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RESUMO

Introducdo: Staphylococcus aureus € um importante agente colonizador de mucosas em
humanos e animais. Em condicGes predisponentes pode causar infecgdes leves e graves. A
presenca de alguns fatores de viruléncia colabora para que seja uma bactéria potencialmente
letal. A Leucocidina de Panton-Valentine (PVL) é um importante fator de viruléncia por causar
a pneumonia necrotizante em infec¢bes adquiridas na comunidade. Com a mistura de nichos,
microrganismos de hospital e comunidade, ndo tem mais um perfil bem definido, portanto a
troca genes de resisténcia e viruléncia tem tornado os microrganismos cada dia mais resistentes
e mais virulentos. Objetivo: O objetivo desse estudo foi avaliar as caracteristicas fenotipicas e
genotipicas de S. aureus isolados de materiais clinicos provenientes de infecgcdes invasivas.
Materiais e métodos: Foram avaliados isolados de S. aureus provenientes de amostras clinicas
de infec¢es invasivas. Por metodologia automatizada foi determinado o perfil de sensibilidade
dos isolados. Por PCR foi determinada a presenca dos genes mecA, tst, LukS-PV e LukF-PV
além da tipagem SCCmec para isolados mecA positivos. Resultados: Pode-se observar
resisténcia a penicilina (98,0%), eritromicina (72,4%), oxacilina (69,4%), clindamicina
(69,4%), ciprofloxacina (57,1%), gentamicina (8,2%), sulfametoxazol+trimetoprim (6,1%) e
rifampicina (5,1%). Todos isolados foram sensiveis & linezolida e a tigeciclina e um isolado foi
susceptivel a todos antimicrobianos. A presenca do gene mecA foi observada em 64 isolados
(65,3%), destes a prevaléncia de SCCmec foi: | (6,3%), Il (62,5%), 111 (6,3%), IV (18,6%), V
(3,1%), VI (1,6%) e Nao Tipavel (1,6%). A presenca dos genes de viruléncia foi de 99% para
icaA, 50% para lukS-PV/IukF-PV e 27,6% para tst. Conclusao: Este estudo encontrou uma alta
prevaléncia de S. aureus multirresistente com a presenca dos genes de viruléncia da
Leucocidina de Paton-Valentine (PVL) e da toxina da Sindrome do Choque Téxico (TSST).

Palavras-chave: multirresténcia; leucocidina de panton-valentine; toxina da sindrome do
choque toxico.
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ABSTRACT

Introduction: Staphylococcus aureus is an important mucosal colonizing agent in humans and
animals. In predisposing conditions it can cause mild and severe infections. The presence of
some virulence factors contributes to create a potentially lethal bacterium. Panton-Valentine
Leukocidin (PVL) is an important virulence factor for causing necrotizing pneumonia in
infections acquired in the community. With the mixture of niches, hospital and community
microorganisms, it no longer has a well-defined profile, so the exchange of resistance and
virulence genes has made microorganisms increasingly resistant and virulent. Objective: The
aim of this study was to evaluate the phenotypic and genotypic characteristics of S. aureus
isolated from clinical materials from invasive infections. Materials and methods: S. aureus
isolates from clinical samples of invasive infections were evaluated. The sensitivity profile of
the isolates was determined by automated methodology. The presence of the mecA, tst, lukS-
PV and IukF-PV genes was determined by PCR in addition to the SCCmec typing for positive
mecA isolates. Results: Resistance to penicillin (98.0%), erythromycin (72.4%), oxacillin
(69.4%), clindamycin (69.4%), ciprofloxacin (57.1%), gentamicin (8.2%), sulfamethoxazole +
trimethoprim (6.1%) and rifampicin (5.1%). All isolates were sensitive to linezolid and
tigecycline and one isolate was susceptible to all antimicrobials. The presence of the mecA gene
was observed in 64 isolates (65.3%), of these the prevalence of SCCmec was: | (6.3%), Il
(62.5%), 111 (6.3%), IV (18.6%), V (3.1%), VI (1.6%) and Non-Tipable (1.6%). The presence
of virulence genes was 99% to icaA, 50%, to lukS-PV / lukF-PV and 27.6% to tst. Conclusion:
This study found a high prevalence of multidrug-resistant S. aureus with the presence of the
leukocidin virulence genes of Paton-Valentine (PVL) and the toxin of the Toxic Shock
Syndrome (TSST).

Keywords: multidrug-resistance; leukocidin from panton-valentine; toxin from toxic shock
syndrome.
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1 INTRODUCAO

1.1 AGENTE ETIOLOGICO - STAPHYLOCOCCUS AUREUS

O género Staphylococcus foi inicialmente descrito por Ogston (1881) Alexander Ogston
em 1881, que classificou 0 género ao grupo dos micrococos causadores de inflamacéo e supuracao.
Ele foi o primeiro a diferenciar Staphylococcus spp. de Streptococcus spp. Porém mais
formalmente o género foi descrito por Rosenbach em 1884, que subdividiu o género em duas
espécies: Staphylococcus albus e Staphylococcus aureus. Até que por volta dos anos 60, Silvestri
e Hill (1965) investigaram a relacdo do contetdo C+G do DNA de bactérias pertencentes a esses
géneros, reforgcando a diferenciagdo entre ambos (GOTZ; BANNERMAN; SCHLEIFER, 2006;
OGSTON, 1881) Durantes as décadas de 60, 70, 80 e 90 vérios estudos foram feitos deixando
mais evidentes as diferencas entre as espécies. Atualmente, o género Staphylococcus possuem 54
espécies e 28 subespécies(LPSN, 2019).

O género Staphylococcus pertence a familia Staphylococcaceae e as espécies caracterizam-
se como células esféricas, chamadas cocos, com diametro entre 0,5 ¢ 1,5 um e Gram-positivas. As
células podem apresentar-se isoladas, aos pares, em tétrades, em cadeias curtas ou, mais
comumente, aos cachos; sdo anaerobias facultativas e catalase positivas (enzima que decompde o
peréxido de hidrogénio) (BRADLEY, 2015; GAJDACS, 2019; LEE et al., 2018b). Sio
microrganismos versateis, pois conseguem sobreviver por um longo periodo de tempo, em
superficies bidticas e abidticas, cerca de 40 dias, e tém a capacidade de se desenvolver em
condicdes adversas como ambientes de baixa umidade, locais de restricdo nutricional e presséo
osmotica elevada (ZARPELLON et al., 2015).

A capacidade de produzir ou ndo coagulase (ativador de protrombina) classifica esse
género de bactérias em estafilococos coagulase-negativa ou coagulase-positiva. S. aureus é a
principal espécie representante dos estafilococos coagulase-positiva. Este microrganismo pode
colonizar mucosas e pele sem necessariamente causar danos ao hospedeiro, porém em condicdes
predisponentes pode causar infec¢des localizadas ou sistémicas desde infeccdo de pele e mucosas
até infeccdes invasivas como bacteremias, pneumonias, osteomielites e endocardites podendo
levar o individuo ao 6bito (WAN et al., 2017).

E um agente colonizador de 20 a 30% da populacdo saudéavel e participa da microbiota
normal por longos periodos de forma transitoria, permanente ou intermitente (CHEN et al., 2017,
DEN HEIJER et al., 2013; GORWITZ et al., 2008; OLUFUNMISO; TOLULOPE; ROGER,
2017; SAADATIAN-ELAHI et al., 2013). A adesdo bacteriana ao epitélio do hospedeiro se da
por diversos fatores: associados a parede celular (acido teicico glicosilado e fator de aglomeracéo

B); receptores das celulas epiteliais (citoqueratina-10 e loricina); evasao do sistema de defesa do



hospedeiro (inibidor estafilocécico do complemento (SCIN) e proteina ligadora de fibrinogénio
extracelular (Fib)); e competigcdo com outros microrganismos da microbiota local. ( FOSTER et
al., 2014; MULCAHY et al., 2012; WALSH et al., 2004; WINSTEL et al., 2015). A adeséo,
associada a outros fatores de viruléncia bacteriana e fatores predisponentes do hospedeiro, tem um
papel importante nas infeccdes causadas por S. aureus. (WAN et al., 2017).

O acido teicoico presente na parede celular do S. aureus, é responsavel pela adeséo
bacteriana ao epitélio escamoso das narinas anteriores (principal sitio de colonizagdo do S. aureus)
(BURIAN et al., 2010). Porém outras proteinas da parede celular podem desempenhar papel
importante na adesdo ao epitélio sdo chamadas MSCRAMMs (Microbial Surface Components
Recognizind Adhesive Matrix Molecules), traducéo livre: componente da superficie microbiana
que reconhece molécula de matriz adesiva. Entre elas o fator de aglutinacdo B que liga-se a
loricrina e/ou a citoqueratina 10 (Componentes das células epiteliais nasais), o que favorece a
colonizacao pelo S. aureus (FOSTER et al., 2014).

1.2 INFECCAO POR S. AUREUS

A infeccdo por S. aureus se d& pelo rompimento de diversas barreiras do organismo
humano pelo agente etioldgico. Essas barreiras sdo: mecanica (pele, cilios e muco nasal), quimica
(enzimas presentes na saliva, lagrimas e secre¢des nasais), microbiologica (microbiota intestinal,
genital, da pele, estomacal, etc.) e imunolégica (anticorpos primarios, células reconhecedoras de
antigenos) (KWIECIEN et al., 2019). Ap6s romper essas barreiras o S. aureus pode adentrar a
corrente sanguinea, se replicar e disseminar para diversos locais do corpo, causando diversas
manifestacdes, desde leves a graves (WALSH et al., 2004).

Infeccbes cuténeas sdo muito comuns devido presenca de S. aureus na microbiota da pele,
cerca de 70 a 80% das infeccdes cutineas séo causadas por esse microrganismo (TONG et al.,
2015). Outros sitios anatbmicos podem ser acometidos pela infeccdo de forma priméaria ou
secundaria, entre eles o tecido sanguineo (bacteremia), pulmdo (pneumonia), tecido cardiaco
(endocardite), tecido 6sseo (osteomielite), tecido articular (artrite septica), meningite, infeccdo do
trato urinario, infeccdo em tecidos periprotéticos, entre outras. Cada sitio de infecg¢éo possui sinais
e sintomas caracteristicos, porém os sintomas mais comuns séo: febre, vermelhidao, secreces e
dores: nas pneumonias o paciente pode apresentar tosse e dor no peito; na meningite dor de cabeca
e nas infeccGes do trato urinario, dor ao urinar. (TONG et al., 2015).

Um dos principais fatores que contribuem para a infec¢@es invasivas por S. aureus em
ambiente hospitalar é o uso de dispositivos médicos invasivos, como proteses ortopédicas,
dispositivos para ventilagdo mecénica, cateteres venosos centrais e periféricos, materiais

implantados cirurgicamente, entre outros. Condicdes predisponentes do paciente também é muito



importante para determinar a infeccdo por S. aureus, pois pacientes com terapia imunossupressora,
diabetes, hipertensdo, céncer, entre outras comorbidades médicas estdo mais susceptiveis a
infeccdo invasiva por S. aureus (THOMER; SCHNEEWIND; MISSIAKAS, 2016).

Além dos fatores de risco j& mencionados, idade avancada, longos periodos de internagédo
hospitalar, alimentacéo enteral, dispositivos intravenosos, presenca de lesGes cutaneas, Ulceras e
terapia antimicrobiana, permanéncia em um quarto de hospital ocupado anteriormente por um
paciente infectado, colonizacdo prévia, hospitalizagdo e/ou cirurgia prévia ou prolongada,
internagdo em UTI, hemodidlise, também estdo associados a infeccdo por S. aureus (HUANG,;
DATTA,; PLATT, 2006; LAKHUNDI; ZHANG, 2018).

Os antimicrobianos mais utilizados no mundo sdo da classe dos B-lactamicos, chegando a
65% das prescri¢Bes de antimicrobianos nos Estados Unidos da América (BUSH; BRADFORD,
2016). Essa classe de antimicrobianos é a primeira escolha para tratamento de infecgdes
comunitarias, tanto gram-positivas quanto gram-negativas e para tratamentos empiricos de
algumas infecgcdes hospitalares. As subclasses pertencentes a esse grupo sdo as penicilinas,
cefalosporinas, carbapenens e monobactans (FISHER; MOBASHERY, 2020)

S. aureus é um importante patégeno, com alta capacidade de desenvolver resisténcia aos
antimicrobianos e causar infeccdes graves com altas taxas de morbidade e mortalidade. A
Organizacdo Mundial de Satde (OMS) publicou em 2017 uma lista de patdgenos prioritarios para
Pesquisa e Desenvolvimento (P&D), na qual foram classificados em Prioridade 1 (Critico),
Prioridade 2 (Alta) e Prioridade 3 (Média). Com incidéncia anual de 4.3 a 38.3 casos por 100.000
pessoas/ano nos Estados Unidos (HOLLAND; ARNOLD; FOWLER, 2014), S. aureus esta listado
como prioridade 2, que demonstra a preocupacdo das organizacdes de salde com este patdgeno
(WHO, 2017a).

1.3 RESISTENCIA AOS B-LACTAMICOS

Antimicrobianos B-lactamicos sdo agentes bactericidas que interrompem a formacdo da
parede celular bacteriana inibindo a sintese de peptideoglicano. Todas as subclasses possuem um
anel B-lactamico com um grupo amida ligado a outros diferentes anéis. A funcdo do anel B-
lactamico é ligar-se a proteina ligadora de penicilina (PBP) e interromper, por acilacdo, a
transpeptidase bacteriana (FISHER; MOBASHERY, 2020).

Em 1928 foi descoberto um dos antimicrobianos mais utilizados pela medicina,
responsavel por combater diversas infeccbes bacterianas, a penicilina. Em 1941, apos a

comercializacdo da penicilina, se tornou um marco para a segunda guerra mundial por



revolucionar o tratamento dos combatentes. Porém, por tem sido usada tdo intensamente, dois anos
apos ser inserida no mercado, houve relatos de S. aureus resistentes a penicilina. (NOVICK;
BOUANCHAUD, 1971; RAMMELKAMP; MAXON, 1942).

A resisténcia de S. aureus a penicilina (Penicillin-resistant Staphylococcus aureus, PRSA)
se da pela producéo de penicilinases, enzimas responsaveis por inativar o anel p-lactdmico. O gene
blaZz que codifica a producdo dessa enzima se encontra em um plasmideo, elemento genético
movel, o que torna facil a transferéncia desse gene de um microrganismo para outro
(RAMMELKAMP; MAXON, 1942).

Com o surgimento do PRSA houve a necessidade de novas pesquisas e desenvolvimento
de novos antimicrobianos. No final da década de 50 foi desenvolvida a meticilina (Celbenin), uma
penicilina semissintética resistente a penicilinase pela adi¢do de um radical no carbono o do anel
B-lactamico (HARKINS et al., 2017).

Entretanto ja em 1961, houve os primeiros relatos de S. aureus resistente a meticilina
(Methicillin-resistant Staphylococcus aureus, MRSA) no Reino Unido (HARKINS et al., 2017;
JEVONS, 1961; LOBANOVSKA; PILLA, 2017). O mecanismo de resisténcia a meticilina foi
descrito pela primeira vez em 1978 por Spratt (1978) em Escherichia coli. Apos trés anos da sua
primeira descricdo, este foi descrito em S. aureus por HARTMAN & THOMASZ (1981)
(SPRATT, 1978).

O mecanismo de resisténcia a meticilina se da pela alteracdo da proteina do sitio de
insercdo do antimicrobiano, a Penicillin-Binding Protein (PBP). A PBP alterada se denomina
PBP2a ou PBP2’. A alteracdo dessa proteina ndo apenas confere resisténcia & meticilina e
oxacilina, mas também resisténcia cruzada a todos os antimicrobianos p-lactdmicos e a maioria
das cefalosporinas (HARTMAN; TOMASZ, 1981; LEE et al., 2018a; SASSINE et al., 2017).

A resisténcia a meticilina é mediada pelo gene mec, que podem variar entre mecA, mecB,
mecC e mecD alocados em uma regido do genoma bacteriano conhecida como Staphylococcal
Cassette Chromosome mec (SCCmec) e adquirida por transferéncia horizontal através de um
elemento genético movel que pode ser facilmente transferido entre Staphylococcus spp. O gene
mec € acompanhado por genes reguladores (mecR1 e mecl) e complexo ccr (ccrA, ccrB e ccrC)
que codifica recombinases responsaveis pela mobilidade do cassete cromossémico. A combinagéo
do gene mec e aldtipo do gene ccr quanto a sua organizagdo genética e estrutural classifica o
cassete cromossomico SCCmec em 13 tipos (I a XI1I) como demonstrado na Figura 1 (BAIG et
al., 2018; HIRAMATSU et al., 2013; KAYA et al., 2018; LEE et al., 2018b; LIU et al., 2016).

O gene mecD, foi relatado em 2017 com 66% de identidade com o gene mecB em uma
anélise de sequéncia nucleotidica. Esse gene foi encontrado em Macrococcus caseolyticus

isolados de cédes e bois e confere resisténcia a todas as classes de antibioticos p-lactamicos,



incluindo ceftobiprole e ceftarolina que foram desenvolvidos para tratar infeccdes por MRSA
(SCHWENDENER; COTTING; PERRETEN, 2017).



Figura 1 — Representacdo esquematica da organizacdo genética e estrutural dos cassetes
cromossdmicos estafilococicos mec (SCCmec) | ao XIlII.
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As estruturas globais dos 13 tipos SCCmec reconhecidos por IWG-SCC sdo ilustradas com base nas seguintes
sequéncias nucleotidicas (tipo SCCmec), ID do isolado (nimero de acesso do GenBank): tipo I, NCTC10442
(AB033763); tipo 11, N315 (D86934); tipo Ill, 85/2082 (AB037671); tipo 1V, CA05 (AB063172); tipo V, WIS
[WBG8318] (AB121219); tipo VI, HDE288 (AF411935); tipo VII, JCSC6082 (AB373032); tipo VIII, C10682
(FJ390057); tipo 1X, JCSC6943 (AB505628); tipo X, JCSC6945 (AB505630); tipo XI, LGA251 (FR821779.1); tipo
XI1l, BA01611 (KR187111); e tipo XIII, 55-99-44 (MG674089). As repeticOes diretas que compreendem sequéncias
do sitio de integracdo do SCC estdo localizadas em ambas as extremidades do SCCmec (setas vermelhas). Os
complexos do gene mec e ccr sdo sombreados de rosa e azul, respectivamente. Sequéncias de insercao e transposons
identificados sdo indicados em amarelo. Genes relacionados a resisténcia a metais pesados e plasmideos integrados
localizados nas regifes J também séo indicados. Fonte: (BAIG et al., 2018).

1.4 COMMUNITY — ACQUIRED MRSA E HOSPITAL-ACQUIRED MRSA



Entre os anos de 60 e 90 infeccBes por MRSA era geralmente associada a ambiente de
salde. Por volta da década de 90, surgiram casos de infecges por MRSA em individuos que nao
tiveram hospitalizagéo prévia, sendo assim necessario uma definicdo para MRSA adquiridos em
ambiente hospitalar (Hospital-acquired Methicillin-resistant Staphylococcus aureus, HA-MRSA)
e MRSA adquirido na comunidade (Community-acquired Methicillin-resistant Staphylococcus
aureus, CA-MRSA) (THOMER; SCHNEEWIND; MISSIAKAS, 2016).

Inicialmente, CA-MRSA era caracterizado por apresentar maior taxa de viruléncia, baixa
taxa de resisténcia a clindamicina e eram predominantemente SCCmec tipos IV e V. Isolados HA-
MRSA eram predominantemente SCCmec tipos I, Il e Ill com altas taxas de resisténcia a
antimicrobianos (TURNER et al., 2019).

Houve uma mudanca na classificacdo desses microrganismos pelas caracteristicas
anteriormente aplicadas a diferenciacdo de CA e HA-MRSA n&o ser mais tdo evidentes. Portanto,
culturas positivas para MRSA de individuo oriundo da comunidade ou com 48 horas ou menos de
hospitalizacdo, classifica esse isolado como CA-MRSA, sendo que o individuo ndo deve ter
historico de hospitalizacdo, cirurgia, didlise, cateter de demora e nenhuma cultura positiva de
MRSA no ultimo ano (BUCK et al., 2005).

Essas definicbes, no entanto, subestimam a epidemiologia de S. aureus, pois essas
caracteristicas comecaram a homogeneizar-se, demonstrando que CA-MRSA e HA-MRSA pode
invadir outros nichos epidemiologicos (LAKHUNDI; ZHANG, 2018; TURNER et al., 2019).
Portanto, definicdes epidemioldgicas moleculares sdo consideradas as mais confidveis para
rastreamento das cepas de MRSA (TURNER et al., 2019; WANG et al., 2010).

Uma nova terminologia tem sido utilizada, ndo se tratando apenas de S. aureus, e nédo
apenas de hospital ou comunidade, mas uma terminologia que abrange a integralizacdo de
ambiente, saide animal e saide humana como uma sé para ado¢do de politicas publicas de satde
para prevencdo e controle de infecgdes, One Health, em tradugio livre “Satide Unica”
(ACHARYA; SUBRAMANYA; NEUPANE, 2021)

1.5 FATORES DE VIRULENCIA

A formacéo de biofilme por S. aureus é um fator que desempenha um papel fundamental
na patogénese e resisténcia a antimicrobianos (LUTHER et al., 2018). A taxa de infecc¢des por S.
aureus, especialmente as cepas resistentes a antibioticos, aumentou drasticamente recentemente,
0 que esta se tornando um problema sério em todo o mundo (GOULD et al., 2012).

O operon ica de S. aureus contém quatro genes (ica ABCD) organizados em uma estrutura
denominada operon-like. Contudo, a do biofilme se d&, principalmente, pela presenca do operon
transportador do gene icaA (MOULAVI et al., 2019).



Grande parte dos microrganismos sdo capazes de formar biofilme, esse mecanismo de
viruléncia confere um importante fator de protecdo ao produzir uma barreira que contribui para
fugir da resposta imune, favorece a troca génica entre os individuos que fazem parte deste
biofilme, fornece resisténcia quimica e mecanica contra agentes externos e maior resisténcia aos
antimicrobianos (HALL; MAH, 2017; LUAN; CHI; LIU, 2019).

A TSST-1 é uma exotoxina codificada pelo gene tst, € responsavel por causar uma reacédo
muito extrema do organismo onde é secretada. O resultado dessa reagdo é chamada de sindrome
do choque toxico (toxic shock syndrome — SST) e é caracterizada por febre de inicio rapido,
hipotensdo, erupcdo eritematosa e hiperemia da mucosa, seguida de descamacdo e faléncia
multipla de 6rgdos (DURAND et al., 2006).

O mecanismo de patogenicidade se da pela ativacdo direta dos linfécitos T pela TSST-1,
que se liga ao receptor de antigeno com forte afinidade, causando a liberacdo descontrolada de
citocinas pro-inflamatdrias responsaveis por todo o quadro sintomatoldgico da SST. Em geral a
SST apresenta uma taxa de mortalidade variando de 4 a 22% (NHAN; LECLERCQ; CATTOIR,
2011).

A leucocidina de Panton-Valentine (PVL) € uma citotoxina bi-componente codificada
pelos genes lukS-PV e lukF-PV carregados por um elemento genético mével. A PVL é uma toxina
citolitica, capaz de lisar neutréfilos, macréfagos e mondcitos. A presenca da PVL estd associada
a infecgbes de maior patogenicidade, como a pneumonia necrotizante, infec¢Bes cutéaneas,
abcessos, furtnculos e sitios cirdrgicos (SHAHINI et al., 2017)

Até pouco tempo, essa citotoxina era associada a infeccGes de pele provenientes da
comunidade, porém o cenario tem mudado e novos relatos tem sido feito sobre a presenca dessa
toxina em isolados provenientes de infeccdes hospitalares e invasivas (BAMBERGER, 2017;
GOUDARZI et al., 2019; SHRESTHA, 2013)

1.6 EPIDEMIOLOGIA

A disseminacao global de clones especificos de MRSA tem se tornado em grande problema
de salde publica e assim o entendimento da dindmica de disseminacdo requer o conhecimento da
frequéncia mundial deste patdgeno. ComparacGes internacionais evidenciam variagoes
importantes na prevaléncia de infecgbes por MRSA.

Em estudo recente realizado pelo National Healthcare Safety Network (NHSN), do Centers
for Disease Control and Prevention (CDC) nos Estados Unidos, com agentes de infeccdes

relacionadas a assisténcia a saude, entre 2015 e 2017, em que foram avaliados patégenos de 5.626



servigos de saude, S. aureus foi identificado como o segundo patégeno mais frequente (42.132 -
12 %), considerando todos os tipos de IRAS (WEINER-LASTINGER et al., 2020). No entanto,
este percentual variou por categoria de infecgdo e com a unidade de saude. Considerando todas as
unidades de saude incluidas, em infecgdes hospitalares associadas a dispositivos invasivos a
frequéncia de 48,4% dos S. aureus eram resistentes a meticilina. Quando analisado exclusivamente
as infeccBes da corrente sanguinea relacionadas a cateter venoso por unidade de internacédo, 0s
autores relataram em Unidades de Terapia Intensiva taxas de MRSA de 50%, em enfermarias de
53,8% e em unidades de longa permanéncia de 77,6%.

Dados reportados a Rede Européia de Vigilancia de Resisténcia Antimicrobiana (EARS-
Net) embora tenham evidenciado uma tendéncia decrescente entre 2015-2019, apontam que
MRSA continua sendo um patdgeno importante de infec¢bes bacterianas graves. Entre os 30
paises da Unido Européia incluidos em 2019, foram reportados dados de 75.303 S. aureus, 0
segundo microrganismo mais relatado (20,6%). De acordo com a regido geogréafica, a resisténcia
antimicrobiana de S. aureus apresentou grandes variacdes. Taxas mais baixas de S. aureus foram
verificadas em paises do norte da Europa, como na Noruega (1,1%), e maiores em paises do sul e
leste, como na Roménia (46,7%) (EUROPEAN CENTRE FOR DISEASE PREVENTION AND
CONTROL (ECDC), 2020).

Por outro lado, dados da Organizacdo Mundial da Saude (World Health Organization —
WHO) apontam taxas de MRSA maiores que 80% em alguns paises da Asia (WHO, 2017). No
Brasil tém sido relatadas frequéncias de 34,1% a 85% (ANDRADE et al., 2020; ARIAS et al.,
2017; DUARTE et al., 2018; LAKE et al., 2018; PERUGINI et al., 2015).



2 JUSTIFICATIVA

S. aureus € o principal patégeno causador de infec¢bes adquiridas na comunidade ou no
hospital, responsavel por taxas de morbidade e mortalidade elevadas no mundo todo. Esse
microrganismo pode produz varios fatores de viruléncia, entre eles a Panton-Valentine Leukocidin
(PVL), responsavel pela lise de leucécitos e necrose tecidual. PVL tem sido mais comumente
associada a infeccOes de tecidos e partes moles por S. aureus adquiridos na comunidade ou no
hospital resistentes ou ndo a meticilina. Atualmente, estudos tem mostrado que esse fator de
viruléncia ndo esta necessariamente associado a infec¢des de tecidos e partes moles, mas também
estd associado a infeccBes invasivas. A prevaléncia da PVL em S. aureus é bastante variavel no
mundo todo e tem mostrado um aumento em diferentes paises como Japdo, Estados Unidos da
América, China, Alemanha, entre outros. No entanto, h4 dados limitados sobre essas
caracteristicas na regido geografica do Parand, mais especificamente na regido norte. Portanto,
verificou-se a necessidade de um estudo das caracteristicas fenotipicas e genotipicas dos S. aureus
causadores de infecgdes invasivas no Hospital Universitario de Londrina (HUL), para melhor

elucidar as cepas presentes nesse meio e melhor manejo dos pacientes com essas infeccoes.



3 OBJETIVOS

3.1 OBJETIVO GERAL

Avaliar o perfil de sensibilidade, caracteristicas fenotipicas e genotipicas de S. aureus
causadores de infeccBes invasivas (Aspirado de medula 6ssea, Fragmento Osseo, Liquido

Cefalorraquidiano, Liquidos intra-cavitarios e Sangue).

3.2 OBJETIVOS ESPECIFICOS

a) Avaliar do perfil de sensibilidade aos antimicrobianos.

b) Identificar a presencga do gene de resisténcia mecA

c) Identificar a presenca de genes de viruléncia (IcaA, tsst, pvl)
d) Realizar a tipagem molecular SCCmec;

e) Identificar clonalidade dos isolados mecA e pvl positivos;
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ABSTRACT

Background: Staphylococcus aureus is a major cause of a wide diversity of infections
in humans, and the expression of Panton Valentine Leukocidin has have been associated with

severe clinical syndromes.

Objectives: The primary aim of the present study was to investigate the prevalence of
PVL encoded genes in S. aureus isolated from clinical samples of inpatients with invasive

infections in a teaching hospital in Southern Brazil.

Methods: A total of 98 S. aureus isolates recovered from different body sites were
characterized according to their antimicrobial susceptibility profile, methicillin-resistance and
SCCmec typing, genetic relatedness and (co)occurrence of the virulence encoded genes icaA
from the intercellular adhesion locus (encoding N-acetylglucosaminyl transferase) and tst

(encoding toxic shock syndrome toxin).

Results: One S. aureus isolate was susceptible to all antimicrobial agents. Sixty eight
(69.4%) isolates were classified as methicillin-resistant and among them, four (5.9%) did not
harbor the mecA gene. The mecA-harboring MRSA isolates were distributed into SCCmec types
| (6.3%), 11 (62.5%), 111 (6.3%), IV (18.6%), V (3.1%), and VI (1.6%). One isolate (1.6%) was
classified as non-typeable (NT). Aside methicillin resistance, 69 isolates (70.4%, 9 MSSA and
58 MRSA isolates) displayed resistance to three or more antimicrobial classes and were
classified as multidrug-resistant. One S. aureus isolate did not harbor any virulence encoding

genes analyzed in this study. The other isolates presented at least one gene, and the overall



prevalence was as follows: icaA, 99.0%; tst, 27.5%; and lukS-PV/IukF-PV, 50.0%. The presence
of tst gene was significantly higher (p < 0.001) in MSSA isolates compared to MRSA.

Conclusion: The present study reports a high prevalence of multidrug-resistant S.
aureus harboring the lukS-PV/IuKF-PV and tst genes in invasive infections. The continuous
monitoring of the antimicrobial susceptibility profile and virulence of S. aureus is an important

measure for the control of infections caused by this bacterium.

Keywords: Multidrug-resistance, SCCmec typing, REP-PCR fingerprinting, toxic

shock syndrome toxin, intercellular adhesion locus.

INTRODUCTION

Staphylococcus aureus can be found as colonizer of the various human body sites
(Krismer et al., 2017). Nevertheless, this bacterial species is the leading cause of a wide
diversity of human infections, ranging from brand skin and soft tissue to life-threatening
disseminated infections (Lowy, 1998). Importantly, S. aureus has been able to acquire
resistance to nearly all antibiotics used to treat it. In fact, penicillin-resistant (Rammelkamp;
Maxon 1942) and methicillin resistant (Jevons, 1961) S. aureus emerged soon after these beta-
lactam agents were introduced into the clinical practice. Currently, a substantial proportion of
staphylococcal infections is caused by methicillin-resistant S. aureus (MRSA) with persistently
high mortality rates (Lakhundi; Zhang 2018; Turner et al., 2019; Andrade et al., 2020).

MRSA was first associated with infections in healthcare settings, including the
hospital environments (Healthcare-Associated MRSA, HA-MRSA). However, since the 1980s,
it was also emerged as a major cause of staphylococcal infections in the community
[(Community-associated MRSA, CA-MRSA), Saravolatz et al., 1982; Tenover; Goering 2009].
Historically, CA-MRSA strains were principally associated with infections in healthy
individuals with no aparently identified risk for MRSA infection, and displayed particular
features that differed from those of HA-MRSA strains. For instance, CA-MRSA was
susceptible to various non-beta-lactam antimicrobials to which HA-MRSA was tipically
resistant; harbored predominantly the SCCmec types IV and V, while the types Il and 111 were
frequently detected in HA-MRSA; and expressed several virulence factors and toxins,
especially the Panton-Valentine leukocidin (PVL) that were not commonly observed in HA-
MRSA (Vandenesch et al., 2003; Calfee, 2017; Saeed et al., 2018; Lakhund, Zhang 2018).
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However, an exchange of ecological niches between these two independent populations has
been observed in recent decades, with HA-MRSA isolated outside hospitals and CA-MRSA
isolated in hospitals, and exhibiting miscelaneous features (Calfee, 2017; Lakhund, Zhang
2018; Tajik et al., 2020).

Among the S. aureus virulence arsenal, invasive infections caused by PVL-
positive bacteria have been associated with poor outcome and high mortality rates, regardless
of the methicillin-resistance (Sicot et al., 2013; Gillet et al., 2018; Yokomori et al., 2020).
Theprevalence of S. aureus harboring the PVL encoded genes is quite variable worldwide.
Nevertheless, an increase in the prevalence of these strains has been reported in several
countries (Amin et al., 2020; Iliya et al., 2020; Klein et al., 2020; McGuinness et al., 2021).

University Hospital of Londrina (UHL) is a teaching hospital and a major referral
centerin the north of Parana state, Brazil for high complexity cases. The number of MRSA
isolates detected in this hospital has increased over the years (Duarte et al., 2018). However,
there are limited data on PVL-harboring S. aureus in our institution. Therefore, the aim of
the present study was to investigate the prevalence of PVL encoded genesin S. aureus isolated
from clinicalsamples of inpatients with invasive infections. The isolates were characterized
according to their antimicrobial susceptibility profile, genetic relatedness and (co)occurrence
of the virulence encoded genes icaA from the intercellular adhesion locus (encoding N-

acetylglucosaminyl transferase) and tst (encoding toxic shock syndrome toxin).

MATERIAL AND METHODS
Hospital and bacterial isolates

The Hospital Universitario de Londrina (HU) of the Universidade Estadual de Londrina
(UEL) is a tertiary hospital and a referral center for Sistema Unico de Sadde (SUS — a Brazilian
governmental healthcare assistance program) for high complexity cases in the north region of
the Parand state, Brazil. It serves patients from about 250 municipalities in Parana and from
more than 100 cities in other states. It has 313 beds distributed among inpatient units,
emergency room and intensive care unit (ICU). A total of 98 non-duplicates S. aureus isolated
from inpatients diagnosed with invasive infection between January 2015 and December 2019
were randomly taken from the bacterial collection of the Laboratory of Clinical Microbiology.

The isolates were recovered from blood (n=68), bone tissue (n=14), bone marrow aspirate
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(n=1), cerebrospinal fluid (n=4) and general fluids (n=11) and classified according to the
Centers for Disease Control and Prevention (CDC) definitions of healthcare associated
infection (HAI) (Horan et al., 2008). The study protocol was approved by the Ethics Committee
of UEL (CAAE number 79663417.2.0000.5231 and approval number 2.421.361). The
identification of species was based on phenotypic profile generated by standard methods
(Jorgensen et al., 2015). Species identification was confirmed by a multiplex-PCR targeting the
nuc gene (encoding thermonuclease) according to Hirotaki et al. (2011). Bacteria were stored
in Tryptone Soya Broth (TSB, Oxoid, Brazil) containing 30% glycerol at -80°C. Before the
experiments, bacteria were grown in Tryptone Soya Agar (TSA, Himedia, Brazil) agar at 35°C
for 24 h.

Antibacterial susceptibility profile

The isolates were tested for susceptibility to penicillin, oxacillin, clindamycin,
ciprofloxacin, erythromycin, gentamicin, linezolid, rifampicin, sulfamethoxazole-trimethoprim
and tigecycline by the automated method using the Vitek2® System ATS-P585 card
(bioMérieux, USA). The susceptibility breakpoints were those recommended by the Clinical
and Laboratory Standards Institute (CLSI, 2019) except tigecycline that was interpreted
according to the European Committee on Antimicrobial Susceptibility Testing (EUCAST,
2019). Oxacillin was used to define MRSA phenotypically. Enterococcus faecalis ATCC 29212

and S. aureus ATCC 25923 were used as quality controls.

Genotypic characterization
DNA extraction

One colony of each S. aureus isolate was inoculated into 3 mL TSB and incubated at
35°C for 24 h. The cells were harvested by centrifugation (10,000 x g for 5 min), washed once
with sterile 0.15 M phosphate-buffered saline pH 7.2 and resuspended in 300 xL sterile solution
(20 mM Tris-HCI, 1 mM EDTA pH8.0, 1.0 mg/mL lysozyme). Genomic DNA was purified as

described previously (Ausubel et al., 1999), and 2 uL were used in all amplification reactions.
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Detection of virulence-encoding genes by PCR

The genes icaA (encoding N-acetylglucosaminyltransferase of the intercellular adhesion
locus), lukS-PV/IukF-PV (encoding Panton-Valentine leukocidin-PVL) and tst (encoding toxic
shock syndrome toxin-TSST-1) were detected as described by Campbell et al. (2008). S. aureus
BEC 9393 (mecA*, icaA™, tst*) and S. aureus ATCC 25923 (coa™, lukS-PV/IukF-PV™*) were

used as controls.

MRSA typing

The presence of mecA gene and the SCCmec types of all MRSA isolates were
determined by multiplex PCR assay as described by Milheirico et al. (2007). Non-typeable
isolates were designated as NT. The following S. aureus strains were used as controls:
NCTC10442 (type 1), N315 (type 1), 85/2082 (type I11), 81/108 (type IV), WIS [WBG8318]
(type V) and HDE288 (type VI).

The genetic relatedness of all MRSA harboring the lukS-PV/IukF-PV genes was
analyzed by repetitive element sequence based-PCR (REP-PCR) according to Del Vecchio et
al. (1995). Fingerprintings that had more than one band differing in size were considered
different REP-PCR types (van der Zee et al., 1999). Banding patterns were categorized using
the Dice coefficient of Gel J software (Heras et al., 2015), with the band tolerance set at 3%
and the threshold cutoff value set at 85% (de Oliveira et al., 2015).

Statistical analyses

The categorical variables were expressed as absolute number (n) and percentage (%)
and were compared with the chi-square test or Fisher’s exact test using IBM SPSS windows

version 20. p values less than 0.05 were considered significant.
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RESULTS AND DISCUSSION

Staphylococcus aureus isolated from inpatients with invasive infections exhibits multi-

drug resistance phenotype

S. aureus is a leading cause of bacteremia worldwide (Duarte et al., 2018;
Lisowska-Lysiak et al., 2021) which may be complicated by metastatic infections such as septic
arthritis, endocarditis, osteomielitis and sepsis (Kuehl et al., 2020; Lisowska-Lysiak et al.,
2021). Importantly, persistent S. aureus bacteremia has been associated with increased
mortality rates (Kuehl et al., 2020; Wachter et al., 2021). In fact, due to the arsenal of virulence
factors (Cheung et al., 2021) and the increasing rates of multidrug resistant strains isolation

(Guo et al., 2020), the treatment of S. aureus infection has become more difficult.

Ninety eight non-duplicate S. aureus isolates recovered from inpatients of HU-UEL
with invasive infections were included in the present study. One isolate was susceptible to all
antimicrobial agents tested in this study, and all isolates were susceptible to linezolide and
tigecycline. Conversely, resistance was observed for penicillin (96/98, 98.0%), erythromycin
(71/98, 72.4%), oxacillin (68/98, 69.4%), clindamycin (68/98, 69.4%), ciprofloxacin (56/98,
57.1%), gentamicin (8/98, 8.2%), sulfamethoxazole-trimethoprim (6/98, 6.1%) and rifampicin
(5/98, 5.1%). Thirteen antimicrobial resistance profile (antibiotypes) were observed among all
isolates and the most prevalent was the co-resistance to penicillin, oxacillin, erythromycin,
clindamycin and ciprofloxaxin (46/98, 46.9%. Table 1). Sixty nine isolates (70.4%, 9 MSSA
and 58 MRSA isolates) displayed resistance to three or more antimicrobial classes and were

classified as multidrug-resistant according to Magiorakos et al. (2015) criteria.

A high proportion of S. aureus (68/98, 69.4%) was classified as methicillin-resistant
according to the oxacillin resistance phenotype and among them, four (4/68, 5.9%) did not
harbor the mecA gene. The mecA-harboring MRSA isolates (n = 64), were distributed into six
SCCmec types and the prevalence was as following: | (4/64, 6.3%), 11 (40/64, 62.5%), |11 (4/64,
6.3%), IV (12/64, 18.6%), V (2/64, 3.1%), and VI (1/64, 1.6%). One isolate (1/64, 1.6%) was

classified as NT.

Previous studies of our research group have been reported the predominance of MRSA
harboring SCCmec Il elements isolated from different clinical sources in HU-UEL. The study
of de Oliveira et al. (2015) and Bodnar et al. (2016) reported a prevalence of 53.7% (66 out of
123 MRSA s isolates) and of 43.6% (24 out of 55 MRSAs isolates) of SCCmec type Il MRSA

isolates, respectively. Recently, Duarte et al. (2019) also reported the prevalence of 65.4% (34
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out of 59 MRSA isolates) of SCCmec type Il among MRSA isolated from inpatients with

bloodstream and respiratory tract infections.

Other studies also reported higher prevalence of SCCmec type 1l in MRSA isolated from
patients of hospitals located in different regions of Brazil. Most of the MRSA isolates (26/27,
96.3%) from different clinical samples of inpatients of a hospital of Sdo Carlos, S&do Paulo
carried the SCCmec type Il (Okado et al., 2018). Nascimento et al. (2018) reported a temporal
change in the MRSA carrying the SCCmec types isolated from patients admitted to intensive
care unit over a period of six years (2005-2010) in a teaching hospital of Juiz de Fora, Minas
Gerais. During the first three years, the Brazilian Epidemic Clone (BEC, ST239/SCCmec IlI)
was the most prevalent, while the USA 100 (CC5/SCCmec Il) clone emerged in 2007 and
remained the most prevalent in the last three years. Machado et al. (2021) analyzed MRSA
isolated from inpatients with invasive infections in two hospital of Niter6i, Rio de Janeiro.
Among 62 isolates, 39 (62.9%), 14 (22.6%) and nine (14.5%) MRSA carried the SCCmec types
I, 1V and Ill, respectively. Furthermore, as observed in the present study, high rates of
resistance were observed for erythromycin (74.2%), ciprofloxacin (64.5%) and clindamycin

(46.1%) among those isolates.
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Table 1: Distribution of antimicrobial resistance profile of methicillin-susceptible and
methicillin-resistant Staphylococcus aureus isolated from patients with invasive infections

admitted to the University Hospital of Londrina, Parand, Brazil.

Antibiotype Resistance phenotype Number of isolates
MSSA n=30 (%) MRSA n=68 (%) n=98 (%)*
A P 16 (53.3) - 16 (16.3)
B P, E 2 (6.7) - 2(2.0)
C P, E, DA 10 (33.3) - 10 (10.2)
D P, E, DA, SXT 1(3.3) - 1(1.0)
E P, OX - 9 (13.2) 9(9.2)
F P, OX, E - 1(1.5) 1(1.0)
G P, OX, E, DA - 1(1.5) 1(1.0)
H P, OX, E, SXT - 1(15) 1(1.0)
| P, OX, DA, CIP - 1(1.5) 1(1.0)
J P, OX, E, DA, CIP - 46 (67.6) 46 (46.9)
K P, OX, E, DA, CIP, CN - 4 (5.9) 4 (4.1)
L P, OX, E, DA, CIP, RD - 1(1.5) 1(1.0)
M P, OX, E, DA, CIP, CN, SXT, RD - 4 (5.9) 4 (4.1)
Total 29 68 97

Antimicrobial susceptibility was determined by the automated method using the Vitek2® System. The results were
interpreted as recommended by CLSI (2019) except tigecycline that was interpreted according to the EUCAST
(2019). One isolate was susceptible to all antimicrobial agents tested. -: not detected. P: penicillin; OX: oxacillin;
CIP: ciprofloxacin; DA: clindamycin; E: erythromycin; CN: gentamicin; RD: rifampicin; STX:
sulfamethoxazole/trimethoprim.

High prevalence of Staphylococcus aureus isolated from inpatients with invasive infections
harbors the lukS-PV/IukF-PV genes

One S. aureus isolate did not harbor any virulence encoding genes analyzed in the
present study. Conversely, the other isolates presented at least one gene, and the overall
prevalence was as follows: icaA, 99.0% (97/98); tst, 27.5% (27/198); and lukS-PV/IukF-PV,
50.0% (49/98). Only the presence of tst gene was significantly higher (p < 0.001) in MSSA
isolates compared to MRSA. Most isolates (37/98, 37.8%) co-harbored the icaA and lukS-
PV/IUKF-PV genes; the other isolates harbored the following combination: icaA and tst (15/98,
15.3%); icaA, lukS-PV/IukF-PV and tst (12/98, 12.2%) (Table 2).

The icaA gene encodes the biosynthesis of the polysaccharide intercellular adhesin
[PIA, Cramton et al., 1999)] that participates in the biofilm maturation stage, promoting
intercellular aggregation and adhesion to abiotic surfaces (Rohde et al., 2010). The ability to
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form biofilm on biotic or abiotic surfaces (such as implanted medical devices) contributes to
the success of S. aureus as a colonizer or pathogen. In fact, biofilms provide advantages to
bacteria within these communities, such as tolerance to antimicrobial agents and protection
against immune defense molecules. Therefore, infections associated with biofilm formation are
persistent and difficult to treat (Otto, 2018), increasing both the treatment costs and the

mortality rates (Yousif et al., 2015).

Besides the ability to form biofilm that contributes to the evasion of host immune
defenses, S. aureus is able to produce several toxins that kill phagocytes, avoiding being
eliminated by these cells. As we mentioned before, the lukS-PV/IukF-PV genes encode the bi-
component B-pore-forming toxin Panton Valentine Leukocidin (PVL), which participates in
this process. PVL targets and lysis polymorphonuclear leukocytes, monocytes, and
macrophages (Kaneko; Kamio 2004), inducing the leakage of proteases and reactive oxigen
species (ROS) into the surrounding environment, resulting in tissue damage of alveolar
epithelial and endothelial barriers (Konig et al., 1995). This toxin has been associated with S.
aureus skin and soft tissue infections, necrotizing pneumonia and septic shock (Spaan et al.,
2017; Yokomori et al., 2020).

The tst gene is located into a pathogenicity island and encodes the toxic shock syndrome
toxin 1 (TSST-1), a potent exotoxin of the superantigens family associated with the toxic shock
syndrome illness (Novick; Ram 2017). TSST-1 activates T lymphocytes and macrophages,
inducing the overproduction of inflammatory cytokines that causes systemic inflammation and
shock, leading to multi-organ dysfunction (Xu; McCormick 2012; Peng et al., 2021). Toxic
shock syndrome was commonly associated with menstruation and absorbent tampons
(Schlievert; Davis 2020); currently, this illness is more frequently triggered by other
staphylococcal infections and is associated with higher mortality rates (Gillet et al., 2018; Kim
etal., 2019).
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Table 2: Distribution of virulence encoding genes profile in methicillin-susceptible and
methicillin-resistant Staphylococcus aureus isolated from inpatients with invasive infections

admitted to the University Hospital of Londrina, Parana, Brazil.

Virulence marker Number of isolates
MSSA n = 30 (%) MRSA n = 68 (%) Totaln=98 (%) pvalue

icaA 29 (96.7) 68 (100.0) 97 (99.0) 0,306
lukS-PV/IukF-PV 13 (43.3) 36 (52.9) 49 (50.0) 0,381
tst 15 (50.0)* 12 (17.6)* 27 (27.6) 0,001
Co-harboring

icaA, lukS-PV/IUKF-PV 5 (16.7) 32 (47.1) 37 (37.9) 0,381
icaA, tst 7(23.3) 8(11.8) 15 (15.3) 0,001
icaA, lukS-PV/IUKF-PV, tst 8 (26.7) 4 (5.9) 12 (12.2) 0,007

One MSSA isolate did not harbor any virulence marker tested. icaA: intercellular adhesion locus encoding N-
acetylglucosaminyltransferase; tst: toxic shock syndrome toxin; lukS-PV and lukF-PV: B-pore-forming Panton-
Valentine leukocidin. *P < 0.001

Table 3 shows the relationship among the antimicrobial resistance profile,
SCCmec types and virulence encoded genes profile of 65 mecA-harboring MRSA. Although no
statistical correlation was found, it was also observed that: a) the lukS-PV/IukF-PV genes were
detected in MRSA isolates distributed into all SCCmec types and exhibiting different
antimicrobial resistance profiles, including that classified as NT. b) most MRSA isolates
harboring the combination of icaA and lukS-PV/IukF-PV genes presented SCCmec type Il and
antibiotype J (resistant to penicillin, oxacillin, erythromycin, clindamycin and ciprofloxacin);
c) the tst gene was not detected in MRSA isolates harboring the SCCmec type IV (Table 3).
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Table 3: Relationship among the antimicrobial resistance profile, SCCmec types and virulence
encoded genes profile of 65 mecA-harboring MRSA isolated from patients with invasive

infections admitted to the University Hospital of Londrina, Parand, Brazil.

SCCmec? Antibiotype Virulence encoded gene profile® n (%)
I H icaA, lukS-PV/IukF-PV 1(1.54)
K icaA, tst 3(4.62)
I E icaA 1(1.54)
F icaA 1(1.54)

J icaA 15 (23.08)

icaA, lukS-PV/IukF-PV 17 (26.15)
icaA, tst 4 (6.15)
icaA, IukS-PV/IukF-PV, tst 2 (3.08)
L icaA 1 (1.54)
I M icaA 1(1.54)
icaA, lukS-PV/IukF-PV 2 (3.08)
icaA, tst 1(1.54)
v E icaA 1(1.54)
icaA, lukS-PV/IukF-PV 6 (9.23)
J icaA 4 (6.15)
icaA, IukS-PV/IukF-PV 1 (1.54)
V J icaA, lukS-PV/IukF-PV 1(1.54)
K icaA, IukS-PV/IUKF-PV, tst 1(1.54)
Vi G icaA, lukS-PV/IukF-PV, tst 1(1.54)
NT J icaA, lukS-PV/IukF-PV 1(1.54)

3SCCmec typing was carried out according to described by Milheirico et al. (2007). coa: coagulase; icaA:
intercellular adhesion locus encoding N-acetylglucosaminyltransferase; tst: toxic shock syndrome toxin; lukS-PV
and lukF-PV: B-pore-forming Panton-Valentine leukocidin. -: not detected.

MRSA harboring the SCCmec type Il isolated from inpatients of our hospital
remained relatively stable over the ten years period studied. However, the prevalence of the
lukS-PV/IukF-PV and tst genes varied in the different samples, although the previous studies
were carried out with MRSA isolated from different clinical sources. de Oliveira et al. (2015)
identified a occurrence of 2.4% of MRSA isolates carrying the lukS-PV/IukF-PV genes (one
and two out of 123 isolates recovered from blood and general swab, respectively); and these
isolates presented the SCCmec type IV structure. The tst gene was detected in 34.1% of MRSA
harboring the SCCmec types I, 11, IV and non-typeable SCCmec structure. The study of Duarte
et al. (2019) identified the presence of the lukS-PV/IukF-PV genes in seven MRSA SCCmec
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type Il (20.6%, five and two out of 34 isolates recovered from tracheal secretion and blood,
respectively); and none SCCmec type Il MRSA was positive for tst gene. Table 4 shows the
evolution of MRSA isolates harboring the lukS-PV/lukF-PV and tst genes in our hospital.

Table 4: Distribution of MRSA harboring the lukS-PV/lukF-PV and tst genes isolated from

patients admitted to the University Hospital of Londrina, Paran, Brazil.

Years Specimen IukS-PV/IukF-PV (%) tst (%) Reference
2010-2013  Blood, tissue fragment, tracheal SCCmec type SCCmec  de Oliveira et
aspirate, urine, general discharge IV (2.4) types al., 2015
and general swab | (22.0)
11 (5.7)
IV (4.1)
NT (2.4)
2015-2016 Blood and tracheal aspirates SCCmec type? Duarte et el.,
11 (20.6) ] 2018
2015-2019 Blood, bone tissue, bone marrow SCCmec types SCCmec  This study
aspirate, ce_rebrospinal fluid and | (1.5) types
general fluids | (4.6)
11(29.2)
I (3.1) 11(9.2)
IV (10.8) I (1.5)
V (3.1) V (1.5)
VI (L5) VI (1.5)
NT (1.5)

SCCmec typing was performed according to Milheirico et al., (2007). Percentage was calculated
considering the total number of mecA positive MRSA isolates. The genes were screened only in SCCmec type 1l
MRSA isolates. — Not detected. NT: non-typeable.

Methicillin-resistant Staphylococcus aureus harboring the IukS-PV/IukF-PV genes

displayed low genetic relatedness

Visual observation of bands generated by REP-PCR typing showed a total of 27
banding patterns (named 1 to 27), indicating a relatively high genetic diversity among MRSA
isolates harboring the lukS-PV/IukF-PV genes. Clusters analysis, by using a cutoff value of 85%
(de Oliveira et al., 2015), revealed that the majority of MRSA exhibited unique fingerprinting
patterns. Five clusters (named A to E) were identified. Clusters A and C harbored three isolates
each, and clusters B, D and E harbored three isolates each (Figure 1).
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Figure 1: The banding pattern obtained by REP-PCR based on Dice similarity coefficient

showing the genetic relatedness of MRSA harboring the lukS-PV/IukF-PV genes

Globally, the prevalence of S. aureus carrying the lukS-PV/IukF-PV genes is
highly variable and can be related to bacterial strain types. In fact, the presence of these genes
has been primarily associated with community-acquired MRSA (CA-MRSA) (Saeed et al.,
2018), which typically harbors the SCCmec type IV and displays low rate of resistance to non-
beta-lactam antimicrobials (Otter; French, 2012). The present study reports a high prevalence
of multidrug-resistant S. aureus harboring the lukS-PV/IukF-PV and tst genes in invasive
infections. Furthermore, an increasing burden and changes in the molecular epidemiology of S.
aureus both genes have been observed in our hospital in the past decade. Therefore, the
continuous surveillance is crucial to identify changes in the antimicrobial susceptibility profile
and virulence of S. aureus and thus, update measures to control infections caused by this

bacterium.
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