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RESUMO

O objetivo desta pesquisa foi determinar a frequéncia de mastite bovina por
Staphylococcus spp. em fazendas leiteiras no estado de Pernambuco, Brasil.
Detectar os genes mecA e mecC responsaveis pela resisténcia a meticilina e norA,
norB, norC, msrA, mgrA, tet-38 e ImrS de sistema de efluxo multidrogas em isolados
de Staphylococcus spp., realizar a tipagem dos isolados de S. aureus Resistentes a
Meticilina (MRSA) por meio da técnica de Eletroforese em Gel Pulsante (PFGE) e
avaliar a atividade antimicrobiana das Nanoparticulas Polipirrol (NPs-PPy) e do
extrato aquoso de Moringa oleifera nos isolados de Staphylococcus spp. portadores
dos genes de sistema de efluxo multidrogas. Foram coletadas 676 amostras de leite
de vacas, 15 amostras de swabs nasais e de méos de ordenhadores, 14 swabs de
teteiras e nove de baldes de ordenha em cinco propriedades rurais (A-E).
Inicialmente foi realizado o California Mastits Tests (CMT) e as amostras que
apresentaram resultado = + (uma cruz) (319 amostras) ou aquelas que foram
positivas no teste da caneca (16 amostras) foram coletadas para as analises
microbiolégicas. As amostras foram submetidas ao exame microbiolégico para
deteccdo de Staphylococcus spp., técnica molecular (PCR) para identificacdo de
Staphylococcus aureus e dos genes mecA, mecC, norA, norB, norC, msrA, mgrA,
tet-38 e ImrS. Para os isolados de mecA-MRSA foi determinada a Concentracéo
Inibitéria Minima (CIM) e, estes foram submetidos a genotipagem por meio da
técnica de Pulsed-Field Gel Electrophoresis (PFGE) e naqueles portadores de mecC
foi realizado o sequenciamento do genoma. Nos isolados portadores dos genes de
sistema de efluxo multidrogas foi determinada a Concentracdo Inibitéria Minima
(CIM) e a Concentracdo Bactericida Minima (CBM) das NPs-PPy e do extrato
aquoso Moringa oleifera. MRSA foi detectado em 1,49% (5/335), 20% (3/15), 6,6%
(1/15) e 7,1% (1/14) das amostras de leite, nariz, maos e teteiras, respectivamente.
Todos os isolados foram sensiveis a oxacilina na CIM. Na PFGE foi possivel
identificar VIII pulsotipos (A-H), divididos em trés clusters maiores nos isolados de
MRSA. O mecC foi detectado em 4,68% (3/64) isolados de S. aureus pertencentes a
mesma cepa. No sequenciamento, esta cepa apresentou genes de viruléncia
relacionados as exoenzimas, toxinas, enterotoxina, genes de sistema de efluxo
multidrogas, de inativacéo de antibidticos e plasmideo, e esta cepa foi atribuida a ST

126 e MRSA t605; ainda foram identificadas nove proteinas relacionadas a



resisténcia a meticilina. Os resultados obtidos apresentam impacto direto na saude
publica uma vez que, este é o primeiro estudo que detecta a disseminagédo de
isolados de Staphylococcus spp. multirresistentes com diferentes perfis clonais no
ambiente agropecuario de fazendas leiteiras no estado de Pernambuco, Nordeste do
Brasil. Também foi comprovada a atividade bactericida do extrato aquoso de
Moringa oleifera e das NPs-PPy, sendo necessarios novos estudos com o intuito de
utilizar essas compostos como alternativas para tratamento de infec¢des por
Staphylococcus spp. resistentes a antimicrobianos.

Palavras-chaves: Fazendas leiteiras. Multirresisténcia. Perfil genético.



ABSTRACT

This study aimed to determine the frequency of bovine mastitis caused
by Staphylococcus spp. in dairy farms from Pernambuco state, Brazil. Detect
mecA and mecC genes responsible for resistance to methicillin, and norA, norB,
norC, msrA, mgrA, tet-38 and ImrS genes responsible for multidrug efflux system
on Staphylococcus spp. isolates, typify Methicillin-resistant S. aureus (MRSA) strains
by Pulsed Field Electrophoresis Gel (PFGE) method, and evaluate the antimicrobial
activity of Polypyrrole Nanoparticles (PPy-NPs) and aqueous extract of Moringa
oleifera on multidrug efflux system gene carrying Staphylococcus spp. strains. 676
milk samples, 15 swabs from milker’s nostrils and hands, 14 swabs from teat cup and
9 from milking buckets were collected from 5 rural properties (A-E). Initially,
the California Mastitis Tests (CMT) was performed, and samples with results higher
than = + (one cross) (319 samples) or those positive on the strip cup test (16
samples) were collected for microbiological analysis. Samples were submitted to
microbiological test for detection of Staphylococcus spp., molecular technique (PCR)
for identification of Staphylococcus aureus and mecA, mecC, norA, norB, norC,
msrA, mgrA, tet-38 and ImrS genes. For mecA-MRSA isolates, Minimal Inhibitory
Concentration (MIC) was determined and genotyped by Pulsed-Field Gel
Electrophoresis (PFGE), and mecC-carrying isolates were submitted to genome
sequencing. On isolates carrying multidrug efflux system genes, Minimal Inhibitory
Concentration (MIC) and Minimal Bactericidal Concentration (MBC) of PPy-NPs and
aqueous extract of Moringa oleifera were determined. MRSA were detected in 1,49%
(5/335), 20% (3/15), 6,6% (1/15) and 7,1% (1/14) of milk, nostrils, hands, and teat
liners samples respectively. All isolates were susceptible to oxacillin by MIC. By
PFGE it was possible to identify VIII pulsotypes (A-H) between MRSA isolates,
divided into three major clusters. MecC gene was detected in 4,68% (3/64) isolates
of S. aureus of the same strain. By sequencing, this strain presented virulence genes
related to exoenzymes, toxins, enterotoxins, multidrug efflux system, antibiotic
inactivation genes and plasmid, this strain was attributed to ST 126 and MRSA t605,
also nine new proteins related to methicillin resistance were identified. The results
obtained impact directly on public health as this is the first study that detects
dissemination of multi-resistant Staphylococcus spp. isolates with different clonal

profiles in agricultural environment of dairy farms from Pernambuco state,



Northeastern of Brazil. It was also comproved the bactericidal activity of aqueous
extract of Moringa oleifera and PPy-NPs, being necessary new studies about using
these compounds as alternatives for treatment of infections by multidrug resistant

Staphylococcus spp.
Key-words: Dairy Farms. Multi-resistance. Genetic profile.
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1. INTRODUCAO

A bovinocultura leiteira € uma das atividades mais representativas da
pecuaria brasileira. A partir de 2013, o pais passou a ser considerado o quarto maior
produtor mundial de leite, com uma producdo anual superior a 24 mil toneladas
(FAO, 2013; EMBRAPA, 2019). Nesse contexto, o estado de Pernambuco € o
terceiro maior produtor de leite da regiao Nordeste, com pouco mais de 470 milhdes
de litros em 2017, sendo os estados da Bahia e Ceara os primeiros colocados na
regido (IBGE, 2017).

Boa parte do leite produzido em Pernambuco é destinado a elaboracédo de
gueijo de coalho que é um produto artesanal e tradicional do estado. Desde 1999 é
permitida a fabricacdo deste produto a partir de leite cru, e para isso € necessaria a
adocdo de medidas higiénico-sanitarias tanto em relacdo ao rebanho quanto na
elaboragéo do produto (PERNAMBUCO, 1999). Porém, nem todas as propriedades
seguem com rigor os procedimentos adequados de higiene desde a ordenha até o
beneficiamento do leite, tornando o produto suscetivel & contaminagdo por agentes
deteriorantes e/ou patogénicos, e conferindo risco a saude dos consumidores.

Um dos principais reflexos de falhas no manejo higiénico-sanitario das
propriedades é a ocorréncia de mastites nos rebanhos. Além disso, ja foram
relatadas altas contagens bacterianas nos equipamentos de ordenha e nas maos de
ordenhadores, corroborando a importancia da inclusdo dessas variaveis como
decisivas para a qualidade do leite obtido e a ocorréncia da mastite nos rebanhos
(PALES et al., 2005; LIM et al., 2013).

Dentre os microrganismos causadores de mastite, destacam-se as bactérias
do género Staphylococcus. Essas sdo frequentemente associadas a uma ampla
variedade de infeccbes de carater oportunista em seres humanos e animais
(SCHMIDLIN et al., 2010; CAPPARELLI et al., 2011). Staphylococcus aureus é
considerada um importante patégeno veiculado por alimentos e causador de
doencas transmitidas entre humanos e animais, incluindo as mastites (LEE et al.,
2012).

Associada as infec¢des, outra grande preocupacdo dos profissionais de
saude é a resisténcia aos antimicrobianos apresentada por algumas cepas de

Staphylococcus spp. No caso especifico das mastites bacterianas, o tratamento de
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eleicdo € a antibioticoterapia. Porém, o uso elevado de antimicrobianos ou a sua
utilizacdo de forma indiscriminada aumenta o risco de residuos no leite. Isso
contribui para a contaminagcdo do ambiente e da cadeia alimentar, e para o
surgimento de cepas resistentes as drogas de importancia para a saude humana, a
exemplo de Staphylococcus spp. Resistente a Meticilina (MRS) (RAIA JUNIOR,
2001; ROLLIN, 2001). Uma vez que pode ocorrer a transmissdo cruzada
interespecifica de linhagens resistentes pelo consumo de alimentos de origem
animal, existe o risco para a satde dos consumidores (GUIMARAES, 2011).

A resisténcia a meticilina € uma das mais preocupantes em termos de saude
publica, pois cepas de Staphylococcus aureus Resistentes a Meticilina (MRSA) sao
comumente identificadas como causadoras de infecgcbes hospitalares, até mesmo
nas Unidades de Terapia Intensiva (UTI). Além disso, algumas delas também podem
produzir enterotoxinas, comprometendo ainda mais a saude dos pacientes
(INTRAKAMHAENG et al., 2012; RABELO et al., 2014).

Cepas MRSA tém sido identificadas em fazendas leiteiras, nas quais ja foi
relatada a transmissdo horizontal do patégeno entre bovinos e trabalhadores de
fazendas, sugerindo que o contato entre os humanos e animais pode favorecer a
sua transmiss&o (JUHASZ-KASZANYITZKY et al., 2007; LIM et al., 2013). No Brasil,
existem poucos estudos que identificaram casos de mastites causadas por MRSA
(ANDRADE, 2012; SOARES et al.,, 2012; MATOS, 2014; SILVA et al.,, 2014b;
SANTOS et al.,, 2016; MELO et al., 2018). Em relacdo ao estado de Pernambuco
nao foram encontrados, na literatura consultada, relatos sobre a deteccdo de MRS
em mastite bovina (KREWER et al., 2015; SANTOS et al., 2018).

Com isso, é importante a realizacdo de estudos para identificar Staphylococcus
spp. resistentes a antimicrobianos, contribuindo assim para a epidemiologia da
resisténcia a estas drogas no ambiente agropecudrio de producdo de leite nos

diversos estados brasileiros, a exemplo de Pernambuco.

2. REVISAO DE LITERATURA

2.1. Mastite

Mastite € a inflamac&o da glandula mamaria, caracterizada por uma série de
alteraces fisico-quimicas e sensoriais no leite, bem como modifica¢cdes patoldgicas
no parénquima da glandula maméria (MEGID, RIBEIRO e PAES, 2016). E
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considerada a doenca que acarreta maiores prejuizos econdmicos a producao
leiteira, decorrente da reducédo da quantidade e comprometimento da qualidade do
leite produzido, custos com medicamentos e honorarios de veterinarios, perda total
da capacidade secretora da glandula mamaria e descarte de animais (RIBEIRO et
al., 2003; PEIXOTO, MOTA e COSTA, 2010).

Convencionalmente, a mastite possui trés classificacbes: de acordo com as
alteracbes no leite e na glandula mamaria (clinica e subclinica), segundo o tipo
microrganismo envolvido (ambiental e contagiosa) e a mastite de verdo. Na mastite
clinica, os animais apresentam sinais evidentes da doenga como edema, aumento
de temperatura, rubor e dor na glandula mamaria e/ou aparecimento de grumos no
leite. O animal também pode apresentar sinais clinicos sistémicos como aumento de
temperatura retal, depressdo, anorexia e desidratacdo (SANTOS e FONSECA,
2007).

Na forma subclinica ndo sdo observados sinais clinicos aparentes,
favorecendo a disseminacdo do patdgeno no rebanho, pois gera no produtor uma
falsa tranquilidade quanto a inexisténcia da doenca no rebanho. No entanto, esta
cursa com diminuicdo no volume de leite produzido, tanto em vacas primiparas
guanto nas multiparas (PRESTES et al., 2003; ACOSTA et al., 2016; COSTA et al.,
2017; MESQUITA et al., 2018). A depender da produtividade, a reducdo na
producédo de leite decorrente desses casos pode acarretar prejuizos que variam de
R$ 249,47 a 776,91 por vaca em lactacdo (DEMEU et al., 2016). De acordo com
Santos e Fonseca (2007), estima-se que a mastite subclinica corresponda a 90-95%
dos casos da doenca nos rebanhos leiteiros e que sua prevaléncia seja de 15 a 40
vezes maior que a forma clinica.

Na mastite de verdo é observada a doenca aguda de vacas e novilhas secas
gue causa danos extensos e dolorosos ao Ubere. O quarto infectado fica
permanentemente danificado, resultando no descarte precoce do animal. E mais
provavel que a infeccdo ocorra quando as vacas estdo em um ambiente onde os
tetos sdo facilmente expostos a danos fisicos e a altas popula¢des de moscas. Os
sinais clinicos de mastite de verdo sdo hipertermia, rubor e edema dos quartos
acometidos, associado a uma secrecdo espessa caracterizada por um cheiro
desagradavel (KIBEBEW, 2017).

A mastite também é classificada de acordo com agente causador da infeccao

em ambiental ou contagiosa (KHAN, 2006). Segundo Kuang et al. (2009) mais de
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150 microrganismos podem provocar a doenca. Na mastite ambiental, os agentes
gue habitam o ambiente onde o animal se encontra, como por exemplo,
Enterobacteriacea, Arcanobacterium pyogenes, Corynebacterium spp.,
Pasteurellaceae, Pseudomonas spp. e Streptococcus zooepidemicus podem causar
a doenca, sendo responsaveis por um alto nimero de casos clinicos (BERGONIER
et al., 2003).

Ja4 na mastite contagiosa, ha alta ocorréncia de casos subclinicos sendo
causada por patdgenos que habitam a glandula mamaria e a superficie de pele e
tetos, entre eles estirpes de Streptococcus agalactiae, Mycoplasma bovis e
Staphylococcus spp. (BERGONIER et al., 2003; MURICY, 2003; MOTA et al., 2012;
SOUZA et al., 2019).

2.2. Staphylococcus spp.

Morfologicamente, o género Staphylococcus € caracterizado como cocos
Gram positivos, aerébios e anaerobios facultativos, medindo de 0,5 a 1,5 pum, imovel,
oxidase negativo e ndo formadores de esporos. Além disso, varias espécies sao
anaerobias facultativas e produtoras de catalase. Existem mais de 60 espécies e
subespécies de Staphylococcus spp. e, grande parte € comensal da pele e
tegumento de seres humanos e animais, sendo encontradas nas mucosas do trato
respiratério, urogenital e digestivo (QUINN et al., 1999; LAMERS et al., 2012).

Staphylococcus spp. sdo microrganismos mesofilos, apresentando
crescimento na faixa de 7° a 51°C, sendo a temperatura de 37°C considerada ideal
para seu desenvolvimento. Além disso sdo tolerantes a concentracdo de 5-7% de
NaCl e a reducdo da atividade de agua (Aw) (0,86-0,90) (ADAMS e MOSS, 2008;
MEDVEDOVA; VALIK; STUDENICOVA, 2009).

Tradicionalmente, os estafilococos eram divididos em duas -categorias:
Staphylococcus coagulase negativo, que compdem a microbiota natural dos seres
humanos e animais, e positivo que apresentam maior potencial patogénico, tendo
como principal representante, Staphylococcus aureus (NEVES et al., 2007). Esta
classificacdo baseiava-se na capacidade de coagular o plasma, sendo esta
caracteristica considerada um importante fator de patogenicidade. Contudo,
atualmente é admitida outra classificacdo: Staphylococcus aureus e Staphylococcus
nao aureus (SNA), sendo este ultimo um grupo heterogéneo de estafilococos que

tém sido relacionado com a etiologia de infec¢des, a exemplo das mastites, em
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seres humanos e animais (CUNHA; SINZATO; SILVEIRA, 2004; SANTOS, 2008;
MEDEIROS et al., 2013, SOUZA et al.,, 2019). Além disso, ja foram detectadas
cepas produtoras de Enterotoxinas (EE) e portadoras de genes de resisténcia a
antimicrobianos em isolados de SNA aumentando, desta forma, sua importancia
clinica (OLIVEIRA, 1999; BORGES et al., 2008).

2.2.1. Staphylococcus spp. como agente causador de infec¢gdes

Segundo Capparelli et al. (2011), espécies de Staphylococcus spp.
desenvolveram uma estratégia bem sucedida de evasao do sistema imunoldgico,
envolvendo o acumulo de uma impressionante variedade de fatores de viruléncia.
Este género pode colonizar varios nichos do corpo e causar doencgas potencialmente
fatais, como pneumonia, osteomielite, septicemia e endocardite.

Grande parte das espécies do género Staphylococcus é comensal da pele e
mucosa de seres humanos e animais e isto facilita sua disseminacdo, que pode
ocorrer de forma direta ou indireta, associada a existéncia de portadores
assintomaticos. Estima-se que entre 20 a 60% da populacdo humana seja portadora
da espécie S. aureus considerada a de maior patogenicidade dentro desse género
(SCHMIDLIN et al., 2010; PIRES et al., 2014).

Em estudo retrospectivo realizado por Wille et al. (2014), na Franca, foi
relatado que 129 dos 4290 pacientes submetidos a cirurgias da coluna vertebral no
periodo de 2008 a 2012 apresentaram infec¢cdes pos-cirargicas. A investigacao
identificou S. aureus como o agente etioldgico de maior frequéncia, responsavel por
40% (52/129) dos casos, fato que demonstra a importancia deste microrganismo na
etiologia de infecBes pds-operatdrias. Ainda, segundo os autores, o debridamento
das feridas, associado a antibioticoterapia prolongada foi a medida efetiva para
resolucao de 93% das infeccoes.

S. aureus também pode desencadear quadros respiratérios como a Embolia
Pulmonar Séptica (EPS). Nesses quadros sdo observados ndodulos cavitarios
bilaterais, taquipneia, febre, edema, dor na regido toracica, efusdo pleural, entre
outros sinais clinicos. A EPS é resultado de infec¢cdes causadas por isolados de S.
aureus multirresistentes que geralmente necessitam de antibioticoterapia
prolongada, essa infeccdo tem sido associada com elevada morbidade e
mortalidade. Nesses casos, a escolha do antimicrobiano adequado é imprescindivel

para evitar o surgimento da doenca (WONG, 2002).
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Dentre os agravos a saude causados por Staphylococcus spp., destacam-se
os de origem alimentar. De acordo com dados oficiais do Ministério da Saude (MS)
do Brasil, dentre os dez agentes etiolégicos mais identificados nos surtos de
Doencas Transmitidas por Alimentos (DTA’s) entre 2009 e 2018, S. aureus ocupou a
terceira posicéo o que representa 9,4% (228/2431) dos casos. Ainda, segundo o MS
tais DTA’s estdo relacionadas a ingestdo de alimentos ou agua contaminados,
resultantes de falhas higiénico-sanitarias na manipulacdo e/ou conservacdo do
alimento (BRASIL, 2019).

Além das infeccdes em seres humanos, Staphylococcus spp. pode
desencadear quadros infecciosos em caninos, felinos, equinos, dentre outras

espécies de animais, como demostrado na tabela 1.

Tabela 1. Quadros infecciosos causados por Staphylococcus spp. em diferentes espécies
animais.

Espécie Infeccao Agente causador Referéncia
Felina  Abscesso pancreatico Staphylococcus aureus Nemoto et al. (2017)
Canina Infeccdo do trato Staphylococcus Rubin e Gaunt. (2011)

urinario pseudintermedius

Canina Infeccéo do sistema Staphylococcus intermedius Oliver et al. (2009)

nervoso central
Equina Infeccao de pele Staphylococcus sciuri Beims et al. (2017)
Ovina Mastite Staphylococcus aureus Almeida et al. (2019)

Caprina Mastite Staphylococcus aureus Filipe et al. (2018)

Bovina Mastite Staphylococcus haemolyticus,  Piessens et al. (2012)

S. simulans e S. chromogenes

Em animais de producdo, a exemplo dos bovinos, algumas espécies de
estafilococos sdo comumente associadas a mastite (LANGONI; DOMINGUES;
BALDINI, 2006). Esses microrganismos, geralmente, sdo causadores de mastite
contagiosa caracterizada por alta ocorréncia de casos subclinicos, onde ndo séo
observadas alteracbes macroscoOpicas no leite, glandula maméaria e sistémica no
animal (BERGONIER et al., 2003; MURICY, 2003; MOTA et al., 2012). Com isso, ha
0 risco de contaminacdo de equipamentos e utensilios, além da possibilidade de
veiculacdo desse patdgeno por meio do leite e derivados para os humanos, podendo
desencadear casos de DTA’s (ADAMS e MOSS, 2008).

Outra implicagdo na saude publica de Staphylococcus spp. causadores de

mastites, estd associada a presenca de cepas resistentes a antimicrobianos,
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resultado de varios mecanismos desenvolvidos pelo patégeno, além da capacidade

de transferéncia de alguns desses genes para humanos (LIM et al., 2013).

2.3. Mecanismos de resisténcia de Staphylococcus spp. a antimicrobianos

O uso de antimicrobianos é considerado uma das estratégias terapéuticas de
maior sucesso tanto na medicina humana quanto na medicina veterinaria. No
entanto, tem-se observado uma reducdo na eficacia dos tratamentos com essas
drogas em virtude do numero crescente de patdgenos resistentes, resultando em
taxas elevadas de morbidade e mortalidade, bem como no aumento dos custos com
os tratamentos (LIN et al., 2015).

De acordo com a Organizacdo Mundial de Saude (OMS), a resisténcia aos
antimicrobianos esta entre os principais problemas de Saude Publica do século XXI.
Ainda, segundo a OMS, caso uma acdo mundial conjunta n&do seja realizada, ha o
risco de retorno a era pré-antibiotica quando um nimero maior de criangas vinha a
Obito decorrente de doencas infecciosas e cirurgias ndo eram realizadas devido ao
risco de infec¢des (WHO, 2005).

Para que estratégias de controle obtenham éxito € preciso conhecer quais
mecanismos sao responsaveis pela resisténcia antimicrobiana. Didaticamente, a
origem da resisténcia pode ser dividida em intrinseca e adquirida. A forma intrinseca
advém do fato de que muitos compostos antimicrobianos sédo moléculas produzidas
naturalmente e, como tal, as bactérias que compartiham do mesmo habitat
apresentam mecanismos para superar a acao dessas moléculas para sobreviver. Ja
na forma adquirida, de maior interesse clinico, uma populacdo bacteriana que,
naturalmente era suscetivel ao antimicrobiano, torna-se resistente em virtude de
mutacdes em genes cromossdémicos ou devido a aquisicdo de determinantes
genéticos externos de resisténcia (MUNITA e ARIAS, 2016).

A resisténcia a antimicrobianos é observada em varios géneros bacterianos
com destaque para as bactérias Gram negativo como Acinetobacter baumannii,
Pseudomonas aeruginosa e a familia Enterobacteriaceae. As bactérias Gram
positivo mais resistentes sdo do género Enterococcus e Staphylococcus aureus
(BOUCHER et al., 2009; LOUREIRO et al., 2016). Problemas clinicos causados por
isolados de Staphylococcus aureus resistentes aos antimicrobianos sao relatados
desde a década de 1950 quando foram identificados os primeiros isolados

produtores de penicilinases. Desde entdo novos antimicrobianos tém sido
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desenvolvidos e novos genes de resisténcia descobertos (HAWKEY, 2008). Dentre
as estratégias de combate as bactérias resistentes, destaca-se o desenvolvimento
de geracOes mais avancadas de drogas que possuem novos mecanismos de acéo,
a exemplo das geracbes de cefalosporinas (PEACOCK e PATERSON, 2015), a
retencdo de receita para aquisicdo de antimicrobianos em farmécias humanas
(ANVISA, 2011) e estudos que visam o desenvolvimento de novos compostos
guimicos e avaliacdo da atividade antimicrobiana de extratos de plantas para
producdo de fitoterapicos (PEIXOTO et al., 2016; SANCHEZ RAMIREZ et al., 2019).

Dentre os antimicrobianos utilizados no controle de infeccbes causadas por
Staphylococcus spp., em todo o0 mundo, destacam-se para 0s betalactamicos. Esses
antimicrobianos interferem na sintese de peptideoglicano, componente da parede
celular bacteriana, inibindo as Proteinas de Ligacdo a Penicilina (PBP). Como
resultado dessa inibicdo ha formacao das ligacdes entre as cadeias peptidicas de
peptideoglicano e, consequentemente, a lise celular (AZEVEDO, 2014). Entretanto,
a eficacia das terapias com antimicrobianos dessa classe, tem decaido em virtude
da crescente quantidade de isolados resistentes (TORIMIRO; MOSHOOD e
EYIOLAW, 2014).

Atualmente sdo conhecidos trés mecanismos responsaveis pela resisténcia
de Staphylococcus spp. aos betalactamicos. O primeiro é a producdo de enzimas
gue inativam os antimicrobianos, resultando na destruicdo do anel betalactamico. O
segundo é a modificacdo no alvo do antimicrobiano, causando diminuicdo, ou perda
total da afinidade entre o antimicrobiano e o seu sitio de ligacdo. Ja o terceiro é a
acao de bombas de efluxo, que eliminam os antimicrobianos tanto do citoplasma
guanto do periplasma bacterianos (COSTA et al.,, 2013; KUMAR; MUKHERJEE;
VARELA, 2013).

2.3.1. Producéo de enzimas

A producdo de enzimas decorre da expressdo de genes que podem ser
encontrados tanto no cromossomo bacteriano quanto em plasmideos e pode ocorrer
de forma constitutiva ou indutiva (CASTELLANOS; MARSHAL; RODRIGUEZ, 2014).
Segundo Garcia-Telloa et al. (2014) sdo conhecidas mais de 890 enzimas e dentre
aquelas produzidas por Staphylococcus spp., as betalactamases estdo incluidas

entre 0s principais mecanismos de resisténcia aos betalactamicos, drogas
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frequentemente utilizadas, por exemplo, no tratamento de infec¢des intramamarias
(GARINO JUNIOR et al., 2011).

As betalactamases sdo enzimas extracelulares que agem sobre o anel
betalactamico, provocando sua hidrélise e, consequentemente, sua inativacao
(GARINO JUNIOR et al., 2011). Essas enzimas sao codificadas pelo gene blaz, por
meio de plasmideo ou cromossomo que produz uma penicilinase apds exposicado de
Staphylococcus spp. aos antimicrobianos betalactamicos. Apds sua expressao, as
betalactamases inativam o medicamento por meio da clivagem do anel
betalactdmico. A capacidade hidrolitica das betalactamases depende de alguns
fatores como a localizacdo, cinética, quantidade e condi¢Bes fisico-quimicas
(LIVERMORE, 2000). Além disso, o uso indiscriminado de antimicrobianos ocasiona
uma pressao seletiva para o aparecimento dessa resisténcia (MCDOUGAL;
THORNSBERRY, 1986; LIVERMORE, 2000; TORIMIRO; MOSHOOD; EYIOLAW,
2014; DIAS et al., 2015).

As betalactamases sdo divididas em quatro grupos de acordo com suas
caracteristicas funcionais de afinidade a substratos e sensibilidade a acdo do acido
clavulanico. No grupo 1 estdo as cefalosporinases que ndo sao inibidas pelo acido
clavulénico. O grupo 2, que apresenta a maior quantidade de betalactamases, é
formado pelas cefalosporinases e betalactamases de largo espectro que sé&o
bloqueadas por inibidores de betalactamase. JA& o grupo 3 € formado pelas
metalobetalactamases, que hidrolisam penicilinas, cefalosporinas e carbapenemas;
no entanto, sdo pouco inibidas por moléculas de betalactamicos. O grupo 4 é
constituido por penicilinases que nédo séo inibidas pelo acido clavulanico (BUSH;
JACOBY; MEDEIROS, 1995). Segundo Garcia-Telloa et al. (2014), a identificacédo
do tipo de betalactamase responsavel pela resisténcia é essencial, pois permite a
instituicdo de medidas de controle e prevencédo especificas, reduzindo os riscos de

insucesso nos tratamentos.

2.3.2. Sistema de efluxo multidrogas

Sistemas ou bombas de efluxo sdo proteinas integradas por membranas,
envolvidas na extrusdo de agentes toxicos como antibidticos, biocidas e metais
toxicos de dentro das bactérias para o meio ambiente. Eles sdo codificados no
cromossomo ou em plasmideos e realizam o transporte ativo do antimicrobiano para

fora da célula, uma vez que sdo encontrados em seu citoplasma. Desta forma,
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impedem que a droga atinja concentracdes inibitdrias no interior celular (PROJAN et
al., 2005; MICAS, 2008).

O papel fisiolégico desses sistemas ndo esta totalmente elucidado, mas sua
atividade tem sido relacionada a trés mecanismos: eliminacdo de metabdlitos
enddgenos nocivos a célula, & secrecdo dos determinantes da viruléncia e as
respostas ao estresse celular, sugerindo que as drogas sao “substratos acidentais”
desses transportadores (POOLE, 2008). No entanto, a sua capacidade de expulsar
antimicrobianos, tanto de origem sintética quanto de origem natural pode acarretar
em um grave problema no tratamento de infec¢des, especialmente as causadas por
bactérias do género Staphylococcus, devido a sua patogenicidade decorrente da
producéo de varios fatores de viruléncia (PROJAN et al., 2005).

Em Staphylococcus spp. ja foram identificados mais de 20 sistemas de efluxo
gue sao classificados em cinco familias de proteinas de membrana: The Major
Facilitator Superfamily (MFS), The Small Multidrug Resistance (SMR) Family, The
Multidrug and Toxin Extrusion (MATE) Family, The ATP-binding Cassette (ABC)
Superfamily, and the Resistance-Nodulation-Division (RND) Superfamily. Dentre
essas familias, a MFS é a mais estudada em virtude da capacidade de conferir
multirresisténcia em Staphylococcus spp. e nela estdo presentes os sistemas norA,
norB, norC, tet — 38, ImrS, mdeA, sdrM, gacA e gqacB. Além da MFS, o estudo da
familia ABC também é de importancia para estafilococos e nela estdo presentes os
sistemas msrA, sav1866, abcA, vgaA, vga(A)LC e vgaB que utilizam a hidrolise de
ATP como fonte de energia para seu transporte, diferentemente das familias MFS,
SMR e MATE que utilizam gradiente eletroquimico (TRUONG-BOLDUC;
STRAHILEVITZ; HOOPER, 2006; KUMAR; MUKHERJEE; VARELA, 2013; JANG,
2016).

Apesar de serem conhecidos ha certo tempo, o estudo dos sistemas de efluxo
multidrogas é algo que vem ganhando destaque, pois tanto a producédo de enzimas,
guanto a modificacdo do sitio de acao figuravam o centro das pesquisas sobre
resisténcia antimicrobiana. A possibilidade desses sistemas conferirem fendtipos de
multirresisténcia as drogas e que o mesmo sistema pode conferir resisténcia a
antimicrobianos sintéticos e naturais tém modificado essa realidade (COSTA et al.,
2013).



28

2.3.3. Modificacdo do sitio de agdo

O ultimo mecanismo responsavel pela resisténcia de Staphylococcus spp. aos
betalactamicos é a modificacdo no sitio de acdo que é mediado pelos Cassetes
Cromossomais de Staphylococcus (SCCmec). A aquisicdao dos SCCmec ocorreu no
inicio da década de 1960, sendo considerada um evento determinante na evolugcéo
desse género bacteriano, pois € responsavel pelo surgimento de isolados
multirresistentes, principalmente aos betalactamicos (CRISOSTOMO et al., 2001).

A acdo dos betalactamicos sobre Staphylococcus spp. ocorre por meio de
ligacdo com as Proteinas de Ligacado a Penicilina (PBP), resultando na lise das
células bacterianas. Atualmente sado conhecidos 12 tipos de SCCmec todos com
excecao do tipo XI, possuem o gene mecA que codifica uma PBP denominada de
PBP2a/PBP2’ e um peptideoglicano transpeptidase resultando em uma reduzida
afinidade aos betalactamicos (LEE et al., 2018). Tal codificacdo permite que
Staphylococcus spp. mantenha sua biossintese até em concentra¢cfes consideradas
inibitérias desses antimicrobianos (LIVERMORE, 2000; PATERSON; HARRISON;
HOLMES, 2014).

O SCCmec tipo XI € o unico portador do gene mecC responsavel pela
codificagcdo da proteina PBP2a.ca que possui mecanismo de agdo semelhante ao
dos SCCmec portadores do gene mecA. No entanto, o nivel de resisténcia depende
de alguns fatores como o proprio mecC e outros determinantes genéticos presentes
no isolado (KIM et al., 2012).

Recentemente, em 2018, na Alemanha foi identificado um isolado de S.
aureus proveniente de swab nasal e de garganta de um paciente do género
masculino que ndo apresentava sinais clinicos de infeccdo. O crescimento do
isolado ocorreu em agar MRSA, o0 mesmo apresentava resisténcia fenotipica a
cefoxitina e oxacilina, mas o resultado da Reacdo em Cadeia da Polimerase (PCR)
tanto para mecA quanto para mecC foi negativo assim como para a detec¢do da
proteina PBP2a. Entretanto ao realizar a PCR para o mecB o resultado foi positivo,
sendo esse o0 primeiro relato da deteccdo do gene em Staphylococcus spp. pois,
acreditava-se que apenas Macrococcus caseolyticus era portador de mecB. Apesar
da descoberta 0 mecanismo de resisténcia codificado pelo mecB ainda nao foi
esclarecido (BECKER et al., 2018; LEE et al., 2018).
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Os genes mecA, mecC e o recém identificado mecB sdo responsaveis por
conferir resisténcia a meticilina em isolados de Staphylococcus spp., que séo
conhecidos como Staphylococcus Resistente a Meticilina (MRS), seja a espécie
Staphylococcus aureus (MRSA) ou Staphylococcus Coagulase Negativo Resistente
a Meticilina (MRSCN) (LIM et al., 2013; PEACOCK; PATERSON, 2015; LEE et al.,
2018).

2.4. Staphylococcus spp. resistentes a meticilina (MRS)

A meticilina € um antimicrobiano da classe dos betalactamicos, lancada
comercialmente no inicio da década de 60. Cerca de um ano apds o inicio de sua
comercializacao foi identificado o primeiro isolado clinico de MRSA (JEVONS, 1961).

Em 2009, um estudo realizado por Garcia-Alvarez (2009) sobre a
epidemiologia da mastite bovina na Inglaterra identificou, em amostras de leite de
tanques, uma cepa de S. aureus que apresentava caracteristicas fenotipicas de
MRSA (resisténcia a oxacilina e cefoxitina). Essa cepa foi identificada como S.
aureus LGA251 e apesar de apresentar perfil fenotipico, foi negativa para o gene
mecA na técnica de PCR. Posteriormente, essa cepa foi sequenciada e o0s
resultados do genoma demostraram que possuia um gene homologo
(aproximadamente 60% de identidade) ao mecA e com isso recebeu a denominacéo
de mecAicazs: (GARCIA-ALVAREZ et al., 2011). Porém, em 2012 0 mecAicazsi foi
renomeado para mecC, pois apresenta menos de 90% de homologia com o mecA
(ITO et al., 2012). Desde a sua primeira descricao, tem aumentado a identificacdo de
MRS portadores do gene mecC, principalmente na Europa e até 0 momento ndo ha
relatos de MRS portador de mecC no continente americano (PATERSON;
HARRISON; HOLMES, 2014; PORRERO et al., 2014; MELO et al., 2018).

Cepas de MRS ja foram identificadas em casos de mastite bovina em
diversas partes do mundo como Gréa-Bretanha, Coreia e Alemanha (FESSLER et al.,
2010; LIM et al., 2013; PATERSON et al., 2014). No Brasil, existem poucos relatos
na literatura de casos de mastite causadas por MRS, demostrando a necessidade da
realizacdo de estudos que venham a contribuir para a epidemiologia da infeccdo por
esse patégeno no pais (GUIMARAES, 2011; SILVA et al., 2014).
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2.5. Staphylococcus spp. resistentes a meticilina em casos de mastite

bovina

2.5.1. Aspectos epidemioldgicos e clinicos

O primeiro relato da infeccdo de MRS em animais domeésticos ocorreu em
1972, na Bélgica, em casos de mastite em vacas leiteiras (DEVRIESE et al., 1972).
Desde entdo, esporadicamente, sdo relatados casos de mastite por esse patdégeno
(FEBLER et al., 2010; LIM et al., 2013; PATERSON et al., 2014). A disseminacao de
MRS no ambiente pecuario, principalmente da espécie S. aureus levou a criacdo do
termo LA-MRSA, do inglés MRSA associated with livestock que em portugués
poderia ser traduzido como MRSA ligado ao ambiente pecuario (HUBER et al.,
2010a).

A meticilina ndo & um antimicrobiano comumente utilizado no tratamento de
mastite, porém ja foi reportado que 0 contato entre seres humanos e animais
positivos para MRS e vice-versa pode favorecer a transmissdo do patégeno entre as
espécies. No estudo realizado por Juhasz-Kaszanyitzky et al. (2007) com vacas com
mastite subclinica e trabalhadores (veterinarios, ordenhadores e assistentes) de
fazendas leiteiras na Hungria foi sugerida a transmisséao horizontal de isolados de
MRSA entre seres humanos e vacas. A possibilidade dessa forma de transmissao
surge como um fator a ser considerado na epidemiologia das mastites causadas por
MRS que é o carater ocupacional da infeccdo (JUHASZ-KASZANYITZKY et al.,
2007). Este fato foi corroborado pelos resultados obtidos por Wulf et al. (2008) com
272 veterinarios de todo o mundo onde foi identificado MRSA em 34 (12,5%) deles.
Segundo o0s autores, os profissionais que tém contato direto com animais
apresentam um risco potencial de se tornarem portadores do patégeno.

Além da possibilidade de transmissao entre humanos e animais, 0 ambiente
também pode favorecer a infeccdo de animais por MRS. Sabe-se que MRS pode
sobreviver durante meses no ambiente, desde que existam condicGes favoraveis
para sua manutencdo como umidade e temperatura (LIM et al., 2013). No estudo
realizado por Lim et al. (2013) foram identificadas cepas de MRS em teteiras, piso,
cercas de protecao e do sistema de ventilacdo de fazendas leiteiras na Coreia.

Segundo os autores, os resultados do estudo demonstram a necessidade da adocéao
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de medidas preventivas quanto a transmissdo de MRS entre humanos, animais e
ambiente das fazendas.

Nos rebanhos leiteiros, as taxas de infeccdo podem variar de 0,05 a 47,6%
(tabela 2). Sendo a maior taxa ja relatada encontrada em animais que aresentam
casos de mastite clinica (PU et al., 2014). Nesses casos 0s animais apresentam um
guadro agudo da infeccdo. Entretanto, a mastite ocasionada por MRS apresenta
patogénese homologa a desencadeada por outros Staphylococcus spp. que se
caracteriza pela forma subclinica da infec¢cdo, com elevacdo na quantidade de
células sométicas (>200.000 céls/mL). (VANDERHAEGHEN et al., 2010; LIM et al.,
2013; CHANDRASEKARAN et al., 2014a, 2014b; PU et al., 2014).
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Tabela 2. Frequéncia de Staphylococcus Meticilina-resistente (MRS) em casos de mastite

bovina no mundo.

Pais Microrganismo Frequéncia de MRS Referéncia
Coreia do Sul S. aureus 1,3% (12/894) Lee (2003)
Paquistéao S. aureus 10,3% (8/77) Farzana et al. (2004)
Turquia S. aureus 17,5% (18/103) Turutoglu; Ercelik;
Ozturk, 2006)
Alemanha e S. aureus 1,5% (2/128) Monecke et al. (2007)
Suica
Coreia do Sul S. aureus 2,5% (21/840) Moon et al. (2007)
SCN* 2,4% (19/840)
Turquia S. aureus 22% (13/59) Ciftci et al. (2009)
Bélgica S. aureus 9,3% (11/118) Vanderhaeghen et al.
(2010)
Canada S. aureus 0,05% (1/1810) Saini et al. (2012)
Egito S. aureus 3,1% (3/95) Kamal et al. (2013)
China S. aureus 47,6% (49/103) Pu et al. (2014)
india S. aureus 3,1% (3/95) Chandrasekaran et al.
(2014b)
Bangladesh S. aureus 20% (29/145) Hoque et al. (2018)
Argentina S. aureus 3,3% (1/30) Srednik et al. (2019)
SCN* 6,7% (10/150)
Brasil — Distrito S. aureus 22,8% (17/75) Andrade (2012)
Federal
Brasil — Rio de SCN* 4% (4/100) Soares et al. (2012)

Janeiro

Brasil — Paraiba

Brasil — Sao
Paulo

Brasil — varios

estados

Brasil — Rio de

Janeiro

Staphylococcus spp.

SCN*

SCN*

SCN*

30,4% (14/46)
4,6% (24/518)

5,9% (10/170)

10,3% (15/145)

Matos (2014)
Silva et al. (2014b)

Santos et al. (2016)

Melo et al. (2018)

*SCN = Staphylococcus Coagulase Negativo

2.5.2. Técnicas de diagndstico da mastite causada por MRS

Na mastite causada pelo MRS h& predominancia dos casos subclinicos. Com

isso, a contagem eletrbnica de células somaticas (CCS) no leite pode ser utilizada
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como técnica de triagem com posterior isolamento e/ou identificacdo do
microrganismo (LIM et al., 2013).

Para o isolamento de MRS, as amostras de leite podem ser cultivadas em
varios meios de cultura como o agar base acrescido de sangue ovino, o 4gar MRSA
(seletivo para Staphylococcus aureus resistente a meticilina), agar Muller Hinton e o
agar sal manitol. As condi¢des de crescimento sao praticamente as mesmas nesses
meios de cultura, com incubacdo na faixa de 35-37°C por 24/48 horas, sob
aerobiose. Antes do plaqueamento pode ser realizado um pré-enriquecimento em
meios liquidos como caldo Muller Hinton contendo 6,5% de NaCl e/ou caldo triptona
de soja contendo cefoxitina (3,5 mg/L) (KAMAL; BAYOUMI; ABD EL AAL, 2013b;
LIM et al., 2013; CHANDRASEKARAN et al., 2014a; VISHNUPRIYA et al., 2014).
Apoés o crescimento das colbnias podem ser realizadas provas bioquimicas como
teste da catalase, coagulase e fermentacdo da glicose para diferenciacdo das
espécies de estafilcococos (SILVA et al.,1997).

Fenotipicamente, a resisténcia a meticilina pode ser identificada por meio dos
testes de sensibilidade aos antimicrobianos e Concentracéo Inibitéria Minima (CIM).
Em ambos os casos, as drogas de eleicdo sdo a cefoxitina e/ou oxacilina (CLSI,
2018). De acordo com Mdller et al. (2015), pode-se tentar aumentar a expressao da
resisténcia a meticilina submetendo o microrganismo a uma temperatura de
incubacédo entre 33-35°C por 24 horas e adicdo de cloreto de sodio ao meio de
cultura. Em estudo realizado por Kim et al. (2012) foi observado que cepas
portadoras do gene mecC apresentam instabilidade a temperatura de 37°C,
decorrente de modificacdes estruturais na PBP2a/PBP2’, demonstrando maior
capacidade de expressédo da resisténcia a temperaturas entre 25-30°C.

Em nivel molecular, é possivel identificar MRS utilizando a Reacdo em Cadeia
de Polimerase (PCR) por meio da amplificacdo dos genes mecA, mecB e mecC. A
PCR é a técnica mais utilizada para deteccdo de MRS e como se baseia na
amplificacdo do DNA, gera resultados confiaveis, diminuindo o risco da identificacdo
de falsos negativos (PATERSON et al., 2012a; CHANDRASEKARAN et al., 2014b;
MULLER et al., 2015).

Adicionalmente a PCR, existem técnicas de tipagem de MRS como a Pulsed-
Field Gel Electrophoresis (PFGE) e a Multi-Locus Sequence Typing (MLST) e,
ambas constituem importantes ferramentas em estudos de epidemiologia molecular.

Com o emprego dessas técnicas é possivel rastrear a origem e analisar a correlacao
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genética das amostras e tais informagfes podem ser consideradas para instituir
medidas de controle do patdgeno nos rebanhos (MCDOUGAL et al., 2003; JUHASZ-
KASZANYITZKY et al., 2007; PATERSON et al., 2012b; LIM et al., 2013).

A PFGE consiste na andlise de macrofragmentos de DNA, possibilitando
determinar a similaridade ou divergéncia genética entre isolados bacterianos
(MANNU; PABA, 2002; VERNILE et al., 2008). O principio da técnica é baseado no
uso de enzimas de restricdo que realizam cortes no DNA durante sua digestao,
resultando na formacédo de fragmentos que séo separados por meio da eletroforese,
logo apos sdo fotodocumentados e, posteriormente, submetidos a analise
computacional para interpretacdo dos resultados obtidos (KAGKLI et al., 2007;
KAHALA et al., 2008; GRONTHAL et al., 2017). Essa técnica ¢ considerada o gold
test para tipagem de MRS, em virtude do seu potencial de diferenciacdo de isolados,
sendo amplamente utilizada em estudos de epidemiologia da disseminagcdo do
patogeno (KHAMBATY; BENNETT; SHAH, 1994; MCDOUGAL et al.,, 2003;
OSTOJIC, 2008; LIM et al., 2013; HUSSAIN; NAQVI; SHARAZ, 2019).

Em conjunto com a PFGE vem sendo empregada para a tipagem de isolados
de MRS a MLST, que permite distinguir se os isolados sdo de origem humana,
ambiental ou animal. Com o emprego dessa técnica € possivel inferir a possivel
fonte de infeccédo e, a partir dessa informacéao, estabelecer estratégias para controle
e prevencao das mastites (MCDOUGAL et al., 2003; CHAKRABORTY et al., 2019).
Para realizacdo da MLST € necessario que o isolado seja submetido a uma PCR
para determinado gene alvo, em seguida os produtos da reacdo devem ser
submetidos ao sequenciamento genético, alinhados em programas de bioinformatica
e as sequéncias sdo submetidas a bancos de dados. Onde é realizada a
comparacao entre a submetida e as depositadas, gerando as Sequence Types (ST),
gue sao os identificadores da origem do isolado (HUBER et al., 2010b; DE ALMEIDA
et al., 2011; WU et al., 2015; SCHMIDT; KOCK; EHLERS, 2017; MAGNA COROA
LIMA, 2018).

Adicionalmente a PCR e as técnicas de tipagem, existem as plataformas de
sequenciamento genético que realizam a decodificacdo do DNA tanto de MRS
guanto de qualquer outro tipo de microrganismo. Tais plataformas séao divididas em
geragOes: a primeira contempla o sequenciamento Sanger que decodifica desde
genes até genomas e para esse Ultimo caso apresenta como desvantagens o
elevado custo e tempo (SANGER; NICKLEN; COULSON, 1977; SHEKHAR
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PAREEK; SMOCZYNSKI; TRETYN, 2011). A segunda geracao de sequenciadores é
denominada de Next Generation Sequencing (NGS) que, quando comparada a
primeira geracdo, apresenta como vantagens: reducdo de custo e tempo para
sequenciamento de genomas e maior quantidade e confiabilidade de dados
(SCHUSTER, 2008; SHENDURE; JI, 2008; HENSON; TISCHLER; NING, 2012).

Outro método de deteccdo de MRSA é a identificacdo da proteina PBP2a,
codificada pelos genes de resisténcia a meticilina. Para isso existem testes
comerciais de aglutinacdo em latex e Ensaio Imunoenzimatico (ELISA) (PATERSON;
HARRISON; HOLMES, 2014; MULLER et al., 2015).

2.5.3. Profilaxia das infecgbes por MRS em fazendas leiteiras

As medidas de controle da mastite causada por MRS devem contemplar a
identificacdo dos casos e do patdgeno envolvido, segregacao dos animais e estudo
epidemiologico da fonte de infecgéo para o rebanho. Inicialmente deve-se realizar a
identificacdo dos animais portadores, para que esses sejam separados do rebanho
para tratamento. Por se tratar de uma mastite bacteriana, a antibioticoterapia é o
tratamento de eleicdo; como o MRS confere uma resisténcia a praticamente todos
os betalactamicos, o teste de suscetibilidade aos antimicrobianos pode fornecer
informacdes de quais drogas podem ou nao ser utilizadas (MOON et al., 2007;
SCHNITT; TENHAGEN, 2019).

No tratamento de infec¢cdes causadas por MRS em ambiente hospitalar
utiliza-se a vancomicina, apesar de ja terem sido identificadas cepas de
Staphylococcus spp. resistentes a esse antimicrobiano. Animais cronicamente
infectados e/ou que apresentem casos de mastite recorrentes devem ser
descartados, por se tratar de uma importante fonte de infec¢cdo para o rebanho
(RADOSTITS et al. 2000; RABELO et al., 2014; PEACOCK; PATERSON, 2015).

O carater ocupacional da infeccdo por MRS deve ser levado em consideracao
nos inquéritos epidemioloégicos de mastite bovina, pois a fonte de infeccao para as
vacas pode ser um trabalhador (veterinario, ordenhador, técnico agropecuario, entre
outros) que tenha contato direto com os animais. Nesse sentido, é essencial a
adocédo de héabitos higiénicos, além da realizacdo de exames no ato da admisséo e
periodicamente com esses profissionais (JUHASZ-KASZANYITZKY et al., 2007;
WULF et al., 2008; LIM et al.,, 2013). Além disso, equipamentos e utensilios de

ordenha, bem como o ambiente de confinamento dos animais devem permanecer
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limpos e higienizados, pois também podem ser vias de transmissdo tanto para o

rebanho quanto para os trabalhadores das fazendas (Lim et al., 2013).

2.5.4. Terapias alternativas ao uso de antimicrobianos

A resisténcia aos antimicrobianos é considerada um problema mundial, e com
iSso tém-se estimulado o uso racional dessas drogas seja na medicina humana e/ou
veterinaria. Ademais, h4 um aumento das pesquisas com o objetivo de desenvolver
alternativas ao uso dos antimicrobianos, a exemplo de polimeros e fitoterapicos
(WHO, 2005; PEIXOTO et al., 2016; SANCHEZ RAMIREZ et al., 2019).

No ambiente agropecuario de producdo de leite, os antimicrobianos séo
largamente utilizados no tratamento das mastites (SCHNITT; TENHAGEN, 2019).
Com isso, quando se trata do uso de terapias alternativas nesse ambiente a
literatura € concentrada na avaliacdo da atividade antimicrobiana frente as bactérias
causadoras desta enfermidade (AMARANTE et al., 2019).

Bacteriofagos, bactérias acido laticas, nanoparticulas de compostos quimicos
e extratos ou Oleos essenciais de plantas estao entre as alternativas relatadas frente
a Staphylococcus spp. isolados de casos de mastite bovina (VALENCIA QUINTERO;
SERNA COCK; CAMPOS, 2011; ABAD, 2017; DIAS DA COSTA JUNIOR et al.,
2018; BERGUENMAIER DE OLANDA et al., 2019; LEITE et al., 2019; SPERANDIO
et al., 2019). No estudo realizado por Leite et al. (2019), foi verificada a acéao litica de
bacteriofagos isolados do ambiente de fazendas leiteiras frente a Staphylococcus
aureus, e segundo os autores a fagoterapia tem potencial de utilizacdo em vacas
leiteiras. Ja as bactérias acido laticas podem ser utilizadas tanto no tratamento
guanto na prevencdo da mastites, em virtude do antagonismo e/ou producédo de
substancias com atividade antimicrobiana (VALENCIA QUINTERO; SERNA COCK;
CAMPOS, 2011).

Nanoparticulas apresentam ampla atividade antimicrobiana em virtude dos
diferentes mecanismos de acdo que desenvolvem. Dentre esses, pode-se citar a
alteracdo da parede celular e do citoplasma, modificacdo dos niveis de ATP, da
permeabilidade e respiracdo da membrana celular, além da inibicdo na replicacéo
bacteriana do DNA, resultando na producéo de radicais livres (ABAD, 2017; DIAS
DA COSTA JUNIOR et al., 2018). Dentre as nanoparticulas que vém sendo
estudadas para possivel aplicacdo como alternativa aos antimicrobianos, tém-se as

de PPy que € um polimero obtido por meio da polimerizacdo oxidativa quimica ou
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eletroquimica de solu¢bes de monémeros (Sajesh et al., 2013). Tendo sido relatado
seu uso na engenharia e ciéncias biomédicas (de Oliveira and de Oliveira, 2014; Xue
et al.,, 2014). A atividade antimicrobiana de PPy frente a Staphylococcus aureus,
bem como a outras bactérias Gram positivo e negativo ja foi relatada na literatura
(Sayyah et al., 2014; da Silva et al., 2017). Sabe-se que o0 polimero possui acao
bactericida decorrente do colapso da membrana citoplasmética que resulta na morte
bacteriana (Varesano et al., 2013; Sanchez Ramirez et al., 2019).

A avaliacao da atividade antimicrobiana de plantas concentra 0 maior nimero
de estudos. De acordo com Silva et al. (2019), plantas medicinais apresentam
potencial terapéutico frente as bactérias causadoras de mastites em ruminantes,
sendo alternativas a antibioticoterapia. Para Fiordalisi; Honorato; Kuhnen (2019) e
Sperandio et al. (2019), a composicéo quimica das plantas é determinante para sua
atividade antimicrobiana. Neste contexto a Moringa oleifera (familia Moringaceae)
gue é uma arvore cultivada nas regides de trépicos e subtropicos em todo o planeta
surge como uma alternativa (Pontual et al., 2012). Suas sementes tém sido
utilizadas para tratamento e reducdo da turbidez da agua destinada ao consumo
humano, além disso suas flores sdo consumidas e possuem acao terapéutica como
hipoglicémico, tonico e diurético (Moura et al., 2011; Santos et al., 2012). Também
h& comprovacéo da sua atividade larvicida frente a Aedes aegypti e antiparasitaria
frente a Trypanosoma cruzi (Pontual et al., 2012; 2018). Na literatura ha relatos da
atividade de Moringa oleifera frente a Staphylococcus aureus e Staphylococcus
epidermidis (Viera et al., 2010; Moura et al., 2011; Marrufo et al., 2013; Zaffer et al.,
2014; Fayemi et al., 2018; Fouad et al., 2019) achados que indicam a possibilidade
do aplicacdo dessa planta como alternativa ao uso de antimicrobianos.

Apesar dos inumeros estudos ainda € preciso avancar na investigacdo e
caracterizacdo das fracbes presentes nesses compostos a fim de desenvolver
produtos que possam ser utilizados no tratamento de animais infectados (SILVA et
al., 2019).
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3. OBJETIVOS

3.1. Objetivo geral

Identificar cepas de Staphylococcus spp. resistentes a meticilina em amostras
de leite, ambiente e trabalhadores no ambiente agropecuario no estado de

Pernambuco.

3.2. Objetivos especificos

- Determinar a frequéncia de mastite bovina causada por Staphylococcus spp.
em fazendas leiteiras no estado de Pernambuco.

- Detectar os genes mecA e mecC responsaveis pela resisténcia a meticilina
em cepas de Staphylococcus spp. isoladas de casos de mastite bovina, ambiente e
ordenhadores.

- Realizar a tipagem das cepas de S. aureus resistentes a meticilina por meio
de Eletroforese em Gel Pulsante (PFGE).

- Detectar os genes norA, norB, norC, tet -38, ImrS, mgrA e msrA de sistemas
de efluxo multidrogas Staphylococcus spp. isolados de casos de mastite bovina,

ambiente e ordenhadores.

- Avaliar a atividade antimicrobiana do extrato aquoso da semente da Moringa
oleifera e do polipirrol sobre Staphylococcus spp. portadores de genes de sistemas

de efluxo multidrogas em isolados de mastite bovina, ambiente e ordenhadores.
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The most related microorganism in cases of bovine mastitis are Staphylococcus spp.
Some strains of these microorganisms have shown virulence factors like antibiotic
resistance genes, such as the resistance to methicillin, which represents a public
health problem. This literature review aims to compile data related to bovine mastitis
caused by Staphylococcusspp. Methicillin-resistant (MRS). Despite thisantimicrobialnot
becommonly used in the treatment of mastitis, the frequency of cases of infection of the
mammary gland caused by MRS has ranged from 1.34 to 47.6%. It is believed that the
contact of humans with animals positive for MRS and vice versa favors the
transmission of this pathogen among species, contributing to the variation in infection
rates. MRS detection can be performed by phenotypic tests, molecular tests or
serological tests and control measures must be taken such as the identification of cases,
animal segregation, epidemiological study of the infection source of herd and the
constant cleanliness and hygiene of the confined environment, equipment and milking
utensils. Mastitis cases caused by this pathogen are of great relevance to public health
because the ingestion of contaminated and/or derived from milk may trigger the
transfer of MRS for human. Thus, a constant warning is required on the
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epidemiological surveillance in dairy farms.

INDEX TERMS: Mastitis, cattle, Staphylococcus spp., meticillin, pathogenic microorganism, antimicrobial resistance,

epidemiology,bacterioses.

RESUMO.- Staphylococcus spp. sdo 0s micro-organismos mais
relacionados a casos de mastite bovina. Algumas cepas
destes micro-organismos tém apresentado fatores de
viruléncia como genes de resisténcia a antimicrobianos
com destaque para a resisténcia a meticilina que é um
problema de saude publica. Esta revisao de literatura tem o
objetivo de compilar dados sobre a mastite bovina causada
por Staphylococcus spp. resistentes a meticilina (MRS).
Apesar desse antimicrobiano ndo ser comumente

utilizado no tratamento das mastites,
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a frequéncia de casos de infeccdo da glandula mamaria
causada por MRS tem variado entre 1,34 a 47,6%. Acredita-se
que o contato dos humanos com animais positivos para MRS
e vice-versa favoreca a transmissdo deste patégeno entre as
espécies, contribuindo para a variagdo nas taxas de infecgdo.
A deteccdo de MRS pode ser realizada por meio de provas
fenotipicas, moleculares ou sorolédgicas e as medidas de
controle devem contemplar a identificacdo dos casos,
segregacdo dos animais, estudo epidemioldgico da fonte de
infeccdo do rebanho, além da constante limpeza e
higienizacdo do ambiente de confinamento, equipamentos e
utensilios de ordenha. Casos de mastite ocasionados por
esse patégeno assumem relevancia para a saude publica,
pois a ingestdo de leite e/ou derivados contaminados podem
desencadear a transferéncia de MRS para seres humanos. Com
isso, é necessario um alerta constante quanto a vigilancia
epidemioldgica em fazendas leiteiras
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TERMOS DE INDEXACAO: Mastite bovina, Staphylococcus spp.,
meticilina, Micro-organismo patogénico, resisténcia a antimicrobianos,
epidemiologia, bacterioses.

INTRODUCAO

Bactérias do género Staphylococcus sdo encontradas
naturalmente nas mucosas do trato respiratério, urogenital e
digestivo de seres humanos e animais. Ja foram descritas
mais de 30 espécies de Staphylococcus spp., sendo que algumas
sdo frequentemente associadas a uma ampla variedade de
infeccbes de carater oportunista (Quinn et al. 1999).

Dentre as espécies de estafilococos, Staphylococcus aureus é
considerado um importante patégeno transmitido por
alimentos e causador de doencas transmitidas entre seres
humanos e animais, incluindo infec¢des da glandula mamaria,
também conhecidas como mastites (Lee etal. 2012). Segundo
Omoe etal. (2005), S. aureus é a espécie mais frequentemente
associada a casos e surtos de intoxica¢ao alimentar, devido a
capacidade de algumas cepas produzirem varios tipos de
enterotoxinas (EE).

Além da intoxicagdo estafilocécica, outra grande questdo
que preocupa os profissionais de saude é a resisténcia aos
antimicrobianos apresentada por algumas cepas de
Staphylococcus spp. No caso especifico das mastites bacterianas, o
principal tratamento de eleicdo é a antibioticoterapia.
Porém, o uso elevado de antimicrobianos ou a sua utilizagao
de forma indiscriminada aumenta o risco de seus residuos
no leite. Isso contribui para a contaminacdo do ambiente, da
cadeia alimentar e com o surgimento de cepas resistentes a
drogas de importancia para a saiude humana, a exemplo de
Staphylococcus spp., resistente a meticilina (MRS) (Raia Junior
2001, Rollin 2001, Tetzner 2005). Uma vez que pode ocorrer a
transmissdo cruzada interespecifica de linhagens resistentes
pelo consumo de alimentos de origem animal, evidencia-se
um risco para a saude dos consumidores (Stohr & Wegener
2001, Guimaraes 2011).

Dentre as resisténcias a antimicrobianos observadas em
estafilococos, a meticilina é uma das mais preocupantes em
termos de saude publica, pois cepas de Staphylococcus aureus
resistentes a meticilina (MRSA) sdo comumente identificadas
como causadoras de infec¢des hospitalares, até mesmo nas
unidades de terapia intensiva (UTI). Além disso, algumas delas
também podem produzir enterotoxinas, comprometendo
ainda mais a saude dos pacientes (Intrakamha et al. 2012,
Rabelo et al. 2014).
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humanos e animais, sendo encontrada nas mucosas do
trato respiratdrio, urogenital e digestivo (Quinn et al.
1999).

Staphylococcus spp., sdo tipicos micro-organismos
mesofilos, apresentando crescimento na faixa de 7°C a
48°C, sendo a temperatura de 37°C considerada ideal
para seu desenvolvimento. Além disso, sdo tolerantes a
concentracdo de 5-7% de NaCl e a reducao da atividade
deagua(A,,) (Adams & Moss 2008).

Tradicionalmente os estafilococos sao divididos em
duas categorias: Staphylococcus coagulase negativo, que
geralmente compdem a microbiota natural dos seres
humanos e animais, e positivo que apresentam maior
potencial patogénico, tendo como principal
representante Staphylococcus aureus (Hirsh & Zee
1999, Neves et al. 2007). Essa classificacdo baseia-se
na capacidade do micro-organismo coagular o plasma,
sendo considerado um importante fator de
patogenicidade dos estafilococos.

Contudo, tem crescido o interesse no estudo de
Staphylococcus coagulase negativo (SCN) visto que, tais
micro-organismos tém sido relacionados como agentes
causadores de infeccdes, a exemplo das mastites, em
seres humanos e animais (Cunha et al. 2004, Santos
2008, Medeiros et al, 2013). Além disso, ja foram
detectadas cepas produtoras de EE e portadoras de
genes de resisténcia a antimicrobianos em isolados de
SCN aumentando, dessa forma, sua importancia
clinica (Oliveira 1999, Borges et al. 2008).

Espécies de estafilococos sdo comumente
relacionados como causadoras de mastite em
animais de producdo, a exemplo dos bovinos
(Langoni et al. 2006). Esses micro-organismos,
geralmente, sdo causadores de mastite contagiosa
caracterizada por uma alta ocorréncia de casos
subclinicos, onde ndo sdo observadas alteracdes
macroscdpicas no leite, glandula mamaria e
sistémica no animal (Bergonier et al. 2003, Muricy
2003, Mota et al. 2012). Com isso, hd o risco de
contaminac¢do de equipamentos e utensilios, além da
possibilidade de veiculacdo desse patdgeno através
de leite e derivados para seres humanos, podendo
desencadear casos de Doencas Transmitidas por
Alimentos (DTA) (Adams & Moss 2008).

Outra implicacdo na saude publica de Staphylococcus
ssp. causadores de mastites, diz respeito a presenca de
cepas resistentes a antimicrobianos e a capacidade da

Perante o exposto, objetivou-se compilar dados arespeito da
mastite bovina causada por Staphylococcus spp. resistente a
meticilina (MRS).

REVISAO DE LITERATURA transferéncia dos genes de resisténcia a seres humanos,
a exemplo da meticilina.
Staphylococcus spp Apesar da meticilina ndo ser geralmente utilizada no

tratamento de mastites, cepas de MRS tém sido
identificadas em fazendas leiteiras (Moon et al. 2007,
Fefller et al. 2010; Lim et al. 2013, Paterson et al.
2014a). A transmissdo horizontal de MRS entre
bovinos leiteiros e trabalhadores das fazendas ja foi
relatada (Juhasz-Kaszanyitzky et al. 2007), sugerindo
que o contato entre seres humanos e animais e vice-
versa pode favorecer a transmissdo de tais cepas (Lim
et al. 2013). Além disso, a resisténcia a meticilina
confere uma resisténcia virtual a praticamente todos
os B-lactamicos, exceto as cefalosporinas de ultima
geracdo, fato que dificulta o tratamento em casos de
infecgbes (Peacock & Paterson 2015).

O género Staphylococcus é caracterizado em testes
morfotintoriais como cocos que se coram como positivo no
teste de Gram, com didmetro de 0,5 a 1,5um, sem motilidade,
oxidase negativo e ndo formadores de esporos. Além disso,
varias espécies sdo anaerdbias facultativas e produtores de
catalase. Existem mais de 30 espécies de Staphylococcus spp.
e, grande parte é comensal da pele e mucosas de seres



Staphylococcus spp. resistentes a meticilina (MRS)

A meticilina é um antimicrobiano da classe dos betalactimicos,
lancada comercialmente no inicio da década de 60. Cerca de
um ano apo6s o inicio de sua comercializagdo foi identificado o
primeiro isolado clinico de MRSA (Jevons 1961). A partir de
entdo, relatos da identificagio de amostras de MRS
tornaram-se frequentes.

A resisténcia de Staphylococcus spp. a betalactamicos, a
exemplo da meticilina, ocorre pela produgdo de batalactamase
ou pela modificacdo no sitio de acdo dosbetalactamicos.

A betalactamase é uma enzima extracelular que age sobre o
anel betalactamico, provocando sua hidrélise e, consequente,
inativagao (Garino Junior et al. 2011). Essa enzima é codificada
pelo gene blaZ, por meio de plasmideo ou cromossomo, que
produz uma penicinilase apds exposi¢ao de Staphylococcus spp. a
antimicrobianos betalactimicos. Apds sua expressdo, a
betalactamase inativa o medicamento através da clivagem do
anel betalactamico. A capacidade hidrolitica da betalactamase
depende de alguns fatores como sua localizagdo, cinética,
quantidade e condigdes fisico-quimicas (Livermore 2000).
Além disso, o uso indiscriminado de antimicrobianos gera
uma pressdo seletiva para o aparecimento dessa resisténcia
(McDougal & Thornsberry 1986, Livermore 2000, Torimiro et al.
2013, Dias etal. 2015).

A modificacdo no sitio de acdo dos betalactdmicos é um
mecanismo de resisténcia mediado pelos Staphylococcus
Cassete Cromossomo (SCCmec), que sdo elementos genéticos
moveis. Esse é o mecanismo de resisténcia observado nas
amostras de MRS. Os betalactamicos agem através de ligacdo
com as proteinas de ligacdo a penicilina (PBP), resultando na
lise das células bacterianas. O SCCmec possui o gene mecA
que codifica uma PBP semelhante a PBP2a/PBP2’ que possui
reduzida afinidade aos betalactamicos, permitindo que os
Staphylococcus spp. mantenham sua biossintese até em
concentracdo consideradas inibitérias desses antimicrobianos
(Livermore 2000, Paterson et al. 2014a).

Em 2009 um estudo realizado por Garcia-Alvarez (2009)
sobre a epidemiologia da mastite bovina na Inglaterra
identificou, em amostras de leite de tanques, uma cepa de
S. aureus que apresentava caracteristicas fenotipicas de
MRSA (resisténcia a oxacilina e cefoxitina). Essa cepa foi
identificada como S. aureus LGA251 e apesar de apresentar
perfil fenotipico, foi negativa para o gene mecA pela técnica
de PCR. Posteriormente, essa cepa foi sequenciada e os
resultados do genoma demostraram que ela possuia um
gene homologo (aproximadamente 69% de identidade) ao
mecA, com isso recebeu a denominacdo de mecA|Ga251

(Garcia-Alvarez et al. 2011). Porém, em 2012 o
mecA;,ga251 foi renomeado para mecC, pois apresenta

menos de 90% de homologia com o mecA (Ito et al. 2012).
Desde asua primeira descricdo, témaumentadoaidentificacio
de MRS portadores do gene mecC, principalmente na Europa,
entretanto, até o presente momento ndo ha relatos de MRS
portador de mecC no continente americano (Paterson et al.
2014a, Concepcidon Porrero et al. 2014).

Cepas de MRS ja foram identificadas em casos de mastite
bovina em diversas partes do mundo como Gra-Bretanha,
Coréia e Alemanha (Fefdler et al. 2010, Lim et al. 2013,
Paterson et al. 2014a). No Brasil, existem poucos estudos
que identificaram casos de mastite causados por MRS,
demostrando a necessidade da realizagdo de estudos que
venham a contribuir para a epidemiologia da infec¢do por
esse patogeno no pais (Guimaraes 2011, Silva et al. 2014).
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Staphylococcus spp., resistente a meticilina em
casos de mastite bovina

Aspectos epidemioldgicos e clinicos. O primeiro
relato da infeccio de MRS em animais domésticos
ocorreu em 1972, na Bélgica, e tratava-se de casos de
mastite em vacas leiteiras (Devriese et al. 1972). Desde
entdo, esporadicamente, sdo relatados casos de mastite
ocasionados poresse agenteetiologico (Fefiler et al. 2010,
Lim et al. 2013, Paterson et al. 2014a). A disseminagao
de MRS no ambiente pecudrio, principalmente da espécie
S. aureus levou a criacdo do termo LA-MRSA, do inglés
MRSA associated with livestock que em portugués
poderia ser traduzido como MRSA ligado ao ambiente
pecudrio (Huber et al. 2010).

A meticilina ndo é um antimicrobiano comumente
utilizado no tratamento de mastites, porém ja foi
reportado que o contato entre seres humanos com
animaispositivosparaMRS e vice-versa pode favorecera
transmissdo do patégeno entre as espécies. No estudo
realizado por Juhdsz-Kaszanyitzky et al. (2007) com
vacas acometidas por mastite subclinica e
trabalhadores (veterinarios, ordenhadores e
assistentes) de fazendas leiteiras na Hungria foi
sugerida a transmissao horizontal de isolados de MRSA
entre seres humanos e vacas. A possibilidade dessa
forma de transmissdo do patogeno surge como um
fator a ser considerado na epidemiologia das mastites
causadas por MRS que é o carater ocupacional da
infecgdo. Fato corroborado pelos resultados obtidos no
estudo realizado por Wulf et al. (2008) com 272
veterinarios de todo o mundo em que foi identificado
MRSA em 34 (12,5%) profissionais, segundo os autores
profissionais que tém contato direto com animais
apresentam um risco potencial de tornarem-se
portadores do patdgeno.

Além da possibilidade de transmissdo entre seres
humanos e animais, o ambiente também pode ser uma
das fontes de infeccdo de MRS para os animais. Sabe-se
que o MRS pode sobreviver durante meses no
ambiente, desde que existam condi¢coes favoraveis a
sua manutencdo, como umidade e temperatura. Em
estudo realizado por Lim et al. (2013), foram isoladas
cepas de MRS de teteiras, piso, cercas de protecio e do
sistema de ventilacdo de fazendas leiteiras na Coréia.
Segundo os autores, os resultados do estudo
demonstram a necessidade da adocio de medidas
preventivas quanto a transmissdo de MRS entre
humanos, animais e ambiente das fazendas.

Nos rebanhos leiteiros as taxas de infeccdo podem
variar de 1,34 a 47,6% (Quadro 1). A mastite
ocasionada por MRS apresenta curso clinicohomoélogo a
desencadeada por outros Staphylococcus spp. que se
caracteriza pela forma subclinica da infec¢do, com
elevacao na quantidade de células somaticas (>200.000
céls/mL). Entretanto ha relatos da manifestagio clinica
da doenga, ocasionada por MRS, nesses casos os animais
apresentam um quadro agudo da infec¢do, onde sdo
observadas altera¢des macroscdpicas no leite, no tecido
mamario e sistémicas no animal (Chandrasekaran et al.
2014a, 2014b, Pu et al. 2014, Lim et al. 2013,
Vanderhaeghen et al. 2010).

Técnicas de diagndstico da mastite causada porMRS.
Como mencionado anteriormente, na mastite desencadeada
pelo MRS ha predominancia de casos subclinicos. Com isso, a
contagem eletronica de células somaticas (CCS) no leite pode
ser utilizada como técnica de triagem com posterior
isolamento e/ou identificacio do micro-organismo. Amostras
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Quadro 1. Frequéncia de Staphylococcus Meticilina-resistente (MRS) em casos de mastite bovina

Local Micro-organismo Frequéncia de MRS Referéncia
Coreia do Sul S. aureus 1,34% (12/894) Lee (2003)
Alemanha e Suica S. aureus 1,56% (2/128) Monecke et al. (2007)
Coreia do Sul S. aureus 2,5% (21/840) Moon et al. (2007)
SCN* 2,4% (19/840)
Egito S. aureus 3,15% (3/95) Kamal et al. (2013)
India S. aureus 3,15% (3/95) Chandrasekaran et al. (2014b)
Bélgica S. aureus 9,3% (11/118) Vanderhaeghen et al. (2010)
Paquistao S. aureus 10,38% (8/77) Farzana et al. (2004)
Turquia S. aureus 17,5% (18/103) Turutoglu et al. (2006)
Brasil - Distrito Federal S. aureus 22,8% (17/75) Andrade (2012)
Brasil - Paraiba Staphylococcus spp. 30,43% (14/46) Matos (2014)
China S. aureus 47,6% (49/103) Puetal. (2014)

*SCN = Staphylococcus Coagulase Negativo.

de leite com CCS superior a 200.000 células/mL podem ser
submetidas a pesquisa de MRS (Lim etal. 2013).

Para o isolamento de MRS as amostras de leite podem ser
plaqueadas em varios meios de culturas como o agar base
acrescido de sangue ovino, o agar MRSA (seletivo para
Staphylococcus aureus resistente a meticilina), dgar Muller
Hinton e o 4gar sal manitol. As condi¢des de crescimento sdo
praticamente as mesmas nesses meios de cultura, incubagao
na faixa de 35-37°C por 24/48 horas, sob aerobiose. Antes do
plaqueamento pode ser realizado um pré-enriquecimento em
meios liquidos como caldo Muller Hinton contendo 6,5% de
NaCl e/ou caldo triptona de soja contendo cefoxitina (3,5mg/L)
(Kamal et al. 2013, Lim et al. 2013, Chandrasekaran et al.
2014b, Vishnupriya et al. 2014). Apds o crescimento das
coldnias podem ser realizadas provas bioquimicas como
teste da catalase, coagulase e fermentagdo da glicose para
diferenciacao das espécies de estafilococos (Silva et al.1997).
Fenotipicamente a resisténcia a meticilina pode ser
identificada por meio dos testes de suscetibilidade aos
antimicrobianos e concentragdo inibitéria minima (CIM), em
ambos as drogas de eleicdo sdo a cefoxitina e/ou oxacilina
(CLSI 2008). De acordo com Muller (2009), pode-se tentar
aumentar a expressao da resisténcia a meticilina submetendo o
micro-organismo a uma temperatura de incubacio entre 33-

35°C por 24 horas e com a adic¢io de cloreto de s6dio ao meio
de cultura onde serd realizado o crescimento microbiano.

A nivel molecular é possivel identificar MRS utilizando a
Reacdo em Cadeia de Polimerase (PCR) por meio da
amplificacdo dos genes mecA e mecC. A PCR atualmente é a
técnica de maior utilizagdo para detec¢do de MRS, pois como
baseia-se na amplificacdo de DNA gera resultados confidveis,
diminuindo o risco da identificacdo de falsos negativos (Muller
2009, Paterson et al. 2012a, Chandrasekaran et al. 2014a).
Adicionalmente a PCR, existem técnicas como a Pulsed-Field
Gel Electrophoresis (PFGE) e a Multi-Locus Sequence typing
(MLST) que sdo importantes ferramentas em estudos de
epidemiologia molecular. A partir doemprego dessastécnicas é
possivel realizar a tipagem das amostras de MRS, rastrear sua
origem e analisar a correlacdo genética das amostras, tais
informacdes podem ser consideradas para a instituicdo de
medidas de controle do patégeno nos rebanhos (MCDougal et al.
2003, Juhasz-Kaszanyitzky et al. 2007, Paterson et al. 2012b,
Lim et al. 2013).

Outro método de deteccio de MRSA ¢é a
identificagdo da proteina PBP2a, codificada pelos
genes de resisténcia a meticilina. Para isso existem
testes comerciais de aglutinagdo em latex e Elisa
(Muller 2009, Paterson et al. 2014b).

Controle e prevencdo. As medidas de controle da
mastite causada pelo MRS contemplam identificagdo
dos casos e do patdgeno, segregacdo dos animais e
estudo epidemiolégico da fonte de infeccdo para o
rebanho.

Inicialmente deve-se realizar a identificacdo dos
animais portadores, para que 0S mesmos sejam
separadosdorebanho para tratamento. Por se tratar de
uma mastite bacteriana, a antibioticoterapia é o
tratamento de eleicdo, como o MRS confere uma
resisténcia a praticamente todos os betalactamicos, o teste
de suscetibilidade aos antimicrobianos pode fornecer
informagdes de quais drogas podem ou ndo ser
utilizadas. No tratamento de infec¢des causadas por
MRS em ambiente hospitalar utiliza-se a vancomicina,
apesar de ja terem sido identificadas cepas de
Staphylococcus spp. resistentes a esse antimicrobiano.
Animais cronicamente infectados e/ou que apresentem
casos de mastite recorrentes devem ser descartados,
por se tratar de uma importante fonte de infec¢io para
o rebanho (Radostits et al. 2000, Rabelo et al. 2014,
Peacock & Paterson 2015).

O carater ocupacional da infeccdo por MRS deve ser
levado em consideracdo nos inquéritos
epidemiolégicos de mastite bovina, pois a fonte de
infeccdo para as vacas pode ser um trabalhador
(veterinario, ordenhador, técnico agropecuario, entre
outros) que tenha contato direto com os animais. Nesse
sentido, é essencial a ado¢do de habitos higiénicos,
além da realizagdo de exames no ato da admissdo e
periodicamente com esses profissionais (Juhasz-
Kaszanyitzky et al. 2007, Wulf et al. 2008, Lim et al.
2013).

Além disso, equipamentos e utensilios de ordenha,
bem como o ambiente de confinamento dos animais
devem permanecer limpos e higienizados, pois
também podem ser fontes de infeccdo tanto para o
rebanho quanto para os trabalhadores das fazendas
(Lim etal. 2013).

CONSIDERACOES FINAIS

A emergéncia de MRS em todo o mundo tem preocupado os
profissionais de saide humana e animal. Nesse contexto, casos
de mastite ocasionados por esse patégeno assumem



relevancia para a saude publica, pois a ingestdo de leite
e/ou derivados contaminados podem desencadear a
transferéncia de genes de resisténcia para seres
humanos.

Em relagdo as fazendas, esse patdgeno causa prejuizos
de ordem econdémica devido a queda na produgio e
qualidade do leite e descarte de animais bem como
perdas de ordem sanitdria, por se tratar de um
patégeno contagioso.

Com isso, é necessario um alerta constante quanto a
introdu¢do de animais no rebanho, controle e
tratamento dos casos de mastite, satide dos funcionarios
e limpeza do ambiente das fazendas leiteiras.
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Abstract

This study reports the occurrence of mecA positive Staphylococcus spp. and the
circulation of different Methicillin Resistant S. aureus (MRSA) clones in dairy cow
farms in Pernambuco state, Brazil. 335 samples of cow milk, 15 samples of nasal
and hand swabs from milkers, 14 teat cup swabs, and 9 milking buckets swabs were
analysed. Initially, the samples were subjected to microbiological analysis to detect
Staphylococcus spp. and then to molecular assays to identify S. aureus and mecA
positive isolates. MRSA genotyping was performed by Pulsed-Field Gel
Electrophoresis (PFGE). mecA was detected in 6/335 (1.78%) of milk isolates, 5/15
(33.3%), and 5/15 (33.2%) of nasal and hand swab isolates, and 4/14 (28.5%) of the
teat cup isolates. PFGE allowed the characterization of eight pulsotypes (I-VIII),
grouped in three larger clusters. All MRSA isolates recovered from milkers and
milking environment (farms B, C, D) exhibited different genetic profile while isolates
obtained from milk (farms A, E) had the same or shared a very similar profile. This
study identified the occurrence and spread of MRSA at dairy environment of farms
from Northeastern Brazil, and the existence of distinct clonal complexes.

Keywords: Multidrug resistance, genetic correlation, One Health.
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1. Introduction

Mastitis is a plurietiological and multifactorial disease that is caused mainly by
bacteria of the genus Staphylococcus. These bacteria are often associated with a
wide variety of opportunistic infections in humans and animals (Wong et al., 2002;
Wille et al., 2014).

Another concern related to mastitis caused by Staphylococcus spp. is the
emergence of antimicrobial resistant strains as well as the ability to transfer some
resistance genes to humans, such as strains of Methicillin Resistant Staphylococcus
(MRS) (LIM et al., 2013). Emergence of MRS strains results from modifications in the
sites of antimicrobial action in the Staphylococcus Chromosome Cassettes
(SCCmec), which result in multiresistant isolates, especially to beta-lactams
(CRISOSTOMO et al., 2001). Twelve types of SCCmec that harbor mecA and/or
mecC are now known; both these genes encode penicillin binding proteins (PBP) that
result in a decreased affinity for this class of antimicrobials (KIM et al., 2012; LEE et
al., 2018). mecB has recently been identified in Staphylococcus aureus; however, its
mechanism of action has not been fully described (BECKER et al., 2018).

MRS strains have been identified in cases of bovine mastitis in various parts of
the world such as Great Britain, Korea, and Germany (FESSLER et al., 2010; LIM et
al., 2013; PATERSON et al., 2014). Contact between humans and animals positive
for MRS and vice versa, may also favor pathogen transmission between species, and
the environment may be a source of infection for both (JUHASZ-KASZANYITZKY et
al., 2007). In Brazil, few studies have identified cases of mastitis caused by MRS
(Andrade, 2012; Matos, 2014; Melo et al., 2018; Santos et al., 2016; Soares et al.,
2012). However, no study has evaluated and detected the presence of MRS isolates
in cases of mastitis, workers, and the milking environment, and a possible genetic
correlation between MRS isolates from various sources in the agricultural
environment. This demonstrates the need to conduct research that contributes to the
epidemiology of infection with this pathogen in Brazil.

This study aimed to detect the presence and distribution of mecA in
Staphylococcus spp. in the dairy production environment at farm level in Brazil. The
genetic correlation between MRS isolates in the agricultural environment was also

studied.
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2. Material and methods

2.1. Ethics Committee

This study was approved by the Animal Use Ethics Committee of the
Universidade Federal Rural de Pernambuco (UFRPE), Recife, Brazil (license number
106/2017) and the Research Ethics Committee of the Universidade de Pernambuco
(UPE), Recife, Brazil (CAAE number: 88030518.0.0000.5207).

2.2. Sample collection

Five dairy farms (A, B, C, D and E) located in different regions of the state of
Pernambuco, Northeastern Brazil, were included in the present study. Milk samples
collected from 676 udder quarters were subjected to the California Mastitis Tests
(CMT) and those that were equal to or greater than one cross (+) (319 samples) or
found positive in the routine strip cup test (16 samples) were selected for
microbiological testing. Also, samples from dairy environment (mechanical milking
equipment and milking buckets) and milkers (hands and nasal cavities) were
obtained by using swabs and subjected to microbiological analysis. Of the five farms
studied, two used mechanical milking; in these farms, swabs were collected from the
teat sets (forming pools of each equipment). In the three farms that performed
manual milking, swabs were collected from the milking buckets. The hygiene
practices adopted during milking were also visually evaluated.

A total of 15 samples of milk and hand swabs from milkers, 14 samples from
teat taps and nine samples of milking buckets were obtained. The distribution by
farm of the collected samples is described in table 1. All samples were transported
under refrigeration to the laboratory, where microbiological and molecular analyses
were performed.

Table 1. Distribution by dairy farm of samples collected.

Dairy farms Milk Milkers Environment
Hands Nasal Teat cup Milking buckets

A 37 3 3 - 2
B 4 2 2 - 2
C 116 3 3 4 -
D 104 4 4 - 5
E 74 3 3 10 -
Total 335 15 15 14 9
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2.3. Isolation and preliminary identification of Staphylococcus spp.

Isolation of Staphylococcus spp. was performed by direct plating of all
samples on 5% sheep blood agar, followed by incubation at 37°C for 24-48 h. Then,
isolated colonies were subjected to Gram staining technique to check morphology,
catalase test, coagulase, and mannitol fermentation (Carter, 1998). Subsequently,
the isolates were transferred to BHI broth (Difco Laboratories Inc., Detroit, USA),
incubated overnight and frozen at -80°C in the presence of 20% glycerol. The
isolates were subsequently recovered on blood agar and submitted to molecular
techniques for proper identification and characterization and determination of
oxacillin minimum inhibitory concentration.

2.4. DNA extraction and PCR reactions

The genomic DNA of all isolates identified in preliminary tests as
Staphylococcus spp. was extracted (Fan et al., 1995). The DNA obtained was
guantified using a spectrophotometer with 260 nm absorbance readings. The
identification of S. aureus was performed by PCR targeting nuc, whereas detection of
MRS was performed by targeting mecA (Table 2). Reactions for both genes
contained a final volume of 12.5 pL, consisting of 100 ng of isolated DNA, 0.5 pL of
each primer (10 pmol), 6.25 pL of Go Taq Green Master Mix (Promega Corporation,
Madison, USA), and 2.5 uL of ultrapure Milli-q water. The PCR products were
subjected to 2% agarose gel electrophoresis for 60 minutes at 100 V. At the end of
the run, BlueGreen-stained gels (LGC biotechnology) were visualized under
ultraviolet light and imaged. S. aureus N315 strain was used as a positive control in
all PCR reactions.

Table 2. Genes, oligonucleotide sequences and size of amplified fragments.

Gene Primer Sequence Fragment References
Size (pb)
nuc 1 GCGATTGATGGTGATACGGTI 270 Brakstad et al.
2 AGCCAAGCCTTGACGAACTAAAGC (1992)
mecA 2W TGGTATGTGGAAGTTAGATTGGGAT 155 Nakagawa et al.
2X CTAATCTCATATGTGTTCCTGTATTGGC (2005)

2.5. Determination of Minimum Inhibitory Concentration (MIC)
mecA harboring isolates were subjected to a broth microdilution assay to
assess their resistance to methicillin, according to the protocol described by the

Clinical and Laboratory Standards Institute (CLSI, 2018). Oxacillin was used as a



63

reference antimicrobial at concentrations of 16, 8, 4 (cut-off), 2, 1, and 0.5 pg/mL and
the S. aureus N315 strain was used as a positive control.

For inoculum preparation, mecA harboring isolates were plated in non-
selective solid medium (Mueller Hinton Agar, SIGMA-ALDRICH) and incubated at 37
°C for 24h. Isolated colonies were suspended in 0.9% saline until turbidity equivalent
to 0.5 McFarland standard; This suspension contains approximately 1 x 108 CFU/mL.
Subsequently, the bacterial suspension was inoculated into Mueller Hinton broth
(SIGMA-ALDRICH). Samples were processed in ftriplicate and a volume of 100uL
was distributed to each well of a 96-well microplate. Plate microdilutions were
incubated at 35 °C for 24h and OD readings at 620 nm were taken on the Elisa
microplate reader (Multiskan Go Thermo Scientific). MIC was defined as the lowest
concentration of solution that inhibited more than 75% of bacterial growth (CLSI,
2018).

2.6. MRSA PFGE Genotyping

All S. aureus isolates carrying the mecA gene were subjected to DNA macro-
restriction analysis according to the methodology described by André et al. (2008),
with some modifications. After reactivation in BHI broth (Difco Laboratories Inc.,
Detroit, Estados Unidos) at 37°C for 16-18 h, 200 pL of the cultures were transferred
to 2.0 mL tubes and centrifuged at 14,000 rpm/4 min. Then, the supernatant was
discarded and the pellet was resuspended in 150 pL of Cell Suspenser Buffer
solution (10 mM Tris-HCL, pH 7.2; 20 mM NaCl and 50 mM EDTA). For cell lysis, 7
pL of lysostaphin (1 mg/mL), and 7 pL of lysozyme (10 mg/mL) were added. Plugs
were made by adding 150 uL of 2% low melting agarose, transferred to 2.0-mL tubes
containing 1 mL of lysis buffer (10 mM Tris-HCL, pH 7.2; 50 mM NaCl; 50 mM EDTA,
0.2% deoxycholate, and 0.5% sarcosyl) and incubated for 1 h at 37 °C. After this
period, the lysis buffer was removed and 500 pL of proteinase K solution (2 mg/mL;
250 mM EDTA, pH 9.0, and 1% sarcosyl) was added, then the tubes were incubated
at 50°C for 30 min. After incubation, the proteinase K solution was removed and 1.4
mL wash buffer (10 mM Tris-HCI, pH 7.6; 1 mM EDTA) was added and the tubes
were incubated again at 50 °C for 30 min. After incubation, three successive 30 min
washes were performed with the wash buffer.

Digestion with restriction enzymes was performed after 1/5 of the plugs were
cut and transferred to tubes containing 150 uL of 1x TE buffer, where 30 U of Smal

(Promega Corporation, Madison, WI, USA) restriction enzyme was added. The
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reaction was performed overnight at 25 °C and plugs were transferred to 1% agarose
gel wells. Electrophoresis was performed with CHEF-DR IlI System (Bio-Rad
Laboratories, Hercules, CA, USA). Electrophoresis was performed following the
following parameters: 5-40 s for 21 h, at an angle of 120°, 6 V/cm, in 0.5 x TBE buffer
maintained at 14 °C. Salmonella enterica serotype Braenderup H9812 (CDC)
digested with 20 IU of Xbal (Promega Corporation®, Madison, WI, USA) was used as
a marker (RIBOT et al., 2006). The obtained gels were developed in an immersion
bath with intercalating UniSafe Dye (Uniscience, Brazil) and were visualized with a
transilluminator under ultraviolet light and imaged for further analysis. Images were
analyzed using BioNumerics v.6.6.4 software (Applied Maths, Kortrijk, Belgium). A
dendrogram was obtained by the Unweighted Pair Group Method with Arithmetic
Mean (UPGMA) grouping, using the Dice similarity coefficient and the 5% tolerance
and optimization degree (TENOVER et al., 1995).

3. Results and discussion

Staphylococcus spp. is considered the main causative agent of mastitis in
dairy herds. High infection rates and persistence of Staphylococcus are mainly
associated with inadequate management, lack of teat hygiene (before and after
milking), diagnostic routine (subclinical and chronic forms of disease), and absence
of dry cow therapy (MOON et al., 2007; FESSLER et al., 2010; HOQUE et al., 2018).
All these improper management practices were observed at the farms participating in
this study during sampling, which may have contributed to the obtained results. In
some cases, control measures to improve milking hygiene are not effective in
preventing new infections with Staphylococcus spp., especially that of S. aureus,
indicating the complexity of the problem and the possibility of other transmission
routes such as hands and milkers nostrils, and the milking environment (VISCIANO
et al., 2014).

The results of isolation, molecular identification of Staphylococcus spp. and
mecA samples from milk, milkers, and milking utensils are shown in Table 3. The
frequency of MRS mastitis cases was 1.78% (6/335), and of this total, most cases
were caused by MRSA with 47.6% of MRS bovine mastitis cases (SAINI et al., 2012,
PU et al., 2014b). Methicillin is not an antimicrobial used in the treatment of
Intramammary Infections (IMI) in cows. However, MRS is a generic term that

corresponds to a virtual resistance against practically all B-lactams, except the last
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generation cephalosporins; when MRS identification occurs, the isolate is considered
multiresistant (PEACOCK; PATERSON, 2015).



Table 3. Isolation, molecular identification of Staphylococcus spp. and mecA samples from milk, milkers, and milking utensils

66

Sample nt Isolation of Molecular identification of Molecular identification of methicillin
Staphylococcus spp.? Staphylococcus spp.? resistance®
S. aureus Sna* MRSA® MRSNA’
Mastitic milk 335 115/335 (34,3%) 43/115 (37,4 %)  72/115 (62,6 %) 5/335 (1,49%) 1/335 (0,29%)
Milkers hand swab 15 12/ 15 (80%) 8/12 (66,6%) 4/12 (33,3%) 3/15 (20%) 2/15 (13,3%)
Milkers nasal swab 15 13/15 (86,6%) 2/13 (15,3%) 11/13 (84,7%) 1/15 (6,6%) 4/15 (26,6%)
Teat cup swab 14 14/14 (100%) 4/14 (28,5%) 10/14 (71,5%) 1/14 (7,1%) 3/14 (21,4%)
Milking bucket swab 9 8/9 (88,8%) 7/8 (87,5%) 1/8 (12,5%) 0/9 (0%) 0/9 (0%)

1Samples collected. 2Based on phenotypical characteristics. *Based on PCR for nuc. 4 Staphylococcus non-aureus. *Based on PCR for mecA.

®MRSA - Methicillin Resistant Staphylococcus aureus (MRSA); "MRSNA - Methicillin Resistant Staphylococcus non-aureus (MRSNA).
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Antimicrobial resistant bacteria are considered one of the major public
health concers worldwide. IMI is the most common cause of antimicrobial use in
dairy herds, so bovine milk is considered as potential source of MRS. This
lowers the effectiveness of current treatments and the ability to control
infectious diseases in animals and humans (LEE, 2006; CHANDRASEKARAN
et al., 2014b), mainly due to the close relationship established in dairy farms
between different animal species and humans (KAMAL; BAYOUMI; ABD EL
AAL, 2013b; SILVA et al., 2014a; RAYMUNDO; BERSOT; OSAKI, 2018).

The results presented in this study are in addition to others performed in
other regions of the country that have identified cases of bovine mastitis due to
MRSA and MRS and should serve as a warning to animal health authorities
regarding the improvement of programs for the control and rational use of
antimicrobials in veterinary medicine (Andrade, 2012; Soares et al., 2012;
Matos, 2014; Silva et al., 2014; Santos et al., 2016; Melo et al., 2018;). High or
indiscriminate use of antimicrobial contributes to the selection and persistence
of MRS strains and, consequently, their spread throughout the agricultural
environment (RAIA JUNIOR, 2001; ROLLIN, 2001). One of the strategies to
verify MRS spread in this environment is to collect samples from animals and
other sources such as workers and the environment (JAMROZY et al., 2012;
LIM et al., 2013).

In this study, MRS was identified in the nostrils and hands of milkers and
in environmental samples (teat cups). With respect to samples from milkers, a
high percentage of MRSA was detected in the nostrils, whereas MRSNA was
the most identified in the hands. Identification of MRS in humans has been
reported frequently, especially in cases of nosocomial infection, which has
generated considerable concern among public health professionals (RABELO
et al.,, 2014). As in this study, there are also reports of microorganisms
identification in dairy farm workers in other countries. Some authors suggest
that people who work or live in close contact with cows are at higher risk of
being colonized and infected with MRSA (VAN LOO et al., 2007; LIM et al.,
2013). However humans can also serve as a source of infection for the
environment and animals if they are already infected (JUHASZ-
KASZANYITZKY et al., 2007). Thus there is a need to monitor microorganisms
at the interface of dairy cows and humans (SCHMIDT; KOCK; EHLERS, 2017).
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Detection of MRS in environmental samples (teat cups), which are
associated with milking, indicate a possible circulation between cows’ isolates
and the environment or humans and the environment, as these utensils are
handled by the milkers (LIM et al., 2013). Sample collection from teat cups was
performed immediately after milking according to the method proposed by
Pletinckx et al. (2013). Detection of MRS in these utensils soon after milking
indicates that these may be a source of transmission and a good indicator of the
presence of MRS in dairy farms.

At MIC all MRS isolates were sensitive at the cut-off point for oxacillin (4
pHg/mL) as determined by CLSI (2018). These results may indicate the existence
of susceptible oxacillin mecA positive (OS-MRS) isolates. Divergence between
genotypic and phenotypic resistance has been reported in the literature
(KAMAL; BAYOUMI; ABD EL AAL, 2013b; PU et al., 2014a). Phenotypic tests
may have limitations due to the occurrence of heteroresistance, where only
certain subsets of bacterial cells express the resistant phenotype, and generate
false negatives (PENN et al., 2013). Furthermore, regulatory systems such as
mecl-mecR1 and bla, present in some strains carrying the mecA gene, may
control the oxacillin resistance phenotype (MCKINNEY et al., 2001). According
to Liu et al. (2016), the higher the expression of bla regulators, the lower is the
expression of mecA, and, consequently, the isolates have phenotypic
sensitivity. Oliveira and de Lencastre (2011) suggested that other unidentified
determinants are involved in the transcriptional control of mecA and that
elucidating the nature of these determinants is relevant for a complete
understanding of the molecular mechanisms controlling the phenotypic
expression of resistance, and that this may contribute to the development of
new therapeutic strategies.

Molecular characterization results of MRSA isolates using PFGE

technique is shown in figure 1.
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Figure 1. Dendrogram of PFGE profiles generated from the UPGMA/Dice

(Bionumerics, Applied Maths) for 10 MRSA isolates. Legends: I - 111 - identified clusters; M-
Hand; N- Nasal; T — Teat cup; AE- Right anterior teat; PD — Right rear teat; AD — Right anterior teat;
smal — Restriction enzyme.

The genetic profiles of 10 MRSA isolates identified in the present study
were revealed by PFGE after macrorestriction performed with the enzyme
Smal. The isolates were grouped into eight pulsotypes (I-VIIl) within three
clusters (1, 2 and 3). Cluster 1 grouped four MRSA isolates (4N, 6M, 12N and
1T), which shared at least 68.8% similarity. Interesting, only MRSA isolates
recovered from human and teat cup (from dairy farms B, C, and D) were

grouped in this cluster (Table 4).
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Table 4. Genetic profiles of MRSA isolates obtained from dairy farms in the state of
Pernambuco, Brazil.

Cluster Pulsotype Isolates Origin Farm
1 I 4N Nasal swabs B
Il 6M Hand swabs C
1l 12N Nasal swabs D
v 1T Teat cup C
2 \% 163AD Milk E
164PD Milk E
\% 30PD Milk A
VI 24AE Milk A
VII 32AD Milk A
3 VIII 3N Nasal swabs B

Cluster 2 grouped five MRSA isolates (163AD, 164PD, 30PD, 24AE, and
32AD) recovered from milk samples at farms A and E. It was possible to detect
a greater genetic similarity (93.6%) between them. The 163AD, 164PD, and
30PD isolates shared the same genetic profile (pulsotype V), although they
originated from farms far away (over 200 km), indicating that genetically similar
MRSA strains are widespread in different regions of Pernambuco state, Brazil.
The 3N isolate was not digested, and therefore, it was not possible to determine
its genetic correlation with other MRS, which was grouped separately in cluster
3.

Identification of isolates with similar genetic profiles in different dairy
farms indicates that some strains are disseminated in this region, and may be
endemic MRSA clonal profiles (SANTOS et al., 2016).

Here we shown isolates obtained from milk, even from distant farms,
sharing high genetic similarity, suggesting that clonal complexes adapted to
colonize the mammary glands of animals are disseminated in the state of
Pernambuco, Brazil. at least one MRSA isolate was identified in each on farm
included in the study.

The present study describes the existence of MRS in milk samples,

milkers, and milking utensils in dairy cow farms in Brazil, and creates
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awareness among the One Health authorities regarding the importance of
implementing Methicillin Resistant Staphylococcus spp. dissemination control
programs. It also serves as a reference for conducting other studies related to
the epidemiology of multiresistant bacteria in the country.

4. Conclusion

This study identified the distribution and dissemination of MRS in the
dairy environment of northeastern Brazil and the presence of distinct clonal
complex MRSA complexes.
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Abstract

This study reports the occurrence of mecC-mediated, beta-lactam resistant
Staphylococcus aureus (MRSA), in bovine dairy herds in Northeastern Brazil.
Three mecC-harboring MRSA isolates were cultured from 335 samples (0.9%),
including raw milk samples (n = 297), nasal and hand palm swabs from milkers
(n = 15), teat cup swabs (n = 14), and milking bucket swabs (n = 9). 64 S.
aureus isolates were obtained from conventional culture. mecC-harboring
MRSA confirmation was performed by PCR targeting nuc and mecC. Three
positive mecC-harboring MRSA isolates originated from milk, palm hand swabs,
and milking bucket swabs, which were genotyped by RW3A-PCR;
undistinguishable genotypic patterns were obtained. One of the isolates had its
whole genome sequenced in a high throughput sequencer (lllumina Miseq).
After bioinformatic procedures for quality filtering and trimming, genome
assembly and annotation, the meC-positive isolate was identified to have the
sequence type of ST126 (spa type t605) MRSA, harboring the plasmid gene
rep24b. Besides the pbp2-a variant gene, other antimicrobial-resistant
determinants encoding for efflux pump systems (arIlR, mepR, LmrS, norA and

mgrA) and antibiotic inactivation enzymes (PC1 beta-lactamase (blaZ) and
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FosB) were also detected. Virulence genes associated with exoenzyme (aur,
splA, spIB, and splE), toxin (higA, higB, higC, lukD, and IukE), and enterotoxin
(sea) production were also detected. To the best of our knowledge, this is the
first report confirming the occurrence of mecC-harboring MRSA in Brazilian
livestock. Considering the implications of these pathogens in public health and
global food trade, further epidemiological investigations and surveillance are

warranted.

Key words: mastitis, multidrug resistance, bacterial genome, virulence factors.

Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) is a common cause of
nosocomial infection and represents a major public health concern. In addition,
some strains can produce enterotoxins, further compromising patient health
(Rabelo et al., 2014).

In the agricultural environment, there is an additional concern about the
presence of these bacteria, as horizontal transmission of the pathogen between
cattle and workers has been reported and associated with occupational
infections (Lim et al., 2013).

The appearance of MRSA strains is the result of the modification of the
action site that is mediated by the Staphylococcus chromosomal cassettes
(SCCmec). It is estimated that the acquisition of SCCmec occurred in the early
1960s and this acquisition is considered a determining event in the evolution of
this bacterial genus, as it results in multidrug-resistant isolates, mainly beta-
lactam (Crisostomo et al., 2001).

The action of beta-lactams on Staphylococcus spp. occurs through binding
with Penicillin-Binding Proteins (PBP), resulting in the lysis of bacterial cells.
Currently, twelve types of SCCmec are known, and all of them with the
exception of type XI, have mecA that encodes a PBP called PBP2a, resulting in
a reduced affinity for this class of antimicrobials (Lee et al., 2018). Such
encoding allows Staphylococcus spp. to maintain its biosynthesis, even at
concentrations considered to be inhibitory to these drugs (Paterson et al.,
2014).
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SCCmec type Xl is the only carrier of mecC responsible for encoding the
PBP2aLGA protein, which has a mechanism of action similar to that of SCCmec
carriers of mecA. However, the level of resistance depends on some factors
such as mecC itself and other genetic determinants present in the isolate (Kim
et al., 2012).

The first description of mecC was made by Garcia-Alvarez et al. (2011) in a
study on the epidemiology of bovine mastitis in England. A strain of S. aureus
was identified which had phenotypic characteristics of MRSA and was named
S. aureus LGA251. This strain had a phenotypic resistance profile, but it tested
negative for mecA in PCR, and the results of the genome showed that it had a
gene homologous to mecA (approximately 60% identical), receiving the name
mecALGA251 (Garcia-Alvarez et al., 2011). Since its first description, the
identification of mecC-harboring MRSA has increased, mainly in Europe; so far,
there are no reports of mecC-harboring MRSA in the American continent
(Paterson et al., 2014).

The aim of this study was to report the first confirmed mecC-harboring
MRSA from bovine origin in Brazil and perform genomic epidemiological

analysis by means of whole genome sequencing (WGS).

Material and methods

Study design and microbial isolation

This study was approved by the Animal Use Ethics Committee of the
Universidade Federal Rural de Pernambuco (UFRPE), Recife, Brazil (license
number 106/2017) and the Research Ethics Committee of the Universidade de
Pernambuco (UPE), Recife, Brazil (CAAE number: 88030518.0.0000.5207).

The study was carried out in a bovine dairy herd in Pernambuco state,
Northeastern Brazil. Samples from raw milk (n = 335), palm hands (n = 15), and
nasal (n = 15) swabs from milkers, teat cup swabs (n = 14) and milking bucket
swabs (n = 9) were collected. Microbial isolation was performed in standard 5%
sheep blood agar, followed by incubation at 37°C for 24/48 h. After this period,
initial microbial identification was performed by means of Gram staining,

catalase, coagulase, oxidase and mannitol fermentation (Carter, 1998).
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Determination of minimum inhibitory concentration (MIC)

Isolates were subjected to a broth microdilution assay to assess their
resistance to methicillin, according to the protocol described by the Clinical and
Laboratory Standards Institute (CLSI, 2018). Oxacillin was used as a reference
antimicrobial at concentrations of 16, 8, 4 (cut-off), 2, 1, and 0.5 pg/mL and the

S. aureus LGA251 strain was used as a positive control.

DNA extraction and PCR reactions

The genomic DNA of all Staphylococcus isolates were extracted as
previously described by Fan; Kleven and Jackwood (1995) and quantified using
a spectrophotometer.

S. aureus was identified by PCR targeting nuc using the protocol
described by Brakstad et al. (1992), while the PCR assay targeting mecC was
performed according to Paterson et al. (2012a). Detailed information on the
primers used in the PCR assays are shown in Table 1. PCR reactions were
performed in a final volume of 12.5 yL, consisting of 100 ng of DNA template,
0.5 pL of each primer at 10 pmol, 6.25 yL of Taq DNA polymerase (Go Taq
Green Master Mix, Promega Corporation, Madison, USA) and 2.5 pL of
ultrapure Milli-g water. The PCR reaction products were submitted to a 2%
agarose gel electrophoresis for 60 minutes at 100 V and stained (BlueGreen,
LGC Biotechnology, Sao Paulo, Brazil) for visualization under ultraviolet light. S.

aureus LGA251 was used as a positive control in all PCR reactions.

Table 1. Target genes, primer sequences, and estimated amplicon sizes

Target Amplicon size (pb)
gene Primer sequences
nuc GCGATTGATGGTGATACGGTI 270

AGCCAAGCCTTGACGAACTAAAGC

CATTAAAATCAGAGCGAGGC 188
TGGCTGAACCCATTTTTGAT

mecC

A T U T
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Genotypic confirmation Genotyping of mecC-harboring MRSA isolates by
REP-PCR

The positive isolates for mecC were submitted to repetitive element
palindromic-polymerase chain reaction (Rep-PCR) for genotyping using the
primer RW3A (TCGCTCAAAACAACGACACC). Rep-PCR was performed
according to the methodology described by Van Der Zee et al. (1999). After the
reactions, the products were submitted to electrophoresis in a 2% agarose gel
for 60 minutes at 100 V. At the end of the run, the gels were stained with
BlueGreen (LGC Biotechnology) and visualized under ultraviolet light and
photo-documented, to assess the genotypic profile. The similarity dendrogram
was produced with a commercial package (BioNumerics, Applied Maths,
version 7.1) based on the Jaccard index using UPGMA algorithm (Unweighted
Pair Group Method using Arithmetic averages) with a 1% tolerance program
based on Jaccard.

Whole genome sequencing (WGS)

All mecC-positive isolates showed the same clonal profile in genotyping
and we chose one of these isolates for the complete genome sequencing. DNA
extraction was performed with the DNA soil power kit (MOBIL®), following the
manufacturer's protocol. Genomic DNA was subjected to fluorometric
guantification in Qubit (LifeTechnologies, Carlsbad, CA, USA), according to the
manufacturer's instructions. DNA libraries were prepared using the Nextera XT
library preparation kit (llumina, San Diego, CA, USA). Fragment sizes were
evaluated using a capillary electrophoresis system (Fragment Analyzer, Agilent,
Germany) and samples sequenced on MiSeq equipment (lllumina, Carlsbad,

CA, USA) using a v3 cartridge (2 x 300 cycles in pairs).

Genome assembly, annotation and bioinformatics

The readings generated were visualized in FastQC version 0.11.8
(https://www.bioinformatics.babraham.ac.uk/projects/fastqc) to evaluate the
need to perform a quality filter or cut in the genome. The removal of strings with
a Phred quality score of less than 20, using the Trimmomatic-0.38 software was

performed. For reassembly, SPAdes v 1.3.1 was used.
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The generated contigs were submitted to automatic annotation by RAST.
In addition, virulence (Joensen et al., 2014) and resistance genes (Zankari et
al., 2012), resistance mechanisms (Jia et al., 2017), the presence of plasmids
(Carattoli et al., 2014), Multilocus Sequence Typing (MLST) (Larsen et al.,
2012) and MRSA.

Results

Overall, 162 Staphylococcus spp. were identified: 115 in milk, 12 in nasal
swabs, 13 in hand swabs, 14 in liners, and 8 in milking buckets). nuc was
identified in 64 (39.5%) S. aureus isolates (43 in milk, 8 in nasal swabs, 2 in
hand swabs, 4 in liners, and 7 in milking pails). mecC was detected in 3/64
(4.68%) S. aureus isolates (Figure 1), and the distribution by source is shown in
Table 2.

Figure 1. Amplification of mecC fragments in S. aureus isolated from cow’s milk with

mastitis, milkers and milking utensils.

Legends: Column M: 100 pb molecular weight marker; Column C-: Negative control;

Column C+: Positive control; Columns Al to A3: Samples with positive results.
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Table 2. Frequency of Staphylococcus aureus mecC positive in milk, milkers and
Milking buckets in dairy farms in Northeast Brazil.

Sample

MRSA?

Milk
Milkers hands swab
Milking buckets

1/43 (2.3%)
1/2 (50 %)
1/7 (14.3%)

IMRSA - Methicillin-resistant Staphylococcus aureus.

At MIC, all mecC-harboring MRSA isolates were resistant at the cut-off
point to oxacillin (4 pg/mL) as determined by CLSI (2018). The rep-PCR
identified the same clonal profile shared by the three isolates of S. aureus with
mecC. Figure 2 shows the Dendrogram of the Rep-PCR profiles generated from
the UPGMA algorithm.

Figure 2. Dendrogram of Rep-PCR profiles generated from the UPGMA algorithm

(Unweighted Pair Group Method using Arithmetic averages).
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Legends: Al to A3: Samples tested, USA 300: Reference strain of Staphylococcus

aureus; E. coli C600: Reference strain of Escherichia coli C600.

The sequencing generated 2795108 reads, with 417.7x of coverage.
After assembly, 47 contigs with N50 of 644499 were obtained and through
automatic annotation. The main structural elements of the genome were
identified as CDs (2706), rRNAs (10) and rRNAs (59). In addition, mecC
annotated with the product name penicillin binding protein 2 (PBP2a) was
identified through the Uniprot database.

Table 3 indicates a summary of the genes present in the genome of the

investigated strain based on in silico prediction, allowing its identification as S.
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aureus ST 126 and spa type t605. In addition, the rep24b plasmidial gene was
detected. Among the resistance mechanisms, genes related to the multidrug
efflux system (arlR, mepR, ImrS, norA, and mgrA) and to the antibiotic
inactivation (PC1 beta-lactamase (blaZ) and FosB) were identified.

Regarding virulence determinants, genes producing exoenzymes (aur,
splA, splB and splE) and toxins (higA, higB, higC, IukD and IukE) were
identified.

In addition, nine proteins (femA, B, C and D, FmtA, HmrB, LytH, FmtB
and HmrA) related to methicillin resistance were identified.

Table 3. Genomic and epidemiological features of the mecC Staphylococcus aureus
strain

Features Staphylococcus aureus Genes
Genome size 2.7
(Mb)
CDS’s 2706
rRNA’s 10
tRNA’s 59
MLST (ST/CG)* 126
spaType t605
Plasmids? rep24b
Resistome
Beta-lactam blaz
Virulence genes ® Exoenzyme genes aur, splA, spiB
and splE
Toxin genes higA, higB,
higC, lukD and
lukE
Enterotoxin gene sea
Resistance mechanisms* Antimicrobial resistance based on homology
and SNP models
Multidrugs efflux arlR, mepR,
ImrS, norA
and mgrA
Antibiotic inactivation PC1 beta-
lactamase
(blaz), FosB

IMLST 2.0 (Multi-Locus Sequence Typing), 2 PlasmidFinder, 2 VirulenceFinder;
ResFinder, * CARD.

Discussion
Since its discovery by Garcia-Alvarez et al. (2011), the identification of
mecC-harboring MRSA has increased, mainly in Europe. To date, there are no

reports of the detection of mecC in Brazil. This result is quite worrying, as it
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demonstrates the circulation of multi-resistant bacteria in the agricultural
environment from different sources (milk, milkers, and milking tools). Horizontal
transmission of the pathogen between cattle and workers has been reported,
suggesting that contact between humans and animals may favor the
transmission of MRSA strains (Lim et al., 2013).

The Rep-PCR results revealed that the isolates showed an
indistinguishable genotype pattern, suggesting that the identified mecC-
harboring MRSA strains have clonal origin. The presence in milk samples
suggests that there is breast colonization by the bacteria, since the sequence
type 126 is associated with ruminants, with frequent identification in samples of
raw milk (Dittmann et al., 2017). It has also been identified in cases of bovine
mastitis in Brazil, however in these studies the isolates did not have mecC
(Rocha et al., 2019). Thus, it can be inferred that the strain found in this study is
of animal origin and, possibly, disseminated to milkers and milking tools.

In addition, spaType t605 has also been identified in S. aureus, causing
bovine mastitis. Strains with ST126 and t605 complexes have already been
associated with persistence and transmission of the pathogen in dairy herds
(Aires-De-Sousa et al., 2007), a fact that may explain the identification of S.
aureus ST126 in different sources (milk, milkers, and milking tools) in this study.

The genome analysis of the S. aureus ST126 strain also identified the
presence of the rep24b plasmid gene. Some strains of MRSA have shown
genes from the family replication initiating genes (rep) and, according to Lozano
et al. (2012), there is a direct relationship between the number of rep and the
high capacity to capture plasmids of MRSA strains. The rep24b type has
already been identified in S. aureus from human clinical samples. However, its
detection in strains of animal origin is not frequent (Xie et al., 2019). This result
may indicate an atypical genetic profile of the circulating strain in this region.

The exoenzymes present in the strain S. aureus ST126 aureolysin (aur)
and serine proteases (splA, splB and splE) have been identified in
Staphylococcus spp. of cattle (Naushad et al., 2019). Basically, they act by
neutralizing the immune system, damaging the host's tissue and degrading
complex macromolecules that are used as nutrients by the pathogen (Arnosti,

2011). The detection of these four genes demonstrates a virulent profile of the
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strain isolated in this study, which can hamper mecC - MRSA control measures
in Brazil.

higA, higB, hlgC, lukD and IuKE encode the alpha, beta, delta, gamma
hemolysin and leukocidin toxins, Luk ED (Dinges et al., 2000). In our study, they
were present in a strain isolated from different sources (milk, milkers, and
milking tools), corroborating with the literature that reports the presence of this
gene in S. aureus isolated from milk and farm environment (da Costa et al.,
2014). These toxins have a determining role in triggering staphylococcal
infections, in addition to being considered important virulence factors (Hoseini
Alfatemi et al., 2014). The combination of these factors associated with the
host's immune system results in the ability of S. aureus to cause intramammary
infections with varying degrees of impairment, from increases in somatic cell
counts to mild to severe clinical signs (da Costa et al., 2014).

Enterotoxins comprise another important type of virulence factor of
Staphylococcus spp. and they are frequently identified in MRSA (Rabelo et al.,
2014). It was possible to identify, in the sequenced strain, sea that encodes
enterotoxin A, which is considered one of the classic enterotoxins, owing to its
participation in several cases of staphylococcal poisoning (Holzer et al., 1995).
This finding is interesting because, although it has already been reported, the
identification of sea in strains of S. aureus of bovine origin, as identified in this
study, is not common, as this gene is generally related to strains of human
origin (Mahato et al., 2017). The presence of sea in the sequenced strain
represents a serious risk to public health, because if it is expressed and
enterotoxin A is ingested, it may trigger acute gastroenteritis in humans (Le Loir
et al., 2003).

The genome analysis of the S. aureus ST126 strain revealed the
presence of norA, arlR, mgrA, mepR, and ImrS from multi-drug efflux systems.
norA is responsible for resistance to quinolones and its expression is regulated
by arlR and mgrA. The first acts on mechanisms involved in the adhesion,
autolytic, and proteolytic activity of S. aureus and the second is considered a
negative regulator of norA, being able to reduce its transcription by 2 to 3 times
(Phillips-Jones and Harding, 2018). mepR is also a regulator of quinolone efflux
systems in S. aureus, acting specifically on the expression of mepA, which is

considered a transcriptional repressor that has self-regulatory activity (Jang,
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2016). ImrS belongs to Major Facilitator Superfamily (MFS), as well as norA and
also confer resistance to quinolones (Phillips-Jones and Harding, 2018). The
results confirm that this strain has molecular mechanisms of resistance to
quinolones. If these genes are expressed, antimicrobial multi-resistant
phenotypes can be observed (Costa et al., 2013).

In addition to the virulence factors mentioned above, two mechanisms of
inactivation of antimicrobials were also found, PC1 beta-lactamase, which
inactivates beta-lactams and FosB, responsible for inactivating fosfomycin
(Song et al.,, 2019). The detection of more of these mechanisms helps to
characterize the profile of the strain, demonstrating the range of antimicrobials
to which it is resistant.

The chromosome coding sequence annotation analysis identified the
proteins femA, B, C, and D as well as FmtA, FmtB, HmrA HmrB and LytH.
FemA and B proteins form glycine interpeptide bridges; femC and D act as a
glutamine synthetase repressor and producer of phosphoglucosamine mutase
EC 5.4.2.10, respectively; FmtA affects cell wall cross-linking and amidation;
FmtB is involved in the biosynthesis of methicillin resistance; HmrA, is involved
in the amidohydrolase of the M40 family; HmrB produces the acyl carrier
protein; LytH, produces N-acetylmuramoyl-L-alanine amidase, domain EC
3.5.1.28. All are related to methicillin resistance and have already been
identified in MRSA strains (Boissy et al., 2011).

Conclusions

This study describes the occurrence of a strain of mecC-harboring MRSA
in the agricultural environment in Brazil. Genome analysis of this strain allowed
its characterization and the identification of several virulence factors. It is
important to carry out further studies for the detection and monitoring of mecC-
harboring MRSA in Brazil to understand the epidemiology of antimicrobial-

resistant strains in the country.
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ABSTRACT

Antimicrobial resistance has forced researchers to identify relevant genetic
components and develop alternatives to the use of affected drugs. The aims of
this study were to identify genes of the multi-drug efflux system and to evaluate
the antimicrobial activities of polypyrrole nanoparticles (PPy-NPs) and aqueous
extract of Moringa oleifera against Staphylococcus spp. isolated from dairy
farms in Northeast Brazil. Initially, 162 Staphylococcus spp. isolates were
subjected to in vitro antimicrobial sensitivity tests. Of these, 35 presented
antimicrobial multi-drug resistance phenotypes. These 35 isolates were then
referred for the detection of norA, norB, norC, msrA, mgrA, tet-38, and ImrS
genes, all of which feature in multi-drug efflux systems. In the isolates carrying
the genes, the minimum inhibitory concentration (MIC) and the minimum
bactericidal concentration (MBC) of PPy-NPs and Moringa oleifera aqueous

extract were determined. In the molecular analysis of the 35 isolates norA,
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norC, tet-38, and msrA genes were detected and for the other genes (norB,
ImrS and mgrA) there was no amplification. In MIC and MBC, antimicrobial
activity was verified of PPy-NPs and aqueous extract Moringa oleifera in
Staphylococcus spp. carrying multi-drug efflux system genes. MIC and MBC for
PPy-NPs and aqueous Moringa oleifera extract were verified. Therefore are
multi-drug efflux system genes are present in Staphylococcus spp. from the
agricultural environment in the state of Pernambuco. Aqueous extract of
Moringa oleifera and PPy-NPs both showed bactericidal activity against the

Staphylococcus isolates tested.

Keywords: resistance, antimicrobials, mastitis, agricultural environment,

alternative therapies.

INTRODUCTION

Staphylococcus spp. Is the highest cause of contagious mastitis in
bovine species, with antibiotic therapy the main form of treatment. However, the
indiscriminate use of antimicrobials has encouraged the emergence of multi-
drug-resistant isolates (Lin et al., 2015).

Mechanisms of Staphylococcus spp. resistance include, enzyme
production, the modification of the drug target and multi-drug efflux systems
(Costa et al., 2013; Kumar et al., 2013). Multi-drug efflux systems comprise of
cytoplasmic proteins that are involved in the extrusion of toxic agents from
inside the bacteria to the external environment. They are encoded in
chromosomes or plasmids and perform active transport of the antimicrobial
agent out of the cell (Projan et al., 2005; Micas, 2008). In this way, they prevent
the drug from reaching inhibitory concentrations inside the cell. In
Staphylococcus spp., more than 20 efflux systems classified into five families of
membrane proteins have already been identified: the major facilitator
superfamily (MFS), the small multidrug resistance family, the multidrug and
toxin extrusion family, the ATP-binding cassette (ABC) superfamily, and the
resistance-nodulation-division superfamily (Truong-Bolduc et al., 2006; Kumar
et al., 2013; Jang, 2016).
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The activity of the multi-drug efflux systems is related to three
mechanisms: elimination of endogenous metabolites harmful to the cell,
secretion of virulence determinants, and responses to cellular stress (Poole,
2008). As such, the drugs can be defined as "accidental substrates” of these
transporters. However, the ability of multi-drug efflux systems to expel
antimicrobials, both synthetic and natural, presents problems when treating
infections, especially those caused by the highly pathogenic Staphylococcus
spp (Projan et al., 2005).

The emergence of antimicrobial resistance has stimulated research into
possible alternatives for the affected drugs, such as polymers and herbal
medicines (Peixoto et al., 2016; Sanchez Ramirez et al., 2019).

The objective of this study was to detect multi-drug efflux system genes
in Staphylococcus aureus and S. non-aureus spp. in bovine mastitis, milkers,
and in the milking environment. The second objective was to evaluate the
antimicrobial activity of polypyrrole nanoparticles (PPy-NPs) and aqueous

extract of Moringa oleifera seed against these Staphylococcus spp.

MATERIAL AND METHODS
Ethics committee.

This study was approved by the Animal Use Ethics Committee of the
Universidade Federal Rural de Pernambuco, Recife, Brazil (license number
106/2017) and by the Research Ethics Committee of the Universidade de
Pernambuco, Recife, Brazil (CAAE number: 88030518.0.0000.5207).

Staphylococcus spp. isolates

Five dairy farms (A, B, C, D and E) located in different regions state of
Pernambuco, Northeastern Brazil, were included in the present study. Milk
samples collected from 676 udder quarters were subjected to the California
Mastitis Tests (CMT) and those that were equal to or greater than one cross (+)
(8319 samples) or found positive in the routine strip cup test (16 samples) were
selected for microbiological testing. Also, samples from dairy environment
(mechanical milking equipment and milking buckets) and milkers (hands and

nasal cavities) were obtained by using swabs and subjected to microbiological
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analysis. Of the five farms studied, two used mechanical milking; in these farms,
swabs were collected from the teat sets (forming pools of each equipment). In
the three farms that performed manual milking, swabs were collected from the
buckets used for milking. The hygiene practices adopted during a milking were
also visually evaluated.

A total of 15 samples of milk and hand swabs from milkers, 14 samples
from teat taps and nine samples of milking buckets were obtained. The
distribution by farm of the collected samples is described in table 1. All samples
were transported under refrigeration to the laboratory, where microbiological
and molecular analyses were performed.

2.3. Isolation and preliminary identification of Staphylococcus spp.

Isolation of Staphylococcus spp. was performed by direct plating of all
samples on manitol salt agar, followed by incubation at 37°C for 24-48 h. Then,
isolated colonies were subjected to Gram staining technique to check

morphology, catalase test, coagulase, and sugar fermentation (Carter, 1998).

Susceptibility to antimicrobials

Staphylococcus spp. underwent in vitro antimicrobial sensitivity tests
using the disk diffusion technique on Mueller-Hinton agar (CLSI, 2018). The
following antibiotic-impregnated discs were used: oxacillin (1 pg), cefoxitin (30
Mg), sulfamethoxazole (25 ug) + trimethoprim (25 pg), penicilin G (10 U),
neomycin (30 ug), tetracycline (30 pg), gentamycin (10 pg), and vancomycin
(30 ug). After 24 h incubation at 37 °C, the diameters of the inhibition zones

were interpreted according to guidelines established by the manufacturer.

Molecular analysis

Isolates of S. aureus and S. non-aureus that showed resistance to at
least two drugs were selected for molecular analysis. Genomic DNA was
extracted by thermal extraction as described by Fan, Kleven, and Jackwood
(1995). The DNA obtained was quantified using a spectrophotometer with

readings at 260 nm absorbance.

Detection of the nuc gene to identify S. aureus
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To identify S. aureus, all isolates underwent amplification of the nuc gene

region according to Brakstad et al. (1992).

Detection of efflux system genes in S. aureus and S. non-aureus

For detection of norA, norB, norC, msrA, mgrA, tet-38, and ImrS genes,
all Staphylococcus spp. underwent PCR following the methodologies described
in table 1.

The reactions for all genes contained a final volume of 12.5uL arranged
as follows: 100ng of isolated DNA, 0.5uL of each primer at 10pmol (table 1),
6.25 puL of Go Taq Green Master Mix (Promega Corporation, Madison, USA),
and 2.5uL of Milli-Q ultrapure water. To check the amplification, 10uL of each
reaction was submitted to electrophoresis in 2% agarose gel stained with
BlueGreen, for 60 min at 100 V. Gels were then visualized under ultraviolet light
and photo-documented.

As a positive control, S. aureus strains 5SEUFV and SE21D from the
Laboratory of Bacterial Diseases of the Universidade Federal de Vigosa, Minas

Gerais, Brazil, were also used in the PCR reactions.

Table 1. Genes, oligonucleotide sequences and size of amplified fragments.

Gene Sequence Fragment References
Size (pb)
ImrS TAAAGTTGAATTAACAAC 180 (FLOYD et al. (2010)
GCGGATCCTTAAAATTTC
norA TGCAATTTCATATGATCAATCCC 150 (TRUONG-BOLDUC;
AGATTGCAATTCATGCTAAATATT ZHANG; HOOPER,
2003)
norB ATAAGGTAAGATAACTAGCA 150 (TRUONG-BOLDUC;
ATCTCTATTTGCCTCCCTATA STRAHILEVITZ;
HOOPER, 2006)
norC ATAAATACCTGAAGCAACGCCAAC 200 (TRUONG-BOLDUC;
AAATGGTTCTAAGCGACCAA STRAHILEVITZ;
HOOPER, 2006)
Tet-38 TTCAGTTTGGTTATAGACAA 200 (TRUONG-BOLDUC
CGTAGAAATAAATCCACCTG et al., 2005)
mgrA CGAATTCATTCATGATT 200 (TRUONG-BOLDUC
AAAGTTGATTGTTTATTAA et al., 2005)
msrA TCCAATCATTGCACAAAATC 890 (MARTINEAU et al.,
AATTCCCTCTATTTGGTGGT 2000)

PCR products were purified after amplification and were submitted to

sequenced bidirectionally using the BigDye Terminator v3.1 Cycle Sequencing
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kit (Applied Biosystems, USA). After complete editing, contigs were submitted to
BLAST of the GenBank database through the NCBI website in order to identify

species.

Determination of the minimum inhibitory concentration
The minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) of PPy-NPs in water and Moringa oleifera aqueous extract
were determined using the broth microdilution methodology following
recommendations of the Clinical Laboratory Standards Institute (CLSI, 2018).
For PPy, 1.08 g of sodium dodecyl sulfate was solubilized in 100 mL
Milli-Q water, and then added to 500 uL of pyrrole (0.483 g). The resulting
suspension was kept under intense stirring for 45 min. Following this, an
aqueous suspension (50 mL) of ammonium persulfate (0.256 g) was slowly
added dropwise and stirred for further 35 min. The resulting suspension of PPy-
NPs with a concentration of 2 mg/mL of solute was maintained at 4 °C for 24 h.
PPy-NPs in water (Kang et al., 2005) (2 mg/mL) was diluted 1:2 with
Mueller-Hinton broth (Mueller-Hinton Broth (MGB) SIGMA-ALDRICH) that had
been inoculated with the isolates. The concentrations of PPy-NPs tested were 2
mg/mL, 1 mg/mL, 0.5 mg/mL, 0.250 mg/mL, 0.125 mg/mL, and 0.062 mg/mL.
The microdilutions were incubated on plates kept at 35 °C for 20 h. DO readings
were performed at 600 nm using the ELISA microplate reader (Multiskan Go
Thermo Scientific) for two time points (0 h and 20 h). MIC was defined as the
lowest concentration of PPy-NPs in water that inhibited more than 75% of the
bacterial growth. MBC was defined as the minimum concentration that resulted
in inactivation of 99% of bacterial cells. MBC was determined using the plate-
plating method with Mueller-Hinton agar, not observing visible bacterial growth.
Moringa oleifera seeds were collected at Recife (Pernambuco, Brazil),
powdered using a blender, and stored at -20 °C. A voucher specimen is
deposited under number 73,345 at the herbarium Dardano de Andrade Lima
from the Instituto Agrondmico de Pernambuco (Recife). The plant collection was
authorized (no. 38690) by the Instituto Chico Mendes de Conservacao da

Biodiversidade (ICMBIo) from the Brazilian Ministry of Environment.
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The extract was prepared by homogenization of seed flour (10 g) with
distilled water (100 mL) for 16 h at 4 °C using a magnetic stirrer. The mixture
was filtered through a gauze and centrifuged (3000 x g, 15 min). The
supernatant corresponded to the extract. Protein concentration was determined
according to Lowry et al. (1951), using a standard curve of bovine serum
albumin (31.25-500 pg/mL). The extract was evaluated for hemagglutinating
activity as described in the next section.

The presence of lectins was monitored through the HA assay, which
evaluates the functionality of the carbohydrate-binding sites of these proteins.
The assay was performed in 96-well microtiter plates (Kartell S.P.A., Italy)
according to Paiva and Coelho (1992), using a suspension (2.5%, v/v) in 0.15 M
NaCl of rabbit erythrocytes treated with glutaraldehyde (Bing et al., 1967). The
erythrocytes were collected after approval by the Ethics Committee on Animal
Use of the Universidade Federal de Pernambuco (process 23076.033782/2015-
70). Finally, HA was quantified as the reciprocal of the highest dilution of
sample that promoted full agglutination of erythrocytes. Specific
hemagglutinating activity was defined as the ratio between HA and protein
concentration (mg/mL).

Aqueous Moringa oleifera seed extract was used at initial concentrations
of 6.1 mg/mL, 3.05 mg/mL, 1.525 mg/mL, 0.7625 mg/mL, 0.3812 mg/mL, and
0.1906 mg/mL. The conditions for incubation, reading, and determination of MIC
and MBC are as described in the previous paragraph.

To prepare the inoculum, S. aureus isolates were cultured in plates with
a non-selective solid medium (Mueller-Hinton Agar, Sigma-Aldrich) and
incubated at 37 °C for 24 h. The isolated colonies were suspended in 0.9%
saline solution until reaching turbidity equivalent to the 0.5 McFarland standard;
(approximately 1 x 108 CFU/mL; equivalent to an optical density of 0.08-0.13 at
625 nm). Subsequently, MGB was inoculated with the bacterial suspension at a
final bacterial concentration of approximately 5 x 10> CFU/mL. The samples
were processed in triplicate, with 100 yL deposited in each well of a 96-well
microplate. S. aureus N315 and S. epidermidis ATCC 12228 strains were used

as controls.
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In this study, 162 Staphylococcus spp. were isolated from a sample

collected from dairy farms in the state of Pernambuco, Brazil. The results of

isolation, molecular identification of Staphylococcus aureus and non-aureus

samples from milk, milkers, and milking utensils are shown in Table 2

Table 2. Isolation, molecular identification of Staphylococcus spp. samples from

milk, milkers, and milking utensils

Sample nt Isolation of Molecular identification of
Staphylococcus Staphylococcus spp.?
spp.?
S. aureus Sna*
Milk 335 115/335 (34,3%) 43/115 (37,4  72/115 (62,6 %)

Milkers hand swab 15 12/ 15 (80%)
Milkers nasal swab 15 13/15 (86.6%)
Teat cup swab 14 14/14 (100%)
Milking bucket swab 9 8/9 (88.8%)

%)

8/12 (66.6%)
2/13 (15.3%)
4/14 (28.5%)
7/8 (87.5%)

4/12 (33.3%)
11/13 (84.7%)
10/14 (71.5%)
1/8 (12.5%)

1Samples collected. ?Based on phenotypical characteristics. *Based on PCR for nuc. #

Staphylococcus non-aureus.

In the antimicrobial susceptibility test, 35/162 (21.6%) Staphylococcus
spp. Isolates, 23/35 (65.7%) S. aureus and 12/35 (34.3%) S. non-aureus, were

resistant to at least two antimicrobials. In the molecular analysis of these

isolates, norA, norC, tet-38, and msrA genes were all observed (table 3).
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Table 3. Frequency of multi-drug efflux system genes in Staphylococcus aureus and S.
non-aureus isolated from milk, environment and milkers from dairy farms in
Pernambuco, Brazil.

Gene Molecular identification

Total S. aureus S. non-aureus
norA 74.3% (26/35) 65.4% (17/26) 34.6 (9/26)
norB 0% (0/35) - -
norC 74.3% (26/35) 69.2% (18/26) 30.8 (8/26)
tet-38 51.4% (18/35) 72.2% (13/18) 27.8% (5/18)
ImrS 0% (0/35) - -
mgrA 0% (0/35) - -
msrA 40% (14/35) 35.7% (5/14) 64.3% (9/14)

In the table 4 shows the of the efflux system genes in Staphylococcus

aureus and non-aureus according to origin.

Tabela 4. Frequency of the efflux system genes in Staphylococcus aureus according to origin.

Gene Milk Milkers Milkers Teat cup Milking Total
nasal swab Hands swab buckets
SA SNA SA SNA SA SNA SA SNA SA SNA
norA  68.8% 31,2% 100% 0% 333% 77.7%  50% 50% 100% - 26
(11/16) (5/16) (2/2) (0/1) (1/3) (2/3) (2/14) (2/4) (2/12)
norC  64.7% 353% 66.6% 33.3% 100% 0% 66.6% 33.3% 100% 0% 26
(11/17) (6/17) (2/3) (1/3) (2/1) (0/1) (213) (2/3) (2/12) (0/2)
tet-38  77.8% 22.2%  66.6% 33.3% - - 60% 40% 100% - 18
(719) (2/9) (2/3) (1/3) (3/5) (2/5) (/1)
msrA 0% 100% 25 % 75%  33.3% 66.6%  50% 50% - - 14
(0/2) (2/2) (1/4) (3/4) (1/3) (2/3) (3/6) (3/6)

Legends: SA-Staphylococcus aureus; SNA-Staphylococcus non-aureus

The extract showed a specific HA of 32, indicating the presence of
lectins. The sees of M. oleifera contain a water-soluble lectin called (WSMoL),
which was previously reported to have antibacterial effects (Moura et al., 2015;
Moura et al., 2017; Coriolano et al., 2020). Previous assays revealed the
presence of flavonoids, tannins, saponins, phenylpropanoids, alkaloids, and
reducing sugars in the extract (unpublished data).

The results of the antimicrobial activity agueous Moringa oleifera seed
extract’'s of against Staphylococcus spp. carrying multi-drug efflux system
genes are presented in table 5. Table 6 shows the antimicrobial activity of
polypyrrole nanoparticles against Staphylococcus spp. carrying multi-drug efflux

system genes.
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Table 5. Distribution by MIC of the aqueous extract of Moringa oleifera against Staphylococcus spp. carriers of norA, norC, tet-38 and msrA isolated from milk,
milkers and dairy farm environment.

MIC

6.1 mg/mL

3.05 mg/mL

1.525 mg/mL

0.7625 mg/mL

0.3812 mg/mL

0.1906 mg/mL

N&o inibidos

norA norC Tet-38 msrA
M HS SN TC MB M HS SN TC MB M SN TC MB M HS SN TC MB
- - - - - - - - - - - - - 1/1 - 2/3 - - -
(66.6%)
(100%)
4/16 1/1 1/3 1/4 1/2 3/16 - - 2/4 22 1/9 2/3 2/5 - - 1/3 1/4 26 -
(25%) (100%) (33.3%) (25%) (50%)  (18.7%) (50%)  (100%) (66.6%)  (40%) (33.3%) (25%)  (33.
(11.1%) 3%)
5/16 - 1/3 3/4 - 5/16 - 3/3 - - 2/9 - 1/5 - 1/2 - - 26 -
(31.2%) (33.3%)  (75%) (31.2%) (100%) (20%) (50%) (33.
(22,2%) 3%)
- - - - - - - - - - - 1/3 - - - - - - -
(33.3%)
- - 1/3 - - - - - - - - - - - - - 1/4 - -
(33.3%) (25%)
7116 - - - 1/2 8/16 1/1 - 2/4 - 6/9 - 2/5 - 1/2 - 2/4 2/6 -
(43.75%) (50%) (50%) (100%) (50%) (66.7%) (40%) (50%) (50%)  (33.
3%)

Legend: M- milk; HS - hands swab; SN- nasal swab; TC- Teat cup; MB- Milking buckets
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isolated from milk, milkers and dairy farm environment.

nanoparticles (PPy-NPs) against Staphylococcus spp. carriers of norA, norC, tet-38 and msrA
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MIC norA norC Tet-38 msrA
M HS SN TC MB M HS SN TC MB M HS SN TC MB M HS SN TC MB
0,125 7/16 (43,7%) 11 3/3 4/4 1/2 7116 3/3 2/4 2/2 2/9 3/3 3/5 1/1(200  1/2 (50%) 3/3 2/4 3/6 -
mg/mL (100%) (100%) (100%  (50%) (43,7%) (100%)  (50%) (100%) (22,2%) (100%) (60%) %) (100%) (50%) (50%)
)

0,062 1/16 - - - 1/2 1/16 1/9 -
mg/mL (50%) (6,2%)

(6,2%) (11,1%)
N&o 8/16 8/16 1/1 2/4 6/9 2/5 1/2 (50%) 2/4 3/6 -
inibidos (50%) (100%) (50%) (66,7%) (40%) (50%) (50%)

(50%)

Legends: M- milk; HS - hands swab; SN- nasal swab; TC- Teat cup; MB- Milking buckets



107

DISCUSSION

In this study norA, norC, tet-38, and msrA were detected. The first three
belong to MFS, the family with the largest number of studies in the context of
staphylococci (Jang, 2016); MsrA belongs to the ABC family (Martineau et al., 2000).
These results indicate the circulation of isolates with molecular mechanisms of
resistance to quinolones, tetracyclines, erythromycin, and macrolides in the studied
farms. Once the detected genes confer resistance to these antimicrobials and, if they
are expressed, multiresistance can be observe (Chi Truong-Bolduc et al., 2003;
Deng et al., 2012; Duran et al., 2012; Kumar et al., 2013; Phillips-Jones and Harding,
2018).

Most frequently observed were the norA and norC genes (table 3), both of
which are responsible for quinolone resistance, followed by tet-38, which confers
resistance to tetracyclines. These findings might reflect the frequent use of these
antimicrobials to treat mastitis at the farms. Their use has likely contributed to the
selection pressure for the emergence of resistant isolates (Hawkey, 2008).

Regarding isolates origin, milk samples gave the highest percentages of target
genes. The exception was msrA, which was prevalent in the liner and milkers (table
4). This indicates a role for isolates with an efflux system in the etiology of bovine
mastitis in the Northeast region of Brazil. This has been previously reported in Egypt
(Elsayed et al.,, 2019). The msrA gene supports resistance to erythromycin and
macrolides, which are not antimicrobials of choice for mastitis. This explains why it
was detected more frequently in isolates from liners (utensil manipulated by
humans), nasal swabs, and milkers’ hands (Truong-Bolduc et al., 2005; Jang, 2016;
Pereira and Scussel, 2017).

The detection of multi-drug efflux system genes in Staphylococcus spp.
demonstrates that there is variability in the genetic components of resistance in the
studied region. It is therefore pertinent to establish alternatives to the affected drugs,
such as plant compounds with antibacterial activity such as Moringa oleifera, and
chemical compounds such as PPy-NPs.

At all concentrations except 6.1 mg/mL, aqueous Moringa oleifera extract
showed activity for at least one isolate. Greatest inhibition was found at
concentrations of 1.525 mg/mL and 0.7625 mg/mL. This inhibitory effect was due to

aqueous Moringa oleifera extract’s bactericidal activity at these concentrations; this



108

was verified by MBC testing. However, only msrA-carrying isolates were 100%
inhibited, which indicates better bactericidal activity against Staphylococcus carriers
of this gene.

Moringa oleifera (family Moringaceae) is a tree grown in tropical and
subtropical regions (Pontual et al., 2012). Its seeds are used to treat and reduce the
turbidity of water intended for human consumption. In addition, its flowers are
consumed and have hypoglycemic, tonic, and diuretic therapeutic actions (Moura et
al., 2011; Santos et al., 2012). It also has larvicidal activity against Aedes aegypti and
is antiparasitic against Trypanosoma cruzi (Pontual et al., 2012; 2018). Furthermore,
it has technological potential in the food industry, due to its caseinolytic activity and
milk-coagulating effects (Pontual et al., 2012).

No previous studies have evaluated the antimicrobial activity of aqueous
Moringa oleifera extract against Staphylococcus spp. isolated from the agricultural
environment. This makes it difficult to establish comparative parameters for the
results obtained but also indicates this study’s novelty. However, there are reports of
Moringa oleifera’s activity against Staphylococcus aureus and Staphylococcus
epidermidis (Viera et al., 2010; Moura et al., 2011; Marrufo et al., 2013; Zaffer et al.,
2014; Fayemi et al., 2018; Fouad et al., 2019), which corroborate this study.

These results with agueous Moringa oleifera extract are promising, however,
further studies are needed to identify the active components and to develop
medicines (Moura et al.,, 2011). Although there is no clear mechanism, there is
evidence that the plant’s antimicrobial activity is related to a wide spectrum of
bactericidal substances produced by the plant (Kostova and Dinchev, 2005; Viera et
al., 2010).

For PPy-NPs, it was possible to determine MIC at two concentrations, 0.125
mg/mL and 0.062 mg/mL (table 6), the first of which delivered the greatest inhibition.
The bactericidal activity of PPy-NPs at these concentrations was responsible for the
inhibitory effect found in the tests to determine MBC.

The results differ from those obtained with the aqueous Moringa oleifera
extract, where there was variability in inhibition across the concentrations. However,
PPy-NPs did not inhibit all isolates with the four detected genes, indicating a
narrower range of activity compared to the aqueous Moringa oleifera extract.

PPy is a polymer obtained through the oxidative chemical or electrochemical

polymerization of monomer solutions (Sajesh et al., 2013). It is used in engineering
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and biomedical sciences (de Oliveira and de Oliveira, 2014; Xue et al., 2014). The
antimicrobial activity of PPy against Staphylococcus aureus, as well as other gram-
positive and -negative bacteria has already been reported (Sayyah et al., 2014; da
Silva et al., 2017). No other reports have investigated Staphylococcus spp. isolated
from the agricultural environment.

Unlike aqueous Moringa oleifera extract, in PPy the mechanism responsible
for antimicrobial activity has been elucidated. The polymer causes collapse of the
cytoplasmic membrane resulting in bacterial death (Varesano et al., 2013; Sanchez
Ramirez et al., 2019). This study demonstrates that PPy-NPs could be used as an
alternative to traditional antimicrobials. For this to occur, it is necessary to carry out
further studies aimed at drug development.

CONCLUSION

We have shown that there are genes from multi-drug efflux systems in
Staphylococcus spp. isolated from the agricultural environment in Northeast Brazil.
Aqueous Moringa oleifera extract and PPy-NPs both showed bactericidal activity

against these isolates carrying multi-drug efflux system genes.
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9. CONSIDERACOES FINAIS

A partir dos resultados obtidos neste estudo, considera-se que:

Ha disseminacdo de Staphylococcus aureus e S. ndo-aureus resistentes a
meticilina no ambiente de fazendas leiteiras no estado de Pernambuco,
Nordeste do Brasil.

mecA-MRSA detectado apresenta dois perfis clonais distintos. O primeiro
inclui isolados de amostras humanas e ambiental e outro formado
exclusivamente por isolados de leite, sendo que este Ultimo compartilha uma
maior correlacdo genética, confirmando a circulacdo desses isolados entre as
fazendas leiteiras.

Foi detectada a primeira cepa de MRSA portadora de mecC no ambiente
agropecuario no Brasil e esta possui varios fatores de viruléncia e de
patogenicidade.

Os genes de sistemas de efluxo multidrogas estdo presentes em
Staphylococcus aureus e S. ndo-aureus de ambiente agropecuario podendo
contribuir para os fenétipos de multirresisténcia.

O extrato aquoso de Moringa oleifera e do PPy apresentam atividade
bactericida frente a isolados de Staphylococcus spp. portadores de genes de
sistemas de efluxo multidrogas. Os resultados obtidos sdo promissores
guanto a utilizacdo de ambos como alternativa ao uso de antimicrobianos.
Devido a emergéncia da resisténcia a antimicrobianos, o estudo de
alternativas ao uso dessas drogas deve ser fomentado.

E imprescindivel a coleta de amostras de outras fontes como utensilios de
ordenha e ordenhadores para avaliar a circulacdo de isolados de
Staphylococcus aureus e S. ndo-aureus e elucidar sua participacdo na
mastite bovina.

Além da higiene de tetos € importante conscientizar os envolvidos na ordenha
guanto a implementacéo de praticas eficazes para higienizacdo de utensilios
e ordenhadores.

As autoridades de saude humana e animal precisam trabalhar em conjunto

para implementar programas efetivos que reduzam a utlizacdo de
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antimicrobianos no ambiente agropecuario, principalmente de batalactamicos,

guinolonas e tetraciclinas.



