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Simple Summary: This study conducted in Parana, Brazil, focused on Staphylococcus spp. in bats, considering
their potential role in disseminating pathogens. Among 87 captured bats, 32 Staphylococcus spp. isolates were
identified, with 8 being coagulase-positive. These isolates exhibited significant resistance to antibiotics like
oxacillin and penicillin G, and one carried the mecA gene, posing a threat to One Health. The findings
underscore the need for further research to understand contamination mechanisms, emphasizing the potential
impact of human activities, such as antimicrobial and pesticide use, on the presence of antibiotic-resistant
bacteria in bat populations.

Abstract: Staphylococcus spp. are among the main pathogens responsible for important infections worldwide,
both in humans and in domestic or wild animals. Chiropterans, popularly known as bats, inhabit natural
environments and human constructions, and have been considered potential disseminators of several
pathogens. Studies have shown the expression of the mecA gene in these animals, being a significant threat to
One Health. The objective of this study was to determine antibiotic resistance and the presence of the mecA
gene in Staphylococcus spp. isolates from bats from forest areas in the municipalities of Parana, Brazil. A total of
87 frugivorous chiropterans belonging to the family Phyllostomidae were captured. Of these, 87 rectal and 87
oral swabs samples were collected, resulting in 32 Staphylococcus spp. isolates. Twenty-four isolates were
characterized as coagulase-negative, and 8 coagulase-positive Staphylococcus spp. (STACP), which showed
notable resistance to oxacillin (78.12%), penicillin G (65.62%) and to other antimicrobials as well. One STACP
isolate was mecA-positive. Therefore, further studies are needed to elucidate the mechanisms of contamination
and dissemination of these pathogens, emphasizing that anthropic actions in natural environments, especially
those related to the use of antimicrobials, pesticides may be the main reasons for the presence of resistant
bacteria in bats.

Keywords: Antibiotics; Wild animals; Resistance genes; Bats; One Health; Chiropterans.

1. Introduction

Staphylococcus spp. are among the main pathogens responsible for important infections
worldwide in both humans and animals [1, 2], and one of the most concerning mechanisms of
virulence is their ability to acquire resistance to antibiotics [3].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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MRSA (methicillin-resistant Staphylococcus aureus) was first identified shortly after the
introduction of methicillin in 1960 and is considered one of the most serious threats to global health
[4]. In addition, in recent years, other methicillin-resistant Staphylococcus spp., such as S. cohnii, S.
hominis, S. lentus, S. sciuri, S. xylosus, S. epidermidis, S. lugdunensis and S. haemolyticus, known as MRS,
gained importance as they were found to be responsible for a variety of infections in human
populations, particularly in immunocompromised patients and in domestic and wild animals [5, 6].

Chiropterans, popularly known as bats, are wild animals belonging to the order Chiroptera.
They inhabit natural environments such as forests and human constructions [7]. Because they are
animals that fly long distances and because they inhabit the ceilings of homes and other types of
buildings, they become important to human, animal and environmental health, since some authors
have already reported that they are important reservoirs of different microorganisms, including
Staphylococcus spp. and have also been considered potential disseminators of various pathogens [8,
9].

Studies have already demonstrated the presence of coagulase-positive MRS in bats [5, 10], and
resistance is caused by the expression of the mecA gene, localized on the staphylococcal cassette
chromosome mec (SCCmec). Resistance to methicillin and other beta-lactam antibiotics occurs due to
a penicillin-binding protein (PBP2a) encoded by the mecA gene, that has low affinity for beta-lactams
[11]. Usually, the mecA gene is found in hospital-associated MRSA (HA-MRSA), however, it may also
normally be colonizing the nasal region of people in the community [12, 13].

Therefore, the presence of mecA in natural environments promotes global antimicrobial
resistance, which is a significant concern for world health [14]. Accordingly, the aim of this study was
to determine antibiotic resistance and the presence of the mecA gene in Staphylococcus spp. isolates of
bats from forest areas in the municipalities of Parana, Brazil.

2. Materials and Methods

2.1. Ethical Aspects, target population and sampling

A total of 87 bats were captured in forested areas in the municipalities of Cianorte, Japura and
Sdo Tomé in the state of Parand, from October 2017 to June 2019, under license from the Chico Mendes
Institute for Biodiversity Conservation (ICMBio No. 60061-1) for the collection of biological material
and with the approval of the Research Ethics Committee on Animal Experimentation (CEPEEA) of
Universidade Paranaense under Protocol No. 34772/2018.

2.2. Capture of bats

The captures were made monthly, during eight nights, starting at sunset. The capture techniques
were adapted from Greenhall and Paradiso [15], using ten nylon nets with a size of 14 meters in length
and three meters in height. The nets were set up 0.5 to 3.0 meters above the ground, positioned across
the trails in forest areas.

After capture, the animals were managed with leather gloves to avoid bites. Biometric data were
collected, as a measurement of the forearm and weighing of the specimens, and identification was
performed using a dichotomous key, following the criteria of Vieira [16], Vizotto and Taddei [17] and
Jones and Carter [18].

The samples were collected using the Sterile swab GS-03 — Metal Rod. The first swab was
introduced into the oral cavity of each chiropteran where circular and rotational movements were
performed on the gums and tongue region. A second swab was collected from the rectal region,
compressing it with rotational movements. All samples were stored and sent under refrigeration to
the Laboratory of Preventive Veterinary Medicine and Public Health of the Postgraduate Program in
Animal Science with an Emphasis on Bioactive Products at the University of Parana (UNIPAR).

All handling with the bats was carried out by a team trained for this purpose and, immediately
after data collection, the animals were released into the forest again.
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2.3. Isolation and characterization of samples

In the laboratory, each swab was inserted into Brain Heart Infusion (BHI) Broth, and incubated
at 37°C for 24 hours, and then, each sample was plated on mannitol medium and again incubated at
37°C for up to 48 hours for isolation of Staphylococcus spp. Each colony was subjected to analysis for
macro and microscopic characteristics and biochemical tests for classification into coagulase-positive
Staphylococcus (STACP) and coagulase-negative Staphylococcus (STACN) [19].

2.4. Phenotypic antimicrobial sensitivity tests

Antibiotic susceptibility tests were performed according to the Clinical and Laboratory
Standards Institute (CLSI) [20]. Each Staphylococcus sp. was submitted to the antibiogram to determine
the resistance profile, identifying the sample as to potential risk to public health. The samples were
tested with a commercial kit (Laborclin, Pinhais, Parana - BR), against drugs that have different
mechanisms of action such as: cefepime (30 ug), ciprofloxacin (5 pg), chloramphenicol (30 pg),
clindamycin (5 pg), erythromycin (15 pg), gentamicin (10 pg), oxacillin (1 pg), penicillin G (10 U),
rifampicin (5 ug), sulfazotrim (25 pg), tetracycline (30 pg), and vancomycin (30 pug).

2.5. Bacterial multiresistance index

To calculate the multidrug resistance index, the formula described by Krumperman [21], a/(bc),
was used, where a is the total number of antibiotics to which the samples showed resistance, b is the
number of antibiotics tested, and c is the number of samples. The index to define whether the samples
are high or low risk was 0.200, where <0.199 is considered low risk and 20.200 considered high risk.

To evaluate the multidrug resistance index of each sample, another formula was used, also
described by Krumperman [21], a/b, where a is the number of antibiotics against which the isolate
was resistant, and b the number of antibiotics tested.

2.6. Polymerase chain reaction (PCR): Staphylococcus aureus study

DNA of the STACP samples was extracted with the Purelink Genomic DNA Kit (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer's instructions, and PCR assays were performed
using the primers Sa442-1 (5'-AAT CTT TGT CGG TAC ACGATA TTC TTC ACG-3 ') and Sa442-2 (5'-
CGT AAT GAG ATT TCA GTA GAT AAT ACA ACA-3") according to Martineau et al. [22]. DNA
amplification was done with Applied Biosystems model Veriti™ 96-Well Thermal Cycler.

The amplification products were visualized by electrophoresis on a 2% agarose gel stained with
GelRed (Uniscience, Osasco, Sao Paulo, BR) using a 100-bp molecular marker (Invitrogen, Carlsbad,
CA, USA), and the products were visualized as a single band of 241 bp. The standard strain ATCC
25923 of S. aureus was used as the positive control.

2.7. MecA gene determination

DNA of Staphylococcus spp. classified as resistant and with intermediate resistance to oxacillin
was extracted using the Purelink Genomic DNA Kit (Invitrogen, Carlsbad, CA, USA) according to
the manufacturer's instructions, and PCR assays were performed using the mecAl primer
(AAAATCGATGGTAAAGGTTGG) and mecA2 primer (AGTTCTGCAGTACCGGATTTG) following
the method of Murakami et al. [23]. DNA amplification was performed with the Applied Biosystems
model Veriti™ 96-Well Thermal Cycler.

The amplification products were visualized by electrophoresis on a 2% agarose gel stained with
GelRed (Uniscience, Osasco, Sao Paulo, BR), along with a 100-bp molecular marker (Invitrogen,
Carlsbad, California, USA), and the products were visualized as a single band of 533 bp. The standard
strain ATCC 43300 of S. aureus served as the positive control and the standard strain ATCC 25923 of
S. aureus as the negative control.

doi:10.20944/preprints202312.1521.v1
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3. Results

A total of 87 chiropterans were captured, all belonging to the family Phyllostomidae. Of these,
28 (32.18%) were of the species Sturnira lilium, 22 (25.29%) of Carollia perspicillata, 20 (22.99%) of
Platyrrhinus lineatus and 17 (19.54%) of Artibeus lituratus. Regarding the size and weight of the
animals, there was a variation of 6 to 10 cm, and 12 to 76 g, respectively (Figure 1).

A. Sturnira lilium; B. Carollia perspicillata; C. Platyrrhinus lineatus; D. Artibeus lituratus

Figure 1. Chiroptera species captured in the cities of Cianorte, Japura and Sao Tomé in Parana, Brazil,
2017-2019.

Of the 87 captured chiropterans, 32 Staphylococcus spp. isolates were obtained, 17 (53.12%) rectal
and 15 (46.88%) oral. The isolates were characterized as STACN (24.75%) and STACP (8.25%).

Staphylococcus spp. showed marked differences in antibiotic resistance. Twenty-five isolates
(78.12%) were resistant to oxacillin; 21 (65.62%) to penicillin G, 12 (37.50%) to erythromycin, besides
other antibiotics (Table 1).

Table 1. Resistance profiles to different antimicrobials of coagulase-negative Staphylococcus spp
(CNSTA) isolates from bat guano in the cities of Cianorte, Japura and Sao Tomé in northwest

Parana, Brazil, 2019.
Bacterial Resistance
L. . Feces
Antimicrobials R Total %
Ampicillin 5 6 83.33
Cephalothin 5 6 83.33
Oxacillin 5 6 83.33
Amoxicillin+clavulanic acid 4 6 66.66
Norfloxacin 1 6 16.66
Enrofloxacin 0 6 0%
Gentamicin 0 6 0%
TOTAL 20

Legend: R = Resistant; % = Percentage.

The resistance profile and the multi-resistance index of the Staphylococcus spp. isolates are shown
in Table 2. The multi-resistance index of the isolates varied between 0.000 and 0.500, and results of 17
samples were greater than the established limit, which according to Krumperman [21], indicates that
they are of high risk to public health, reaffirming the existence of multidrug-resistant bacteria present
in the oral and rectal microbiota of bats.
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Table 2. Resistance profile and antimicrobial multidrug resistance indexes of isolates of coagulase-
negative Staphylococcus spp. (CNSTA) from the guano of bats collected from roofs in the cities of
Cianorte, Japura, and Sao Tomé in northwestern Parana, Brazil, 2019.

Antimicrobials and Resistance

Antimicrobial Resistance

Sample
P Index
O [ =<
= =2 & % Z o %
< < O 25} ) Z @)
12 S S S I S R S 0.14
13* R R R I S S R 0.57
14 S R R S S S R 0.42
15* R R R S I S R 0.57
16* R R R S S S R 0.57
19* R R R S I S R 0.57

Legend: I — Intermediate, R — Resistant, S — Sensitive — AMC — Amoxicillin+clavulanic acid,
AMP — Ampicillin, CFL — Cephalothin, ENO — Enrofloxacin, GEN — Gentamicin, NOR —
Norfloxacin, OXA — Oxacillin.

In the molecular tests, no S. aureus was found; however, one STACP was positive for the mecA
gene (Figure 2).

533pb

Figure 2. PCR assay for the mecA gene in isolates of Staphylococcus spp. From rectal and oral swabs
of bats captured in the cities of Cianorte, Japura and Sao Tomé in Parand, Brazil, 2017-2019. Legend:
2% agarose gel. Lane 1 — molecular marker; lane 5 — positive sample for the mecA gene; lane 2 —
negative control (ATCC 43300); lane 3 — positive control (ATCC 25923).

4. Discussion

In view of the results found in this work, the importance of this animal species for public health
is evident, considering that human, animal and environmental health are closely related to each other.
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The animals captured during this study were identified as belonging to four different species,
namely Artibeus lituratus, Carollia perspicillata, Platyrrhinus lineatus and Sturnira lilium, all belonging
to the family Phyllostomidae, order Chiroptera. Phyllostomids represent the richest family in species
diversity in the Neotropical region, showing a varied range of eating habits; however, with a
predominance of frugivorous species [24].

Those four species were found in all collection sites, showing that they are prevalent in the
municipalities of Cianorte, Japura and Sao Tomé, which are part of the microregion of Cianorte,
Parana, Brazil, as described by Orténcio-Filho et al. [25].

The forested areas located in the municipalities where the collections took place, form
interconnections through the presence of riparian forests bordering the rivers and streams of the
region [26]. This characteristic shows the possibility of the movement of the chiropterans through
those areas in a brief period of time, which allows the dissemination of different pathogens.

Although the captured species were exclusively frugivorous and have a predilection for forming
their colonies in regions farther from human presence, direct exposure to humans may still exist,
since they feed around fruit trees that are used for afforestation in cities or in orchards in the areas
[27]. Another important aspect is the great flight capacity of these mammals, allowing them to travel
long distances in a single night [28]. This behavior ends up narrowing the relationship of this animal
species with humans, allowing their exposure to antibiotics that can cause the selection of
microorganisms with resistance to different drugs and exposure to different species of resistant
bacteria as well [29, 30].

Among the chiropterans samples, there were 32 Staphylococcus isolates, 17 (53.12%) from the
rectal region and 15 (46.88%) from the oral region. Studies indicate that prevalence of Staphylococcus
species in animals is common [31], and they can be found in the skin, mucosa, and intestinal
microbiota of a wide variety of mammals [32] and birds [33]. Thus, once they are associated with the
gastrointestinal tract, they are eliminated with the feces of colonized animals and become potential
contaminants in the environment [34].

Coagulase-negative Staphylococcus spp. (75%) were the most frequent found in the samples of
this study. However, it was not possible to identify isolated species. To the best of our knowledge,
there are no studies in the literature relating coagulase-negative staphylococci to these animals, and
therefore, studies on the identification of these bacterial species are crucial when it comes to public
health.

In the last few decades, the increase in the number of STACN infections and their frequent
resistance to methicillin, which indicates cross-resistance with all types of beta-lactams, has become
an additional difficulty in the problem of infection control by this agent [35]. Another important
aspect that must be considered is the resistance in other bacterial species, mainly Staphylococcus
aureus, because resistance mechanisms and related genes as well show differences in functioning [36].

For a long time, STACN were considered saprophytes and rarely pathogenic, but they are
currently recognized as etiologic agents of a series of infectious processes, being commonly isolated
in human and animal clinical samples [37, 38]. In animals, STACN are mainly implicated in bovine
mastitis [39, 40]. In humans, they are involved in nosocomial infections [38, 41]. An important factor
is that the presence of these microorganisms colonizing wild animals, favor their maintenance in the
environment, enabling the selection of new genetic forms.

In this work, the results were significant in terms of antimicrobial resistance. An alarming aspect
is the increased resistance to erythromycin. According to Bouchiat et al. [42], the presence of isolates
resistant to this antibiotic draws attention, since macrolides are used in case of intolerance to beta-
lactams or resistance to methicillin and exert beneficial effects in infection treatments in these cases.

Krumperman [21] pointed out that results between 0.200 and 0.250 are arbitrary; however, they
require attention. It is noteworthy that above this limit, the indices are considered, in fact, a high risk
for public health and can contaminate the environment that the animals inhabit, thus reaching the
human population.

Different results were found by Akobi et al. [5], in which no drug resistance was detected except
for penicillin (3%). The results demonstrate that both the captured animals and the colonizing
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bacterial species were not exposed to the antimicrobials detected in this work, which indicates that
the environment was possibly not contaminated by them and that possibly each location or country
should have its specificity regarding antimicrobial resistance since this resistance is intrinsically
related to the most used drugs in each location.

It is believed that the presence of resistance is associated with constant exposure or even
remnants of antimicrobials possibly through contaminated food, hospital waste, groundwater, rivers
and sewage drainages [30] and the successive selective pressure causing resistance gene transfer
between isolates. Thus, this result indicates that the chiropterans in this study were exposed to
different drugs [43, 44], increasing the possibility of selection and spread of antibiotic resistance [45].

Although the majority of Staphylococcus spp. shows resistance to beta-lactams, these drugs offer
advantages due to their low cost, and therefore, they are recommended for the treatment of sensitive
isolates [29, 32].

Therefore, the increased frequency of cross-resistance indicators with all classes of beta-lactams
including even other classes of antimicrobials, found in bacteria colonizing wild animals is extremely
worrisome [29, 32, 44]. This fact suggests the need for care in the use of these substances; since
incorrect use along with the natural selection of microorganisms, probably resulted in the
phenomenon of resistance, in both veterinary and human medicine, reaching the environment [43].

Antibiotic resistance in this study was 10.35% among the 32 samples analyzed, where only one
of them was positive for the mecA gene in a STACP identified only at the genus level of (Staphylococcus
sp.) in a specimen of a bat of the species Platyrrhinus lineatus. Animals of this species are frugivorous,
and they usually seek human shelters, where, in fact, they eat the fruits in order to avoid predation
[24]. This behavior makes direct contact between these animals and humans, increasing the risk of
spreading the agent.

Accordingly, studies carried out with the feces of chiropterans in settlements in an urbanized
environment in Africa have shown the proximity between bats and humans. S. aureus was identified,
although the presence of the mecA gene has not been detected [4; 10].

Often resistance to oxacillin in Staphylococcus spp. is mainly the result of the mecA gene, along
with the low affinity of PBP2a for this drug [11]. The assay of this gene serves as a diagnosis and helps
in choosing the best antibiotic therapy to be instituted [46, 47]. Considering the occurrence of strains
of Staphylococcus spp. resistant to oxacillin in veterinary medicine, and knowing that it is the drug of
choice in the treatment of severe staphylococcal infections in humans, the possibility of zoonotic
transmission of Staphylococcus spp. resistant to oxacillin indicates the need to monitor the isolate
profiles and susceptibility to antibiotics in veterinary practice and also to monitor the consequences
that this interaction can have at the public health level [48].

STACP can be considered reservoirs of these genes in hospital environment and can therefore
transfer these factors to other bacteria [48]. This fact implies either the presence of antibiotics in the
environment or exposure to other sources of contamination [49]. Therefore, when bats are in their
natural habitat, they end up interacting directly or indirectly with other species of animals or even
humans [50].

According to Peterson et al. [51], the presence of these bacteria in wild animals is extremely
alarming, where they point out the contamination of the environment where bats live and configure
a high dispersion potential, where the forms of dissemination are not restricted to physical contact
only, but dispersal also through the air. According to Banskar et al. [52], this information is important
not only for a better understanding of this interaction between bats and bacteria, but also, in the
screening of possible pathogens present in bats, which generally serve as a reservoir for these
organisms.

Fessler et al. [53] highlights that epidemiological studies on antimicrobial resistance in wild
animals should be popularized, since resistant bacteria are possibly selected in human and veterinary
hospitals, where antimicrobials are used in clinical therapy or as growth promoters [54].

From an epidemiological point of view, it is important to determine the organisms that act as a
reservoir of resistant bacteria, and therefore, the identification of species and the genes involved with
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resistance is a prerequisite for monitoring the spread of contamination from animal and human
populations and the environment itself.

5. Conclusions

In Staphylococcus spp. from rectal and oral samples of bats captured in forested areas in the
municipalities of Cianorte, Japurd and Sao Tome in Parand, Brazil, the presence of STACN and STACP
was found, with predominance of STACN. These isolates showed high resistance to oxacillin,
penicillin G and erythromycin.

The identification of high percentages of multidrug resistance found in Staphylococcus isolates
from bat is very important, considering the ability of these animals to fly and the possibility of
spreading these agents.

The presence of the mecA gene was also observed in one of the STACP isolates, which is an
alarming factor since fruit bats colonized by Staphylococcus spp. with the mecA gene, can easily spread
these microorganisms far with flying.

In view of the results found, it is important to emphasize that anthropic actions exerted in the
natural environment, especially those directly related to the use of antimicrobials in clinical
treatments, in the disinfection of hospital environments and in agricultural products, may be the main
reasons for the presence of bacteria resistant in bats, since there is no effective control of the use of
antimicrobials, thus exempting this animal species from being responsible for this phenomenon.

Thus, it is essential that more studies are carried out to accurately identify the Staphylococcus
species associated with bats, as well as the identification of other genes associated with resistance in
these organisms, emphasizing the characteristics of bats that make them possible reservoirs and
enable the spread of these bacteria in the environment.
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