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Resumo

SILVEIRA, Débora Rodrigues. Bactérias relevantes em saude Unica isoladas de
animais silvestres e domésticos: similaridade molecular e resisténcia a
antimicrobianos. Orientador: Claudio Dias Timm. 2021. 115 f. Tese (Doutorado em
Ciéncias) - Programa de P6s-Graduacdo em Veterinaria, Faculdade de Veterinaria,
Universidade Federal de Pelotas, Pelotas, 2021.

Dados sobre animais silvestres portadores e disseminadores de bactérias séo
escassos pela dificuldade de se obter amostras. Mostram-se necessarios mais
estudos para determinacao da importancia das bactérias veiculadas por estes animais
em saude Unica. Nesta tese, objetivou-se determinar a ocorréncia destas bactérias
em fezes de aves silvestres, predominantemente passeriformes, de vida livre e
animais domeésticos da mesma propriedade, animais silvestres em reabilitacdo, por
causas diversas, e morcegos que habitam constru¢des humanas, bem como analisar
caracteristicas dos isolados. No primeiro estudo, foram coletadas amostras das fezes
de aves silvestres de vida livre e de até cinco exemplares de cada espécie doméstica
em uma propriedade pluriativa. No segundo, foram coletadas amostras de animais
recebidos em um centro de reabilitacdo da fauna silvestre. No terceiro, foram
amostrados morcegos, de espécies que se alojam em constru¢cdes humanas, de
diferentes abrigos na regido do Campus Capao do Ledo, Rio Grande do Sul, Brasil.
Foram realizadas as pesquisas de Staphyloccus aureus, Yersinia enterocolitica,
Salmonella enterica e Campylobacter spp. (apenas dos animais em reabilitacdo), por
técnicas microbiologicas convencionais seguidas de confirmacao por PCR, teste de
resisténcia a cefoxitina dos isolados S. aureus, formacdo de biofilme (S. aureus
isolados dos animais em reabilitacdo), pesquisa de genes enterotoxigénicos (S.
aureus isolados de animais das propriedades) e comparacéo dos perfis moleculares
(isolados S. aureus obtidos das propriedades e dos morcegos e Y. enterocolitica
obtidas de morcegos) por reacdo em cadeia da polimerase de elementos repetitivos
(rep-PCR). O percentual total de amostras das quais foram obtidos isolados foi 13,2%
(93/703). S. aureus estava presente em 7,5% (12/160) dos animais domésticos e em
11,4% (62/543) dos animais silvestres. S. aureus resistente a meticilina (MRSA) foi
isolado de 3,7% (6/160) dos animais domésticos e de 8,8% (48/543) dos animais
silvestres. Destacamos como portadores de MRSA as espécies Sicalis flaveola,
Turdus rufiventris, Furnarius rufus, Tadarida brasiliensis, Molossus molossus, Histiotus
velatus e uma grande diversidade de espécies animais no centro de reabilitacdo. Ja
Y. enterocolitica foi isolada de 2,4% (17/703) dos animais, Salmonella de 0,3% (2/703)
e Campylobacter sp. de 0,3% (1/324). Dos S. aureus obtidos dos animais das
propriedades, 35,3% (6/17) possuiam genes enterotoxigénicos. De 40 isolados
obtidos de animais silvestres em reabilitacdo identificados como S. aureus, 72,5%
foram capazes de formar biofilme. Foram encontrados isolados indistinguiveis e
intimamente relacionados em animais domésticos e silvestres na mesma propriedade.
Perfis moleculares indistinguiveis pela rep-PCR também indicaram o



compartiihamento de mesmas cepas, intra e interespecifico, de S. aureus entre os
morcegos e entre os abrigos. Animais domésticos e silvestres atuam como
carreadores de bactérias importantes em saude Unica, destacando-se o papel destes
enquanto reservatorios de MRSA, podendo inclusive eliminar esses microrganismos
nas fezes, constituindo uma fonte potencial de contaminacéo para o0 meio ambiente,
outros animais e até mesmo para o homem. Considerando-se a variedade de espécies
que podem ser portadoras destas bactérias torna-se necessario que medidas
higiénico-sanitarias, como manejo adequado dos animais e desinfec¢ao perioddica de
ambientes, sejam adotadas, a fim de minimizar a possibilidade de transmissao desses
microrganismos e de diminuir o risco de infeccao.

Palavras-chave: Staphylococcus aureus. MRSA. Yersinia enterocolitica. Salmonella.
Campylobacter. Reservatorios.



Abstract

SILVEIRA, Débora Rodrigues. Bacteria of one health concern isolated from
domestic and wild animals: molecular similarity and antimicrobial resistance.
Advisor: Claudio Dias Timm. 2021. 115 f. Thesis (Doctor degree in Sciences) -
Programa de Pés-Graduagdo em Veterinaria, Faculdade de Veterinéria,
Universidade Federal de Pelotas, Pelotas, 2021.

Data on wild animals carrying and spreading bacteria are scarce due to the difficulty
of obtaining samples. Further studies are needed to determine the importance of
bacteria carried by these animals in one health. In this study, the objective was to
determine the occurrence of these bacteria in feces of wild birds, predominantly
passerine, free-living and domestic animals of the same farm, wild animals in
rehabilitation, for different causes, and bats that inhabit building as well as to analyze
characteristics of the isolates. In the first study, samples of free-living wild birds’ feces
and up to five specimens of each domestic species were collected on a pluriactive
farm. In the second, samples of animals received at a wildlife rehabilitation center were
collected. In the third, bats were sampled, of species that inhabit buildings from
different roost in the region of the Campus Capéo do Leé&o, Rio Grande do Sul, Brazil.
Investigation were carried out for S. aureus, Y. enterocolirtica, Salmonella and
Campylobacter (only for animals undergoing rehabilitation), by conventional
microbiological techniques followed by PCR confirmation, resistance test to cefoxitin
from S. aureus isolates, biofilm formation (S aureus isolated from animals under
rehabilitation), search for enterotoxigenic genes (S. aureus isolated from animal of the
farms) and comparison of the molecular profiles (isolates S. aureus obtained from the
farms and bats and Y. enterocolitica obtained from bats) by rep- PCR. The total
percentage of samples from which isolates were obtained was13.2% (93/703). S.
aureus was present in 7.5% (12/160) of domestic animals and in 11.4% (62/543) of
wild animals. Methicillin-resistant S. aureus (MRSA) was isolated from 3.7% (6/160) of
domestic animals and 8.8% (48/543) from wild animals. We highlight the species
Sicalis flaveola, Turdus rufiventris, Furnarius rufus, Tadarida brasiliensis, Molossus
molossus, Histiotus velatus and a great diversity of animal species in the rehabilitation
center that hosted MRSA. Y. enterocolitica was isolated from 2.4% (17/703) of the
animals, Salmonella from 0.3% (2/703) and Campylobacter from 0.3% (1/324). Of the
S. aureus obtained from animals on the farms 35.3% (6/17) had some enterotoxigenic
gene. Of 40 isolates obtained from wild animals in rehabilitation identified as S. aureus,
72.5% were able to form biofilm. Indistinguishable and closely related isolates were
found in domestic and wild animals in the same property. Strains indistinguishable by
rep-PCR also indicated that there is intra and interspecific transmission of S. aureus
between bats and roosts. Domestic and wild animals host important bacteria in one
health, highlighting their role as reservoirs of MRSA, and can even eliminate these
microorganisms in the feces, constituting a potential source of contamination for the
environment, other animals and even for the human. Considering the variety of



species, which may be carriers of these bacteria, it is necessary that hygienic-sanitary
measures be adopted, such as adequate animal management and periodic disinfection
of environments, be adopted in order to minimize the possibility of transmission of
these microorganisms and decrease the risk of infection.

Keywords: Staphylococcus aureus. MRSA. Yersinia enterocolitica. Salmonella.
Campylobacter. Reservoirs
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1 Introducéo

Desde o inicio do século XXI, observa-se uma crescente preocupacdo em
relacdo a doencas emergentes e sua transmissao pelo contato entre animais
silvestres e ambientes domésticos. Apds inquérito da literatura, Greig et al. (2015)
concluiram que existem lacunas no conhecimento relacionado a transmissdo de
patdgenos alimentares por animais e a resisténcia a antimicrobianos pelos
microrganismos isolados. A maior parte dos estudos relacionam transmissao de
patbgenos alimentares e resisténcia frente a antimicrobianos. Destacam-se
Escherichia coli, Salmonella enterica e Campylobacter spp., albergados por aves,
cervideos, roedores, porcos selvagens e gambas, enquanto sdo poucos 0s estudos
acerca da pesquisa de Listeria spp., Aeromonas spp. e Staphylococcus aureus. Os
autores sugerem que sdo necessarios mais estudos moleculares com isolados para
entender o papel destes aninais na manutencéo e perpetuacéo dos patdégenos e assim
estabelecer métodos de controle e/ou erradicacdo eficientes.

Muitas espécies de animais silvestres servem como reservatorio de bactérias
patogénicas que ameagcam a saude humana e dos animais domésticos. Por outro
lado, as espécies de vida livre podem se contaminar com 0s animais domésticos e
humanos e disseminar patbgenos no meio ambiente, oferecendo risco a preservagao
da biodiversidade (Daszak et al., 2000).

Dados sobre portadores de patdégenos responsaveis por doencgas bacterianas
sdo escassos pela dificuldade de se obter amostras de animais silvestres, sendo
necessarios mais estudos por regido para determinacdo da importancia das bactérias
em saude publica, quando veiculadas por animais silvestres (Tompkins et al., 2015).
A compreensao sobre possiveis interacdes que promovam transmissao de patégenos
entre animais silvestres, domésticos e seres humanos também deve ser entendida,
s6 assim sera possivel definir estratégias de controle da transmissdo dos

microrganismos importantes em saude Unica.
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Hipdtese
Staphylococcus aureus, Yersinia enterocolitica, Salmonella enterica e
Campylobacter sp. com caracteristicas relevantes em saude Unica estdo presentes

em animais silvestres e ocorrem cepas comuns entre eles e os animais domeésticos.



2 Objetivos

2.1 Geral
Verificar a ocorréncia de patdgenos importantes em saude Unica em animais
silvestres, estudar a interacdo com a ocorréncia em animais domeésticos e analisar

caracteristicas relevantes dos isolados.

2.2 Especificos

Identificar a ocorréncia de S. aureus, Y. enterocolitica e S. enterica em fezes
de aves silvestres de vida livre, animais domeésticos e morcegos que habitam
constru¢des humanas

Identificar a ocorréncia de S. aureus, Y. enterocolitica, S. enterica e
Campylobacter sp. em fezes de animais silvestres em reabilitacéo.

Testar a resisténcia dos S. aureus isolados a meticilina.

Identificar a presenca de genes codificadores de enterotoxinas em isolados da
espécie S. aureus.

Identificar a capacidade de formacéo de biofilme S. aureus dos isolados dos
animais que se encontram em reabilitacao.

Verificar a ocorréncia de mesmas cepas bacterianas em animais por

comparacao de perfis moleculares dos isolados.



3 Revisado da Literatura

3.1 Bactérias importantes em saude unica

A espécie S. aureus € frequentemente encontrado em vias aéreas de animais
e humanos, sendo encontrado também no trato gastrointestinal (Castro-Silva et al.,
2011; Gomes et al.,, 2011). Este patdogeno € considerado 0 mais importante em
infeccdes humanas de pele e tecidos moles e também estd associado a infeccbes
nosocomiais com risco de vida, como pneumonia e septicemia (de Lencastre et al.,
2007). Possui sete tipos de toxinas que, quando ingeridas, podem causar intoxicagao
alimentar na qual os sintomas mais frequentes sdo nausea, vOmito, cdlicas
abdominais, diarreia e sudorese. Além de S. aureus, também Staphylococcus hyicus
e Staphylococcus intermedius tém sido associados a surtos de intoxicacdo de origem
alimentar, sendo estas trés espécies as de maior interesse em microbiologia de
alimentos, embora também possam ser transmitidas diretamente a partir de
portadores (Franco e Landgraf, 2003).

Em um estudo com animais silvestres de vida livre na Espanha, S. aureus
estava presente em 5% da populacdo estudada, sendo as espécies portadoras Gyps
fulvus (abutre-fouveiro) (2/40), Capra pyrenaica (ibex-ibérico) (36/157), Cervus
elaphus (cervo-vermelho) (54/273) e Sus scrofa (javali) (126/473) (Porrero et al.,
2014). O género Staphylococcus também ja foi isolado de mamiferos silvestres em
um criadouro no Tocantins estudado por Gomes et al. (2011). A bactéria foi isolada
de individuos da familia Mustelideae e Tayassuidae.

O grupo S. aureus resistente a meticilina (Methicillin-resistent Staphylococcus
aureus, MRSA) é um dos principais causadores de infeccdo nosocomial no homem,
culminando com uma variedade de complicacdes que geram riscos a vida (Chambers,
2001). A principal linhagem isolada € predominantemente relacionada ao gado
(Graveland et al., 2011), outra de importancia esta relacionada a suinos e ja foi isolada
de bovinos e aves (Van Loo et al., 2007). Portanto o homem, os animais de producao
e 0 ambiente contaminado por eles podem constituir fontes de transmissao para

animais silvestres e vice-versa. A evolucao da resisténcia a meticilina por S. aureus
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esta associada a baixa afinidade por antibidticos B-lactamicos, pela pressédo da
utilizacdo de antibioticos ou possivel resisténcia ambiental. Além destes, isolados
resistentes a meticilina sao resistentes a maior parte dos antimicrobianos comumente
utilizados (Utsui e Yokota, 1985). Atualmente, cefoxitina passou a ser o antibiético de
escolha para os testes de sensibilidade a meticilina, j& que a prépria meticilina néo é
mais fabricada. Oxacilina permanece como segunda opc¢éao (Skov et al., 2003; Felten
et al., 2002).

A espécie Salmonella enterica é considerada um patégeno amplamente
distribuido no ambiente e pode ser encontrado em diversas espécies, como aves
silvestres, roedores e artropodes, que possibilitam a perpetuacdo do patégeno no
ambiente e a transmissao para animais domésticos e para humanos (Hilbert et al.,
2012). Rubini et al. (2016), ap6s analisarem 1.114 amostras intestinais obtidas de
carcacas de animais silvestres provenientes de propriedades de criagdo de aves,
suinos e bovinos na Itélia, isolaram S. enterica de 2,87% dos animais amostrados,
havendo maior prevaléncia em raposas e aves silvestres. Os autores afirmam que 0s
animais selvagens onivoros estdo particularmente expostos a contaminacédo e,
consequentemente, a disseminacéo do microrganismo. S. enterica também foi isolada
de amostras de fezes de mamiferos silvestres em cativeiro no Brasil (Gomes et al.,
2011) e de Sicalis flaveola de vida livre no estado do Rio Grande do Sul, Brasil (Dias
et al., 2019).

A espécie Y. enterocolitica é responsavel por causar sindromes gastrintestinais,
variando de enterite aguda a linfadenite mesentérica (Falcao et al., 2006). Silveira et
al. (2018), apos coleta de fezes de animais silvestres alojados em um ndcleo de
recuperacdo da fauna silvestre, constataram que, de 73 animais amostrados, quatro
(5,48%), Vanellus chilensis (quero-quero), Turdus rufiventris (sabia-laranjeira),
Didelphis albiventris (gamba-de-orelha-branca) e Pantherophis guttatus (cobra-do-
milho), albergavam Y. enterocolitica e a estavam eliminando nas fezes, oferecendo
risco de disseminagéo desse microrganismo no ambiente, além de constituirem-se em
possiveis transmissores para humanos e outros animais (Kraushaar et al., 2011).

O género Campylobacter € um importante patégeno envolvido em surtos de
doencas de origem alimentar, transmitido principalmente por produtos avicolas, porém
outras vias de infec¢cbes ainda devem ser estudadas (Germano e Germano, 2003;
Centers for Disease Control and Prevention, 2011). Este microrganismo foi isolado de

aves de vida livre da espécie Chrysomus ruficapillus (garibaldi) na regido sul do Rio
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Grande do Sul, demonstrando a ocorréncia do patdbgeno em animais silvestres na

regido (Dias et al., 2014).

3.2 Ambientes propicios a pesquisa de animais silvestres como potenciais
reservatérios/transmissores de bactérias

Nunes et al. (2010) ressaltam que animais silvestres oriundos de apreensao
elou trafico se tornam potenciais transmissores de zoonoses, caso alberguem
patdgenos, mesmo que se apresentem saudaveis. Neste contexto, torna-se relevante
monitora-los continuamente.

O Nucleo de Reabilitagdo da Fauna Silvestre (NURFS) da Universidade Federal
de Pelotas (UFPel), desde 1998, recebe e trata animais silvestres que sao
encontrados feridos, érfaos ou oriundos do tréafico ilegal e, atualmente, é a principal
referéncia de apoio ao trabalho de fiscalizacdo e apreenséo de animais silvestres
pelas Policias Ambiental, Civil e Militar Estadual e Federal na regido sul do Rio Grande
do Sul (NURFS, 2008). A presenca de animais contaminados em um centro de
reabilitacdo representa uma ameaca tanto para outros animais como para humanos
qgue entram em contato com eles ou com o ambiente contaminado.

A ocorréncia de doencas infecciosas emergentes e sua relevancia para a saude
humana aumentam o interesse em pesquisa com morcegos. Estes animais podem ser
considerados potenciais reservatérios e vetores de trasmissdo de patdgenos
causadores de zoonoses. As atividades de pesquisa tém sido predominantemente
focadas em agentes virais, enquanto a prevaléncia de bactérias patogénicas em
morcegos tem sido largamente negligenciada. Patdbgenos entéricos encontrados em
morcegos sdo muitas vezes considerados originarios da dieta dos morcegos e habitats
de forrageamento, sendo determinadas bactérias comumente encontradas compondo
a microbiota normal destes animais, apesar do fato de que pouco se sabe sobre o
tema ou mesmo sobre os ciclos de transmissédo envolvendo morcegos, humanos e
outros animais. Para alguns patdgenos bacterianos comuns em doencgas tanto em
humanos quanto em animais, como Yersinia spp., Pasteurella spp., S. enterica e E.
coli, o potencial de transmissédo por morcegos deve ser mais estudado (Muhldorfer,
2013).

Com a destruicdo de habitats naturais pela expanséo das areas rural e urbana,
muitas espécies de morcegos encontraram nas cidades um excelente local para

conseguir abrigo e alimento nas constru¢gdes humanas. Tadarida brasiliensis
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(morceguinho-das-casas) € um exemplo de espécie comumente encontrada em
ambientes urbanos (Pacheco et al., 2010). A presenca de morcegos albergando
patdgenos importantes em saude publica em construgcdes humanas pode constituir
um problema para saude publica, considerando o risco de transmisséo direta ou
indireta a partir de fezes contaminadas.

A pluriatividade consiste na utilizagdo de mais de uma atividade agricola, na
maioria das vezes para aumento da renda. No Rio Grande do Sul, sdo comuns as
pequenas propriedades de producao familiar, que como estratégia de manutencéo e
lucratividade, utilizam a criacéo de diversas espécies de animais no mesmo ambiente,
para subsisténcia e/ou comercializacdo (Schneider et al., 2006). Os animais
domésticos criados nestas propriedades servem para o consumo, produzindo carne,
leite e ovos, entre outros produtos, ou para companhia. Quando albergam
microrganismos causadores de doenca transmitida por alimento (DTA) podem
contaminar o homem, pelo consumo desses produtos, contato direto ou contaminacao
do ambiente e da 4gua (de Sa e Ferreira, 2007). Também podem contaminar animais
silvestres, o0s quais podem servir como disseminadores dos microrganismos. Um fator
importante a ser estudado é o estreito contato entre espécies de animais, podendo
uma espécie contaminar outras e assim gerar a perpetuacao de patégenos por se

adaptarem a diferentes animais.

3.3 Biofilme

Biofilme é uma comunidade de microrganismos sésseis caracterizada por
células que se aderem a uma superficie, embebidas em uma matriz extracelular
formada por exopolissacarideos (Donlan e Costerton, 2002). Existe uma alta
prevaléncia de infeccdes relacionadas com biofilme, ja que as bactérias, quando em
biofilme, ficam menos acessiveis a acao de antibacterianos e podem alcancar nimero
suficiente para representar uma potencial dose infectante (Davies, 2003). Conforme
as caracteristicas dos microrganismos, os biofilmes podem ser produzidos sobre uma
variedade de substratos, como aco inoxidavel, vidro e borracha, entre outros (Milan et
al., 2015; Parizzi et al., 2004). A capacidade de formacdo de biofilme por
determinados microrganismos pode contribuir para a dificuldade de desinfeccdo de

instalacdes, equipamentos e gaiolas, propiciando a permanéncia de patdogenos no
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ambiente e aumentando o risco de contaminagao de outros animais e seres humanos
(Davies, 2003).

3.4 Estudo de perfis moleculares

O estudo dos perfis moleculares de S. enterica, Y. enterocolitica e S. aureus
isolados de fezes obtidas de animais domésticos, silvestres e humanos constitui
valioso instrumento para o0 avanco no conhecimento da epidemiologia das
enfermidades causadas por estes microrganismos. A reacdo em cadeia da polimerase
(PCR) de elementos repetitivos (rep-PCR) pode ser gerada pela determinacdo da
presenca de sequéncias repetidas que estado distribuidas no genoma através da PCR
de elementos palindrébmicos repetitivos, de forma a compor um perfil molecular
(Kudirkiené et al., 2010). A identificacdo de cepas similares em distintas espécies
hospedeiras € uma informagdo importante para a compreensdo das formas de

transmissao dos agentes etioldgicos.
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Resumo

Os objetivos deste estudo foram identificar a ocorréncia de patégenos importantes em salde
publica em animais domeésticos e silvestre em uma propriedade pluriativa, detectar a presenca
de genes codificadores de enterotoxinas em isolados da espécie S. aureus e verificar a presenga
da mesma cepa de patdgeno entre animais. Foram coletadas amostras das fezes de até cinco
exemplares de cada espécie doméstica e de animais silvestres. Isolados foram obtidos, foram
realizadas a identificacdo / confirmacdo de espécies, deteccdo de genes enterotoxigénicos,
comparacao de perfis moleculares e foram identificados S. aureus resistentes a meticilina
(MRSA). O percentual total de amostras das quais foi obtido algum isolado foi 7,9% (19/241).
S. aureus estava presente em 7,5 % (12/160) dos animais domésticos e em 6,2% (5/81) dos
animais silvestres. S. aureus resistente a meticilina (MRSA) foi isolado de 3,7% (6/160) dos
animais domésticos e de 4,9% (4/81) dos animais silvestres. Ja Y. enterocolitica foi isolada de
1,2% (1/81) dos animais silvestres e Salmonella de de 0,6% (1/160) dos animais domésticos.
35,3% (6/17) dos isolados S. aureus possuiam algum gene enterotoxigénico. Foram
encontrados isolados indistinguiveis e intimamente relacionados em animais domésticos e
silvestres havendo comprovacao da circulacdo de cepas entre animais ou indicando a presenca
fontes de contaminacdo comuns entre eles, o que confirma que ha circulacdo de cepas entre
animais ou pelo menos indica a presencga de uma fonte comum de infeccédo entre eles.
Palavras-chave: aves, S. aureus, MRSA, Salmonella, Yersinia, disseminacao de patdgenos.

Abstract

The objectives of this study were to identify the occurrence of pathogens of public health
concern in wild and domestic animals within a pluriactive farm, to detect the presence of genes
coding enterotoxins in Staphylococcus aureus isolates and to identify the occurrence of the
same strain in different animals. Fecal samples of up to five specimens of each domestic and
wild species were collected. Isolates were obtained, were realized the species
identification/confirmation, detection of enterotoxigenic genes, the comparison of molecular
profiles and were identified the Methicillin-resistant S. aureus (MRSA). Total percentage of
samples from which some isolate was obtained was 7.9% (19/241). S aureus was present in
7.5% (12/160) of domestic animals and in 6.2% (5/81) of wild animals. MRSA was isolated
from 3.7% (6/160) of domestic and from 4.9% (4/81) of wild animals. Yesrinia enterocolitica
was isolated from 1.2% (1/81) of wild animals and Samonella from 0.6% (1/160) of domestic
animals. 35.3% (6/17) of S. aureus isolates had one of the enterotoxigenic genes.
Indistinguishable and closely related isolates were found in domestic and wild animals, which
confirms that there is a circulation of strains between animals or at least indicates the presence
a common source of infection between them.

Keywords: birds, S. aureus, MRSA, Salmonella, Yersinia, pathogen dissemination.
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1. INTRODUCTION
The pluriactivity of a farm consists of the use of more than one agricultural activity,

mostly to increase the income in the farm. In the Rio Grande do Sul State, it is common that
small familiar farms, as a management and profitability strategy, raise different species of
domestic animals within the same territory for subsistence and/or trading (Schneider et al.,
2006). Domestic animals raised within these farms are raised mainly for subsistence
consumption, providing meat, milk and eggs, among other products, or as pets. When they host
any microorganism that cause foodborne diseases (FBD) they may infect man, through the
consumption of their products, direct contact or contamination of the environment and water
(de Sa and Ferreira, 2007). They may also infect wild animals, which can act as microorganism
disseminators. An important factor to be studied is the close contact between animal species,
with one transmitting to the other, thus perpetuating the pathogens through their adaptation to
different animals.

Bacteria of public health concern, such as S. aureus (Gomes et al., 2011), Y.
enterocolitica (Silveira et al., 2018) and Salmonella (Dias et al., 2019) have already been
isolated from wild and domestic animals in Brazil (Dias et al., 2019). S. aureus can infect
humans (Bastos et al., 2020), and/our can produce several toxins that, once ingested, may cause
food poisoning, though the microorganism can be transmitted directly from a carrier (Franco
and Landgraf, 2003).

Methicillin-resistant Staphylococcus aureus (MRSA) is one of the major agents of
nosocomial infections that can culminate in a variety of complications that are life-threatening
(Chambers, 2001). The main strain isolated from domestic animals is predominantly related to
cattle (Graveland et al., 2011). Another important strain is related to pigs and has also been
isolated from cattle, poultry (Van Loo et al., 2007) and free-living wild animals (Porrero et al.,
2013).

The study on the molecular profiles of Salmonella, Y. enterocolitica and S. aureus
isolated from feces of domestic and wild animals represents a valuable instrument in the
advance of epidemiologic knowledge of the diseases caused by these microorganisms. The
identification of similar strains of these pathogens in distinct species is an important information
to understand the forms of transmission of etiological agents. The polymerase chain reaction
(PCR) of repetitive elements (rep-PCR) can be generated by the determination of the presence
of repeated sequences in the genome through PCR of repetitive palindromic elements, that

composes a molecular profile (Kudirkiené et al., 2010).
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Data on pathogen carriers responsible for bacterial diseases are scarce, since it is
difficult to obtain samples from wild animals. Hence, more surveys along regions are necessary,
in order to determine the relevance of the bacteria transmission by wild animals to public health
(Tompkins et al., 2015). The understanding on the possible interactions that promote pathogen
transmission between wild and domestic animals must also be better understood. Thus, it will
be possible to define strategies to control the transmission of microorganisms of public health
concern.

The objectives of this study were to identify the occurrence of S. aureus, MRSA, Y.
enterocolitica and Salmonella in fecal samples of wild and domestic animals within a
pluriactive farm, to detect the presence of genes coding enterotoxins in S. aureus isolates and

to identify the occurrence of the same strain in different animals.

2. MATERIAL AND METHODS
Sample collection

One farm that had more than five different species of domestic animals was selected for
the study. Three collection phases during spring in three consecutive years were performed,
which corresponded to four successive visitations during the collection periods. Fecal samples
of at least five specimens of domestic animals, randomly selected, were collected. The feces of
wild animals were also collected. The species of wild animals collected varied according to the
animals that were captured.

Wild birds were captured with two mist nets, of 12 meters each, positioned in strategic
locations within the farm. In each visit the capture effort was of 8h, four in the end of the
afternoon and the other four in the morning of the following day. After the collection of fecal
samples, birds were taxonomically identified (genus and species), according to the Annotated
Checklist of the Birds of Brazil by The Brazilian Ornithological Records Committee (Lista
comentada das aves do Brasil pelo Comité Brasileiro de Registros Ornitolégicos, Piacentini et
al., 2015), and were discretely marked on the back with inodorous and non-toxic ink (All-
Wheather, USA), in order to be identified in case of recapturing, avoiding sample duplication,
and immediately released.

Fecal samples were directly obtained from the anus or the cloaca, according to the
situation, with the aid of sterile swabs and dispatched to the laboratory in transport media Cary
Blair (Himedia, Mumbai, India), in an isothermal container with ice.

Isolates acquisition
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The determination of S. aureus presence was carried out by directly spreading of swabs
with fecal samples on Baird-Parker agar surface (Himedia, Mumbai, India) and then incubating
the plate at 37°C for 48 h. Three typical and three atypical colonies of S. aureus were inoculated
on a Brain and Heart Infusion broth (BHI, Himedia) and incubated at 37°C for 24 h to perform
the coagulase test. In this test, 0.3 mL of culture were inoculated in 0.3 mL of blood plasma and
for 6 h of incubation at 37°C the formation of clots was monitored. The coagulase-positive
isolates were submitted to PCR test to identify S. aureus.

The detection of Y. enterocolotica was carried out by streaking of the samples on
MacConkey agar (MC, Himedia). After incubation at 37°C for 48 h, three lactose-negative
colonies were seeded in BHI broth and, after incubation at 37°C for 24 h, motility tests were
performed according to Weagant and Feng (2017). Isolates with the motility compatible with
Y. enterocolitica were then identified through PCR test.

To assess Salmonella, swabs were placed into 10 mL of Buffered Peptone Water (BPW,
Himedia) for pre-enrichment and remaining procedures, as recommended by US Food and Drug
Administration — FDA (Andrews et al., 2020). Species identification was performed through
PCR test.

Isolate cultures in BHI broth were mixed to 20% of glycerol to stock at -18°C. When
necessary, isolates were recovered in BHI at 37°C for 24 h.

Molecular identification

DNA of the isolates was extracted according to Sambrook and Russel (2001). For
complete cell lysis of coagulase-positive Staphylococcus, 100 pL of Lysostaphin solution (100
pug/mL of Lysostaphin in 20 mM of acetate buffer) was added after obtaining a pellet by
centrifugation of the culture in BHI, and incubated at 37°C for 1 h.

The identification of S. aureus was carried out through PCR test using primers au-F3
and au-nucR, according to a protocol previously reported by Sasaki et al. (2010) with
modifications: the primers for the identification of S intermedius and S. hycus were not used,
and the volume of the solution was completed with water. The identification of Y. enterocolitica
was performed through PCR test, according to Wannet et al. (2001), with modifications, since
gene ail was not assessed, and primers were substituted by water. The PCR test for Salmonella
identification was performed according to Oliveira et al. (2003). PCR products were stained
with Blue Green (LGC Biotecnologia, Cotia, Brazil), and visualized in a 1.0% agarose gel.
Presence of genes coding toxins in S. aureus isolates

The identification of genes that coded staphylococcal toxins A (sea) and C (sec) in the

S. aureus isolates was carried out through PCR test, as reported by Cunha et al. (2007), with
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modifications: the primers for amplification of genes seb, sed and tst were not used, and the
volume of reaction was completed with water. For the identification of genes that coded
enterotoxins B (seb) and D (sed) the PCR test was carried out as reported by Andretta (2019).
PCR products, stained with Blue Green, were visualized in a 2.0% agarose gel.

Comparison of molecular profiles of the isolates

The molecular profile of the isolates of each species was assessed through the rep-PCR
technique, by using primer (GTG)s (Versalovic et al., 1994). The products of rep-PCR were
submitted to a 2% agarose gel electrophoresis and stained with Blue Green for the visualization
of band patterns of the different amplified regions. Band profiles obtained were analyzed
comparatively according to Tenover et al. (1995).

Identification of Methicillin-resistant Staphylococcus aureus

Strains previously confirmed as S. aureus were submitted to disk-diffusion test in
Mdeller-Hinton agar, using a 30 pg of cefoxitin disk (Skov et al., 2003) for the identification
of MRSA. The results obtained were assessed according to the Clinical and laboratory
Standards Institute (CLSI, 2015), which considers a microorganism as resistant when the
inhibition halo has a diameter lower than 21 mm and sensitive when halos have a diameter
equal to or higher than 22 mm.

This study was authorized by the Animal Experimentation Ethics Committee of the
Universidade Federal de Pelotas, code CEEA n. 0978-2016. The capture of wild animals was
authorized by the Chico Mendes Institute for Biodiversity Conservation (ICMBI0), n. 52646-
1.

3. RESULTS AND DISCUSSION

One hundred and sixty domestic animals and 77 wild birds were sampled. One of the
wild birds, Cairina moschata (Muscovy duck) had a nest within the area of the farm’s
headquarters. Moreover, fecal samples from one Rattus rattus (Black rat) and three Sus scrofa
(Wild boars), captured by the farm’s owner during the execution of the survey, were collected,
making a total of 241 fecal samples. The total percentage from which at least one isolate was
obtained was 7.9% (19/241), with 0% (0/79) in the first collection phase, 25.4% (15/59) in the
second, and 3.9% (4/103) in the third collection phase (Figure 1).
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Figure 1. Percentage of domestic animals and wild birds in a pluriactive farm that hosted at least one of the

pathogens surveyed in three collection phases.

In the first phase, 58 fecal samples of domestic animals and 20 fecal samples of wild
birds of nine species were collected, including samples of Cairina moschata and Rattus rattus.
The microorganisms surveyed were not isolated from any of the samples.

In the second phase, 53 fecal samples of domestic animals of 11 different species and
six fecal samples of wild birds of four species were collected. Eleven out of 53 (20.8%) of the
domestic animals’ samples were contaminated by S. aureus, which were obtained from pigs
(2/3), cats (2/3), chickens (2/2), dogs (2/2), turkeys (2/2), and sheep (1/1). S. aureus was also
isolated from 66.7% (4/6) of the wild animals’ samples, which were the birds of the species
Sicalis flaveola (1/2), Turdus rufiventris (1/1), Furnarius rufus (1/1) and Passer domesticus
(1/1). Of the S. aureus identified, 53.3% (8/15) were resistant to cefoxitin and therefore
classified as MRSA, in which 33.3% (5/15) were obtained from feces of domestic animals,
chickens (2/2), pigs (1/3), dogs (1/2), turkeys (1/2), and 20.0% (3/15) from the wild birds S.
flaveola (1/2), T. rufiventris (1/1) and F. rufus (1/1). Y. enterocolitica and Salmonella spp. were
not isolated from any of the samples.

In the third phase, feces from 49 domestic animals of 12 different species were collected
and 51 wild birds of six species were captured and sampled, in addition to samples of three Sus
scrofa. Two (1.9%) animals were infected by S. aureus, one bull (1/5) and one wild bird of S.
flaveola species (1/17). Both (100%) were classified as MRSA. One (0.1%) of the 103 animals
surveyed hosted Y. enterocolitica, one passerine of S. flaveola (1/17) species. Salmonella was

isolated in one (1%) out of the 103 samples, from the feces of a cat (1/4).
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When the molecular profiles of the S. aureus isolates obtained from domestic and wild
animals were compared, some of them were considered indistinguishable or closely related
(Figure 2). One of them was common to a chicken, a dog, a cat, a pig, and a bull (profile A),

comprising two phases of sample collections, and the other was common to a sheep and a F.
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domestic and wild animals of a pluriactive farm. Profiles are grouped by letters according to the similarity.

As for the presence of genes coding enterotoxins, four (23.5%) out of the 17 isolates of
S. aureus had the sec gene, which were obtained from cats (2/5), dogs (1/5) and chicken (1/5),
and two (11.8%) had the sed gene, obtained from a dog (1/5) and a bird of T. rufiventris species
(1/2), all of them during the second phase. Sea and seb genes were not present in any of the
isolates.

The percentage of isolates obtained from domestic and wild animals did not differ
greatly (Figure 1), except for the 66.7% of the isolates from feces of wild birds found in the
second phase, which could be the consequence of the small number of wild birds captured in
this phase. This is an important epidemiological association that suggests that the sources of
contamination for both domestic and wild animals were equally influenced by factors that
favored bacterial replication, possibly climatic or the management within the farm. On the other
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hand, there was a significant variation of the percentage of isolation between collection phases,
which demonstrates that the level of infection in the animals varies from year to year, possibly
due to climatic and management variations within the farm as well.

One of the reasons that could explain the high occurrence of pathogens in wild birds and
the small number of captured birds in the second phase, is that passerines seem to serve as a
reservoir and those that were not already infected are more susceptible. Therefore, outbreaks
related to enterobacteria may occur when the birds are in a poor condition, as described by
Soderlund et al. (2019) in a study that reported the transmission of Salmonella by passerines.

This study demonstrated that pigs, cattle, sheep, birds, dogs, and cats raised in
pluriactive farms, as well as wild birds of the species S. flaveola, T. rufiventris, F. rufus and P.
domesticus could serve as reservoirs of S. aureus, being able to disseminate the pathogen
through their feces in the environment. These species of both domestic and wild animals, when
hosting S. aureus, constitute potential transmitters of pathogens to both humans and other
animals, by direct contact through the consumption of animal products or by environmental and
water contamination (de S& and Ferreira, 2007). On the other hand, wild birds could be infected
through domestic animals and humans (Daszak et al., 2000). The fact that free-living birds S.
flaveola, T. rufiventris and F. rufus carried MRSA presupposes that their infection occurred
directly or indirectly from domestic animals or humans, from which these strains were
originated.

Isolates that were common among domestic animals (profile A) and among domestic
and wild animals (profile F) were found, indicating a transmission interaction of strains between
domestic and wild animals or a common source of infection. This variation among highly
different carriers is possible by the fact that some strains of S. aureus have few specificity
restrictions regarding the host and are able to colonize several species (Graveland et al., 2011)
and continue their perpetuation. The occurrence of a common molecular profile (profile A),
found both in the first and the second phases, indicates the permanence and circulation of a
pathogen strain for a long period among domestic animals within the farm.

The presence of MRSA strains weakly species-specific in rural areas increase the
concern regarding the dissemination among animals and the potential infection of humans. It
has already been demonstrated that people that hosted MRSA when in direct contact with both
production or companion animals, exhibited an increased risk of carrying the same strains of
MSRA as animals (Morgan, 2008). Once MRSA infect humans, there is great difficulty in the

treatment of patients due to the broad resistance of this microorganism to antibiotics.
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The presence of the sec gene in 23.5% (4/17) and the sed gene in 11.8% (2/17) of S.
aureus isolates indicates the potential pathogenicity of strains present in pets, production and
wild animals within the farm. In a study conducted by Smyth et al. (2005), the sec gene was
present in 51 out of 191 S. aureus isolates obtained from cattle (19/99), goats (18/39) and sheep
(14/23), and one isolate obtained from a cat had the sed and sej genes. The presence of two cats,
one dog and one chicken hosting S. aureus with the sec gene and one dog hosting S. aureus that
had the sed gene suggests risks to human and animal health. Furthermore, the fact that one T.
rufiventris hosted S. aureus with the sed gene represents a potential risk for the perpetuation of
the pathogen in the farm and a greater potential for the dissemination of this strain, since it was
found in a free-living bird.

S. flaveola may carry Y. enterocolitica and, consequently, be a potential disseminator of
these pathogens to the environment, domestic animals, men and food. Y. enterocolitica seem to
exhibit lower transmissibility than S. aureus (Silveira et al., 2018). Possibly because of that, a
lower occurrence of Y. enterocolitica was observed in our study.

The cat that hosted Salmonella could have been infected from passerines throughout the
years. It has already been demonstrated that mass seasonal migration of passerines seems to
cause outbreaks of Salmonella Typhimurium among cats in certain years in Sweden, probably
due to predation of weakened birds. From this transmission, outbreaks can occur among
humans, caused by contact with infected domestic cats or through environmental contamination
(Soderlund et al., 2019). Others carriers of Salmonella were not found within the farm, neither
in domestic nor in wild animals, that could be the source of contamination. On the other hand,

pets can be infected through humans which are possible sources of infection.

4. CONCLUSIONS

Domestic and wild animals in a pluriactive farm can be pathogens of public health
concern carriers and share the same strains, which can remain circulating among the animals of
the farm for at least one year.

S. aureus, including MRSA, can be present in the feces of both domestic (pigs, cats,
chickens, turkeys, sheep, and cattle) and wild animals (S. flaveola, T. rufiventris, F. rufus and
P. domesticus) within the same pluriactive farm. Cats, dogs, chickens and T. rufiventris can
carry potentially enterotoxigenic S. aureus. S. flaveola can be a reservoir of Y. enterocolitica,
as well as cats can carry Salmonella. Considering the variety of species, both domestic and
wild, that can carry bacteria of public health concern and the long time that these pathogens

remain in the farm, it becomes necessary that hygienic-sanitary care measures are adopted, in
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order to minimize the possibility of transmission of these microorganisms and decrease the risk
of infection for humans, domestic and wild animals and as well as environmental

contamination.
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Abstract

The presence of contaminated animals in wildlife rehabilitation centers poses a threat for both animals
and humans that come into contact with them or the contaminated environment. The aim of this study
was to assess the presence of Staphylococcus aureus, including methicillin-resistant S. aureus (MRSA),
as well as studying the biofilm formation capacity of these isolates, Yersinia enterocolitica, Salmonella
enterica and Campylobacter spp. in wild animals from a rehabilitation center. During a two-year period,
feces were collected from animals that were admitted to a wildlife rehabilitation center (n=324 samples).
The pathogens were isolated from 51 (15.7%) animals of different species of mammals, birds and reptiles.
Forty isolates (12.3%) were identified as S. aureus, of these, 32 (9.9%) were identified as MRSA and
72.5% were able to form biofilm. Y. enterocolitica was found in five mammals (5.1%), three reptiles
(21.43%) and two birds (0.94%). Salmonella and Campylobacter were isolated from one bird each (0.67%
and 0.67%, respectively). A wide diversity of animal species in rehabilitation centers, including birds,
mammals and reptiles, can carry MRSA and enterobacteria of one health concern and eliminate in the
feces. The presence of these pathogens in the gastrointestinal tract of wild animals admitted to a wildlife
rehabilitation center shows the importance of microbiological monitoring of animals at the time of their
admission and reinforces the need for specific hygienic-sanitary care.

Keywords: Biofilm; Birds; Campylobacter; Mammals; Reptiles; Salmonella; Staphylococcus aureus;
Yersinia enterocolitica.

Resumo

A presenca de animais contaminados em centros de reabilitacdo de animais silvestres representa uma
ameaca para 0s animais e humanos que entram em contato com eles ou com o ambiente contaminado. O
objetivo deste estudo foi avaliar a presenca de Staphylococcus aureus, incluindo S. aureus resistente a
meticilina (MRSA), bem como estudar a capacidade de formagdo de biofilme destes isolados, Yersinia
enterocolitica, Salmonella enterica e Campylobacter spp. em animais silvestres recebidos em um centro
de reabilitagdo. Durante o periodo de dois anos, foram coletadas fezes de animais recebidos em centro de
reabilitacdo de fauna silvestre (n = 324 amostras). Os patogenos foram isolados de 51 (15,7%) animais
de diferentes espécies de mamiferos, aves e répteis. Quarenta isolados (12,3%) foram identificados como
S. aureus, destes, 32 (9,9%) foram identificados como MRSA e 72,5% foram capazes de formar biofilme.
Y. enterocolitica foi encontrada em cinco mamiferos (5,1%), trés répteis (21,43%) e duas aves (0,94%).
Salmonella e Campylobacter foram isoladas de uma ave cada (0,67% e 0,67%, respectivamente). Uma
grande diversidade de espécies animais em centros de reabilitagdo, incluindo aves, mamiferos e répteis,
podem carrear MRSA e enterobactérias tornando-se um problema de salde por elimina-las nas fezes. A
presenca desses patdgenos no trato gastrointestinal de animais silvestres internados em centro de
reabilitacdo de fauna silvestre demonstra a importancia do monitoramento microbiolégico dos animais
no momento de sua internacao e reforga a necessidade de cuidados higiénico-sanitarios especificos.
Palavras-chave: Biofilme; Aves; Campylobacter; Mamiferos; Répteis; Salmonella; Staphylococcus
aureus;, Yersinia enterocolitica.

Resumen

La presencia de animales contaminados en los centros de rehabilitacién de animales salvajes representa
una amenaza para los animales y los seres humanos que entran en contacto con ellos o con el medio
ambiente contaminado. El objetivo de este estudio fue evaluar la presencia de Staphylococcus aureus,
incluyendo S. aureus resistente a meticilina (MRSA), asi como estudiar la capacidad de formacién de
biopeliculas de estos, Yersinia enterocolitica, Salmonella enterica y Campylobacter spp. en animales
salvajes recibidos en un centro de rehabilitacion. Durante el periodo de dos afios, se colectaron heces de
animales recibidos en un centro de rehabilitacién de vida silvestre (n = 324 muestras). Se aislaron
patégenos de 51 (15,7%) animales de diferentes especies de mamiferos, aves y reptiles. Cuarenta
aislamientos (12,3%) fueron identificados como S. aureus, de estos, 32 (9,9%) fueron identificados como
MRSA Yy el 72,5% pudieron formar biopeliculas. Y. enterocolitica se encontrd en cinco mamiferos (5,1%),
tres reptiles (21,43%) y dos aves (0,94%). Se aislaron Salmonella y Campylobacter de un ave cada (0,67%
y 0,67%, respectivamente). Una gran diversidad de especies animales en centros de rehabilitacion,
incluyendo aves, mamiferos y reptiles, pueden ser portadores de MRSA y enterobacterias, convirtiéndose
en un problema de salud al eliminarlas en las heces. La presencia de estos patdgenos en el tracto
gastrointestinal de los animales salvajes ingresados en un centro de rehabilitacion de vida silvestre
demuestra la importancia del monitoreo microbiol6gico de los animales al momento de su ingreso y
refuerza la necesidad de cuidados higiénico-sanitarios especificos.

Palabras clave: Biopelicula; Aves; Campylobacter; Mamiferos; Reptiles; Salmonella; Staphylococcus
aureus; Yersinia enterocolitica.
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1. Introduction

The abundance of animals admitted to wildlife rehabilitation centers offers a unique opportunity for
research activities addressing pathogenic microorganisms (Yabsley, 2019). The presence of animals carrying
pathogenic microorganisms in a wildlife rehabilitation center represents a threat for both animals and humans that
come into contact with them or the contaminated environment. However, little has been studied about the species
of wild animals capable of acting as pathogen carriers responsible for bacterial diseases (Tompkins et al., 2015),
which makes difficult the adoption of preventive measures in the facilities that admit these animals.

Staphylococcus aureus, especially methicillin-resistant S. aureus (MRSA), which is one of the main
agents of nosocomial life-threatening infections, due to its difficult treatment (Silva et al., 2020), Yersinia
enterocolitica, Salmonella enterica and Campylobacter spp. are pathogens of great one health concern and have
already been isolated from the gastrointestinal tract of wild animals (Centers for Desease Control and Prevention
- CDC, 2017; Chambers, 2001; Porrero et al., 2013; Silveira et al., 2018; Gomes et al., 2011; Dias, 2015). These
reports, however, address a very limited number of species that can be carriers of these microorganisms within a
vast universe of species that must be studied.

Information concerning the species of animals that are associated with the transmission of pathogens, as
well as the frequency of carriers, is necessary for the adoption of effective measures to control the spread of these
microorganisms in wildlife rehabilitation centers. The understanding of specific characteristics of the bacteria
carried by animals is also important for design of hygienic-sanitary protocols that should be adopted.

Biofilm is a community of sessile microorganisms characterized by cells that adhere to a surface,
embedded in an extracellular matrix formed by exopolysaccharides. The ability to form biofilm is a trait that
directly affects the elimination of the microorganisms from different surfaces (Donlan and Costerton, 2002). The
presence of pathogens capable of forming biofilm in wildlife rehabilitation centers can make their elimination
from facilities, equipment and utensils more difficult.

The objective of this study was to identify the occurrence of S. aureus, Y. enterocolitica, Salmonella and
Campylobacter in the gastrointestinal tract of wild animals undergoing rehabilitation and to test the methicillin-

resistance and the biofilm formation capacity of the isolated S. aureus.

2. Methodology
Sample collection

During two-year the Nucleo de Reabilitagdo da Fauna Silvestre e Centro de Triagem de Animais
Silvestres — Universidade Federal de Pelotas (NURFS/CETAS-UFPel) was monitored weekly. A qualitative
(Pereira et al., 2018) census-type study was conducted considering the animals received and lodge in the nucleus
the population, with the exception of those submitted to the liberation soon after clinical evaluation and those that
died until the collection date, always performed on Mondays. The collection of feces from wild animals was carried
out directly from the rectum or cloaca, using sterile swabs moistened in 0.85% saline solution. The swabs were
placed in Cary Blair transport medium (Himedia, Mumbai, India) and immediately sent to the laboratory in
isothermal boxes with ice.

The animals were taxonomically identified according to the Annotated Checklist of Brazilian Mammals
(Paglia et al., 2012), the Annotated checklist of the birds of Brazil by the Brazilian Ornithological Records
Committee (Piacentini et al., 2015) and Brazilian Reptiles: List of Species (Costa and Bérnils, 2015).
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Isolates obtention

The determination of the presence of coagulase-positive Staphylococcus was performed according to
Timm et al. (2016), with modifications. Swabs with fecal samples were directly spread on Baird-Parker agar
surface (Himedia, Mumbai, India) and incubated at 37 °C for 48 h.

To assess Y. enterocolitica, streaking was performed on MacConkey agar (MC, Himedia). After
incubation at 37 °C for 48h, three lactose negative colonies were spread on BHI and incubated at 37 °C for 24h.
Afterwards, motility tests were performed (Weagant and Feng 2017).

To detect Salmonella spp., swabs were placed in 10 mL of Buffered Peptone Water (APT, Acumedia) for
pre-enrichment and other procedures, as recommended by the U.S. Food and Drug Administration - FDA
(Andrews et al., 2014). BHI cultures of the isolates were mixed with 20% glycerol to maintain stock at -18 °C.
When necessary, the isolates were recovered in BHI at 37 °C for 24 h,

For the isolation of Campylobacter spp., swabs with fecal samples were directly spread on the surface of
Columbia Blood Agar Base (Acumedia, Lansing, United States), enriched with 0.4% (m/v) of activated carbon,
5% (m/v) of FBP oxygen reducing solution, 1% (m/v) of Campylobacter I supplement (Himedia, Mumbai, India)
and a mixture of antibiotics. The plates were incubated at 42 °C for 48h in a microaerophilic atmosphere (85% N2,
10% CO2, 5% 02). The typical colonies, which were spread and glistening, were submitted to morphotintorial
classification by Gram stain.

Molecular identification

The DNA of the isolates was extracted according to Sambrook and Russel (2001) and stored at -18 °C.
For complete cell lysis of the coagulase-positive Sthaphylococcus isolates, 100 uL of lysostaffin solution (100
pa/mL of lysostaffin in 20 mM acetate buffer) was added to the pellet obtained from the centrifugation of the
culture in BHI and incubated at 37 °C for 1h.

To identify S. aureus, multiplex-PCR was performed, according to the protocol developed by Sasaki et
al. (2010), which also allows the identification of S. intermedius and S. hycus, by probing the nuc gene. PCR was
performed to identify Y. enterocolitica, according to Wannet et al. (2001), with modifications, since the ail gene
was not assessed, and the corresponding primers were replaced by water. The PCR products stained with Diamond
Nucleic Acid Dye (Promega, Madison, United States of America) were visualized in 1% agarose gel
electrophoresis (Panreac Quimica SA, Barcelona, Spain).

Identification of MRSA

To determine methicillin resistance in the S. aureus isolates, 30 pg of Cefoxitin (CFO) was used in the
disk-diffusion test (Skov et al., 2003; Felten et al., 2002). The cultures in BHI were standardized in a
spectrophotometer at 600 nm for 0.5 optical density (OD) corresponding to the concentration 108 CFU/mL. With
the aid of sterile swabs the cultures were evenly distributed on the surface of a Mueller Hinton agar (Kasvi, Roseti
Degli Abruzzi, Italy). The disc impregnated with Cefoxitin was disposed on the surface of the inoculated medium.
The plates were incubated at 37 °C for 24h. Plate reading was performed by measuring and classifying the
inhibitory halos according to the National Committee for Clinical Laboratory Standards - NCCLS (2008), which
establishes as resistant the isolates with inhibitory halos with diameters of less than or equal to 21 mm, and as
sensitive the isolates with inhibitory halos equal to or greater than 22 mm of diameter.

Verification of biofilm formation
Biofilm production capacity of the S. aureus isolates was assessed by cultivation of colonies on Congo
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Red Agar (CRA), using 0.8g of Congo Red dye (Exodus Cientifica, Sumaré, Brazil) diluted into 1 liter of agar
Brain Heart Infusion (Himedia, Mumbai, India) and 50g of sucrose (Freeman et al., 1989). The inoculants were
streaked on the agar and incubated at 37°C for 48h and then at 25°C for 48h (Mariana et al., 2009). Cultures that
exhibited rough and black colonies were considered biofilm producers. A strain of S. aureus previously identified
as a biofilm producer by Friedriczewski et al. (2018) was used as a positive control and the ATCC 14458 strain
was used as a negative control, since it does not form biofilms.

The experimental procedures were approved by the Ethics Committee on Animal Experimentation
(CEEA) of the Veterinary Faculty of the Universidade Federal de Pelotas under the registration code CEEA 2640-
2014.

3. Results

Out of the 324 wild animals sampled, 212 (66%) were birds, 98 (30%) were mammals and 14 (4%) were
reptiles. S. aureus, Campylobacter sp., Y. enterocolitica and S. enterica were isolated from 51 (15.7%) animal
species included in these three classes. Forty isolates were identified as S. aureus, which means that among the
324 animals collected, 12.3% borne this bacterium. Of these, 32 (80%) were identified as MRSA, which
corresponds to 9.9% (32/324). A total of 72.5% of the isolates were able to form biofilm (Table 1).

Table 1 - Relation of animals that hosted Staphylococcus aureus, the sensitivity of the strain to cefoxitin

(CFO), and biofilm formation capacity.

Class Specie Sensitivity to Biofilm formation
Common name Scientific name

Aves Brown-chested martin (1) Progne tapera R* N***
Brown-chested martin (2) Progne tapera R fraxx
Great kiskadee (1) Pitangus sulphuratus R F
Great kiskadee (2) Pitangus sulphuratus S** F
Great kiskadee (3) Pitangus sulphuratus R F
Great kiskadee (4) Pitangus sulphuratus S F
Great kiskadee (5) Pitangus sulphuratus R F
Great kiskadee (6) Pitangus sulphuratus R F
Great kiskadee (7) Pitangus sulphuratus R N
Great kiskadee (8) Pitangus sulphuratus R F
Great kiskadee (9) Pitangus sulphuratus R F
Great kiskadee (10) Pitangus sulphuratus R F
Monk parakeet Myiopsitta monachus R F

Rusty-collared seedeater Sporophila collaris R N



Mammalia

Reptilia

American barn owl
Great horned owl

Striped owl

Kelp gull

Short-tailed hawk
Speckled teal
white-faced whistling duck (1)
white-faced whistling duck (2)
Campo flicker

Eared dove (1)

Eared dove (2)

Eared dove (3)

Eared dove (4)

Southern lapwing
Rufous-bellied thrush
Blue-and-yellow tanager
Fork-tailed flycatcher
White-eared opossum (1)
White-eared opossum (2)
White-eared opossum (3)
White-eared opossum (4)
White-eared opossum (5)
White-eared opossum (6)
Capuchin monkey

Coypu

South American snake-necked turtle Hydromedusa tectifera

Tyto furcata
Bubo virginianus
Asio clamator
Larus dominicanus
Buteo brachyurus
Anas flavirostris
Dendrocygna viduata
Dendrocygna viduata
Colaptes campestris
Zenaida auriculata
Zenaida auriculata
Zenaida auriculata
Zenaida auriculata
Vanellus chilensis
Turdus rufiventris
Pipraeidea bonariensis
Tyrannus savana
Didelphis albiventris
Didelphis albiventris
Didelphis albiventris
Didelphis albiventris
Didelphis albiventris
Didelphis albiventris
Sapajus apella

Myocastor coypus

R

R
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* R = resistant, ** S = sensitive, *** N = not former, **** F = former. Source: Authors.

Y. enterocolitica was isolated from five (5.10%) of the 98 mammals collected, three (21.43%) of the 14

reptiles and two (0.94%) of the 212 birds. The animals from which this pathogen was isolated were four White-

eared opossums (Didelphis albiventris), one Southern-tamandua (Tamandua tetradactyla), two D'Orbigny's sliders

(Trachemys dorbigini), one Hilaire's toadhead turtle (Phrynops hilarii), one Red-crested cardinal (Paroaria
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coronata), and one Speckled teal (Anas flavirostris).
Salmonella was isolated from a single animal (0.67%), a bird of the species Myiopsitta monachus.

Campylobacter was also isolated from a single bird (0.67%), of the species Columbina talpacoti.

4. Discussion

Occurrence of the pathogens in wild animals

Of the wild animals on rehabilitation sampled in this study, 15.7% carried some of the microorganisms
surveyed. Hence, these animals offer a risk of spreading this pathogen into the environment, in addition to being
potential sources of contamination for humans and other animals during their admission time in rehabilitation.
Furthermore, some of the animals that are admitted in the rehabilitation centers are later released, returning to the
natural environment. If they still bear pathogens in their intestines, these microorganisms can spread out into the
wild after their release. Nunes et al. (2010) states that wild animals originated from captures and/or trafficking,
which was the case of some animals sampled in this study, are potential transmitters of zoonosis if they host
pathogens, even if they are healthy. Given this context, this kind of monitoring is of great elevance.
S. aureus

The occurrence of S. aureus was the most frequent. It was found in 12.3% of the fecal samples of wild
animals of different classes, demonstrating that this microorganism is widely disseminated in the nature and adapts
to different species of animals. The high percentage of isolation of S. aureus can be attributed to the characteristics
of this pathogen, which is frequently found in the airways and gastrointestinal tract of animals and humans (Castro-
Silva et al., 2011; Falcdo et al., 2006), which are important routes for elimination of the pathogen.
MRSA

This is the first report of isolation of MRSA from feces of several species of wild animals of the Brazilian
fauna. The presence of these animals carrying MRSA wildlife rehabilitation centers highlights the importance of
hygienic-sanitary care by the handlers. Some groups of individuals who work closely to the animals, such as
veterinarians, have high rates of MRSA colonization (Weese, 2010). Animals have been shown to be a source of
human MRSA infection in some circumstances (Weese, 2010). The first methicillin-resistant strains were isolated
from humans and farm animals (Morgan, 2008). Different MRSA can be distinguished based on epidemiological
groups. Among other groups associated to humans, there is a group associated to hospital-acquired infections
(Hospital-associated-MRSA - HA-MRSA) known for decades. Another MRSA, associated to livestock
(Livestock-associated-MRSA - LA-MRSA) has emerged in recent years. In addition to being isolated from animals,
it can also be isolated from humans (Catry et al., 2010). Porrero et al. (2013) suggested that the contamination of
wild animals probably originated from livestock and/or humans. They are also the possible source of the
contamination in the region of the present study.
Y. enterocolitica

It was not the first time that Y. enterocolitica was isolated in mammals, birds and reptiles in this
rehabilitation center. Silveira et al. (2018), in 2014 and 2015, isolated Y. enterocolitica from feces of wild animals
housed in the same center. These authors reported that out of 73 animals sampled, four (5.48%) hosted this
pathogen. However, studies on the role of wild animals as carriers and disseminators of this pathogen are scarce.

Campylobacter
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We considered the occurrence of this pathogen in wild animals as rare, after a single isolation from the
324 samples analyzed. This is the bacterium that causes the greatest number of diarrhea cases in developed and
developing countries, and is frequently reported by health agencies in the United States (Centers for Disease
Control and Prevention, 2017), but data addressing its occurrence in wild animals are scarce.

Salmonella

The Salmonella isolate obtained from a single sample was possibly a strain with high specificity to the
host. It is already known that certain Salmonella variants seem to be specialized in hosts from certain species, as
already described in pigeons (Smyser et al., 1972), ducks (Rabsch et al., 2002) and hedgehogs (Handeland et al.,
2002). These variants present lower potential of infection and colonization of hosts from other species (Soderlund
et al., 2019), which would corroborate to the rare occurrence observed.

Pathogens in wild birds
Carrier birds

It has been shown that S. aureus can be hosted by 17 different bird species (Table), and more frequently
in some, such as Pitangus sulphuratus, Zenaida auriculata, Progne tapera and Dendrocygna viduata, a species
already identified as a reservoir in a zoo in Germany (Febler et al. 2018). Febler et al. (2018) indicated as a
reservoirs of S. aureus five other bird species: Spatula discors, Cygnus atratus, Sibirionetta formosa, Haliaeetus
albicilla and Milvus milvus. Monecke et al. (2016) identified nine species as carriers: Cygnus olor, Aquila
chrysaetos, Haliaeetus albicilla, Strix aluco, Perdix perdix, Picus viridis, Pica pica, Corvus frigilegus and Parus
major, all captured in Germany, Austria and Sweden. Our results, when compared to the European reports,
demonstrate that the wide distribution of S. aureus in wild birds observed in those regions also occur in Southern
Brazil.

Although this is the first report of Salmonella isolated from M. monachus, an abundant psittacide of the
region of the study (Timm and Timm, 2016), this pathogen has already been isolated from other species of wild
birds in Brazil. Dias (2015), after collecting fecal samples from 214 wild birds of various species captured in the
surroundings of poultry facilities in the extreme south of Brazil, observed the presence of Salmonella in Sicalis
flaveola. The presence of Salmonella in wild birds was also identified in Calidris fuscicollis from the coastal region
of the Rio Grande do Sul state (Gomes et al., 2015).

Campylobacter was isolated from a C. talpacoti chick. Studies in the same region indicate the occurrence
of this microorganism in other passerines, C. ruficapillus, S. flaveola and Zonotrichia capensis (Rufous-collared
sparrow) (Dias et al., 2014, Dias, 2015), all of which are free-living species, indicating that this group of birds is
a possible reservoir. Like these species of passerines, C. talpacoti is a granivorous species (Hart, 2020) that tends
to be present in environments next to human activities, seeking to benefit from the availability of food (Timm and
Timm, 2016).

Y. enterocolitica was isolated from P. coronata and A. flavirostris. This pathogen had already been
isolated from Vanellus chilensis and Turdus rufiventris by Silveira et al. (2018) in the same center, although in a
sectional collection. Our results, when compared to the literature, demonstrate that wild birds in this rehabilitation
center frequently host Y. enterocolitica. A specific serotype of Y. enterocolitica has been identified by Hicks et al.
(2020) in routine cultures of a variety of species of wild animals housed in a zoo and aquarium in the United States.
Animals of 12 species hosted Y. enterocolitica, but the birds were asymptomatic. The authors concluded that it

was a single introduction of the pathogen in the zoo and subsequent dissemination, as the same strain was isolated
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from all animals. This situation is different from that found in the center of the present study, where eventually
carrier birds are detected, including those that had just been admitted to the center. In contrast, Castro-Silva et al.
(2011) and Dias et al. (2019) assessed fecal samples from 92 and 189 wild birds in Brazil, respectively, and could
not isolate Y. enterocolitica.

Dissemination of pathogens by birds

The bird species identified in the present study as hosts of pathogens of one health concern belong to
different orders and families and have different living habits (Billerman et al., 2020), which can influence their
potential to disseminate microorganisms. Z. auriculata, P. tapera and M. monachus are birds that usually live in
flocks, being able to transmit pathogens to other birds in the flock and to the environment, in the areas that they
fly over and take shelter. C. talpacoti, P. sulphuratus, V. chilensis, Colaptes campestres, T. rufiventris, Sporophila
collaris, Tyrannus savana, Anas flavirostris, D. viduata, Larus dominicanus and Pipraeidea bonariensis are found
in rural areas in search for food and shelter, and therefore, they may interact with domestic animals and people in
these environments. On the other hand, Tyto furcata, Bubo virginianus, Asio clamator e Buteo brachyurus are
more solitary birds, but there is still contact between animals, mainly through interactions with individuals of the
same species. Emphasis should be given to migratory species, such as Progne tapera e Tyrannus savana, which
have a much greater geographic dissemination potential, since they fly for longer distances.

Pathogens in wild mammals
Carrier mammals

The high occurrence of pathogens in mammal species under rehabilitation is considered an issue for
human health (Wardyn et al., 2012). Six isolates of S. aureus and four isolates of Y. enterocolitica from D.
albiventris were obtained, stressing the importance of this marsupial as a pathogen carrier. For the first time,
Myocastor coypus and Sapajus apella were found carrying S. aureus and T. tetradactyla carrying Y. enterocolitica.

Four out of the eight (50%) isolates of S. aureus obtained from mammalian samples were sensitive to
methicillin, that is, 28.6% (4/14) of the sampled mammals carried MRSA. In contrast, Espinosa-Gongora et al.
(2012), in Denmark, observed that 100% of the S. aureus isolates obtained from the mammals they analyzed were
methicillin sensitive, however the species they studied were not the same ones that we analyzed in this study.
Porrero et al. (2013) analyzed samples from 1,342 free-living wild animals from different areas in Spain. The
mammal species they sampled were Cervus elaphus, Capra pyrenaica and Sus scrofa. These authors found a low
prevalence of MRSA: 13 isolates, obtained from 12 animals (0.89%). However, they stress that free-living wild
animals can act as MRSA reservoirs and represent a potential risk for human health. Hence, the prevalence of 9.88%
of MRSA found in animals collected in the rehabilitation center should be considered high.

Although the isolation of Salmonella from samples obtained from mammals and reptiles has not occurred
in the rehabilitation center, this pathogen has already been isolated from the gastrointestinal tract of captive wild
mammals in Brazil (Gomes et al., 2011). Sa and Solari (2001) isolated Salmonella in 39.1% of the Brazilian and
imported reptiles they studied. Both studies obtained isolates from animals of species different from the
aforementioned in the present study and were carried out in other Brazilian regions, which may have contributed
to the different results found.

Dissemination by mammals
D. albiventris was the most frequent mammal in the center and also the main carrier of S. aureus and Y.

enterocolitica. Silveira et al. (2018) considered D. albiventris to be an important reservoir and possible source of
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dissemination of Y. enterocolitica, due to its vast eating habits and frequent contact with farm animals.

Despite of the prohibition of hunting, apprehensions of M. coypus from illegal hunting eventually occur
in the region (Civil Police of the State of Rio Grande do Sul, 2019), denoting that the occurrence of this activity
could facilitate the contact or consumption of the meat from contaminated animals. As for the presence of the
pathogen in the primate species S. apella, there is a greater risk of direct contamination of humans during the
rehabilitation period, due to the close proximity that this species usually requires for stablishing sociable
relationships with handlers. As for the animals that hosted Y. enterocolitica, the mammal T. tetradactyla is found
predominantly in the rural area of the region and eventually at roadsides, with less likelihood of spreading diseases
to humans when compared to other mammals bearing pathogens.

Pathogens in wild reptiles
Carrier reptiles

In our study, MRSA was isolated from Hydromedusa tectifera. The presence of S. aureus in animals in a
zoo was studied by Espinosa-Gongora et al. (2012) in Copenhagen, Denmark. These authors did not isolate S.
aureus from any of the 21 reptiles analyzed, considering them improbable hosts, which was contested by the results
of our study. The differences in results seen between the two studies may be due to the distinct regions and species
sampled, and also to the fact that the animals sampled in the present study were from a rehabilitation center and
had a previous life outside of this center (free or in captivity) until the week they were sent to the center and
sampled. Y. enterocolitca was isolated from the species T. dorbigini after the collection of 14 reptiles. This low
occurrence suggests that reptiles act as occasional carriers of Y. enterocolitica. The samples were collected by the
time the animals were admitted to the centers, demonstrating that the contamination occurred prior to rehabilitation.
However, this pathogen has already been isolated in the same rehabilitation center from a single individual among
23 sampled reptiles. The animal of the species Pantherophis guttatus had been under care from the hatching of the
egg (Silveira et al., 2018); therefore, the contamination of this snake certainly occurred within the center. The
study by Silveira et al. (2018) was a one-off survey, with no monitoring of admittance of new animals in the center.
Although other sources of contamination cannot be ruled out, the present study confirms the entry of Y.
enterocolitica to the center via carrier animals, indicating that monitoring of animals upon arrival is an important
measure to control the spread of microorganisms among the animals housed.

Dissemination by reptiles

The reptile species T. dorbigini and P. hilarii are commonly found in lakes, both in rural areas and in
recreational squares in urban areas. Therefore, as carriers of Y. enterocolitica and MRSA they can spread these
pathogens to other wild animals, domestic animals and even to humans, indirectly, in these environments.
Transmission possibilities

Sample collection was carried out when the animals were admitted or had been recently admitted to the
rehabilitation center, which means that contamination by pathogens probably occurred prior to their contact with
the environment, other animals or humans inside the center. Considering that many of the wild animals that were
admitted to the rehabilitation center had previous contact with domestic animals and humans, this option should
be considered as a possible source of contamination. However, environmental contamination should also be
considered (de S& and Ferreira, 2007), as some wild animals of free life arrive at the center without having had
previous contact with humans and domestic animals.

According to Steele et al. (2005), the contamination of animals and humans by pathogens in rehabilitation
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centers can be avoided, since these microorganisms are disseminated, in most instances, via the fecal-oral route.
This spread can be reduced with proper hygiene, handling and disinfection of facilities and equipment. Thus, the
results of this study are an important tool to define strategies for controlling the transmission of pathogens by wild
animals.

Isolates capable of forming biofilm

The 72.5% of the isolates of S. aureus being capable to form biofilm is highly significant, as it can
generate difficulties in the disinfection of facilities and cages. The ability to form biofilms promotes the persistence
of the pathogen in the environment (Archer et al., 2011). When it is present in wildlife rehabilitation centers, the
ability to form biofilms increases the risk of contamination infection of animals and humans. In this condition, the
bacteria are less susceptible to the action of antibacterials and can reach a sufficient number to represent a potential
infectious dose (Davies, 2003).

Of the 29 biofilm-forming isolates, 25 (86.2%) were MRSA, which demonstrates that strains of S. aureus
with both biofilm formation capacity and antimicrobial resistance can be isolated from wild animals undergoing
rehabilitation. This double capacity, biofilm formation and antibiotic resistance of S. aureus isolates, was also
observed by Chen et al. (2020). After a study characterizing isolates obtained from veterinary hospitals in
Guangzhou, China, from samples of domestic animals and animals from other sources, these authors observed, as
in our study, that the occurrence of MRSA strains and strains able to form biofilms in animals under

treatment/rehabilitation is frequent.

5. Conclusion

A wide diversity of animal species in rehabilitation centers, including birds, mammals and reptiles, can
carry and eliminate S. aureus (MRSA and biofilm-forming strains) in the feces. D. albivens, T. dorbigini, P. hilarii,
T. tetradactyla, P. coronata and A. flavirostris can carry Y. enterocolitica, C. talpacoti can carry Campylobacter
sp. and M. monachus, Salmonella enterica.

The presence of these pathogens of one health concern in the gastrointestinal tract of wild animals
admitted to wildlife rehabilitation centers shows the importance of microbiological monitoring of animals at the
time they are admitted and reinforces the need for specific hygienic-sanitary care, to avoid dissemination through
the environment and transmission to humans and other animals.

Future directions in controlling the presented bacteria, point to the need for biofilm control studies (such
as which sanitizers are effective in controlling pathogens in places that house animals), as well as which hygienic-
sanitary measures would be effective in reducing the risk of transmission to both other animals, and human beings.
On the other hand, phylogenetic studies of pathogens housed by wild animals are necessary to better understand
how their dissemination occur. Only by understanding this, will it be possible to efficiently control the spreading

of pathogens by - and for - wild animals.
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Bats that inhabit human buildings are reservoirs of bacteria of one health concern

ABSTRACT

This study aimed to assess the presence of Staphylococcus aureus, including
methicillin-resistant S. aureus (MRSA), Yersinia enterocolitica, and Salmonella spp. in
feces of bats that inhabit buildings, and also to determine the occurrence of common strains
among bats of different species and roosts. Fecal samples were collected from 138 bats
located at seven different roosts in buildings from southern Brazil. All isolates were obtained
by traditional microbiological techniques. The identification and/or confirmation of the
species, and comparison of the molecular profiles of isolates, were carried out by PCR and
rep-PCR, respectively. S. aureus was isolated in 12.32% (17/138) of the samples, and Y.
enterocolitica in 4.35% (6/138) of them. Fourteen isolates obtained from feces of Tadarida
brasiliensis, two of Molossus molossus, and one of Histiotus velatus were identified as S.
aureus. Out of those, 12 (70.59%) were resistant to methicillin. Yersinia enterocolitica was
detected in six individuals of T. brasiliensis, in only one roost. Furthermore. Strains
indistinguishable by rep-PCR indicated intra and interspecific transmission of S. aureus
between bats and roosts. The obtained data highlight the role of bats in the dissemination
and perpetuation of the pathogens studied, indicating the need for monitoring and
management of bat populations.
key words: Chiroptera, Tadarida brasiliensis, Staphycoccus aureus, Yersinia enterocolitica,

bacteria transmission.
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Bats that inhabit human buildings are reservoirs of bacteria of one health concern

Introduction and purpose

Several wild animals act as reservoir of microorganisms that threaten the health of
humans and domestic animals. Conversely, pathogens of domestic animals and humans can
infect free-living species, which allows the dissemination of these pathogens through the
environment, and constitutes a risk to the preservation of biodiversity (Daszak et al., 2000).

Many species of chiropterans have a strong ecological association with humans,
using buildings or human-made structures as permanent, or temporary, shelters for breeding
and hibernation. Large colonies can be formed inside of buildings, which provide direct
benefits to bats, such as advantages in obtaining food and roost (Voigt et al., 2016). However,
this coexistence may offer some risks to humans and domestic animals, one of which is the
transmission of diseases (Vandzurova et al., 2013).

According to Muhldorfer (2013), bats are considered potential reservoirs and vectors
of pathogens that cause zoonosis. Research activities have been predominantly focused on
viral agents (Calisher et al., 2006; Islam et al., 2020; Kuzmin et al., 2011; Wong et al., 2011),
though the occurrence of bacteria in bats has not been widely studied. Little is known about
bacterial transmission cycles involving bats, humans, and other animals. However, some
studies have found S. aureus (Walther et al., 2008), Yersinia (Muhldorfer et al., 2010),
Pasteurella (Muhldorfer et al., 2011), Salmonella (Adesiyun et al., 2009; Reyes et al., 2011)
and Escherichia coli (Adesiyun et al., 2009) in bats.

Staphylococcus can cause a wide range of infections in both humans and animals,
whether domestic or free-living (Held et al., 2016). Staphylococcus aureus sensitive to
cefoxitin, has already been isolated from fecal samples from the bat species Eidolon helvum

in Nigeria and probably certain mammal species acts as reservoirs in Africa (Akobi et al.,
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2012). Staphylococcus argenteus and Staphylococcus schweitzeri, have been recently
established as novel coagulase-positive species within the S. aureus complex (Becker et al.,
2019). Yersinia enterocolitica and Salmonella spp. are responsible for the occurrence of
gastrointestinal syndromes in humans (Centers for Desease Control and Prevention — CDC,
2019a,b). The existence of asymptomatic carriers contributes to the spread of this
microorganism, which increases its one health concern (Shinohara et al., 2008). Both
microorganisms have already been isolated from bats, Y. enterocolitica in Pipistrellus
pipistrellus in Germany (Muhldorfer et al., 2011) and Salmonella from Pteropus giganteus
feces in Pakistani parks (Gulraiz et al., 2017).

Methicillin-resistant Staphylococcus aureus (MRSA) is a major cause of nosocomial
infection, culminating in a variety of life-threatening complications (Chambers, 2001). Some
strains of MRSA have few limitations on host specificity, being able to colonize and cause
infections in several species. Hospital-associated methicillin-resistant Staphylococcus
aureus (HA-MRSA) has been known for decades as human pathogens. Which are classified
as such, when they have probably been contracted in the human health system in specific
situations (Salgado et al., 2003). In 2004, MRSA emerged in farm animals, possibly
originated from humans. The main isolated strain came from cattle, called livestock-
associated MRSA (LA-MRSA). People that are in direct contact with animals with LA-
MRSA have an increased risk of also becoming carriers (Graveland et al., 2011). Another
important strain is associated with pigs, and has been isolated from cattle and poultry (Van
Loo et al., 2007). The evolution of methicillin resistance by S. aureus is associated with low-
affinity to B-lactam antibiotics. Moreover, methicillin-resistant isolates are also resistant to
most commonly used antimicrobials (Utsui & Yokota, 1985). Like any other group of
microorganisms, it is that they will adapt to new environments and, over time, may increase

their potential for colonization. Continuous surveillance on MRSA in humans and animals
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is necessary to detect changes in the epidemiology and to implement effective control
measures (Graveland et al., 2011).

Bats may become colonized by various microorganisms through their diet and
environmental sources (Kuzmin et al.,, 2011; Wong et al.,, 2011). However, the
epidemiological importance of humans and domestic animals in this infection is poorly
understood. The occurrence and identification of similar strains of human pathogens in
individuals, and colonies of different species generates important information for
understanding the forms of transmission of the etiological agents (Muhldorfer, 2013). This
study aimed to assess the presence of coagulase-positive species within the S. aureus
complex, including MRSA, Y. enterocolitica, and Salmonella spp. in the feces of bats that
inhabit buildings, and to determine the occurrence of common strains among bats of different

species and roosts.

Materials and methods
Sample collection

Bats were captured in seven different roosts located at buildings on the municipality
of Capao do Ledo (31°48°07”’S, 52°25°04”W; 31°47°17S, 52°30°53”W), in southern Brazil,
between April and June, 2018. Bats were captured with mist nets or harp traps placed next
to the area where they leave the roost for foraging at dusk. Eighteen to twenty bats were
captured per roost, totalizing 138 individuals. Fecal samples were obtained by rectal swabs.
Bats were identified taxonomically according to Tavares et al. (2008), and released
immediately. The samples were placed into Cary Blair transport medium (CB, Himedia,

Mumbai, India), and immediately sent to the laboratory - on ice, in isothermal boxes.

Isolates obtention
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Rectal swabs with fecal samples were directly spread on Baird-Parker agar (BP,
Himedia), and incubated at 37 °C for 48 h, for determination of coagulase-positive
Staphylococcus. Three typical colonies of S. aureus and three atypical colonies were
inoculated in Brain and Heart Infusion broth (BHI, Himedia), and incubated at 37 °C for 24
h to perform the coagulase test. In this test, 0.3 ml of culture was inoculated in 0.3 ml of
blood plasma for 6 h at 37 °C monitoring the clot formation.

To assess Y. enterocolitica, streaking was performed on MacConkey agar (MC,
Himedia). After incubation at 37 °C for 48 h, three lactose negative colonies were spread in
BHI and incubated at 37 °C for 24 h. Then, motility tests were performed (Weagant & Feng,
2017).

To detect Salmonella spp., swabs were placed in 10 mL of Buffered Peptone Water
(BPW, Acumedia) for pre-enrichment and further procedures, as recommended by the U.S.
Food and Drug Administration - FDA (Andrews et al., 2014).

BHI cultures of the isolates were mixed with 20% glycerol and kept at -18 °C. When

necessary, the isolates were recovered in BHI at 37 °C, for 24 h.

Molecular identification

For complete cell lysis of the coagulase-positive Staphylococcus isolates, 100 pL of
lysostaffin solution (100 pg/mL of lysostaffin in 20 mM acetate buffer) was added to the
pellet obtained from centrifugation of the culture in BHI, and incubated at 37 °C for 1h.
DNA extraction was performed, according to Sambrook and Russel (2001), and stored at -
18 °C.

To identify coagulase-positive species within the S. aureus complex, multiplex-PCR
was performed according to the protocol described by Sasaki et al. (2010), which also allows

the identification of S. intermedius and S. hyicus, by seeking for the presence of the nuc gene.
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PCR was performed to identify Y. enterocolitica according to Wannet et al. (2001), with
modifications - the ail gene was not assessed in our study, and the corresponding primers
were replaced by water - PCR products were stained with Diamond Nucleic Acid Dye
(Promega, Madison, USA), and visualized in 1% agarose gel electrophoresis (Panreac

Quimica SA, Barcelona, Spain).

Comparison of molecular profiles

The molecular profiles of the isolates of each species were analyzed using the
Repetitive element sequence-based PCR (rep-PCR) using the primer (GTG)5, and following
the protocol described by Versalovic et al. (1994) with adaptations in the annealing
temperature. The temperatures used were 45°C (Y. enterocolitica) and 40°C (S. aureus), for
1 min. For the visualization of the band patterns of the different amplicons, the rep-PCR
products were stained with Diamond Nucleic Acid Dye, and submitted to electrophoresis in
1.5% agarose gel. The band profiles obtained were analyzed comparatively according to

Tenover et al. (1995).

MRSA identification

To determine the resistance of S. aureus complex isolates to methicillin, 30 pg of
Cefoxitin (CFO) was used in the disk-diffusion test (Skov et al., 2003; Felten et al., 2002).
The BHI cultures were standardized in a spectrophotometer at 600 nm for 0.5 Optical
Density (OD) which corresponds to 108 CFU/mL and, with the aid of sterile swabs, were
evenly distributed on the Mueller Hinton agar surface (MH, Kasvi, Roseti Degli Abruzzi,
Italy). The disc impregnated with cefoxitin was placed on the surface of the inoculated
medium. S. aureus ATCC 25923 and S. aureus ATCC 43300 were used as negative and

positive controls, respectively. The plates were incubated at 37 °C for 24h, and the reading
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was performed by measuring and classifying the halos according to the Clinical and
Laboratory Standards Institute (Clinical and Laboratory Standards Institute — CLSI, 2015),
which establishes as resistant those isolates with inhibitory halos <21 mm, and sensitive, the

isolates with halos >22 mm.

Ethics approval

The study was authorized by the Ethics Committee on Animal Experimentation at
the Federal University of Pelotas, CEEA (0978-2016). The capture of wild animals was
authorized by the Chico Mendes Institute for Biodiversity Conservation (ICMBIo) (52646-

1).

Results

The most captured bat species was Tadarida brasiliensis (130/138), followed by
Histiotus velatus (4/138), Molossus molossus (3/138) and Eptesicus brasiliensis (1/138).
Tadarida brasiliensis and M. molossus are species of the family Molossidae, whereas H.
velatus and E. brasiliensis belong to Vespertilionidae. The number of individuals captured

in each roost, and the microorganisms isolated from fecal samples are presented in Table 1.
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Table 1: Bats carrying bacteria that inhabit buildings in Cap&o do Le&o-RS, Southern Brazil.

Roost Bat Total number of Number of bats carrying each bacteria
site speciest captured individuals Staphylococcus Yersinia Salmonella
aureus complex enterocolitica spp.
(MRSAY)
1 T. brasiliensis 17 2(2) - -
M. molossus 3 1() - -
2 T. brasiliensis 19 2(-) - -
H. velatus 1 - - -
3 T. brasiliensis 20 - - -
4 T. brasiliensis 14 4 (4) - -
M. molossus 3 1) - -
E. brasiliensis 1 - - -
5 T. brasiliensis 17 1(0) - -
H. velatus 3 1(1) - -
6 T. brasiliensis 20 3(2) - -
7 T. brasiliensis 20 2 (1) 6 -

FTadarida brasiliensis, Molossus molossus, Histiotus velatus, Eptesicus brasiliensis

1 Methicillin-resistant Staphylococcus aureus

Of the 138 samples analyzed, 17 (12.3%) isolates obtained from bat feces of the species
Tadarida brasiliensis (14), Molossus molossus (two), and Histiotus velatus (one) were

identified as coagulase-positive species within the S. aureus complex. Of these, 13 (76.5%)
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were resistant to cefoxitin, among which nine were from the species T. brasiliensis, two from
M. molossus and one from H. velatus. Yersinia enterocolitica was detected in six individuals
of T. brasiliensis, only in the same roost site.

Seventeen S. aureus complex isolates (obtained from the feces of 17 bats of the species
T. brasiliensis, M. molossus and H. velatus) from six different roosts, and nine isolates of Y.
enterocolitica (obtained from of feces of six bats of the species T. brasiliensis) from one of
the roosts were used for the analysis of the molecular profiles. Since the number of Y.
enterocolitica isolates obtained from bats was lower, more than one isolate from each
individual was analyzed.

The molecular profiles of S. aureus complex isolates demonstrate that
indistinguishable strains are common among different animals and different roosts (Fig. 1).
However, different bats from the same roost carried only distinct strains of Y. enterocolitica,

and no common strains were detected (Fig. 1).
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Fig. 1: Agarose gel (1.5%) after horizontal electrophoresis of products amplified in

PCR of repetitive elements (rep-PCR) stained with Diamond. A: isolates of Staphylococcus
aureus complex obtained from fecal samples of Molossus molossus (a), Tadarida
brasiliensis (b) and Histiotus velatus (c), captured in six roost sites. The number corresponds
to each animal collected and the profiles are grouped by capital letters according to
similarity; B: isolates of Yersinia enterocolitica obtained from fecal samples of Tadarida
brasiliensis inhabiting the same buildings. The numbers correspond to each animal collected
and the roman number corresponds to the isolate; the profiles are grouped by capital letters

according to similarity.

Discussion
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Bats as carriers of coagulase-positive species within the S. aureus complex and MRSA

This is the first study that identifies bats of the species T. brasiliensis, M. molossus
and H. velatus as carriers of coagulase-positive species within the S. aureus complex, and
MRSA.. Although reports are scarce, S. aureus has been isolated from other bat species, in a
lower frequency than in our study (12.3%). In Brazil, S. aureus was detected in 2.6% of 113
bats of several species of the Atlantic Forest. The carrier species were Desmodus rotundus,
Anoura caudifer, and Anoura geoffroyi (Claudio et al., 2018). In Gabon, S. aureus was
isolated from Rousettus aegyptiacus and Micropteropus pusillus with a prevalence of 3%
(4/133) (Held et al., 2016). In these two studies, the species carrying S. aureus were
hematophagous, nectarivorous, and frugivorous, unlike our study in which the species are
insectivorous. In addition, the two previous studies were performed with wildlife bats, not
in the urban area, highlighting the importance of this type of research.

In the present study, we demonstrated that 9.4% (13/138) of bats that inhabit
buildings may be carriers of MRSA. These data are alarming and should not be disregarded.
An important characteristic of S. aureus is the possibility of developing resistance to
methicillin, due to the presence of the mecA gene in the DNA, which encodes one of the
main mechanisms of resistance described (Aarestrup et al., 2001). Previously, MRSA was
only relevant in humans, but later it emerged in the veterinary field, which raised questions
about the infection of animals by this pathogen, having humans considered the source of
transmission (Loeffler et al., 2005; Weese & Van Duijkeren, 2010). The isolation of MRSA
from bat feces raises the possibility that these animals have been contaminated due to contact
with humans previously exposed to the microorganism. Possibly, the fact that bats cohabit
buildings with humans favored contagion. Studies have reported that other species of
Staphylococcus, such as S. nepalensis (Vandzurova et al., 2013) and S. lugdunensis

(Newman et al., 2018), remain viable in fresh guano. It is likely that the same occurs with S.
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aureus. Considering that the colonies of T. brasiliensis can be composed of a very large
number of individuals (Luis et al., 2017), the guano produced may represent an important
source of infection.

The occurrence of MRSA in bats has also been reported by Walther et al. (2008) in
a study conducted in Germany. The bat, of an unidentified species, had wounds infected with
MRSA, a situation completely different from that reported in our study, in which the
pathogen isolation was performed on fecal samples of asymptomatic animals.

The nine different molecular profiles of S. aureus obtained from 17 bats (Fig. 1)
demonstrate that indistinguishable strains may be present in individuals from different
species (molecular profiles E and G) and different roosts (profiles B, E and G). Considering
that roost 5 is about 9.5 km away from the other roosts (which are all located within a radius
of about 500 m), this could either indicate the capacity for transmission of pathogens
between bats over long distances, or the existence of infection sources, such as contaminated
food and water; common to individuals from roosts that are far apart. The presence of
indistinguishable S. aureus isolates among animals, roosts, and species may be explained by
the habits of agglomeration, socialization, and interactions between bats (Luis et al., 2017;
Nunes et al., 2017). Although isolated from feces, staphylococci are usually found on the
nose, mouth or skin/fur. Therefore, social grooming can facilitate transmission between
individuals (Walther et al., 2008).

A characteristic of S. aureus that can be attributed to its greater occurrence in bats is
the fact that this microorganism is part of the normal microbiota of the skin and respiratory
tract of a wide variety of animals, including bats. So, the infection of other animals may
occur through direct contact (Parlet et al., 2019; Krismer et al., 2017; Fredriksson-Ahomaa,
2017). The analysis of molecular profiles of S. aureus obtained from feces of T. brasiliensis,

M. molossus and H. velatus demonstrated the presence of common strains between different
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bats, species, and roosts, indicating that there is transmission of S. aureus between bats in

the same roost, between different bat species, and between bats from different roosts.

Bats as carriers of Y. enterocolitica

Bats are not usually reported as reservoirs of Y. enterocolitica because of the lack of
studies considering this hypothesis. However, this microorganism was isolated from a bat of
the insectivorous species Pipistrellus pipistrellus by Muhldorfer et al. (2010) in Germany.
In the present study, Y. enterocolitica was isolated from fecal samples of another
insectivorous bat species, T. brasiliensis. Bacterial isolates were not further characterized,
the pathogenic potential is unknown.

The molecular profiles of Y. enterocolitica isolates demonstrate that only isolates
obtained from the same animal were indistinguishable (Fig. 1). Isolates were considered
distinct when compared between animals. Mihldorfer et al. (2010) speculated that the
possible sources of infection for the bat were insects or contaminated water. Therefore, it
should be considered that the infection possibly came from these sources, since the direct
spread from one bat to another was not observed, according to the band profiles obtained.
The same conclusion was reached by Silveira et al. (2018), who compared molecular profiles
of Y. enterocolitica isolated from Pantherophis guttatus (Corn snake), Didelphis albiventris
(Opossum), Turdus rufiventris (Rufous-bellied thrush) and Vanellus chilensis (Southern
lapwing) kept in the same building and cared for by the same keepers, and found that
different strains of Y. enterocolitica were present in each animal, with no transmission
between them.

Unlike S. aureus isolates, Y. enterocolitica isolates seem to infect animals and remain
in the gastrointestinal tract, with no greater potential for transmission and dissemination

between animals and roosts, which may explain the lower prevalence of Y. enterocolitica
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compared with S. aureus. When Y. enterocolitica is present in the animal, it is usually limited
to the intestine tract and, when there is gastroenteritis, the elimination through the feces is
increased (Fredriksson-Ahomaa, 2017). Since the bats that carried the bacteria were
apparently healthy, the possibility of direct dissemination between them was low, which
could also have contributed to the lower occurrence. Distinct rep-PCR profiles of Y.

enterocolitica isolates did not indicate bacterial transmission between bats.

Bats as not commonly carrier of Salmonella

In our study, Salmonella spp was not isolated from samples. Salmonella was isolated
from bats of the species Molossus rufus (insectivore) and Artibeus lituratus (frugivore) in
the Brazilian Atlantic Forest (Claudio et al., 2018) after a study on 113 bats. Considerations
for the non-isolation of Salmonella from the bats analyzed in our study are that this
microorganism are known for intermittent shedding. They are detected rarely in the intestine
or feces of bats in general, and has not been frequently isolated from wild animals in the
southern region of Rio Grande do Sul State (Silveira et al., 2018). We emphasize that it can
be tricky to establish definitive negative results with the studied sample size, especially for

fastidious organisms such as Salmonella.

Conclusions

T. brasiliensis can be reservoir of Y. enterocolitica. T. brasiliensis, M. molossus, and
H. velatus can be carriers of S. aureus, including MRSA. Both species can eliminate these
bacteria in the feces, constituting an important potential source of infection for the
environment and other animals, especially for human, since these species usually inhabit

human constructions.
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The analysis of the molecular profiles of S. aureus obtained from the feces of T.
brasiliensis, M. molossus and H. velatus demonstrated the presence of common strains
between different bats, species and roosts, indicating that there is transmission of S. aureus
between bats in the same roost, between different bat species and between bats from different
roosts. On the other hand, the results of molecular analyzes are suggestive of T. brasiliensis
not transmitting Y. enterocolitica strains to each other. The occurrence of important
pathogens, including MRSA, indicate the need for bat population monitoring and
management in specific situations, in order to minimize the risks of pathogen transmission

from humans to bats and vice versa.
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5 Consideracdes Finais

Animais domeésticos e silvestres atuam como carreadores de bactérias
importantes em saude Unica, destacando-se seu papel enquanto reservatérios de
cepas MRSA, e podem eliminar esses microrganismos nas fezes, constituindo uma
fonte potencial de contaminag&o para o meio ambiente e outros animais, incluindo
0 homem.

A espécie, S. aureus, inclusive MRSA, pode estar presente nas fezes de
ambos os animais domeésticos (suinos, felinos, aves, ovinos e bovinos) e silvestres
(S. flaveola, T. rufiventris, F. rufus, P. domesticus, T. brasiliensis, M. molossus, H.
velatus e uma grande diversidade de espécies animais em centros de reabilitacéo,
incluindo aves, mamiferos e répteis). Felinos, caninos e aves domeésticos, bem
como T. rufiventris, podem ser portadores de S. aureus potencialmente
enterotoxigénico. Animais silvestres em reabilitacdo podem ser portadores de S.
aureus capazes de formar biofilme, dificultando a eliminacéo da bactéria. S. aureus
foi a espécie mais presente dentre as pesquisadas em ambos os trabalhos.

As espécies S. flaveola T. brasiliensis, D. albivens, T. dorbigini, P. hilarii, T.
tetradactyla, P. coronata e A. flavirostris podem carrear Y. enterocolitica, C.
talpacoti pode carrear Campylobacter sp., enquanto felino doméstico e M.
monachus podem carrear S. enterica. Estes outros patdégenos foram menos
frequentes, com capacidade de transmissdo menor ou quase nulas entre animais,
no entanto, também merecem atencdo para que se evite a transmissdo para
humanos.

A ocorréncia de importantes patdégenos, incluindo MRSA, indica a
necessidade de monitoramento e manejo da populagéo de morcegos em situagdes
especificas, como quando alojados em locais que propiciam convivio com outros
animais e seres humanos, de animais silvestres em interacdo com animais
domeésticos e de animais em reabilitacdo a fim de minimizar os riscos de

transmissao do patégeno de humanos para animais silvestres e vice-versa.



80

Considerando-se a variedade de espécies, tanto domésticas quanto
silvestres, que podem ser portadoras de bactérias de interesse para a saude Unica,
demonstrando o papel dos animais silvestres na perpetuacdo destas bactérias,
torna-se necessario que medidas higiénico-sanitarias sejam adotadas, como
manejo adequado dos animais e desinfec¢cdo periddica de ambientes, a fim de
minimizar a possibilidade de transmissédo desses microrganismos e de diminuir o

risco de infeccéo.
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