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The Phyllostomidae family is important among the bats found in Brazil, with several species
and diverse eating habits, and is the only one to have frugivorous representatives. These bats
can be found in urban and in wild life environments in search for the best reproductive and
feeding conditions. The versatility of environments can be associated with the incidence and/or
distribution of some diseases through pathogenic agents. The present paper has the purpose to
identify the oral and perianal microbiota and to detect the bacterial resistance of frugivorous
bats captured near communities inhabited by humans in the northwestern region of the state
of Parana. A total of 68 bats were captured, belonging to four species of the Phyllostomidae
family, namely Artibeus lituratus, Artibeus planirostris, Carollia perspicillata and Sturnira lillium,
originated from forest fragments in the micro region of Umuarama, state of Parana. A total of
64 isolates from oral bacteria and 39 from perianal region were submitted to identification.
They were later submitted to a susceptibility test to 22 human and veterinary antimicrobials.
The most prevalent bacteria were Escherichia coli 33.3% in the oral region, and 35.90% in the
perianal region, Enterobacter aerogenes 12.7% and 5.13%, Enterobacter agglomerans 7.9% and
10.25%, and Serratia liquefaciens 9.5% and 5.13% in the oral and perianal region respectively.
All bat species studied had resistant strains, with a few of them presenting multi-resistance
to antimicrobials. The species with the highest multi-resistance index to antimicrobials was
Carollia perspicillata, with three strains of the oral region resistant to 15 antimicrobials; it also
presented two strains in the perianal region, which were resistant to 13 and 10 antimicrobials
respectively. Based on the results found, it is possible to conclude that the oral and perianal
microbiota of bats is composed of several enterobacterial species resistant to one or several
antimicrobials used in human and veterinarian medicine. This is an issue and a future warning
for unique health, since high percentages of resistance were found against antimicrobials
broadly used, such as ampicillin, amoxicillin and amoxicillin+clavulonate.

INDEX TERMS: Bacterial resistance, bats, Phyllostomidae, frugivorous bats, gram-negative bacilli, wild
animals, bacterioses.
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Phyllostomidae e sua relacao com a satide tinica.] A familia
Phyllostomidae se destaca entre as familias de morcegos
encontrados no Brasil, com diversificadas espécies e habitos
alimentares, sendo a Unica a apresentar representantes
frugivoros, podendo ser encontrada tanto em meio urbano, como
de vida livre, em busca de melhores condi¢des reprodutivas
e alimentares. Essa versatilidade de ambientes pode estar
associada a incidéncia e/ou distribui¢cdo de determinadas
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doengas por agentes patogénicos. O presente trabalho objetivou
identificar a microbiota oral e perianal e detectar a resisténcia
bacteriana em morcegos frugivoros capturados préximos as
comunidades habitadas pelo homem na regido noroeste do
estado do Parand. Foram capturados 68 morcegos, de quatro
espécies da familia Phyllostomidae, sdo eles Artibeus lituratus,
Artibeus planirostris, Carollia perspicillata e Sturnira lillium,
oriundos de fragmentos de Mata da microrregido de Umuarama,
estado do Parana. Um total de 64 isolados de bactérias da regido
oral e 39 da regido perianal foram submetidos, identificacdo e
posteriormente teste de susceptibilidade a 22 antimicrobianos
de uso humano e veterinario. As bactérias mais prevalentes
foram Escherichia coli 33,3% na regido da boca e 35,90% na
regido perianal, Enterobacter aerogenes 12,7% e 5,13%,
Enterobacter agglomerans 7,9% e 10,25% e Serratia liquefaciens
9,5% e 5,13% na regido da boca e perianal, respectivamente.
Todas as espécies de morcegos estudadas apresentaram
cepas que foram resistentes, e algumas multirresisténcia aos
antimicrobianos. A espécie que apresentou maior indice de
multirresisténcia aos antimicrobianos foi Carollia perspicillata,
com trés cepas na regido oral resistente a 15 antimicrobianos,
e duas na perianal, com resisténciaa 13 e 10 antimicrobianos
respectivamente. Baseados nos resultados encontrados, é
possivel concluir que a microbiota oral e perianal de morcegos,
é composta por diversas espécies de enterobactérias, resistentes
a um, ou varios antimicrobianos utilizados na medicina
humana e veterindria, tornando-se um problema, e um alerta
futuro para a satude tnica, uma vez que foram encontrados
elevados percentuais de resisténcia contra antimicrobianos
utilizados em larga escala tais como ampicilina, amoxicilina
e amoxicilina+clavulonato.

TERMOS DE INDEXACAO: Resisténcia bacteriana, morcegos,
Phyllostomidae, animais selvagens, bacilos Gram-negativos,
filostomideos, morcegos frugivoros, bacterioses.

INTRODUCTION

Bats are mammals belonging to the order Chiroptera, one of the
most diversified groups in the class Mammalia regarding the
number of species. Chiroptera is one of the orders presenting
the most peculiar characteristics among mammals, being the
only ones presenting structures that allow true flight, as well
as an advanced echolocation.

The group is formed by 18 families, 202 genera and
1,120 species, representing 25% of the mammals registered
and identified to world. In Brazil, there are nine families,
represented by 65 genera and 175 species (Miretzki 2003,
Jones et al. 2005, Simmons 2005, Reis et al. 2013).

The Brazilian bat families are present in the entire country,
with the Phyllostomidae family being the only one with
frugivorous representatives in the Neotropical region, with
56 genera grouped into 11 subfamilies, broadly distributed
throughout all regions in the country, including urban areas
(Baker et al. 2003, Peracchi et al. 2006).

Among all eating habits described for Chiroptera, the
Phyllostomidae family has the most diversified one, with not
only piscivorous habit described (Gregorin & Taddei 2002,
Reis et al. 2013).

The Stenodermatinae subfamily holds the largest group, with
67 species from the 191 ones described for the Phyllostomidae
family. From the 17 genera known within that subfamily, 12 can
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be found in Brazil, accumulating to a total of 33 species. It can
be morphologically characterized by the amplitude of the
forearm, which ranges from 25mm in Ametrida up to 75mm
in large Artibeus, with the Artibeus and the Sturnira genera
being the most frequent ones in this subfamily (Miretzki 2003,
Horténcio-Filho etal. 2005). They usually present clear facial
lists, which are evident in some species and weak or even
absent in others. Another characteristic is a medial clear list
over the body in some species, with nasal leaf, tail with short
or even absent uropatagium (Simmons 2005, Zértea 2007).

In the Carolliinae subfamily, two genera and nine species
are found; in Brazil two genera are described with seven
species (Simmons 2005, Horténcio-Filho et al. 2007).

The bats in these subfamilies are predominantly frugivorous,
and a few of them complete their diet with floral resources,
small arthropods and even leaves. The preference for fruits
and the increase of anthropic activities make them seek new
sources of food or new foraging areas, forcing them to move
in search of energetic resources. This plays an important role
in the recovery of forests affected by human activity (Zértea
2007). On the other hand, they can be associated with the
incidence and/or distribution of certain variants caused by
pathogenic agents, as well as transporting several ectoparasites
that cause diseases. The pathogens that have bats as reservoir
use their flight skills as a means of dispersal and acquisition
of new niches (Friggens & Beier 2010, Tompkins etal. 2011).

According to Passos et al. (2003), the fact that bats are
found in urban and rural areas is related to the food availability,
which influences the permanence of bats in a certain area and,
consequently, when there is a lack of food, they can move to
other regions (Gregorin & Taddei 2002).

The oral microbiota in animals and humans consistin alarge
diversity of fungi and bacteria, as well as the gastrointestinal
microbiota. The intestinal microbiota requires special attention
due to its variety of microorganisms since it is a region subject
to great exposure and there are several sources of bacteria
originated from food, water, soil and other animals which have
narrow symbiotic relationship in their natural environment
(Wells et al. 2014, von Wintersdorff et al. 2014). In many
animals, the oral microbiota is composed by species from
the intestinal microbiota, depending on the hygiene, eating
habits and social interaction of such species. However, external
factors might change this microbiota (Martins et al. 2013).

The Enterobacteriaceae family is composed by a broad
range of genera of both human and veterinarian clinical
interest (Trabulsi & Alterthum 2004). This microbiota is
defined as gram-negative bacilli, which are characterized by
laboratory growth in MacConkey agar, since they are tolerant
to the inhibition of biliary salts present in the formulation of
this medium (Quinn et al. 2007).

Resistance to antimicrobials is a threat to unique health
in the whole world, since it limits the options of clinical
treatment against bacterial infections (von Wintersdorff et al.
2014). The indiscriminate use of antimicrobials in animals
has become a concern of many scholars (van Den Bogaard &
Stobberingh 2000, Normanno et al. 2007) due to the increase
in the frequency of reports of bacterial resistance to these
medications, both in humans and in other animals.

In the environment, risks are also imminent. Wild animals
that are not directly in contact with these microorganisms
have been contaminated by air or by earth, resulting in the
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dissemination of resistance to these bacteria that are usually
found in urban areas (Mateu & Martin 2001).

Antimicrobials are usually used in pets aiming at their
protection and well-being, as prophylaxis of diseases and
also as a performance improver, as well as several other
justifications for the use of these drugs, which become vital
and difficult to be substituted if there is no viable alternative
(Ungemach et al. 2006, Mion et al. 2014).

Bats, with their flight capacity, present easy displacement
and can migrate from one region to another, allowing them
to be more easily exposed to antimicrobials, increasing the
risk of developing, changing or acquiring a new microbiota.
The bacteria transmitted by bats are a public health issue
thatis even more difficult to be eradicated and/or controlled
(Perkins et al. 2005, Omatsu et al. 2007).

With the reduction of the natural habitats of wild animals
caused by the increase of anthropic activities, there was an
approximation of these animals to the human beings, enabling
an easier transmission of bacteria of zoonotic interest,
and consequent increase in the virulence power of these
microorganisms (Santos et al. 2010).

The study of wildlife inhabiting regions near communities
of humans has been object of great interest. Therefore, the
purpose of this study was to identify the oral and perianal
microbiota and detect the bacterial resistance in frugivorous
bats captured in the micro region of Umuarama, in northwestern
Parana state.

MATERIALS AND METHODS

Description of study areas. The study area is located in the
northwestern region of the state of Parana, at 613 km from Curitiba,
the physiographic region known as Ivai, latitude 23°47°55”S and
longitude 53°18°48”W. They are situated at the tropical pluvial zone,
presenting mesothermal humid subtropical, rainy weather, warm
temperate, with rare night frosts. The average temperatures in the
warmest months (September-March) is higher than 22°C, and on
the coldest months (April-August) it is lower than 18°C, with hot
summers, very few frosts and a tendency of rain concentrated in
the summer months, but with no dry season defined (Iapar 2015).

The study was performed in three fragments of Atlantic Forest
of the geographic micro region of Umuarama (Ipardes 2012). It was
approved by the Ethics Committee in Research Involving Animal
Experimentation (CEPEEA) at Universidade Paranaense, protocol
27844/2015 and authorized by Instituto Chico Mendes de Conservagio
da Biodiversidade, ICMBio (SISBio 33.732-1).

They were named as fragment I, I and III according to their
areas, from the smallest to the largest, each one being near the
double of each other:

FragmentI: located at 7.3 km northeast of the city of Umuarama,
with an area of 36.7 ha, between the coordinates 23°42’15”S and
53°14’43"W.

FragmentI: located at 7.5 km northeast of the city of Umuarama,
with an area of 65.1 ha, between the coordinates 23°42’24”S and
53°13’17"W.

Fragment III: 13.9-km far from the city, also in the northeast
region, with an area of 230 ha, between the coordinates 23°41'56”S
and 53°23’55"W.

The surroundings of fragments I and II are basically grazing
areas, and fragment III has citrus crops, mainly orange.

Capture of animals. The capture of bats had an average
duration of 12 hours, starting right after sunset and finishing at

dawn. Two mist nets measuring nine meters long and three meters
wide were used, assembled in trails inside the forest, checked
every 15 minutes. The sampling points were established according
to the most appropriate locations to assemble the nets, which are
the same locations that present the activity of animal foraging.

After the capture, the animals were stored in cotton bags in
order to reduce their stress, and after their escape movements were
reduced, all animals were identified with the aid of identification
keys Vizotto & Taddei (1973), Greenhall et al. (1983), Gregorin &
Taddei (2002), Lim et al. (2004), Simmons (2005), Barquez & Diaz
(2009) and Reis et al. (2013).

Right after the capture, an identification form was filled out
for each animal, containing data related to the location and time
of capture, which helped in the use of the identification key. After
identification and the collection of samples, the animals were released
at the same location that they had been captured.

Collection of biological samples. The materials were forwarded
under refrigeration in isothermal container to the Laboratory of
Preventive Veterinary Medicine and Public Health at the Master
Degree in Animal Science at Universidade Paranaense (UNIPAR)
for later processing of laboratory techniques and analysis of data.

Sterile GS-03-Metal Rod swabs were used for the perianal and
oral region. Circular and pressure movements were performed on
the perianal region; for the oral region, the swab was inserted in
the animal mouth and circular and rotating movements were made
on the gums and tongue. Both swabs were inserted in test tubes
with threaded lids containing Brain Heart Infusion (BHI) medium
for later processing.

Laboratory techniques. A total of 64 isolates from oral bacteria
and 39 from perianal region were submitted to identification.
They were later submitted to a susceptibility test to 22 human and
veterinary antimicrobials.

The samples were kept in microbiological oven for 48 hours at
37°C. For conservation purposes, all samples were replicated in BHI
medium with glycerol 80% and then stored at -20°C.

The cultures obtained were replicated by striation in plates
containing MacConkey agar and kept in microbiological oven at 37°C
for 24 hours for the isolation of pure colonies.

The biochemical identification of bacteria belonging to the
Enterobacteriaceae family was performed by using the enterobacterial
commercial kit from Newprov®, following the manufacturer’s
recommendations. The identification of the bacterial species was
performed according to Quinn etal. (2007), evaluated the following
parameters: dehydration of L-Tryptophan or Tryptophan deaminase,
production of hydrogen sulphide gas (H,S), glucose fermentation,
production of gas from glucose, decarboxylation of L-Lysine, production
of Indol, decarboxylation of Ornithine, motility, citrate use as the
sole source of carbon and fermentation of Rhamnose. The bacterial
identified were submitted to the antimicrobial susceptibility test
using the disk-agar diffusion method following the parameters
from the Clinical and Laboratory Standards Institute - CLSI (2013)
for the following antimicrobials: ertapenem (ERT-10pg); nalidixic
acid (NAL-30pg); ciprofloxacin (CIP-5ug); sulfazotrim (SUT-25ug);
amikacin (AMI-30pg); gentamicin (GEN-10mg); ceftiofur (CTF-30ug);
meropenem (MPM-10mg); imipenem (IPM-10mg); tetracycline
(TET-30pg); ampicillin (AMP-10mg); amoxicillin (AMO-10mg);
cefepime (COM-30png); tobramycin (TOB-10mg); ceftazidime
(CAZ-30ug); enrofloxacin (ENO-5pg); aztreonam (ATM-30pg);
amoxicillin + clavulanic acid (AMC-30ug); ceftriaxone (CRO-30pg);
chloramphenicol (CLO-30pg); cefotaxime (CTX-30ug); cefotaxitine
(CFO-30pg).
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RESULTS AND DISCUSSION

During the collection period, a total of 68 bats were captured,
all belonging to the Phyllostomidae family, divided into four
species Carollia perspicillata (C. perspicillata = 37-54.4%),
Sturnira lillium (S. lillium = 9-13.2%), Artibeus lituratus
(A. lituratus = 14-20.6%) and Artibeus planirostris
(A. planirostris = 8-11.8%) (Table 1). The phyllostomid are
endemic of the Neotropical region, and are predominant in
the bat communities (Koopman 1993). Bianconi etal. (2004)
studying the diversity of bats in the northwestern region of
Parana, emphasizes the predominance of this family of bats,
both in number and in the wealth of species, mainly by their
eating versatility, since many times these animals need to
leave the remaining forest regions to seek food in orchards
cultivated for commercial purposes or for family consumption
(Passos et al. 2003). The absence of capturing other bat
families is possibly due to the selectivity of the position of
the mist net, since this method favors the capturing of bats
that use the sub-forest to move around (Bianconi et al. 2004,
Straube & Bianconi 2014).

Bats of the genus Artibeus were captured in the three
collection areas, predominantly in area I (Table 1). This area
is the smallest of the areas studies, favoring the permanence
of this genus, which has the characteristic of low fidelity to the
permanence area, presenting the habit of moving over long
distances, mainly for foraging (Costa et al. 2006, Esbérard et al.
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2011). Itis also important to emphasize that this area is the
nearest to the city, favoring the search for food in urban areas
as a complement to their diets.

The species C. perspicillata was captured in the greatest
number in area I (Table 1), the same happening with S. lillium.
There two genera are the most faithful to the foraging area
(Costa et al. 2006), mainly when there is dominance of
pioneering species, such as piperaceas, which are common
in subtropical forests (Reis et al. 2006).

Regarding the bacterial isolation, a total of 55 isolates were
detected in the oral region and 32 isolates in the perianal
region in the four species studied (Table 2 and 3). There was
no bacterial growth in 25 (36.77%) samples from the oral
region and 39 (57.35%) from the perianal region with the
methodology employed for gram-negative bacilli.

The absence of bacterial growth is also described by
Nascimento et al. (2003) in their work on birds from the
Atlantic rainforest in Brazil, reporting that unfavorable results
might occur due to death and consequent decrease of bacteria
during the storage in field or even during transportation.
However, there was no commitment of the data in this paper.

Regarding the bacterial population described and the
resistance of these bacteria to the antimicrobials tested, the
results presented are related to a small number of frugivorous
bats. However, they are of great relevance, since data related
to the microbiota of these animals are still nonexistent in

Table 1. Frugivorous bats species captured in the three study areas in the micro-region of Umuarama, Northeast Parana, 2015

Number of individuals per area

Collection points - -
Artibeus lituratus

Artibeus planirostris

Carollia perspicillata Sturnira lillium

I 12
II 1
111 1
TOTAL 14

8 1 1
- 30 5
- 6 3
8 37 9

Table 2. Bacteria isolated from swab samples in the oral region of frugivorous bats from the Phyllostomidae family
originated from forest fragments in the micro-region of Umuarama, Northeast Parana, 2015

Species of bats, samples of the oral region

Isolated strains Artibeus lituratus Artibeus planirostris ~ Carollia perspicillata Sf;;;z;;a
n=14 n=8 n =37 n=9 (%) Total
c=13 c=8 c=17 c=5
Enterobacter aerogenes 6 (25.00%) 0 1 (6.67%) 1(16.67%) 8 (14.60%)
Enterobacter agglomerans 0 0 4 (26.67%) 1(16.67%) 5(9.09%)
Enterobacter cloacae 0 2 (20.00%) 1 (6.67%) 0 3 (5.45%)
Erwinia herbicola 1 (4.17%) 0 2 (13.33%) 0 3 (5.45%)
Escherichia coli 11 (45.83%) 5(50.00%) 2 (13.33%) 3 (50.00%) 21 (38.19%)
Kluyvera spp. 0 1 (10.00%) 0 0 1(1.81%)
Koserella trabulsii 2 (8.33%) 0 0 0 2 (3.63%)
Morganella morganii 0 1(10.00%) 0 0 1(1.81%)
Proteus mirabilis 1(4.17%) 0 2 (13.33%) 0 3 (5.45%)
Serratia liquefaciens 2(8.33%) 1(10.00%) 2 (13.33%) 1(16.67%) 6 (10.90%)
Serratia rubidae 1(4.17%) 0 0 0 1(1.81%)
Shigella spp. 0 0 1 (6.67%) 0 1(1.81%)

Total strains 24 (100%) 10 (100%)

15 (100%) 6 (100%) 55 (100%)

n = number of individuals, ¢ = number of samples showing growth for gram-negative bacteria.
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Table 3. Bacteria isolated from swab samples in the perianal region of frugivorous bats from the Phyllostomidae family
originated from forest fragments in the micro-region of Umuarama, Northeast Parana, 2015

Species of bats, samples of the perianal region

Isolated strains Artibeus lituratus Artibeus planirostris ~ Carollia perspicillata Sf;;;z;;a
n=14 n=8 n=37 (%) Total
n=9
c=10 c=7 c=6
c=6
Enterobacter aerogenes 1 (6.67%) 1 (14.29%) 0 0 2 (6.26%)
Enterobacter agglomerans 1(6.67%) 1(14.29%) 1 (25.00%) 1(16.67%) 4 (12.50%)
Erwinia herbicola 0 3 (42.85%) 2 (50.00%) 0 5 (15.62%)
Escherichia coli 7 (46.66%) 2 (28.57%) 1(25.00%) 4 (66.66%) 14 (43.75%)
Ewingella americana 0 0 0 1(16.67%) 1(3.12%)
Kluyvera spp. 1 (6.67%) 0 0 0 1(3.12%)
Koserella trabulsii 3 (20.00%) 0 0 0 3(9.37%)
Serratia liquefaciens 2 (13.33%) 0 0 0 2 (6.26%)
Total strains 15 (100%) 7 (100%) 4 (100%) 6 (100%) 32 (100%)

n = number of individuals, ¢ = number of samples showing growth for gram-negative bacteria.

scientific literature, nor there are data related to antimicrobial
resistance.

From the Enterobacteriaceae family, Escherichia coli
(E. coli) was isolated in 21 (33.3%) samples from the oral
cavity and 14 (35.9%) from the perianal one (Table 2 and 3).
This incidence in relation to other enterobacteria has already
been reported by other researchers for wild and domestic
animals (Santos et al. 2010, Corréa et al. 2013), being
mentioned as the bacterial class of highest prevalence in the
world (Gerlach 1994).

E. coli is a bacterium with high zoonotic potential, with
greatrelevance for unique health, which can be expressed as a
measure of environmental contamination, as well as anthropic
action. In other words, it is related to the contamination of
natural environments, being present in the gastrointestinal tract
of humans and different species of animals (Carvalho 2007).

Bats are the only mammals presenting the ability to fly.
Therefore, they can migrate from one location to another,
easing the acquisition or change of their natural microbiota,
in order to adhere to resistance mechanisms to certain known
antimicrobials used in both human and animal medicine.

Bacteria from the Enterobacter aerogenes species were
isolated in eight (12.7%) samples from the oral and two
(5.13%) from the perianal cavity, being the second group
with the highest percentage of isolation. It is a pathogen
considered opportunistic, which is usually from hospitals,
possibly originated from hospitalization, invasive surgeries,
visits in the intensive care unitand high use of antimicrobials,
causing difficulty in the institution of treatment to the patient
(Paterson 2006).

The bacteriaisolated in the oral region of A. lituratus totaled 24
isolates (Table 2). Among them, E. coli (11/24 = 45.43%) presented
resistance to the antimicrobials AMP and AMO (4/11=36.36%),
TET (3/11 = 27.27%). Enterobacter aerogenes (E. aerogenes
6/24 = 25%) (Table 2) was resistant to AMO, AMP and
AMC (5/6 = 83.33%) and to CFO (4/6 = 66.66%). The other
enterobacteria found in the oral region presented resistance to
atleast two of the three antimicrobials tested in the penicillin
class (Table 4).

Six enterobacteria species were isolated from the perianal
region of A. lituratus. A total of 15 strains presented growth

(Table 3), being seven E. coli (7 /15 = 46.66%) presenting resistance
to AMO, AMP (71.43%); in 100% of the Koserella trabulsii
(K. trabulssi) strains, there was resistance to AMP and AMC;
the remaining strains presented resistance to at least two
of the three antimicrobials in the penicillin class (Table 4).

Samples from eight A. planirostris specimens were analyzed,
and presented growth of 10 isolates for enterobacteria in
the oral (Table 2) and seven in the perianal region (Table 3).
Similar to the A. lituratus species, the E. coli isolates were
resistant to AMP and AMO in the oral cavity (1/5 =20%); and
in the perianal region, 100% of the isolates were resistant to
AMP and AMO (Table 5).

The isolates from the oral region of A. planirostris: Enterobacter
cloacae (E. cloacae), Serratia liquefaciens (S. liquefaciens)
and Morganella morganii (M. morganii) were resistant to the
three antimicrobials tested from the penicillin class (Table 5).

The high number of E. coli isolates was expected, since the
bacterium is frequently found in other wild animals already
studied, such asin 70.5% of cloaca samples of captive cracids
(Santos etal. 2010) in 20% of the cloaca samples of psittacids
from a conservationist breeder (Mattes etal. 2005), and from
907 of the fecal samples from marine birds by Steele etal. (2005).

Regarding the resistance detected in penicillins, this may
have a narrow relation with the coexistence of bats with
pets and commercial animals, since the areas surrounding
collection area [, where individuals of the A. lituratus species
were captured, is formed by grazing areas and consortium
farming (agriculture and cattle breeding). Therefore, the
relationship between these bats and the animals kept in
that area allows the suggestion of bacteria exchange, thus
allowing wild animals to acquire bacteria with resistance
genes, possibly due to the sharing of water with different
species of animals presented in the area.

A. planirostris were captured exclusively in area I. This species
presents characteristics that are peculiar to its genus, that
is, its migration in search for food (Reis et al. 2006), which
brings them closer to areas where the exposure to bacteria
resistant to antimicrobials is possible, or even to those that
can change their microbiota by expressing resistant strains,
such as those described in the results herein.
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Table 4. Bacteria isolated from swab samples in the oral and perianal regions of frugivorous bats from the Artibeus lituratus
species and resulting from bacterial transference against 22 antimicrobials by the disc-diffusion method

Number of antimicrobial resistant strains of the mouth region A. lituratus

Isolated strains / number of isolates % § % § % é E E E g % E E g é % % % é 5 E g

Enterobacter aerogenes (6) o o o0 o0 o0 o o o o 1 o0 1 0 4 o0 5 5 5 0 1 0 O

Escherichia coli (11) i o0 o0 o0 o0 1 0 o0 1 o0 o0 1 0 O O 4 4 1 1 1 3 0

Erwinia herbicola (1) 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0

Koserella trabulsii (2) o o o o o0 o o0 o0 o o o o o o o 1 1 0 1 0 o0 O

Proteus mirabilis (1) 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 0 0

Serratia liquefaciens (2) o o o o o0 o o0 o0 o o0 o o o 1 o0 1 1 1 o0 0 0 O

Serratia rubidaea (1) o o o o o0 o0 o0 o o o o o o o o0 1 1 0 0 0 0 o0
Number of antimicrobial resistant strains of the perianal region A. lituratus

E. aerogenes (2) o o o o o o o0 o0 o o o o o 1 0 1 2 1 0 0 0 O

E. agglomerans (1) o o0 o0 o o o o o o o0 o o0 o 1 0 1 1 0 0 0 o0 O

E. coli (7) o 1 o o0 o0 o0 o0 o0 o o o o o 1t O 5 5 0 1 0 1 o0

Kluyvera spp. (1) o o0 o0 o0 o o o o o o0 o o0 o 1 0 1 1 1 0 0 0 O

Koserella trabulsii (2) o o o o o0 o o0 1 o o0 O O O 2 o0 2 1 2 o0 0 o0 o

S. liquefaciens (2) 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 0 0

ENO = Enrofloxacin, NAL = nalidixic acid, CIP = ciprofloxacin, TOB = tobramycin, AMI = amikacin, GEN = gentamicina, MPM = meropenem, IPM = imipenem,
ERT = ertapenem, CAZ = ceftazidime, CRO = ceftriaxone, CTX = cefotaxime, CTF = ceftiofur, CFO = cefotaxitine, COM = cefepime, AMP = ampicillin,
AMO = amoxicillin, AMC = amoxicillin + clavulanic acid, ATM = aztreonam, SUT = sulfazotrim, TET = tetracycline, CLO = chloramphenicol.

Table 5. Bacteria isolated from swab samples in the oral and perianal regions of frugivorous bats from the
Artibeus planirostris species and resulting from bacterial transference against 22 antimicrobials by the disc-diffusion method

Number of antimicrobial resistant strains of the mouth region A. planirostris

a8} o &)

Isolated strains/number of isolates % § % § % é g é E g % :Pj E g % z E,: 5 é % E g
E. cloacae (2) o o o o0 o o0 o0 o0 o0 o o0 o o 2 o0 1 1 1 0 0 0 O
Escherichia coli (5) 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0
Kluyvera spp. (1) o o o o0 o o0 o0 o0 o o o o o o o0 1 1 0 0 0 0 O
Morganella morganii (1) o o0 o o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 1 1 1 0 0 0 O
Serratia liquefaciens (1) o o o o o0 o o o0 o0 o o o o 1 o0 1t 1 1 o0 0 0 O
Number of antimicrobial resistant strains of the perianal region A. planirostris
Enterobacter aerogenes (1) o o0 o0 o0 o0 o o o o o o o o 1 0 1 1 0 0 0 0 O
Enterobacter agglomerans (1) o 1 o0 o0 o0 O O O o o o o o o o o o o o o o0 o
E. coli (2) $P 0 o0 o o0 o0 O o0 o0 o o o o o o 2 2 0 1 0 o0 O
Erwinia herbicola (3) o 1 o0 o0 o0 o0 o0 O o0 o o o o 1 0 1 2 0 0 0 1 O

ENO = Enrofloxacin, NAL = nalidixic acid, CIP = ciprofloxacin, TOB = tobramycin, AMI = amikacin, GEN = gentamicina, MPM = meropenem, IPM = imipenem,
ERT = ertapenem, CAZ = ceftazidime, CRO = ceftriaxone, CTX = cefotaxime, CTF = ceftiofur, CFO = cefotaxitine, COM = cefepime, AMP = ampicillin,
AMO = amoxicillin, AMC = amoxicillin + clavulanic acid, ATM = aztreonam, SUT = sulfazotrim, TET = tetracycline, CLO = chloramphenicol.

However, for Nascimento et al. (2003), the resistant to
antimicrobials in natural environments could be related to
pressures and change in the non-human environment, such as
the natural production of antimicrobials by microorganisms,
or even by the spontaneous mutation of genes (intrinsic),
thus contributing to the maintenance and dissemination of
these genes, which explains the high level of resistance in
natural environments.

The same authors also believe that epidemiological studies
on bacterial resistance in wild animals must be broadened,
reassessing the assumption that the resistance starts in human
and veterinarian hospitals, or in production animals, where
these antimicrobials are used as performance improvers.
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From the nine individuals of the S. lillium species captured,
there was the growth of six isolates in the oral and six in the
perianal region (Table 2 and 3). In all isolates in the oral
region, resistance was found in at least two antimicrobials
in the penicillin class; and for CFO in E. coli, the resistance
was 33.33%, in E. aerogenes and S. liquefaciens in 100% of
the isolates.

Resistance was also found in the perianal region for CFO
in E. coli in 25% of the isolates, in Enterobacter agglomerans
(E. agglomerans), Enterobacter americana (E. americana) it
was in 100% of the isolates. Regarding AMP and AMO in the
perianal region, resistance was found in 75% of the E. coli
samples, 100% of the E. agglomerans isolates (Table 6).
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Only six specimens in the C. perspicillata specimens
presented growth in the perianal region. It is important to
emphasize that the number of isolates for the gram-negative
bacteria in this species was proportionally lower than for the
other species 10.82% (4/37) (Table 3) and in the oral region,
in45.95% (17/37), regarding the number of isolates for this
region, they were 15 (Table 2).

Antimicrobials presenting greater resistance index were
those in the penicillin class (AMO, AMP, AMC), similar to the
other chiroptera species. Like the S. lillium species, there was
a great resistance from different bacterial species to the CFO
antibiotic (Table 7).

Still for the C. perspicillata species, an alarming result
was found in three strains in the oral region, presenting
multi resistance to 15 antimicrobials, and two strains in the
perianal region, one with multi resistance to 13 and the other
to 10 antimicrobials, among the 22 tested items (Table 7).
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As previously mentioned, the Sturnira and Carollia genera
are more faithful to the foraging area (Costa et al. 2006),
with these two genera mainly captured in the study area II
(Table 1) and this area was remarkable because in one of its
margins, an uninhabited house was found, which was being
used as a feed deposit for beef cattle raised on the property.

No bottles of antimicrobials in the location that may justify
the exposure of those bats to these drugs were seen. However,
since it is a large cattle breeding area, and the fact that these
drugs are present in the Veterinary Medicine practice, it is
possible that such house is used as a storage location, albeit
temporarily, for these antimicrobials used in the treatment
and cure of animals in the different breeding stages.

The C. perspicillata species is related to the environment as
abiological preservation indicator, and its occurrence must be
associated to pioneer fruit species for its preferential feeding.
This vegetable maintenance depends on the interaction of

Table 6. Bacteria isolated from swab samples in the oral and perianal regions of frugivorous bats from the Sturnira lillium
species and resulting from bacterial transference against 22 antimicrobials by the disc-diffusion method

Number of antimicrobial resistant strains of the mouth region S. lillium

Isolated strains/number of isolates % g % § % é g é E g % E E % é % % % é é E 8

Enterobacter aerogenes (1) o o o o o o0 o o o o o 1 o 1t o0 1 1 0 O O0 o0 O

Enterobacter agglomerans (1) o o o o o o0 o o o o o o o o o 1 1 0o o0 o0 o0 O

Escherichia coli (3) o o o o o o0 o0 o0 o0 o0 o o o 1 0 2 2 1 0 0 0 O

Serratia liquefaciens (1) o o o0 o o0 o0 o0 o0 o o o o o 11t o0 1 1 0 O O0 o0 O
Number of antimicrobial resistant strains of the perianal region S. lillium

Ewingella americana (1) o o o o o0 o0 o0 o0 o o 11t o0 o0 1 0o O 1 O O O o0 O

E. agglomerans (1) o o o o o0 o0 o0 o o o o o o 1 o0 1 1 1 0 0 0 O

E. coli (4) 0 0 0 0 0 0o 0 0 O 0 0 1 0 1 0 3 3 1 0 0 0 0

ENO = Enrofloxacin, NAL = nalidixic acid, CIP = ciprofloxacin, TOB = tobramycin, AMI = amikacin, GEN = gentamicina, MPM = meropenem, IPM = imipenem,
ERT = ertapenem, CAZ = ceftazidime, CRO = ceftriaxone, CTX = cefotaxime, CTF = ceftiofur, CFO = cefotaxitine, COM = cefepime, AMP = ampicillin,
AMO = amoxicillin, AMC = amoxicillin + clavulanic acid, ATM = aztreonam, SUT = sulfazotrim, TET = tetracycline, CLO = chloramphenicol.

Table 7. Bacteria isolated from swab samples in the oral and perianal regions of frugivorous bats from the
Carollia perspicillata species and resulting from bacterial transference against 22 antimicrobials by the disc-diffusion method

Number of antimicrobial resistant strains of the mouth region C. perspicillata

Isolated strains/number of isolates % g % § E é E E E g g E E g é % % : é é E 8

Enterobacter aerogenes (1) o o o o o0 o0 o o o o o o o 1 o0 1 1 1 0 0 0 O

Enterobacter agglomerans (4) o o o0 o0 o0 o0 1 1 1 2 1 1 1 1 1 4 4 1 2 1 0 1

Enterobacter cloacae (1) o o o o o0 o0 o o o o o o o 1 o0 1 1 1 0 0 0 O

Escherichia coli (2) o o o o0 o o0 o0 1 0 O O O o0 1 0 1 2 1 0 0 0 O

Erwinia herbicola (2) o o o o o o0 o o0 o o0 o o o o o 2 2 0 0 0 o0 o0

Proteus mirabilis (2) o 1 o o0 o0 o0 o0 o0 o0 1 0 O o 2 o0 2 2 2 1 0 0 O

Serratia liquefaciens (2) o o o0 o o0 o0 o0 o0 o o o o o o o 1 1 1 0 0 o0 O

Shigella spp. (1) o o o o0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 O
Number of antimicrobial resistant strains of the perianal region C. perspicillata

E. agglomerans (1) o o o o o0 o0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 O

E. coli (1) o o o o0 o o0 o o0 o o0 o o o o o 1t 1 0 o0 0 o0 O

E. herbicola (2) o o o o o o0 o0 o0 o0 o0 o o o 1 0o O 2 2 0 0 0 O

ENO = Enrofloxacin, NAL = nalidixic acid, CIP = ciprofloxacin, TOB = tobramycin, AMI = amikacin, GEN = gentamicina, MPM = meropenem, IPM = imipenem,
ERT = ertapenem, CAZ = ceftazidime, CRO = ceftriaxone, CTX = cefotaxime, CTF = ceftiofur, CFO = cefotaxitine, COM = cefepime, AMP = ampicillin,
AMO = amoxicillin, AMC = amoxicillin + clavulanic acid, ATM = aztreonam, SUT = sulfazotrim, TET = tetracycline, CLO = chloramphenicol.
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abiotic and biotic factors, evidencing the conservation of the
location (Figueiredo 1997, Bizerril & Raw 1998).

This could be an explanation for the low resistance to
antimicrobials for the bacteria isolated in these species of bats,
however, the multiresistance presented by some bacteria to
different classes of antibiotics found in some individuals of
C. perspicillata individuals is of concern, since these animals
are much more sociable, sharing not only their permanence
location during latency and sleep, but also sharing food, which
could disseminate isolates with resistant genotypes among
the individuals in the communities where they live.

Bacterial resistance has been a unique health issue over
many decades and it still has a long road to go. According to
Boucher et al. (2009), the quick evolution and propagation
of multi-resistant bacteria together with the insufficient
development of new drugs may have serious effects in a
not-so-distant future for the treatment of infections, mainly
those caused by gram-negative bacteria, in both animals and
human beings.

The economy of developing countries relies in the
dependence of agriculture and cattle breeding, activities that
are known for the use of antimicrobials to increase productivity,
with consequent selection of resistant bacteria, which are
then found in the microbiota of animals, humans and in the
environment (Capita & Alonso-Calleja 2013).

The increase in the demand of production animals and
planting areas has caused the degradation of forest areas
existing in private properties, reducing them, and thus
reducing the habitat and survival conditions of wild animals.
Therefore, they are directly or indirectly closer to the human
being (Brasil 2003). The three areas in the study presented
similar characteristics when evaluating the contact with
humans, or with other animals, since they are fragments near
planting and farming areas.

Against the results shown in the research, most developing
countries have invested amounts well below the global average
in expenses with public health in relation to its GDP. While
the global average is 6.5% investment, according to data from
the World Bank (Bonelli et al. 2014), in 2014, Brazil invested
4.7% of its GDP in health, according to data presented by the
secretary of Science, Technology and Strategic Inputs from
the Ministry of Health (CFF 2015).

CONCLUSIONS

Bacterial dissemination does not respect geographical
barriers. The existence of multi-resistant enterobacterial
isolates has been characterized among frugivorous bats in
the micro region of Umuarama, in the northwestern area in
the state of Parana. Therefore, special care is necessary, since
the studies performed in remaining forestry areas where it
was first believed to not having its native fauna exposed to
antimicrobials.

Since the flight capabilities of the bats ease the dispersion
of everything they host, there is the possibility of dispersion
of these enterobacteria with zoonotic potential to the local
cattle breeding, as well as to other wild animals that might
inhabit the area.

Nevertheless, humans can be contamined to these
enterobacteria, since these species of bats are sharing food
(fruit) with the communities neighboring the forest areas under
study. Thus, there is the risk of such fruit being consumed
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without the necessary hygiene and protective, posing the
health of humans in risk.

Therefore, further studies on the wild fauna are extremely
important, as well as constant monitoring of these populations,
mainly chiroptera, due to the risk of disseminating bacteria,
which could contaminate the environment, changing common
factors and unbalancing the host/parasite status.

Acknowledgements.- The authors would like to thank Universidade
Paranaense (UNIPAR) for the funding granted to this research.
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