suspended in
H,O DEPC free of ribonuclease and stored at -70 °C.
The RNA integrity was determined by 1% agarose gel
electrophoresis stained with SYBR green® solution and
with TAE 1X. Concentration of total RNA was quantified
using a NanoDrop 2000 (Thermo Scientific TM Cat. No.
ND-2000). For each RT-PCR reaction, we used a final
concentration of 500 ng/ul of RNA.

Reverse Transcription-PCR (RT-PCR) endpoint
technique was used with specific primers for the 4
screened viruses (DENV, CHIKV, RABV, and ZIKV)
for amplification of the viral sequences, but a qPCR
(Quantitative Polymerase Chain Reaction) to quantify
viral expression was not used because we had no thermal
cycler with fluorescence sensors that could give absolute
quantification readings of the product. The PCR conditions
and primers used are detailed in the supplementary material
(Supplementary Material I: Table S1 to S5). The primers
for each of the chosen viruses were selected according to
their standard calibration use in medicine for diagnosis of
the infection. These sequences are from highly conserved
regions that allow an assertive diagnosis of the disease. The
One-step RT-PCR kit (QIAGEN, Cat. No. /ID: 210212)
was used to perform PCR amplification, according to the
manufacturer’s specifications. All PCR products were
visualized on 2% agarose gels stained with SYBR green®,
using TBE 1X as a buffer for 40 minutes at 80 volts. We
used a 50 bp ladder to assess the length of the amplified
fragment. Positive controls for DENV, CHIKV, RABV,
and ZIKV were obtained with the QIAamp Viral RNA kit
(QIAGEN, Cat. No. /ID: 52904) from optimized source
cultures isolated in the Virology and Immuno-Virology
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laboratory. RNA-free PCR was performed as a negative
control (Chien et al., 2006).

For detection of the rabies virus (RABV), a nested RT-
PCR was used to increase the sensitivity and specificity
of the amplification. This methodology was not applied
to the other viruses because the standardized method does
not detect nested PCR, according to the experience of
the staff working in the Virology and Immuno-Virology
laboratory of the university. A reaction was performed with
the external primers to amplify a more extensive region
of DNA, containing the target segment. The amplified
product was then used as a template for a second PCR with
internal primers to amplify a specific region containing the
rabies virus sequence (an amplicon of 581 bp).

Positive samples were sent for sequencing to
Macrogen, Inc. The obtained sequences were manually
edited and aligned with BioEdit bioinformatics software
(v 7.0.5). We queried sequences against the GenBank
database employing BLAST (Altschul et al., 1990). A
comparison between sequences was performed to detect
differences in the nucleotide bases and determine the
number of haplotypes present for each virus. We used
BioEdit to translate nucleotide sequences into amino acid
translations. We performed a posterior alignment among
genotypes to determine synonymous and non-synonymous
substitutions (Hall, 2001).

An evolutionary genotype network was obtained with
the Free Phylogenetic Network Software (v.5) (Forster,
2015). We inferred ancestral types, potentially derived
types, and evolutionary variants, as well as estimates
of the number of mutations that had to have occurred
to give rise to each genotype found. The network was
constructed using only results with more than 2 genotypes;
we completed the analysis with reference sequences from
other strains obtained from the NCBI (National Center for
Biotechnology Information - https://www.ncbi.nlm.nih.

Table 1

gov). We included GenBank sequences of the nucleoprotein
N coding fragment for the RABV since this was our target
fragment. However, only wildlife strains with this target
exon that had been reported for Mexico were consulted
in the database (Supplementary material II: Table S6).
Those specific sequences were used to construct the
genotype network (Fig. 3). The use of external genotypes
presupposed and inferred the origin and diversification of
our resulting strains circulating in Mexico.

Results

A total of 45 vampire bats were captured and sacrificed
to extract the brain from the skull. We captured 8 males and
3 females in Guanajuato, 27 males and 5 females in Puebla,
and 1 male and 1 female in Yucatan. All individuals were
captured during the rainy season in Central Mexico and all
of the captured individuals were adults and corroborated
with the size of morphological measures corresponding to
age and reported in the literature, whereas no juveniles were
present in the colonies at that time of the year (Greenhall
et al., 1983). A final amplicon of 581 bp was obtained in a
positive RT-PCR test for RABV (Fig. 1). Positive RABV
was found in 9 individuals (9/45 20% 95% CI 9-29): 7
adult males and 2 adult females. Eight positive detections
belonged to vampire bats caught at the Ejecayan cave in
Puebla, and 1 positive result came from the Socavon Cave
in Guanajuato. We distinguished 4 different genotypes
of rabies in the positive results (strains median vectors
(mv) A to D). Guanajuato presented only the occurrence
of genotype A, while Puebla exhibited all 4 described
genotypes (Fig. 2). Synonymous and non-synonymous
analyses are presented for each pairwise comparison
among RABYV genotypes (Table 1). Two non-synonymous
mutational changes were found at positions 33 and 52, and
3 synonymous mutations at positions 7 and 39.

Nucleotide position changes in the translation of amino acids for RABV. The synonymous changes are in bold, while the non-

synonymous have asterisc.

Position
Genotype 7 33 39 52

Nt AA Nt AA Nt AA Nt AA
A A Gln A Lys T Leu T Cys
B G Gln A Lys T Leu G Trp*
C G Gln A Lys A Leu T Cys
D G Gln G Arg* A Leu T Cys
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1500 bp=

500 bp

Figure 1. A 2% agarose gel with RABV amplicons from RT-PCR (581 bp). Lane 1 corresponds to the molecular weight marker (1 kb);
lanes 2 to 6 to the amplified products (brain samples, positive on lane 4); lane 7 is the positive control and lane 8 the negative control.

Figure 2. Genotype geographic distribution for RABV and ZIKV detected in 2 colonies of vampire bats of central Mexico. One
detected individual in Guanajuato with RABV presented genotype A. Five vampire bats from Puebla presented genotype A, and 3
had distinct genotypes (B, C, and D). We found 1 unique genotype for ZIKV in our collection site in Puebla.

We were able to infer the genotype network only  the same theoretical ancestor (Median Vector 9 = mv9).
with RABV sequences. The grouping of the strains is ~ We determined that genotypes B, C, and D came from
represented by different colors (Fig. 3). All variants of  the same hypothetical ancestor (mvl), which originated
RABYV included in the genotype network are derived from  from genotype A (HTA). The size of genotype A is
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Figure 3. Genotype network for rabies virus present in Mexico. We included all sequences obtained in this work plus the wildlife
strains that contained the same amplified fragment and reported for Mexico (downloaded from GenBank). Group A corresponds
to the genotypes found in the vampire bat (D. rotundus) of this work- HTA is the most common genotype found in our work and
hypothetical ancestor of the other genotypes (HTB, HTC and HTD). Group B corresponds to samples from the central north of
Mexico, group C from eastern Mexico, and group D from southwestern Mexico. Median vectors (mv) represent the putative ancestor

that gave rise to other rabies variants.

represented with a larger circle because of its abundance
in our findings. Each putative ancestor represents a strain
for which we have no sequence but is the only possible
strain to give rise to each variant (Fig. 3).

CHIKYV and DENV tested negative for all individuals
at all localities. ZIKV tested positive for 2 individuals of
Puebla (2/45 4.4%). A final amplicon of 100 bp is reported
for the first time in vampire bats. No nucleotide differences
were found among sequences of both individuals, which
were considered a single genotype.

Discussion

Similar numbers of mammals and birds harbor zoonotic
viruses (Mollentze & Stricker, 2020). Inconsistent results
regarding virus isolation in bats have resulted in an
overstated list of pathogens present in these animals.
However, as mentioned in several studies, it is necessary
to clarify whether these results refer to viral isolation (the
gold standard for identification), or a simple genomic
sequence detected by molecular analysis (Calisher, 2015).
Establishing whether only viral genomic sequences are
obtained, rather than identifying the complete virus, is
important to reduce the degree of error in identification,
since the gold standard protocol has a sensitivity of
100% in terms of identifying the disease, while partial

genomic sequences may be subject to a first mismatch.
These discrepancies between methodologies can foster
the negative reputation for the bats as virus reservoirs
and can lead to the implementation of governmental
actions that negatively impact bat populations. Detection
of a viral sequence in a bat does not necessarily imply
a viral infection cycle; some animals act as dead-end
hosts, and individuals may act as reservoirs or present an
asymptomatic form of the disease. There is a grey area
of information on the mechanisms of infection, forms of
dispersion, pathogenicity, and occurrence of diseases in
wild mammals that obscures the co-evolutive importance
of the relationship (Streicker et al., 2016). Rodents and bats
are the taxonomic groups that harbor the most zoonotic
viruses, and this seems a consequence of their diversity
and species richness (Johnson et al., 2020). Killing bats
or destroying their natural habitats may be more likely
to increase the occurrence of these viruses in humans,
and spread from bat reservoirs can occur even when
bats are asymptomatic (Johnson et al., 2020). Result is a
direct consequence of human actions towards nature (e.g.,
habitat destruction), although only a few cases of recorded
spillover have caused problems for humans.

Blood collection was not considered during our
sampling because initially we only intended to estimate
the seroprevalence of RABV in brain tissue; however, the
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seroprevalence of flavivirus in serum had been shown in
Neotropical bats (Machain-Williams et al., 2013). We took
the opportunity to test for other viruses in brain tissue,
even though it is not the most assertive material, based on
scientific evidence about how specific viral infections can
cause neurological complications, severe brain damage,
and the development of acute syndromes with ZIKV
(Zunk, 2017), CHIKV (Agarwal et al., 2017; Kumar et
al., 2019; van den Pol et al., 2017), and DENV (Calderon-
Peléez et al., 2019; Velandia-Romero et al., 2016).

Vampire bats have been recognized as a major
reservoir host for rabies and are a constant threat for rabies
transmission to livestock, which causes important losses and
economic impact. Vampire bat abundance and population
dynamics may have consequences in infectious disease
transmission; due to this population trend, monitoring their
populations should be a novel approach to mitigate rabies
risk transmitted by bats (Anderson et al., 2014; Gongalves
et al., 2021). We identified the prevalence of rabies virus
strains in vampire bats from 2 locations and included 3
members of other major viruses in our analysis because
the role of this bat as a potential virus reservoir could
be of great interest in terms of human health concerns
related to emerging diseases; however, more studies need
to be evaluated (Abundes-Gallegos et al., 2018; Fagre &
Kading, 2019). The importance of this study lies in the
use of molecular methods for the detection of viruses in
wildlife, in addition to a novel approach to the analysis
of the data.

Rabies is one of the most life-threatening diseases that
occur at the zoonotic level in both wildlife and urban
populations. Numerous incidents of rabies in human
populations, transmitted by a vampire bat bite, have been
documented (Cifuentes-Jiménez et al., 2017; Da Rosa et
al., 2006; Dato et al., 2016). Moreover, the cost associated
with the transmission of rabies to livestock is high in
terms of economic losses and necessitates continuous
vaccination campaigns, as well as the eradication of
neighboring vampire bat colonies (Anderson et al., 2014).
The pathogenesis of the disease has been addressed in
various ways for bats (Aguilar-Setien et al., 2002; Ellison
et al., 2013) but, in practical terms, many governmental
decisions are based on eradicating entire populations of
vampire bats with no prior research conducted to establish
the prevalence of the disease in these animals, and the
mitigating effect of these bat eradication programs in terms
of reducing RABV incidence remains to be adequately
studied. Culling adult vampire bats is not an effective
disease control measure, considering thatthe seroprevalence
in a colony of approximately 500 individuals is 20% and
is particularly high in juvenile individuals (Streicker et
al., 2012). In general, seroprevalence is often high in bat

colonies, but viral prevalence is low when measured in
individuals. Our finding of a high incidence of RABV
is exceptional compared with the usual findings in other
studies (Streicker et al., 2012). Then, we pointed to
maximum care in the treatment of the samples to avoid
cross-contamination.

The prevalence of rabies virus in vampire bats has
been documented, but poorly analyzed. Many papers
seek to demonstrate the seroprevalence of the virus in
the species and its spread throughout its geographic
distribution in Mexico (Johnson et al., 2014). Livestock
such as cows, pigs, horses, among others, represent an
important food source for vampire bats; it has even been
documented that their food preference is skewed towards
cattle over other potential wildlife resources (Johnson
et al., 2014; Stoner-Duncan et al., 2014). The demand
for non-native food resources by vampire bats is closely
related to changes in land-use, which beneficially alter
its foraging mechanism and promote greater spread of
rabies among livestock (Streicker & Allgeiger, 2016).
This epidemiological characteristic of transmitting rabies
to livestock makes it possible to consider vampire bats
as an important ecological vector, the dynamics of which
must be considered with great care to prevent the spread of
the disease while adequately managing their populations.

The differences in genotypic diversity found between
the 2 provinces in this study may be the result of the wide
distribution of the vampire bats in Mexico, combined with
the geographical distance that separates the 2 sites. The
results of the genotype network indicate that genotype
A is the most abundant, as well as being the common
ancestor for the rest of the derived genotypes, which
may be indicative of a successful genotype due to its
active persistence. The discovery of a series of variable
genotypes in a single locality suggests the occurrence
of more opportunities for the adaptability of genotypes
due to host and transmission routes (Zhang et al., 2003).
The comparisons between the sequences obtained from
GenBank and our genotypes showed dissimilarities due to
a few mutational changes but indicate the existing strains
of circulating rabies in Mexico that are affecting different
groups of mammals. The distinct groups of genotypes
shown in figure 3 show a certain degree of similarity
while presenting a few mutational steps between them,
reflecting recent evolutionary derivations. The genotypes
found for vampire bats in Mexico and reported in this
study increase the number of circulating strains by 36%
and complement those reported in GenBank (only for the
nucleoprotein N sequence). Non-synonymous mutations
can cause structural and functional changes in the protein
if the encoding of the amino acid acts to change its
functionality. We found 2 non-synonymous mutations in
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a RABV genotype but are unaware of the impact these
may have on the virus, considering it is merely a fragment
of the amplified protein.

In our results, the diversity of viral sequences was low
for ZIKV and null for CHIKV and DENV, considering the
neurotropism of these viruses, we evaluated brain tissue;
however, we did not evaluate other tissues that may be a
potential target of arboviral infections. ZIKV was isolated
for the first time in West Africa in the mid-1990s and found
more recently in Brazil in 2013 (Bueno et al., 2016). Few
studies have focused on the role of animals as hosts for
ZIKV, but several studies have reported ZIKV antibodies
in different mammalian species (e.g., primates, ungulates,
carnivores, rodents, and proboscideans; Bueno et al., 2016;
Chan et al.,, 2016). We reported for the first time the
occurrence of a DNA fragment of ZIKV in vampire bats;
however, the presence of positive individuals does not imply
a current zoonotic development and potential transmission,
thus further studies must be conducted to establish the true
potential in this regard. Positive sequences of ZIKV have
been identified in non-human Neotropical primates, and
laboratory experiments in marmosets showed sustained
viremia in treated animals (Terzian et al., 2018). A recent
expansion of the virus in Latin America and the infinite
possibility of hosts corresponding to wildlife could lead to
an increase in cases of this emerging disease (Moser et al.,
2018; Shaily & Upadhya, 2019).

The coevolution between ZIKV and its main vector,
Aedes aegypti, has been studied during the most recent
epidemics of this worldwide disease, but scientists have
no actual evidence to suggest that the mosquito feeds on
vampire bats (Anderson et al., 2016; Weissenbdck et al.,
2010). The outbreaks and their rapid expansion in Latin
America can be explained by a continuous infection of
other mammalian hosts, in addition to active infection of
the widely distributed vectors or reservoirs. It has been
proposed that a non-structural protein can more easily
facilitate the acquisition of ZIKV through the blood
consumed by the mosquito. In habitats where human
populations are scarce, mammals could become the main
hosts and could maintain ZIKV from season to season or
infect mosquito vectors. High mosquito abundance and
the presence of reservoirs pose a risk of new outbreaks
and reinfections, as well as a permanent prevalence of the
disease in risk areas (Malmlov et al., 2019; Noor & Ahmed,
2018). Experimental infections in bats with ZIKV showed
no viremia development in the manipulated animals and
epidemiological studies are therefore necessary to establish
the role of wildlife in the functionality of the disease (Fagre
& Kading, 2019).

Experimental infections with CHIKV in wildlife in
the USA produced no detectable viremia or overt clinical

disease in 9 avian and 12 mammalian species, aside from
the big brown bats (Eptesicus fuscus). These animals
belong to a distinct geographical area where the virus
was first detected, and the infection is considered a novel
disease. A major conclusion was no significant threat of
CHIKYV to the wildlife and a null contribution of the biota
to the natural transmission cycle of the virus (Bosco-
Lauth et al., 2016). In geographical areas where CHIKV
has evolved and caused numerous outbreaks, positive
serological samples were detected in simian primates,
but null results were found in other mammalian species
(Althouse et al., 2018; Higgs & Ziegler, 2010; Vourc'h et
al., 2014). CHIKYV is primarily maintained in Africa and
Asia via a zoonotic sylvatic cycle that relies on nonhuman
primates as reservoirs (Tsetsarkin et al., 2011).

Serological studies have suggested a sylvatic cycle of
DENYV in wildlife. Low proportions of DENV circulating
in wildlife have shown the low incidence of the disease in
these organisms, including circulating strains that differ
between those found in different groups of mammals and
those present in urban populations (Calderon et al., 2019;
Hernandez-Aguilar et al., 2021; Lavergne et al., 2009).
The strains of DENV that circulate in human populations
are highly infectious and present a poor immunological
response, while those detected in wild animals show low
seroprevalence (Pandit et al., 2018; Raut et al., 2019). In
our study none of the brain tissues sampled was positive
for DENV, with no clear relationship with the disease
and potential interspecific transmission. Experimental
infections with bats using DENV serotypes showed low
levels of viremia, or development of symptomatology
of the disease, with a lack of detection of viral RNA
in the organs via RT-PCR (Fagre & Kading, 2019).
Multiple experimental infections showed the same results,
confirming that replication of DENV in the host is null or
scarce, with a consequently low probability of constituting
a reservoir of the disease (Fabre & Kading, 2019).

However, viral arrangements of DENV have been
detected previously in vampire bat tissues of central
Mexico, and ectoparasites inherent to these bats have
presented Flaviviridae sequences (Abundes-Gallegos et
al., 2018). Seroprevalence analysis of DENV and PCR
showed no significant findings of disease or infection in
Neotropical bats associated with households, suggesting
an incidental form of the presence of DENV in these
mammals (Vicente-Santos et al., 2017). However,
laboratory-induced infections with bats showed tissue
damage and the development of symptoms associated with
dengue (Perea-Martinez et al., 2013).

Thereis muchuncertainty regarding how climate change
can affect the distribution, abundance, and prevalence of
many diseases, especially those of tropical origin, which
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could affect human populations in the area, whereas this
topic must be studied deeply to understand the real impact
of global warming (Colon-Gonzalez et al., 2013). In our
study, we analyzed the incidence of 4 emerging and human-
related diseases in vampire bats of 3 localities of Mexico, a
species that benefits from anthropogenic disturbances and
has the potential to increase its range of distribution by
adjusting to environmental changes (Piaggio et al., 2017;
Streicker et al., 2016). Our results show low numbers of
positivity at 25% for rabies, which coincides with other
prevalence studies (Escobar et al., 2015). The incidence
of ZIKV in vampire brain tissue is also reported for the
first time, which is a novel result in this study. Moreover,
we detected no incidence of 2 other tropical diseases. It is
clear that detection of diseases in wildlife is challenging,
but this type of research can further our understanding of
wildlife as a reservoir of viruses and its possible future
implications for both human health and the maintenance
of bat populations.
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