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Resumo

Os microrganismos do género Staphylococcus spp. sao classificados
COmo cocos gram-positivos e normalmente estdo presentes na microbiota
humana. Em ambientes hospitalares, no entanto, a exposicdo de pacientes
debilitados a estes microrganismos pode ocasionar tanto infec¢cées simples
quanto patologias graves. A oxacilina € um dos antimicrobianos mais utilizados
no tratamento de infec¢cdes por estafilococos, porém é bastante frequente o
isolamento de cepas resistentes. A vancomicina, medicamento que pertence a
classe dos glicopeptideos, € a principal escolha na terapia de Staphylococcus
aureus resistente a oxacilina/meticilina (MRSA), mas outras drogas alternativas
também podem ser empregadas no caso de resisténcia, como a teicoplanina,
daptomicina, tigeciclina e linezolida. Embora a maioria das cepas de MRSA
demonstre sensibilidade in vitro a estes antimicrobianos alternativos, percebe-
se que por vezes ocorre falha na acdo do antibidtico e, sem explicacédo
aparente, sdo detectados fracassos nas terapias em infeccdes estafilocécicas.
O objetivo deste trabalho foi avaliar as variaveis relacionadas ao desfecho no
tratamento de pacientes hospitalizados com infec¢cbes por Staphylococcus
spp., analisando caracteristicas clinicas do paciente bem como caracteristicas
microbiolégicas e moleculares dos microrganismos isolados. O estudo foi
observacional analitico e ndo intervencionista, com delineamento do tipo coorte
prospectiva, com inicio em agosto de 2012 e término em julho de 2015, sendo
um total de 232 amostras isoladas no periodo. Com relacdo as espécies, S.
aureus esteve presente em 49,5% dos casos de infeccao e S. epidermidis foi a
principal espécie isolada dentre os estafilococos coagulase negativa (43,4%).
Para as espécies de coagulase negativa, a resisténcia a meticilina foi
significativamente maior (p< 0.01) se comparada a espécie S. aureus (75,7%
vs. 17,6%). As amostras resistentes a meticilina apresentaram concentracao
inibitdria  minima para vancomicina estatisticamente maior (p< 0,001) se
comparado as sensiveis (1,11 vs. 1,56 pg/mL). Além disso, com relacdo a
resisténcia, 36 amostras (15,5%) apresentaram hetero-resisténcia intermediaria
a vancomicina (hVIS). Nao foi verificada transmissao vertical na maioria das
amostras de hVIS uma vez que o perfil genético apresentou relacdo de

similaridade em apenas quatro isolados. Apés o tratamento da infeccao, 23,8%



dos pacientes foram a Obito. A resisténcia a meticilina ndo foi relacionada a
mortalidade, mas foi verificado um aumento significativo no tempo de
internacao hospitalar nestes casos. Nao houve influéncia nas taxas de 6bito em
funcdo da hetero-resisténcia intermediaria e de valores elevados de MIC para
vancomicina. A presenca de leucocidina de Panton-Valentine (PVL) foi
observada em 25 isolados e 46% das cepas de S. aureus foram consideradas
fortes produtores de biofilme. A maioria dos isolados apresentou SCCmec IV
(35%), SCCmec Ill (14%), agr | (46%), agr 1l (24%) e o0 agr esteve ausente em
11% das amostras. A auséncia de agr foi associada ao aumento do MIC para
vancomicina (1,93 vs. 1,59 ug/mL, p= 0,050). ApOs avaliacdo sérica, apenas
8,6% das dosagens de vancomicina estavam dentro da janela terapéutica,
51,4% estavam abaixo do especificado e 40% acima. Nao foi verificada relacéo
do o6bito com os niveis séricos de vancomicina (p= 0,892), porém a
nefrotoxicidade foi relacionada com niveis séricos de vancomicina superiores a
15 pg/mL.

Abstract

Microorganisms of the Staphylococcus spp. genus are classified as gram-
positive cocci and usually are found in the human microbiota. In nosocomial
environment, however, the exposure of debilitated patients to these
microorganisms can cause both simple infections and serious diseases.
Methicillin is one of antimicrobials used in the treatment of Staphylococcal
infections, but is frequent the isolation of resistant strains. Vancomycin, a
glycopeptide drug, is the first choice in the therapy of methicillin-resistant
Staphylococcus aureus (MRSA), but alternative drugs can be employed in
cases of resistance such as teicoplanin, daptomycin, tigecycline and linezolid.
Although most MRSA strains are susceptible in vitro to these alternative
antimicrobials, it is reported unexplained failure in antibiotic action and
Staphylococcal infections therapy. The objective of this study was to evaluate
the variables associated with outcome in treatment of Staphylococcus spp.
infections, assessing clinical features of the patient as well as microbiological

and molecular characteristics of microorganisms. The study was observational



and non-interventionist, a prospective cohort design, from August 2012 to July
2015, and 232 samples were isolated in the period. Regarding to species, S.
aureus was found in 49.5% of cases of infection and S. epidermidis was the
most frequent specie isolated from the coagulase negative Staphylococci
(43.4%). For coagulase negative species, methicillin resistance was significantly
higher (p <0.01) compared to S. aureus (75.7% vs. 17.6%). Methicillin-resistant
strains presented vancomycin minimum inhibitory concentration (MIC)
statistically higher (p <0.001) compared to susceptible strains (1.11 vs. 1.56
png/mL). Moreover, with respect to resistance, 36 samples (15.5%) were
classified as heterogeneous vancomycin-intermediate Staphylococcus spp.
(hVIS). There was no vertical transmission in most of hVIS samples since the
genetic profile showed similarity relation only in four isolates. After infection
treatment, 23.8% of patients died. The methicillin resistance was not associated
with mortality, but was a significant increase in length of hospital stay in these
cases. There was no influence on mortality rates due to the heteroresistance or
high levels of vancomycin MIC. The presence of Panton-Valentine Leucocidin
(PVL) was observed in 25 isolates and 46% of S. aureus strains were found to
be strong producers of biofilm. Most isolates were classified as SCCmec IV
(35%), SCCmec Il (14%), agr | (46%), agr Il (24%) and agr was absent in 11%
of samples. The absence of agr was associated with an increased vancomycin
MIC (1.93 vs. 1.59 pg/mL, p= 0.050). After serum evaluation, only 8.6% of
vancomycin doses were within the therapeutic window, 51.4% were below and
40% were above. There was no association of mortality with vancomycin
troughs (p = 0.892), but nephrotoxicity was associated to vancomycin serum

levels higher than 15 pg/mL.
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1 REVISAO DA LITERATURA

1.1 Importancia clinica dos Staphylococcus spp.

Staphylococcus spp. s@o cocos gram-positivos que, em analise
microscopica, formam arranjos semelhantes a cachos de uvas. Parte da
diferenciacdo entre as espécies do género € realizada através do teste da
enzima coagulase: para Staphylococcus aureus, a espécie mais relevante e
patogénica, o teste da coagulase € positivo(1); dentre os estafilococos
coagulase-negativos (CoNS) mais comumente relacionados a infecgdo
destacam-se o S. epidermidis, S. haemolyticus e S. lugdunesis(2, 3).

O género é frequentemente relacionado a infeccbes nosocomiais,
devendo-se ter maior cuidado com pacientes internados, cujo sistema
imunoldgico encontra-se debilitado. Assim, uma simples coloniza¢do pelo
microrganismo pode evoluir para uma infeccdo grave, situacdo que ocorre
normalmente com recém-nascidos, pacientes cirdrgicos, imunodeprimidos e
imunocomprometidos(4). Nesse sentido, o género Staphylococcus spp. foi
responsavel por 27% das infec¢cdes hospitalares nos Estados Unidos da
Ameérica (EUA) entre os anos de 2009 e 2010(5).

Componente da microbiota normal, o S. aureus encontra-se presente na
pele e narinas de aproximadamente um ter¢co da populagéo(6-9). Assim como
os demais microrganismos do género, sao tipicos patégenos oportunistas em
ambientes hospitalares, e as cepas resistentes estdo emergindo como agentes
relevantes também em infeccfes adquiridas na comunidade(10).

Os individuos colonizados por S. aureus apresentam um risco
aumentado de infeccdo por estas cepas. Muitos casos de infeccdes
nosocomiais sao adquiridas através da exposicao as maos de profissionais da
saude ja colonizados pelo microrganismo ou que tiveram contato com
pacientes infectados pelo estafilococo(11).

S. aureus € o0 primeiro na listagem dos patdgenos associados as
infeccbes de saude relatados pela vigilancia National Healthcare Safety
Network (Centers for Disease Control and Prevention, CDC), especialmente

responsaveis por infeccbes de sitio cirdrgico e pneumonia associada a



ventilagdo mecanica(b). Cerca de 14,5% das infec¢cdes em corrente sanguinea
confirmadas em laboratorio no Brasil sdo atribuidas a S. aureus(12).

Ja os estafilococos coagulase-negativos sdo os patdgenos oportunistas
mais frequentemente relacionados a infeccbes de corrente sanguinea
associada a cateter central(13) e a segunda maior causa de infecgbes de sitio
cirargico(5). No Brasil, o0s CoNS sao responsaveis por 17% das infec¢des da
corrente sanguinea confirmadas em laboratorio(12).

CoNS séo parte da microbiota normal da pele humana e sdo comumente
considerados como contaminantes de culturas microbiologicas(14). Realizar a
diferenciacéo entre a verdadeira bacteremia e a contaminagéo € bastante dificil
e deve envolver avaliagdo detalhada do paciente(15). Os pacientes
imunocomprometidos, hospitalizados por longos periodos, pacientes
criticamente doentes e recém-nascidos prematuros sdo os individuos mais
vulneraveis a infeccao por estafilococos coagulase-negativos(16), uma vez que
0 uso de dispositivos médicos, como cateteres esta diretamente relacionado a

capacidade do CoNS formar biofilme(17).

1.2 Resisténcia aos antimicrobianos

Nas ultimas décadas, um importante problema de saude publica tem
causado alerta: o aumento da incidéncia de cepas resistentes aliado ao
surgimento de bactérias multirresistentes(18). Muitos aspectos estédo
envolvidos no incremento da resisténcia, no entanto, o uso frequente e por
vezes inadequado de antimicrobianos, tanto em ambiente hospitalar quanto
domiciliar, tem sido determinante na emergéncia de infec¢cbes por cepas
multirresistentes(19). Neste sentido, o tratamento de infeccbes causadas por S.
aureus tem sido dificultado pela grande prevaléncia de cepas resistentes a
meticilina (MRSA)(20).

1.2.1 Meticilina

Alguns anos ap6s a descoberta da penicilina por Alexandre Fleming
(1928), o indice de mortalidade por bacteremia causada por S. aureus reduziu
de 70% para 30%. No entanto, em 1942 foi isolada a primeira cepa S. aureus
produtora de penicilinase, enzima capaz de inativar o antimicrobiano. A

by

incidéncia de resisténcia a penicilina aumentou significativamente apés a



segunda guerra mundial devido ao uso intenso deste medicamento entre 0s
soldados feridos. Em funcao destas cepas resistentes, a mortalidade causada
pelo microrganismo aumentou para 50% em 1954(21).

Com o desenvolvimento do antibiético meticilina (1959) para tratamento
dos casos resistentes a penicilina, foi possivel reduzir a mortalidade novamente
para 30%. A meticilina foi introduzida como alternativa terapéutica para as
bactérias produtoras de B-lactamases, uma vez que essa droga nao sofre a
acao destas enzimas. Entretanto, em 1961 relatou-se a primeira cepa de MRSA
e, atualmente, estas cepas estdo amplamente disseminadas(18). Nestes
casos, o tratamento de infeccbes causadas por MRSA fica limitado a
administracdo de vancomicina, daptomicina, linezolida, tigeciclina,
sulfametoxazol + trimetoprima, substancias que geralmente apresentam menor
acao contra o microrganismo, custo mais elevado e/ou maior toxicidade(19).

A espécie S. aureus foi reportada em 16% das infec¢cdes hospitalares
nos EUA e a prevaléncia de MRSA foi de 46 a 63% entre os isolados(5).
Rosenthal e colaboradores (2012), em estudo realizado de 2004 a 2009 em 36
paises da América Latina, Asia, Africa e Europa pelo International Nosocomial
Infection Control Consortium (INICC), registraram entre 71 e 84% de
resisténcia a meticilina para S. aureus(22).

Os isolados de MRSA apresentam as proteinas ligadoras de penicilina
com reduzida afinidade pela meticilina PBP2a (penicillin binding proteins),
codificadas pelo gene mecA(23). Assim, ndo é possivel que a meticilina se
ligue as proteinas e realize a inibicdo da sintese da parede celular bacteriana. A
presenca do gene mecA é um dos fatores que caracteriza a resisténcia aos
antimicrobianos B-lactamicos e sua deteccédo € um dos métodos mais acurados
para definicdo da resisténcia (CLSI, 2015).

O gene mecA é transportado em um elemento genético movel chamado
cassete cromossémico estafilocécico mec (SCCmec). Aléem do complexo mec
que contém o gene mecA, o elemento SCC também pode transportar outros
genes de resisténcia a antibibticos, plasmideos e transposons(24). A fécil
transferéncia deste elemento entre os estafilococos é uma das principais

causas da rapida emergéncia de resisténcia(25).

A excisdo e integracdo do elemento SCCmec no genoma dos
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Staphylococcus € realizada por recombinases especificas ccr (cassette
chromosome recombinase). Os elementos SCCmec podem ser classificados
de acordo com a combinacao de tipos de recombinases (ccrABl1a6eccrC1la
2) e tipos de complexos mec (A — E)(26, 27). Para a formagé&o dos diferentes
tipos de SCCmec, algumas combina¢cdes possiveis de recombinases estao
representadas na Figura 1. Atualmente, sdo conhecidos doze tipos de SCCmec
(tipo I - XII) em isolados MRSA(28).

Em meados dos anos 90 foram relatadas as primeiras infeccbes
causadas por S. aureus resistentes a meticilina associados a comunidade (CA-
MRSA). Estes assim foram nomeados, pois esses isolados eram de pacientes
gue nao tinham contato direto com sistemas de saude que pudesse explicar tal
infeccdo(29, 30).

A resisténcia mediada pelo gene mecA provinda da comunidade foi
carreada por um SCCmec tipo IV, menor do que outros tipos de SCCmec com
tipagem caracteristica hospitalar (HA-MRSA)(31). Os SCCmec do tipo | ao llI,
originalmente nosocomiais, estdo associados a maior resisténcia a
antimicrobianos(32).

E importante enfatizar que os isolados MRSA eram quase inéditos em
isolados de comunidades e, no entanto, nos ultimos anos eles tém sido
exaustivamente relatados. Isolados comunitarios tem na sua maioria como
destaque a producao de toxina, como a leucocidina de Panton-Valentine (PVL),
que esta associada a pneumonia necrotizante(33).

Caracteristicas de linhagens SCCmec tipo IV, inicialmente relacionadas
a comunidade, estdo sendo evidenciadas em isolados MRSA nosocomiais, com
maior resisténcia. Também foi verificado, que isolados hospitalares estariam
distribuidos na comunidade, proporcionando recombinacéo entre isolados HA e
CA-MRSA(34).

Nos ultimos anos, esta sendo definida uma nova classificacédo a respeito
da origem em infeccbes por estafilococos. Considerando que estes
microrganismos S80 0S principais responsaveis por mastites bovinas, esta
sendo verificada a colonizagdo por estafilococos em animais e,
consequentemente, a transmissdo de infeccdo para trabalhadores rurais e
pecuaristas. O primeiro caso de LA-MRSA (liverstock-asssociated MRSA) foi

publicado em 2005(35) e assim denominado por se diferenciar dos conhecidos
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HA e CA-MRSA(36-38).

Figura 1. Representagao dos diferentes tipos de SCCmec
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Em analise molecular, os isolados LA-MRSA né&o sao tipados em gel de
eletroforese em campo pulsado (PFGE) utilizando a enzima Smal, pertencem
preferencialmente ao completo clonal (CC) 398, apresentam SCCmec tipo IV e
V geneticamente diferenciado em relagdo ao CA-MRSA, além de néo
possuirem PVL e outras enterotoxinas(39). Assim, os isolados LA-MRSA
parecem ser menos virulentos e menos transmissiveis do que os isolados HA e
CA-MRSA. Outra caracteristica importante é que a resisténcia aos -lactamicos
pode ser conferida por um gene homélogo ao mecA, o gene mecC
(mecALcazs1)(40, 41).

1.2.2 Vancomicina

A vancomicina, antibiético da classe dos glicopeptideos, € a principal
escolha para o tratamento intravenoso de MRSA no caso de pacientes
hospitalizados(42). Em ensaios clinicos, antimicrobianos lancados mais
recentemente, como a daptomicina, linezolida e tigeciclina, ndo superam a
atividade da vancomicina, medicamento desenvolvido e comercializado ha
mais de 50 anos(43).

Este antimicrobiano age inibindo a sintese da parede celular bacteriana,
impedindo o acoplamento dos polimeros de peptidoglicano. A resisténcia ao
antimicrobiano ocorre por meio de uma modificacdo no peptideo da parede
celular do microrganismo. Assim, ha alteracdo do fragmento de D-alanil-D-
alanina tanto para D-alanil-D-lactato quanto para D-alanil-D-serina,
impossibilitando a ligacdo do farmaco. Esta resisténcia € mediada por loci
génicos, sendo que o mais frequente é o gene vanA, carreado por plasmideos
e transposon, que conferem resisténcia ao antibiotico(44, 45).

Além da conhecida toxicidade deste antimicrobiano, falhas no tratamento
de endocardites, bacteremias e pneumonias por cepas de S. aureus sensiveis
e resistentes a meticilina (MSSA e MRSA) estdo sendo relatadas desde 1977
até o momento(46).

Nesse sentido, segundo o consenso da American Society of Health-
System Pharmacist, Infectious Disease Society of America and Society of

Infection Disease Pharmacists, doses de vancomicina mais intensivas sao
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recomendadas para manter os niveis séricos entre 15 e 20 pg/mL, garantindo
para a vancomicina uma area sob a curva (AUC) acima da MIC na razao
2400(47). No entanto, estes regimes mais intensivos tém sido associados com
um aumento nos eventos de nefrotoxicidade induzida por vancomicina(48).

A vancomicina é um antibiético ainda seguro e de baixo custo, porém
seu uso requer acompanhamento terapéutico adequado. A monitoragao
terapéutica de vancomicina tem a finalidade de alterar a dosagem quando esta
estiver inadequada, impedindo a falha de tratamento, reduzindo o risco de
resisténcia bacteriana e prevenindo a ocorréncia de nefrotoxicidade(49).

As principais indicagbes para monitoracdo dos niveis séricos sao
pacientes que recebem doses elevadas de vancomicina, que fazem terapia
prolongada, que tém maior probabilidade de desenvolver nefrotoxicidade
temporaria e/ou que sdo obesos. A frequéncia da dosagem da vancomicina no
sangue sera conforme a gravidade do estado do paciente(47).

Alguns estudos tém analisado a importancia da mensuracdo dos niveis
séricos do antimicrobiano e recentemente foram publicadas duas meta-analises
nas quais apenas o parametro AUC/MIC, e ndo a variavel niveis séricos de
vancomicina, foi relacionado com falha terapéutica, persisténcia da bacteremia
e mortalidade(50, 51).

Alguns estudos relatam dificuldades no tratamento de MRSA
normalmente em casos de isolados com altos valores de concentracdo minima
inibitéria  (MIC) para vancomicina(52-54). Assim, a inefichcia poderia ser
atribuida a menor proporcdo de AUC/MIC, sendo esta imprescindivel para o
sucesso da terapia com vancomicina(55). Entretanto, ha controvérsia a respeito
da real influéncia da MIC no desfecho da terapia com vancomicina.

Esta questdo foi discutida em quatro meta-andlises, ndo havendo
consenso entre os autores(56-59). Ao contrario dos trés estudos anteriores, de
acordo com a mais recente meta-analise(59), nédo houve diferencas
significativas no risco de morte quando comparados pacientes com alto MIC
para vancomicina (21,5 pug/mL) para aqueles com baixo MIC em casos de
bacteremia por S. aureus.

Outra dificuldade consiste no fato de que estdo sendo relatados casos
de S. aureus com resisténcia aos glicopeptideos vancomicina e teicoplanina,

principais alternativas em infeccdes causadas por MRSA. Mecanismos de
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resisténcia intermediaria (VISA) foram descobertos a partir da década de 80
através de mutagBes no cromossomo bacteriano(60). Em 2002, foi relatado o
primeiro caso de resisténcia completa (VRSA) através da aquisicdo do gene
vanA. Embora publicadas, estes tipos de resisténcia a vancomicina ainda sao
pouco prevalentes(61).

Segundo o CLSI (Clinical and Laboratory Standards Institute), a
sensibilidade a vancomicina é inferida através da analise da MIC. De acordo
com critérios adotados a partir de 2006 (CLSI, 2006), os isolados com MIC
menor ou igual a 2 pg/mL séo considerados sensiveis a vancomicina; as cepas
de MIC entre 4 e 8 ug/mL séo ditas de sensibilidade intermediaria (VISA); e
culturas com MIC maior do que 16 pg/mL sao resistentes ao antimicrobiano
(VRSA).

Embora estas categorias sejam amplamente conhecidas na
microbiologia (sensivel, intermediario e resistente), para S. aureus esta sendo
definida uma nova classificagcdo: a hetero-resisténcia intermediaria a
vancomicina (hVISA). Essencialmente, um isolado hVISA é um isolado de S.
aureus com MIC para vancomicina dentro da faixa suscetivel quando avaliado
pelo métodos convencionais de rotina, mas neste isolado h4 uma proporcéo da
populacao de células (de uma célula em cada milhdo de células) que esta na
faixa de sensibilidade intermediaria(62). Estima-se que aproximadamente 60%
dos isolados de MRSA com MIC de 2 pg/mL sé&o cepas de hVISA(60).

Os métodos utilizados para triagem de deteccdo hVISA mais populares
sdo os Etest modificados, como Macro-método Etest e o Etest GRD. Neste
caso, utiliza-se maior concentragdo de in6culo (6 x108, equivalente a escala 2
de McFarland), incubacdo prolongada (48h) ou meio enriquecido para
crescimento. O método para confirmacdo de hVISA é realizado com base no
crescimento da cultura, sendo conhecido como analise de perfil da populagéo
(PAP). Embora o PAP seja o padrdo-ouro, trata-se de um teste laborioso e cuja
demora no resultado (3 a 5 dias) ndo permite sua aplicacdo na rotina
clinica(60).

A importancia clinica das cepas hVISA deve-se ao fato de que sua
presenca parece estar relacionada a maiores chances de falha terapéutica com
vancomicina, especialmente em casos de bacteremia(63-66). No entanto,

embora muitos pesquisadores estejam estudando as razdes da falha no
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tratamento com vancomicina, ndo ha ainda um consenso estabelecido e varios

estudos sao controversos.

1.3 Fatores de viruléncia

A viruléncia é definida quando caracteristicas como a capacidade de
adesdo ao hospedeiro e sintese de compostos (enzimas, toxinas, € outros)
estdo presentes em um microrganismo. A expressdo coordenada dos
componentes de viruléncia e das proteinas de superficie € necessaria para o
estabelecimento de uma infecgéo(67, 68).

Considerando que os estafilococos sdao componentes da microbiota, as
patologias causadas por estes microrganismos dependem da producdo de
toxinas e enzimas, sendo a expressao delas controlada por um regulador
global, o locus agr - accessory gene regulator(68, 69).

Tsompanidou et al. (2011) descreve que a expressao de diversos genes
de viruléncia do S. aureus é comandada pelo locus agr que é um agrupamento
de genes com atividade de quorum sensing(70). Assim, trata-se de um
processo coordenado de comunicagdo intra e interespécies dos
microrganismos mediado por sua densidade populacional, permitindo que as
bactérias tenham capacidade de se comportar como organismos complexos, se
comunicando e agindo coordenadamente, respondendo a diferentes estimulos
de modo unificado(71).

Os fatores de viruléncia dos S. aureus podem ser classificados em trés
categorias: (l) os fatores associados com a aderéncia a matriz extracelular ou
as células do hospedeiro, como a producdo de moléculas de fibrinogénio,
fibronectina, coldgeno ou da enzima coagulase; (Il) os fatores relacionados
com a evasdo da defesa do hospedeiro, como a proteina A, diversas
enterotoxinas estafilocdocicas, a toxina da sindrome do choque téxico (TSST-1),
lipases e polissacarideos capsulares; e (lll) os fatores relacionados com a
invasdo na célula do hospedeiro e a penetracdo nos tecidos ou adesédo de
superficies de cateteres e préteses, 0s quais incluem as proteinas (toxinas) a,
B, v, 6—hemolisinas e a leucocidina de Panton-Valentine (PVL)(72).

1.3.1 locus agr (accessory gene regulator)

O locus agr € um regulador transcricional que controla a expressao de



16

proteinas que estdo associadas a viruléncia do S. aureus. Os fatores de
viruléncia regulados pelo agr sdo divididos em duas classes: (a) fixagdo do
microrganismo ao hospedeiro e evasao imune; (b) invasdo e sintese de
toxinas. A ativacdo do sistema agr muda as caracteristicas do microrganismo,
tornando-o um patogeno invasivo e agressivo(73).

Este sistema de regulacdo possui dupla acdo: (a) inibigdo da transcrigao
de proteinas associadas a parede celular (proteina A, coagulase, fibronectina);
(b) ativacdo de diversas exoproteinas (a-toxina, P-hemolisina, TSST-1,
leucotoxina)(74). Através de uma reacdo em cadeia, envolvendo varios genes,
o agr sintetiza o RNA Ill, o qual é molécula de RNA mensageiro (MRNA) que
atua na transcricdo e, em alguns casos, na tradugdo dos varios fatores de

viruléncia, incluindo TSST-1 e hemolisinas(68).

Figura 2. Sistema de ativagao do agr
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Fonte: Gray et al., 2013(75)

O locus agr consiste em dois operons transcritos de forma divergente, a
partir de dois promotores (P2 e P3), que produzem respectivamente, RNAIl e
RNAIII(69, 76). O promotor P2 faz a transcricdo agr por meio do transcrito de
RNAII, que engloba agrA, agrB, agrC e agrD(73); em seguida, o agrA é
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fosforilado e tem uma interacdo com o promotor P3, assim tendo inicio a
transcricdo de RNA 11I(77), conforme € mostrado na Figura 2.

O promotor P3, responsavel pela sintese de RNAIII, é o regulador do
gene alvo, ou seja, ativa o nivel de transcricdo dos genes e, também, esta
ligado com a codificacdo da 6-hemolisina, a qual é uma importante reguladora
da expresséo de um grande numero de genes de viruléncia(78).

Os isolados clinicos possuem agr em sua maioria, entretanto, alguns
isolados de S. aureus expressam pouco ou nao expressam esses fatores,
levantando uma questao sobre seu preciso papel(79). A disfuncéo do agr pode
ser verificada pela auséncia da producdo da ©-hemolisina(80), sendo esta
disfuncéo associada com prolongamento da duracéo de bacteremias. O estudo
realizado por Schweizer e colaboradores (2011) comparou a disfungéo do agr e
a mortalidade de pacientes graves, verificando uma maior tendéncia de

mortalidade no caso de disfun¢éo no agr(81).

1.3.2 Toxina &-hemolisina

A maioria das espécies pertencentes ao género Staphylococcus produz a
toxina 6-hemolisina, que também é conhecida como modulinas fenol sollveis y
(PSM V)(82). E caracterizada como um peptideo de 26 aminoacidos
segregados, e a sua secregcdo ocorre no meio ou quase no final da fase
exponencial de crescimento(83, 84). A toxina &-hemolisina € codificada pelo
gene hld que esta localizado no RNAIIIl, sendo sua producdo controlada pelo
agr(75, 83, 85).

Ha uma producdo maior da toxina &-hemolisina em isolados de S. aureus
em cerca 97% em comparacdo aos SCN que € encontrada em 50 a 70% dos
isolados. Embora a toxina &-hemolisina cause efeitos citotoxicos, a sua
importancia na etiologia da doenca ndo estd totalmente elucidada (83, 86).
Essa toxina € utilizada em muitos estudos através do método fenotipico pela
hemdlise sinérgica, para analisar a funcionalidade do agr, pois a producéo da
toxina 6-hemolisina é caracterizada pela funcionalidade do agr(81, 87, 88).

A identificacdo fenotipica da producdo da toxina ©-hemolisina é
determinada através de agar sangue de carneiro utilizando uma cepa
referéncia que produz apenas B-hemolisina em grande quantidade. Ocorre uma

sinergia na lise de glébulos vermelhos na atuagcdo entre B e &-hemolisinas,
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portanto, quando ha a producédo a toxina &-hemolisina ocorre um realce na
zona de hemolise onde as hemolisinas coincidem(79) (Figura 3).

Figura 3. Determinacdo fenotipica da producdo de &-hemolisina em agar
sangue de carneiro
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Fonte: Adaptada de Adhikari, Arvidson e Novick, 2007(89)

1.3.3 Leucocidina de Panton-Valentine (PVL)

As proteinas de superficie sdo um fator de grande relevancia no que se
refere a viruléncia dos microrganismos. A PVL tem sido relacionada como um
fator de viruléncia em patologias como infec¢des graves de pele, tecidos moles,
pneumonia necrotizante, entre outras(90).

Em 1932, a PVL foi descrita por Panton e Valentine como um fator de
viruléncia e como uma toxina formadora de poros que causava morte celular,
em especial de leucécitos(33, 72). Através de uma acdo sinergética de dois
componentes de secre¢do (LUkS-PV e LukF-PV), permite a entrada de cations,
como o Ca*?, resultando na desgranulacdo celular e induzindo a citélise,
atacando os leucdcitos polimorfonucleares e os macréfagos(72, 91).

Conforme Otto (2013), no componente S foram identificadas trés
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proteinas (proteinas que eluem vagarosamente) e no componente F,
identificadas duas proteinas (proteinas que eluem ligeiramente). A PVL tem
atividade leucotdxica, ndo tem atividade hemolitica (forma poros que
aumentam permeabilidade a cations e causam instabilidade osmética)(33).

Em estudo realizado por Gillet e colaboradores (2002), com casos
retrospectivos e prospectivos quanto a presenca de PVL, concluiram que a sua
presenca pode complicar sindromes gripais em criancas e adultos jovens
saudaveis, levando a rapida progressao para pneumonia com hemoptise e
leucopenia. A comparacdo das manifestacfes da doenca quando h& presenca
ou auséncia da PVL é complicada, devido a diferenca de idade. Entretanto
constataram que 0s mais jovens correm mais risco de morte do que os idosos e
enfermos homologos(92).

Ha associagdo entre isolados comunitarios e resistentes a meticilina (CA-
MRSA) com cassete cromossdmico (SCCmec) do tipo IV e a PVL. A aquisicao
de PVL por isolados CA-MRSA mudou a epidemiologia das infec¢des, tanto

hospitalares quanto comunitarias(93, 94).

1.3.4 Biofilme

Todo o género Staphylococcus, mas principalmente os CoNS tem sua
patogenicidade atribuida fundamentalmente a habilidade de formacdo de
biofilme, o principal fator de viruléncia desses microrganismos. O biofilme é
uma matriz polimérica formada de células, proteinas e polissacarideos de
adesdo em que 0s microrganismos podem prosperar e se replicar. Esse fator
de viruléncia da aos microrganismos uma protecdo contra os antimicrobianos,
bem como as defesas imunolégicas e facilita a incorporacdo nos tecidos do
hospedeiro ou até mesmo no interior de dispositivos médicos(95, 96).

Durante grande parte da histdria da microbiologia, acreditava-se que os
microrganismos viviam somente de maneira planctbnica, ou seja, células
suspensas que circulam isoladamente. Porém, atualmente, sabe-se que os
microrganismos possuem capacidade de se agregar e crescer em superficies
expostas, formando os biofilmes. Estes podem ser formados por células de
varias ou de uma Unica espécie bacteriana que se comunicam entre si, através

do sistema quorum sensing(97).
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Muito importante em ambiente hospitalar, o biofilme bacteriano esta
relacionado com infec¢des decorrentes do uso de cateteres e proteses, sendo
assim, as bactérias conseguem se aderir aos biomateriais e se multiplicam
para que ocorra a formacao do biofilme, o qual depende da espécie bacteriana,
tipo de tensdo e condi¢cdes do ambiente. Devido a formacédo do biofilme, estas
bactérias ficam mais resistentes frente aos antimicrobianos e desinfetantes;
também s&o capazes de resistir a fagocitose e a outros componentes da
imunidade inata e adaptativa, bem como sistema de defesa inflamatéria do
hospedeiro(98).

Araujo e Freire (2013) descrevem os trés mecanismos existentes e que
justificam a capacidade dos microrganismos que estédo presentes nos biofilmes
possuirem maior resisténcia frente aos antimicrobianos. Estes mecanismos
sdo: a capacidade da matriz de exopolissacarideos impedir o contato do agente
antibacteriano com o0s microrganismos, funcionando como um filtro; as
bactérias apresentarem um metabolismo mais lento e a capacidade de
modificar e/ou neutralizar o agente (principalmente em biofilmes com mais de
uma espécie)(71).

De acordo com Prakash, Veeregowada e Krishnappa(99), estudos
realizados no Centers for Disease Control and Prevention (CDC) estimaram
que 65% das infeccbes bacterianas desenvolvidas em humanos foram
decorrentes da formacao de biofilme. Ja Behlau e Gilmore(100) descreveram
que os biofilmes desempenham papel de extrema importancia nas infeccdes
cronicas associados ao uso de dispositivos médicos implantados, pois 60% das
infeccbes nosocomiais estdo relacionadas com a formacéo de biofilmes nestes

dispositivos.

1.4 Epidemiologia

A epidemiologia utiliza-se de métodos quantitativos para estudar a
ocorréncia de doencas nas populacdes humanas e para definir estratégias de
prevencao e controle. Neste sentido, estudos epidemioldgicos fornecem dados
aos profissionais e aos 6rgdos de saude para decidirem sobre a execucdo de
acOes de controle. A realizacéo deste tipo de estudos permite a disponibilizagéo

de informacdes atualizadas sobre a ocorréncia dessas doencas e agravos, bem
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como dos fatores que a condicionam, numa area geografica ou populacado
definida(101, 102).

O laboratério e as instituicbes de pesquisa assumem um papel
importante no diagnéstico do agente infeccioso e participam ativamente nas
acOes de vigilancia epidemiolégica. A epidemiologia molecular € o ramo da
ciéncia médica que utiliza tecnologias da biologia molecular no suporte as
investigacdes epidemioldgicas(103-105). Considerando a importancia de
estudos de prevaléncia e ocorréncia de surtos, epidemias e mesmo de
mapeamento de reservatorios microbianos, o uso de métodos moleculares
estd4, muitas vezes, associado a meétodos convencionais de isolamento e

identificacdo bacteriano baseados em cultura(106, 107).

Os meétodos tradicionais de tipagem de amostras bacterianas como a
sorotipagem tém sido substituidos por métodos moleculares baseados em
reacao em cadeia da polimerase (PCR) ou na andlise dos padrdes de restricdo
do DNA cromossomal por eletroforese em gel de campo pulsado (PFGE)(108-
111). Além disso, novos métodos moleculares ainda nédo tdo disseminados no
Brasil, baseados no sequenciamento de material genébmico (MLST), também
vém cada vez mais ganhando espaco no ramo da bacteriologia(112). Todos
estes métodos apresentam importante aplicabilidade no monitoramento de
espécies e na deteccdo de linhagens ou variantes de populagbes
microbianas(106, 113).

1.4.1 Métodos moleculares

1.41.1PCR

Através da técnica de PCR é possivel amplificar, de maneira seletiva,
uma sequéncia especifica de DNA com a finalidade de avaliar sua presenca em
determinado organismo. Para tanto, sdo empregados oligonucleotideos
iniciadores da reacao (primers) que sejam especificos para regido de interesse.
O processo de replicacdo do DNA ocorre pela acdo da enzima Taqg DNA

polimerase, sendo necessaria a adicdo de co-fatores para reacdo. A presenca
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dos fragmentos de DNA amplificados é posteriormente verificada em gel de
agarose acrescido brometo de etidio(114).

Mais de um conjunto de primers pode ser empregado em uma mesma
reacdo, observando-se, entretanto, a temperatura ideal de anelamento para
cada sequéncia. Este tipo de reacdo € chamada de multiplex PCR e, no caso
dos estafilococos, tem aplicacdo na tipagem do SCCmec e do locus agr(115,
116). Considerando a variedade de tipos de SCCmec presentes nos
Staphylococcus, este elemento também pode ser utilizado no estudo da

epidemiologia destes microrganismos(117).

Outros métodos de tipagem molecular também utilizam a amplificacédo
por PCR seguida de sequenciamento genético: tipagem da proteina A (spa) e
tipagem por sequenciamento de locus diversos (MLST). A tipagem spa consiste
no sequenciamento de um unico locus, a regido variavel X do gene que codifica
a proteina A em S. aureus. A diversidade do gene spa consiste no namero
variavel de sequéncias de repeticbes com 24 pares de bases (pb) contidas na
regido X. Um codigo alfa numérico é atribuido a diferentes repeti¢es, definindo
a ordem de repeticbes especificas como tipos de spa(118).

O MLST é um método altamente discriminatério para tipagem de cepas
e caracteriza isolados com base na sequéncia de fragmentos internos de
aproximadamente 450 pb de sete genes constitutivos (housekeeping). Cada
alelo recebe um nimero e através da combinacdo dos sete alelos (multi locus)
é possivel classificar cada isolado com um tipo de sequéncia (ST) que define a
origem evolutiva dos isolados(119). H4 uma boa correlacdo entre os grupos

clonais determinados por MLST e pela tipagem spa(120).

1.4.1.2 PFGE

O desenvolvimento da técnica de PFGE foi realizado por Schwartz e
Cantor (1984) originalmente para separacdo de cromossomos da levedura
Saccharomyces cerevisae. Caracteriza-se por ser uma eletroforese, onde
complexos de acidos nucleicos migram em um gel de agarose sob um campo

elétrico alternado disposto em diferentes angulos(121, 122).
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O DNA cromossdmico bacteriano é clivado com uma enzima de restricdo
e os fragmentos de DNA resultantes sdo separados por eletroforese em gel
num campo elétrico, com um gradiente de pulso alternado. Os padrdes de
fragmentos resultantes sdo analisados por meio de um software especifico. O
PFGE oferece a vantagem de possibilitar a comparacdo entre laboratorios
desde que se estabelecam os mesmos critérios e padrées(114, 123).

Devido a possibilidade de transmissédo vertical e horizontal das infeccbes
em hospitais, frequentemente hd o questionamento a respeito da clonalidade
dos microrganismos isolados. Para a grande maioria das espécies, é de
consenso geral que a técnica de PFGE € o padrdo ouro quando o objetivo é
avaliar a clonalidade entre isolados clinicos e que apresentam historia
compativel de transmissibilidade em um breve intervalo de tempo(110, 117,
124).

Segundo critérios de interpretacdo descritos por Tenover e
colaboradores (1995), diferentes isolados que apresentam o mesmo padréo de
fragmentos de DNA s&o considerados a mesma cepa. Para perfis que diferem
de um a trés fragmentos, os isolados s&o considerados estreitamente
relacionados. Isolados que diferem de quatro a seis fragmentos, sugerem a
ocorréncia de eventos genéticos independentes e sdo considerados como
possivelmente relacionados. Isolados com mais de seis bandas de diferencga
refletem a ocorréncia de trés ou mais eventos genéticos e séo classificados
como epidemiologicamente nédo relacionados(110). A andlise de perfis
eletroforéticos mais complexos requerem a utlizacdo de programas
computacionais para a analise e interpretacdo da estrutura genética e da inter-

relacdo entre os microrganismos(125, 126).
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2 OBJETIVO

Avaliar o resultado da terapia antimicrobiana em pacientes com
infecgbes por Staphylococcus spp. internados e relacionar este desfecho a
fatores microbiolégicos e moleculares dos isolados, bem como a caracteristicas

clinicas e epidemiolbgicas dos pacientes.

2.1 Objetivos especificos

» ldentificar as espécies isoladas e determinar o perfil epidemiolégico dos
pacientes acometidos com infec¢ces por Staphylococcus spp, avaliando
as principais caracteristicas clinicas e respectivas co-morbidades;

» Verificar o perfil de sensibilidade a meticilina/oxacilina dos isolados de
Staphylococcus spp, estabelecer a concentragdo minima inibitoria (MIC)
de vancomicina e identificar a presenca de cepas de estafilococos com
hetero-resisténcia intermediaria @ vancomicina (hVIS);

* Monitorar 0s niveis séricos de vancomicina dos pacientes em tratamento
com este antimicrobiano, verificando a manutencdo da concentracédo na
faixa terapéutica;

* Analisar as caracteristicas microbiolégicas e moleculares das cepas de
estafilococos isoladas em pacientes internados, verificando a presenca
de fatores de viruléncia e genes envolvidos com resisténcia, como
formacao de biofilme, presenca de leucocidina Panton-Valentine — PVL,
o-hemolisina (gene hld), gene acessorio regulador — agr; gene
codificador de resisténcia a meticilina — mecA e tipo de cassete
SCCmec;

* Avaliar o desfecho da terapia em infeccdes por estafilococos (alta ou

Obito e tempo de internacao hospitalar).
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Abstract

To analyze the outcome, clinical features and taste ofStaphylococcus spp.

infections, a prospective cohort study was condlatea 234-bed, tertiary care teaching
hospital. Multidrug-resistant (MDR) infections weassociated with increased mortality
and length of hospital stay (LOS), whereas metmaiesistance (MRS) was correlated
with prolonged LOS after infection. These data hgitt the importance of infection
control and antibiotic stewardship to prevent theemyence and the spread of MRS and

MDR healthcare-associated infections.
I ntroduction

Saphylococcus aureus is an important cause of community-acquired aradtheare-
associated infections(1). Morbidity and mortaliégas associated with aureus have
increased in recent years, especially in casessidtant strains(2). Coagulase-negative
Saphylococcus (CoNS) is the most common opportunist pathogeoceated with
hospital-acquired central line infections and ashogenicity is mainly due to the ability

to form biofilms on medical devices(3).

The purpose of this study was to analyze the ougcpnortality and length of hospital
stay), clinical features and resistance profil&aphylococcus spp. infections.
Furthermore, a secondary objective was to deterthiméndependent risk factors for

30-day mortality in Staphylococcal infection cases.
Methods

A prospective cohort study was conducted at a 284-tertiary care, teaching hospital
located in southern Brazil. Adult inpatients adedtbetween July 2012 and June 2014
with a positive culture fo8aphylococcus spp. were eligible for inclusion. Samples

were excluded in cases of duplicates or recurrdattions. The study was reviewed
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and approved by the Research Ethics Committee GfSHA (1779/12).

Healthcare-associated (HA) and community-acqui@A) (nfections, type of infection
and multidrug-resistance (MDR) were determined atiog to CDC and previously

described criteria(4).

Antimicrobial susceptibility and minimum inhibitogoncentration (MIC) through
broth microdilution (BMD) were performed accorditegCLSI (2015). In order to

confirm methicillin resistanceecA gene was assessed.

Variables were compared using Chi-square or ManiitiVe U-test, as appropriate, by
SPSS software, version 20.0 (SPSS Inc, Chicagd)84). Ap-value< 0.05 was
considered statistically significant. Multivariatgistic regression analysis was

performed to identify independent risk factors 30rday mortality.

Results

During the study period, 109 patients were included 126 episodes of Staphylococcal
infections were reportedatients had a median Charlson comorbidity sco2e(6dR,

1-3) and 69 patients (63%) had cardiovascular desaa comorbidity. Twenty-seven
patients (25%) died and the median length of dt&&) was 30 days (IQR: 13-54).
Ninety-one cases (72%) were considered as HA-ioiestand mortality was higher in

comparison to CA-infections (25% vs. 10p£0.056).

The most common infection sites were skin andtsssftie (SST) or surgical site
infections (SSI) (34%), bloodstream infections (B8R%), pneumonia (PNEU) and
lower respiratory tract infections (LRI) (31%). S81d SST were more frequent for

aureus (42%), while BSI represented 40% of CoNS infection

S aureus was the etiologic agent responsible for 73 cas8%j. The most recurrent
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species in CoNS infections (n=53) w&epidermidis (62%),S. lugdunensis (15%),S.
hominis (8%), S. warneri (6%), S. haemolyticus (6%). Differences betweed aureus

and CoNS infections are shown in Table 1.

The independent risk factors associated with 30rdastality for Staphylococcal
infections were MDR (OR= 3.92, 95% CI: 1.31-11.@8,0.015), age (OR=1.03, 95%
Cl: 1.00-1.06p= 0.032) and Charlson comorbidity score (OR= 19585 CI: 1.08-
1.71,p= 0.009). No association with mortality was detddta methicillin-resistant
isolates §p=0.330) and neithe®. aureus nor CoNS were correlated with death

(p=0.447).

MDR was associated with 30-day mortality ®iaureus infections (Table 2), whereas
Charlson comorbidity index was correlated with 3@eday mortality for CONS

infections (OR= 1.56, 95% CI: 1.13-2.6; 0.006).

Discussion

A high mortality rate foiS. aureus BSI and PNEU was reported in this study and the
difference compared to a previous report(5) co@ldxplained by a lower rate of CA-
infections, which is usually associated with readlo®rtality. Traditionally, lower
mortality rates were associated to BSI caused lySZbowever, in another previous
study it was about 26%(6). A similar mortality ratas found in the current study and,
surprisingly, there was no significant differenavieen mortality fos. aureus and

CoNS infections. Considering the clinical featuné€0oNS infections, these data
suggest the importance of hospital infection prée@rand control programs, especially

in ICU-admitted patients with invasive devices(3).

LOS is another important outcome, since it is resgde for an increase of in-hospital

costs(7). Limited data were available for CoONS atifens, but similar length of ICU
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stay (24 days) was reported in a previous study(6hke our findings, a long LOS (42
days) was previously verified f& aureus infections(8) and the difference could

probably be attributed to the low prevalence ofhiwdtin resistance.

The influence of vancomycin MIC on outcome has hbenoughly investigated in four
meta-analyses. According to the most recent on#{@)e were no significant
differences in the risk of death when comparindiiN MIC (>1.5 mg/L) with low-

VAN MIC, data similar to our findings.

Disagreements about the impact of methicillin tasise on mortality have been
reported and meta-analyses including studies phealisintil the year 2000 observed a
2-fold increased risk of mortality(2). Thereafteragreement with the present study,
individual studies found no association with motyahfter adjustments for
confounders(1). Similarly to previous studies(11&)S was prolonged in cases of

methicillin resistance.

Regarding MDR, gram-negative pathogens have be#reahost concern. In the
present study, however, MDRaphylococcus spp. and MDRS. aureus were
independently associated with 30-day mortality aagbrevious study described this
effect on the outcome. Differences between the anpemethicillin-resistant and MDR
strains on outcome are probably related to thegpiasof distinct types of
Staphylococcal cassette chromosaneeA (SCQrec), which encodes resistancefto

lactam and other antibiotic classes.

Considering the impact of methicillin-resistant aMBR isolates on outcome and
therefore on hospital costs, antimicrobial stewliss recommended to decrease the

selective pressure produced by antibiotic presugi{dio).

Our study should be interpreted considering thetfat it is a single-center study with
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a small sample size as limitation. However, degpiitde limitation, our findings
highlight the importance of developing guidelingsed at the prevention of
methicillin-resistant and MDRtaphyl ococcus spp. dissemination within healthcare
settings. Thus, appropriate hand hygiene, corgatation, cohorting patients and
decrease in LOS are measures to prevent mainiypiiead of opportunistic pathogens
such as CoNS. Furthermore, antimicrobial stewapdishanother essential tool to
prevent the emergence of resistant strains, whexe wssociated with increased

mortality and LOS.
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Table 1. Comparison of patient demographics andooog inS. aureus and Coagulase-

negativeStaphylococcus infections

S aureus CoNS
Variables, n (%) p-value
(n=73) (n=53)
Gender
Male 42 (57) 28 (53) 0.840
Charlson comorbidity score, median 2 (0-3) 2 (1-3) 0.430
(IQR)
Previous healthcare institution exposure 47 (64) (330 0.014
ICU admission 36 (49) 36 (68) 0.072
Invasive procedures / devices
CVC 35 (48) 35 (66) 0.099
Mechanical ventilation 29 (40) 31 (58) 0.082
Urinary catheter 44 (60) 34 (64) 0.764
Surgery 49 (67) 33 (62) 0.731
Acquisition of infection
Healthcare-associated 44 (60) 46 (85) 0.007
LOS (days), median (IQR)
Hospital 25 (10-55) 33 (19-54)  0.068

Post-infection 12 (3-29) 18 (10-38) 0.026



ICU

Mortality

30-day mortality

Antimicrobial resistance
Methicillin-resistant
Multidrug-resistant

VAN MIC (mg/L), mean+SD

BMD

Etest

8 (1-15)

20 (27)

11 (15)

25 (34)

1.19+1.06

1.71+1.15

15 (9-27)

11 (21)

44 (83)

38 (72)

1.47+0.69

1.96+0.66

34

0.004

0.447

<0.001

<0.001

0.003

0.002

IQR, interquartile range; LOS, length of stay; ICU, intensive care uniCVC, Central

venous ctheter; VAN MIC, Vancomycin minimum inhibitory concentratipBMD,

broth microdilution.
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Table 2. Factors associated with 30-day all-causeatity in cases. aureus infections

(n=73)

30-day all-cause mortality

Statistical analysis

Mutivariate
Variable, n (%) Survival Non-survival Univari-
p-value; OR
(n=53) (n=20) atep-value
(95% Cl)
Pathogen
0.033 0.650; 1.58
MRSA 4 (8) 7 (33)
(0.22-11.40)
0.028; 5.13
MDR 12 (23) 13 (63) 0.004
(1.20-22.05)
VAN MIC > 1.5
36 (69) 13 (68) 1.000 -
mg/L (Etest)
Subject
Male 31 (58) 11 (53) 0.880 -
Age (years), median
67 (42-76) 66 (54-82) 0.237 -
(IQR)
Charlson comorbidi-
0.314; 1.23
ty score, median 1 (0-2) 3 (2-4) 0.003
(0.82-1.85)
(IQR)
0.148; 3,75
Sepsis/Shock 8 (15) 12 (60) 0.001

(0.63-22.42)



Hospital-associated
29 (54) 16 (79) 0.110 -
infection

36

OR, odds ratio; CI, confidence interMaMRSA, methicillin-resistantS. aureus; MDR,
multidrugesistant; VAN MIC, Vancomycin minimum inhibitory concentratiqdQR,

interquartile range; ICU, intensive care unit.
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3.2 Relagédo do desfecho com fatores de viruléncia e moleculares
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Abstract

Saphylococcus aureus is an important cause of community-acquired (CAJ a
healthcare-associated (HA) infections. The sucoéSsaureus as pathogen is a result
of the expression of several virulence factors daetbwith antimicrobial resistance.
To determine molecular characteristics and virudefactors irS. aureus isolates and
their association with resistance and patient oug®B3 samples were evaluated to
assess antimicrobial susceptibility, Panton-Vatenteucocidin (PVL) presence,
Staphylococcal cassette chromosanee (SCQnec) and accessory gene regulatagr
typing, biofilm andd-hemolysin production. PVL was detected in 25 idg30%),
most of strains were typed as SG& IV (35%), SCQrec Il (14%), agr | (46%),agr

Il (24%) and the absence afr was verified in 11%dgr-defective). 30-day mortality
was 28% and there was no influencagf-defective or functionahgr status. Thegr-
defective strains were associated to vancomycimnmuim inhibitory concentration
(MIC) increase and heterogeneous vancomycin-intéiate isolates (hVISA). Thagr
dysfunction was found in 28% of cases and was fsiginitly higher in methicillin-
resistant strains (MRSA). Although no associati@siound with outcome,
epidemiological studies remain an essential toostowveillance and have contributed to
the knowledge about pathogenesis, adaptation toogment, antimicrobial resistance

and virulence acquisition.
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I ntroduction

Saphylococcus aureus is a common cause of infection, responsible far sections
and serious invasive diseaséSolonization byS. aureus is an important risk factor for
infectior? and the accessory gene regulasor) plays a significant role in
Staphylococcal pathogenesi$heagr quorum-sensing system upregulates secreted
virulence factors and downregulates cell surfactégms, thereby managing
invasiveness and cell dispersal from biofitmidutations causinggr dysfunction
influence disease development and the productierheimolysin from RNAIII

translation indicates a functioradr status .

Biofilm production and Panton-Valentine leucoci@@VL) are among the major
virulence factors o8. aureus controlled byagr. Biofilm consists of sticky, surface-
attached agglomerations of bacteria and it is difffio treat, because the association of
biofilm matrix and phenotypic characteristics of Haeteria confer resistance to the
host immune response and antimicrobial dftfgin nosocomial infections. aureus
ability to form biofilm in indwelling medical devisds essential to cause dis€ag/L,

a bicomponent cytotoxin encoded by lukS-PV and {&kFFgenes, was associated with
necrotic skin lesions including severe necrotizingumoni&-*2 Although the exact

role of PVL inS aureus pathogenesis is unclédrin specific infection types and

scenarios, PVL appears to significantly contrilioteisease severity

Due the outstanding ability to acquire resistacarttibiotics, the prevalence of
methicillin-resistan. aureus (MRSA) has increasealer the last decad@sThe
Staphylococcal cassette chromosamee (SCAnec) harbors theénecA gene, which is
responsible for the methicillin resistanceSaureus by encoding a novel penicillin-

binding protein (PBP) designated PBF2&CGrec is a mobile genetic element (MGE)
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in MRSA and has been differentiated into at le@sgi@netic type$, among which types
I to Il are commonly found in healthcare-assodatdA)-MRSA, while type IV and V
were reported to be frequently found in communitgidared (CA)-MRSAE. However,
studies have suggested that CA-MRSA strains magnbeaching on nosocomial
environment® 25 which makes distinction between HA and CA-MRS#isis more

difficult in terms of SC@nec type.

In addition to methicillin resistance, strains widduced susceptibility to vancomycin
(VISA and hVISA) have arisen and reports of hetes@tance its. aureus infections

are increasingly frequetit InterestinglyyvanA, vanB, andvanC genes that mediate
resistance in vancomycin-resistant isolates (VR8&e not found in VISA and hVISA
straing?. Although the genetic basis has not been detedringeneral, the presence of
a thickened cell wall with several more peptidoglydayers appears to be responsible
for reduced susceptibility to vancomy&inThe association between reduced
susceptibility to vancomycin and dysfunctioagl can explain the VISA and hVISA
phenotypes, since tlagr system represses cell-wall proteins and activeteprotein

secretioR®.

Thus, the coordinated expression of several viaddactors coupled with antimicrobial
resistance in adaptation to different environméats ensured the succesSodureus
as a pathogen. In order to increase the knowled@e aureus pathogenesis, the aim of
the study was to determine molecular charactesisti virulence factors & aureus

isolates and their association with antimicrobgsistance and patient outcome.

Results

During the study period, 83 episodesSoaureus infections were reported. Fifty
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samples (60%) were isolated from male and 74 (8884) adult patients. Patients had
a median Charlson comorbidity score of 2 (IQR, @3) 56% had cardiovascular
diseases, 18% endocrinological, 16% neurologicdlld&i?% of patients had respiratory
diseases as comorbidities. Fifty-four (65%) of ¢élwents were classified as HA
infections. Shock episodes were documented in fiérga (19%) and 44 (53%) were
admitted at the ICU. The most common infectionssitere skin and soft tissue (SST)
and surgical site infection (SSI) (39%), bloodstneafection (BSI) (31%), pneumonia
(PNEU) and lower respiratory tract infections (LEQY%).

Strain characteristics are listed in Table 1. Mosfilm-producing strains were
methicillin-susceptible (95 vs. 67%, p= 0.014). PWas detected mainly in PNEU and
LRI (39%), followed by SST and SSI (25%), and B&1%). Similar rates of PVL
prevalence were observed in CA and HA infectioi&sV&2 30%, p= 1.000). There was
no difference in PVL frequency between MRSA and MS8ains (28 vs. 43%, p=
0.330), and hVISA isolates (p= 0.888). However, Rdsitive strains showed a
decrease in MDR phenotype (38 vs. 16%, p= 0.094)isSlates of MRSA were PVL
positive and SCfec detected were type IVc (33%), type IVa (17%) aimcustaneous
detection of two types (50%). Regardiqy, all agr type IV samples showed PVL,
whereas for otheagr types (I, Il and Ill) the PVL frequency range waetween 30 to
40%.

Table 2 shows the association betwagnstatus and resistance profile of strains or
patients’ outcome. Absence adr (agr-defective) was associated to vancomycin MIC
increase detected by Etest and the hVISA phenatygsemore frequently observed in
agr-defective strainsagr dysfunction was significantly higher in MRSA andiR
isolates (p=0.002). Thagr status (defective and dysfunctional) was simitaCA and

HA infections and did not affect the frequency lbek in patients. There was no
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influence ofagr-defective or functionadgr status on outcome (mortality and LOS).
Biofilm production did not affect the mortality ea{p= 1.000) and there was no
difference in 30-day mortality between PVL positased negative strains (16 vs. 26%,

p= 0.462).

Discussion

SCQmec andagr type prevalence varies considerably due to gebdgralplocation, as
well the presence of virulence factors. Moreoueg, frequency of these epidemiological
markers is different according to the type of iti@e'> 2> Whereas the present study
provides a molecular evaluation in different infens (BSI, PNEU, LRI, SST, SSI and
UTI), a comparison with previous studies is difficgince many studies evaluate only
specific types of infection, e.g., bacteremia. Hearesimilarly to our findings, a recent
study in northeast BraZflincluding different types of infection reported Gi@iec types

Il and 1V as more frequently isolated and Kimutak?’ found SC@nec type IV as

predominant in blood, skin, and soft tissue is@lateJapan.

The SC@rec type IV is usually associated to CA-MRSA isolatesl the high
prevalence of this specific type can be explaingd buccessful combination of
methicillin resistance with virulence verified ilAdVIRSA infectiong”. Differences in
fithess cost were detected comparing &€€Ctypes | and IV, proving that the presence
of SCQrec type IV decreases the energetic cost in methieidisistant straird
Furthermore, the expressionroécA gene is responsible for reducing the ability to
secrete toxins. CA-MRSA expresses less PBP2a thaMRSA and, thus, it has a
higher virulence expression combined with methitiesistance, contributing to its

success in the environméht

CA-MRSA is associated with an increased presensgraience factors, including
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PVL 30 However, Brust et &f reported sixteen PVL-positive strains in an HA-MRS
outbreak. Moreover, in agreement with the curréuids a high rate of HA-MRSA
encoding PVL was described in a previous stéidpd there was no difference in PVL

prevalence between CA and HA infections reportedibgt al®3,

Although poorly investigated, PVL is also encodgdM5SA isolates and a high
frequency has been reported in Africa or Asia camgo the United Statés3> The
high frequency of PVL among MSSA strains is of spleaterest, since the most
successful CA-MRSA clones share this genetic mafprevious study assessing the
genetic diversity indicated a probable dissemimatibnovel SC@ec elements among
pre-existing PVL positive MSSA strains, rather thlaa spread of PVL phages among
MRSA straing®. Similarly to our findings, Campbell et Hlfound no difference in the

PVL rates between MRSA and MSSA isolates.

In contrast to our study, Nurjadi et*8ldescribed a higher MDR phenotype in PVL-
positive strains. However, there is a significaffedence in MDR definition between
the current and the previous studies. Whereas tiojadli et a® MDR means a
resistance to any two or more antibiotics, for study MDR means a resistance to at
least three agents of different antimicrobial catezs®. Thus, a greater number of
isolates was defined as MDR in the previous studgmcompared with the current,

explaining the contrast in results.

Biofilm is another important virulence factor 1aureus infections. McCarthy et &P
described different mechanisms used by MSSA and MiBS8ates to form biofilm and
how the acquisition or loss of methicillin resistanmpacts on biofilm production.
Clinical MSSA strains predominantly form biofilm depent on thecaADBC operon

and polysaccharide intercellular adhesin (PIA) patithn, whereas MRSA strains form
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biofilms independent of PFA Regarding the acquisition of methicillin resistana
high level ofmecA gene expression is associated with repressiomeafgr system,
leading to changes in cell wall, decrease in cyiotproduction and attenuated

virulence&® %2 Our findings are in agreement with those, sinegeported a lower

biofilm production by MRSA isolates.

Most studies have evaluatagr dysfunction, rather thaagr absenceagr dysfunction
was associated with an elevated vancomycin ¥#d with hVISA phenotydé but in
the present study a high MIC and heteroresistarare associated witligr absence.
Results are similar, since a strain watir absence will mandatorily not produce delta-
hemolysin and will therefore be classified as dgsfionalagr isolate. In addition, our
study has shown thagr dysfunction was significantly higher in MRSA andR
isolates. According to Rudkin et%].a high level of expression of PBP2a affects the
responsiveness of tlagr system and subsequently affects daltaolysin expression;

therefore, the resistant strains have nagredysfunction.

Paulander et &f reported that the presence of Hue system imposes a fitness cost
for S aureus due the expression of RNAIIl and indicated a pdssdlolaptation against
antibiotic pressure involving the lossagr. Thus, the extensive use of antibiotics in
hospitals can explain the reason for the high feegy ofagr-negative isolation from
nosocomial infections, when compared to communitysired infection¥. CA-MRSA
strains probably requiragr expression to evade innate host defenses andgaodu
toxins, whereas HA-MRSA strains do not require highllence expression to affect
immunocompromised and critically-ill patients usimgdical devices such as
intravascular catheteéfs The activation ofigr is suggested to be energetically
expensive and, therefore, transition to a dysfonetiagr status is beneficial for long-

term survival once innate host defenses have besed®.
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Antibiotic resistance genes are often located orBgl&uch as transposons, plasmids, or
genomic islands and S@&c is an important element B aureus®®>. MGEs contain
antibiotic resistance genes and usually do notatomfenes for virulence
determinant¥. However, Kaito et &l reported that thpsm-mec gene, initially
described in SCec types Il and 1ll, is responsible for virulence réagion,
representing the first toxin gene®faureus co-localized on MGEs with antibiotic
resistance geneg's The SC@nec of CA-MRSA does not contain thpsm-mec gene,
unlike the HA-MRSA SC@ec. Furthermore, some HA-MRSA strains carry mutated
psm-mec or nopsm-mec and produce higher amounts of extracellular tokias HA-
MRSA strains carrying intagism-mec®?. The transcription product of tipsm-mec

gene, located in the mobile genetic element ®&®mf HA-MRSA, but not in CA-
MRSA, suppresses the expression of phenol-solubtiufim a (PSMa), a cytolytic
toxin of S, aureus, increases biofilm formation and acts as a regulay inhibiting

AgrA translatio®. In addition to the high frequency afr loss or dysfunction, the
presence gbsm-mec gene in HA-MRSA strains can explain the reasoatnuated
virulence compared to CA-MRSA isolat@$e inhibition of theagr system bypsm-mec
might contribute to less energy-consuming and $grie the antibiotic environment,

since nosocomial strains do not require evadinditist’s defense barriéfs

Similar to our findings, in a meta-analysis abdét tole of the PVL in Staphylococcal
diseas#, PVL strains were not associated with increasedatity, prolonged hospital
stayor increased disease severity, when assessed Bgtie Physiology and Chronic
Health Evaluation 1l (APACHE) score. Poor evidegoerelating biofilm production of
S aureus and outcome are available, but epidermidis orthopedic device-related

infections, the biofilm-forming ability affectedéttreatment outcomg

Previous studies have correlatgg dysfunction with higher mortality and prolonged
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bacteremia, but the precise mechanism has yet ¢stablisheth ° According to Kang
et al?>, mortality attributed to MRSA bacteremia was lsgjuent in SC@ec type IV
strains than types Il and lll. The present studynfbno association between outcome
andagr function or SC@ec type; however, different types of infection were evaluated,
instead of bacteremia. Pragman et akported thain vivo expression o8, aureus
virulence genes must occur in response to othatevice regulators rather thagr and,
thus,agr system is not the master virulence regulator asrdeedin vitro. The role of

agr appears to be more related with pathogenesisdisaase development or outcome,
since down-regulation @gr is associated with colonization aagr activation with

host invasiof? %8

Indeed, the success &faureus as a pathogen is a combination of virulence and
resistance in environment; thus, the regulatory interdependence of themec andagr
systems may contribute to balancing these two itapbenergy-consuming
pathogenesis mechanisms. Although no associatisrideatified between virulence
factors and outcome in our study, a better undedstg of the molecular epidemiology
and the complex pathogen-host interactions canavepthe design of strategies for
prevention and treatment 8faureus infections. Furthermore, epidemiological studies
remain an essential surveillance tool and haveritaned to the knowledge about
pathogenesis, adaptation to environment, antimiatobsistance and virulence

acquisition.
Materialsand Methods
Study Design and Population

A prospective cohort study was conducted at a 28-tertiary care teaching hospital

located in southern Brazil. Patients who had aatiept positive culture fo8. aureus
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admitted between July 2012 and June 2014 werdkigpr inclusion. Samples were
excluded in cases of duplicates or relapse of ntirnéections. The study was reviewed
and approved by the Research Ethics Committee nfeltsidade Federal de Ciéncias

da Saude de Porto Alegre (1779/12).
Clinical Data and Definitions

The following information was collected from thetipats’ medical records using a
standardized data collection form: demography dterstics, medical history (ICD —
International Classification of Disease), previbeslthcare institution exposure,
comorbidities, Charlson comorbidity scetdntensive care unit (ICU) admission,
antimicrobial treatment, history of surgery or igix@ devices, sepsis and/or siSck
length of hospital stay, and outcome (dischargmfhospital or 30-day all-cause

mortality).

Definitions of clinical outcomes were adapted frdmical studies of patients with
Staphylococcal infectiofis 62 Healthcare-associated (HA), community-acquired)(C
infections and type of infection were determinedoading to previously described

definitions and criteri® 4

Multidrug resistance (MDR) was defined as non-susiméty to at least one agent in

three or more antimicrobial categor®s
Microbiological and Molecular M ethods

All isolates were identified according to standaetimnd$®. Individual isolates were
then stored in skim milk with 20% glycerol at -200@til microbiological testing was
performed. Genomic DNA was extracted using the Ydifaenomic DNA Purification

Kit (Promega Corporation).
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Antimicrobial susceptibility: Initial testing for ethicillin resistance was performed

according to the Clinical Laboratory Standardsitatt (CLSI) guidelines, using a 30-
pg cefoxitin disc and Mueller-Hinton agar. Susdapty tests for other antimicrobials
were assessed using the Kirby-Bauer disc diffusiethod according to CLSI.
Vancomycin minimum inhibitory concentration (MICa® determined through the
broth microdilution (BMD) and Etest (bioMérieux) theds, performed in agreement
with the CLSI guidelines and the manufacturer’srungions, respectively. Screening
test for hVISA was performed using brain heart &ndn (BHI) agar plates containing 6
png/mL ofvancomycin (Sigma) and ATCC 700698 (Mu3), which wasd as positive
control. hVISA isolates were confirmed using th@plation analysis profile / area

under the curve (PAP/AUC) metHd

Biofilm: A microtiter plate assay was performeddescribed by Stepanovic et®3|.

with some modifications.

Delta-hemolysin: The expression of @éugr gene cluster was determined by quantitating

delta-hemolysin production, utilizing a previouslgscribed methSé

Molecular analysismecA gene detection by polymerase chain reaction (PG#)

performed to confirm methicillin resistance of s@$°. The staphylococcal cassette
chromosomenec (SCAnec) type and accessory gene regulasgr) genotype were

characterized using multiplex PCR, as previouskcdbed® "X PCR for the presence
of the gene encoding Panton-Valentine LeucocidwiL(Rvas performed as described

by Lina et af°.
Statistical Analysis

Categorical variables were compared using Chi-ggoaFisher’s exact test and

continuous variables were compared using the MahitA&y U-test, as appropriate.
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All analyses were performed using the computemsoft SPSS version 20.0 (SPSS Inc,

Chicago, IL, USA). A p-value 0.05 was considered statistically significant.
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Table 1. Microbiological and molecular charactécsbf S. aureus isolates in

Characteristics, n (%) S(na:ur8eé1)s (nc::A2\9) (nlipé 2) p-value
Resistant to

Methicillin 14 (17) 2 (7) 12 (22) 0.124

Ciprofloxacin 18 (22) 4 (14) 14 (26) 0.039

Clindamycin 34 (41) 7 (24) 27 (50) 0.034

Erythromycin 42 (51) 11 (38) 31 (57) 0.212

Gentamicin 10 (12) 1(3) 9 (17) 0.151

Penicillin 66 (80) 25 (86) 41 (76) 0.545

Rifampicin 6 (7) 2 (7) 4 (7) 1.000

Sulfametoxazole- 10 (12) 0 10 (19) 0.008

trimethoprim
Multidrug-resistant 26 (31) 8 (28) 18 (33) 0.845
VAN MIC (mg/L), mean+SD

BMD 1.15+0.98 1.03+0.51 1.22+1.18 0.948

Etest 1.61+1.06 1.51+0.77 1.69+1.23 0.637
hVISA 8 (10) 2 (7) 6 (10) 0.992
SCQmec typée (n=14) (n=2) (n=12) 0.389

I 0 0 0 -

Il 1(7) 0 1 (10) -

1] 2 (14) 0 2 (20) -

IVa 2 (14) 0 2 (20) -

IVb 0 0 0 -

IVc 2 (14) 1 (50) 1(10) -

Ivd 1(7) 0 1 (10) -

Vv 0 0 0 -

NT 2 (14) 0 2 (20) -

2 types 4 (30) 1 (50) 3 (30) -

3 types 0 0 0 -
Virulence factors

Biofilm producers 75 (90) 27 (93) 48 (89) 0.918

Strong biofilm 38 (46) 15 (52) 23 (43) 0.583

Delta-hemolysis 59 (71) 18 (62) 41 (76) 0.224

PVL 25 (30) 8 (28) 16 (30) 1.000
agr type 0.016

I 38 (46) 9 (32) 29 (54) -

Il 20 (24) 9 (32) 11 (23) -

1l 14 (17) 9 (32) 5 (9) -

\Y] 2 (2) 0 2 (4) -
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Absent / none 9 (11) 2 (7) 7 (13) 0.794

2 evaluated only for methicillin resistant isolates (n= 14); CA, community-acquired
infection HA, healthcare-associated infection; VAN MIC, Vancomycin minimum
inhibitory concentration; BMD, broth microdilution; SD, standard deviation; hVISA,
heterogeneous vancomycin-intermediataureus, SCCmec, Staphylococcatassette
chromosomenec; NT, nontypable; PVL, Panton-Valentine leucocidin; agr, accessory

gene regulator.
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Table 2. Association betweagr status and resistance or outcom&.iaureus

infections
agr status
Variable, n (%) Genotype Phenotype
Absent Present Dysfunctional Functional
(n=9) (n=74) (n=23) (n=60)
Methicillin-resistant 5 (56) 9(12) 9 (39) 5(9)
p=0.002 p=0.002
Multidrug-resistant 7 (75) 19 (26) 11 (48) 15 (25)
p=0.013 p=0.077
Vancomycin MIC
BMD (mean+SD) 1.43+0.73 1.08+0.96 1.41+1.59 1.00+0.53
p=0.068 p=0.099
Etest (mean+SD) 1.93+0.61 1.59+1.12 1.68+1.58 1.59+0.86
p=0.050 p=0.767
hVISA 3 (34) 5 (7) 3 (13) 5(9)
p=0.037 p=0.916
30-day mortality 5 (56) 15 (20) 8 (35) 12 (20)
p=0.146 p=0.364
LOS (days), median (IQR) 37 (9-60) 13 (7-33) 12%- 16 (7-35)
p=0.152 p= 0.654

agr, accessory gene regulator; MIC, minimum inhibitory concentration (mg/L); BMD,

broth microdilution; SD, standard deviation; hVISA, heterogeneous vancomycin-

intermediates. aureus; LOS, length of hospital stay; IQR, interquartile range.
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associated (HA); Panton-Valentine leucocidin (PVL); Staphylococcal cassette
chromosome mec (SCCmec); accessory gene regulator (agr); minimum
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Abstract

Heterogeneous vancomycin-intermediate Staphylococcus spp. (hVIS)
phenotype has been associated with increased mortality and vancomycin
failure. A prospective cohort was performed to identify hVIS strains in a teaching
hospital of southern Brazil and to evaluate the epidemiology of infections
caused by hVIS for 36 months (July 2012 to June 2015). Antimicrobial
susceptibility was assessed using disc diffusion and vancomycin minimum
inhibitory concentration (MIC) was analyzed by broth microdilution (BMD) and
Etest. Molecular assays were used to evaluate mecA and hld genes, Panton-
Valentine leucocidin (PVL), Staphylococcal chromosomal cassette mec
(SCCmec) and accessory gene regulator (agr) typing. hVIS isolates were
characterized by pulsed-field gel electrophoresis (PFGE). Population analysis
profile - area under the curve (PAP-AUC) was performed for each isolate to be
compared with the reference strain Mu3 (ATCC700698). 200 isolates were
analyzed and none of the isolates was characterized as vancomycin-
intermediate Staphylococcus (VIS). 34 samples were confirmed as hVIS
(17.0%) and 70.6% of these strains were methicillin-resistant. Absence of agr
was more frequent in hVIS isolates than vancomycin-susceptible isolates
(p=0.031), MIC higher than 1 pg/mL by BMD (p=0.018) and higher than 1.5
ng/mL by Etest (p=0.007). No association with outcome was found related to
hVIS strains. Two clones including a total of four samples were identified by
PFGE. These results suggest that hVIS isolates from our hospital had a
different genetic pattern, indicating a possible strain evolution, rather than
spread. Therefore, the suitable use of vancomycin and therapeutic drug

monitoring are recommended in order to avoid the emergence of
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heteroresistance in susceptible strains.

Introduction

Staphylococcus aureus is an important cause of both community-acquired (CA)
and health care-associated (HA) infections and coagulase-negative
Staphylococcus (CoNS) is the most common opportunist pathogen associated
with HA central-line infections[1, 2]. Antibiotic resistance is a major public-health
problem worldwide and the association between inappropriate use of
antimicrobials and incidence of resistance has been extensively reported[3-5].
Thus, the treatment of infections caused by Staphylococcus spp. has been a
challenge due to the high prevalence of methicillin-resistant strains (MRSA)[6].
The glycopeptide antibiotic vancomycin has been traditionally used as a first-
line agent for treating MRSA infections[7]. Although the drug has been in the
market since the 50s, there have been few reports of vancomycin-resistant S.
aureus (VRSA)[8]. However, although the majority of isolates are susceptible,
there have been many descriptions of treatment failure with vancomycin in

studies published from the 1970s[9].

Since Hiramatsu et al.[10] reported the first MRSA clinical strain with reduced
vancomycin susceptibility from Japan in 1997, vancomycin-intermediate S.
aureus (VISA) isolates were described in different countries, including
Brazil[11]. Different from VRSA, VISA strains do not have the vancomycin
resistance genes (vanA, vanB or vanC); however, a vancomycin minimum
inhibitory concentration (MIC) between 4 and 8 ug/mL is verified. The
intermediate resistance mechanism seems to be associated with cell-wall

thickening, which difficults antibiotic action[12].
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Heterogeneous vancomycin-intermediate Staphylococcus (hVIS) is defined as
an isolate with a vancomycin MIC within the susceptible range when tested by
routine methods, but a subpopulation of cells (1 in 108) are in the vancomycin-
intermediate range[13]. It is estimated that approximately 60% of the MRSA
isolates with MIC of 2 ug/mL are hVISA strains[12]. Some screening methods
employed for hVISA detection are the macro-Etest method, glycopeptide
resistance detection (GRD) Etest and brain heart infusion (BHI) agar containing
vancomycin, but the confirmation of heteroresistance is carried out based on
culture growth through the method of population analysis profiling - area under
the curve (PAP-AUC). Although the PAP-AUC is the gold standard, it is a
laborious test and of which delay in the result (3-5 days) does not allow its use

in clinical routine[12].

The clinical importance of hVISA strains is due to the fact that their presence
seems to be related to a higher chance of treatment failure, especially in cases
of bacteremia[14-17]. However, although many researchers have studied the
reasons for treatment failure, there is no consensus among authors.
Additionally, the real influence of heteroresistance on the outcomes mortality
and length of hospital stay (LOS) is still widely debated.

The objective of this study was to evaluate the prevalence of heterogeneous
vancomycin-intermediate isolates in the Staphylococcus genus in a teaching
hospital in southern Brazil, to investigate the influence of this phenotype on
clinical characteristics and outcome, as well as analyze the molecular

epidemiology of hVIS infections.
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Materials and methods

1. Study Design and Population

A prospective cohort study was designed to evaluate the prevalence

rates and to analyze the phenotypic and molecular characteristics of hVIS
isolates. All patients with a positive culture for Staphylococcus spp. admitted
between July 2012 and June 2015 at a 234-bed, tertiary care, teaching hospital
located in southern Brazil were included. Cases of duplicates or recurrent
infections were excluded. The study was reviewed and approved by the
Research Ethics Committee of Universidade Federal de Ciéncias da Saude de

Porto Alegre (1779/12).

2. Clinical Data and Definitions
Clinical information was collected from the patients’ medical records including
demography characteristics, medical history (ICD — International Classification
of Disease), previous healthcare institution exposure, comorbidities, Charlson
comorbidity score[18], intensive care unit (ICU) admission, antimicrobial
treatment, length of hospitalization and outcome (discharge from hospital and

30-day all-cause mortality).

Definitions for clinical outcomes were adapted from clinical studies of patients
with Staphylococcal infections[19, 20]. Healthcare-associated (HA) and
community-acquired (CA) infections were determined according to previously
described criteria[21]. The type of infection was determined according to the
definition and criteria of the Centers for Disease Control and Prevention (CDC):

bloodstream infections (BSI), pneumonia (PNEU), lower respiratory tract
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infections (LRI), skin and soft tissue infections (SST), surgical site infections
(SSI) and urinary tract infection (UTI)[22]. Multidrug-resistant (MDR)
microorganism was defined as non-susceptibility to at least one agent in three

or more antimicrobial categories[23].

3. Microbiological Evaluation
Antimicrobial susceptibility was assessed by the Kirby-Bauer disc diffusion
method according to Clinical Laboratory Standards Institute (CLSI). Vancomycin
MIC was determined by the broth microdilution (BMD) and Etest (bioMérieux,
Durham, NC) methods, performed according to the CLSI guidelines and the

manufacturer’s instructions, respectively.

Microtiter plate assay was performed as described by Stepanovic et al.[24] to
determine biofilm formation. The expression of the agr gene was evaluated by
quantitating delta-hemolysin production, utilizing a previously described

method[25].

Brain heart infusion (BHI) agar containing 4 and 6 pg/mL of vancomycin was
used to screening the presence of the hVIS phenotype[26]. 100 uL of 0.5
McFarland standard bacterial suspension was inoculated and the plates were
incubated for 48 hours at 35°C. The culture was considered positive if the
growth of 1 or more colonies was observed. All positive strains with hVIS
phenotype were confirmed using the PAP-AUC method[27]. After incubation on
solid medium, samples were diluted in sterile saline at concentrations ranging of
101 to 10”7 from a 0.5 McFarland bacterial suspension. 10 pL of these dilutions
were spotted on BHI agar plates containing 0.5, 1, 2, 3, 4, 6 and 8 ug/mL of

vancomycin. After 48 hours of incubation at 35°C, colonies were counted to
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determine the log CFU/mL. Results of the counting were plotted against the
concentration of vancomycin and the AUC was determined by using GraphPad
Prism 6 software. Isolates were confirmed as hVISA if the ratio of AUC of the

sample was =0.9, compared to AUC of the reference strain Mu3 (ATCC700698).

4. Molecular Analysis
Genomic DNA was extracted using the Wizard Genomic DNA Purification Kit
(Promega Corporation, Madison, WI, USA) and mecA gene detection was
performed by polymerase chain reaction (PCR), confirming methicillin
resistance of isolates[28]. The Staphylococcal cassette chromosome mec
(SCCmec) type and accessory gene regulator (agr) genotype were
characterized using multiplex PCR, as previously described[29, 30]. PCR was
performed for the presence of the gene encoding Panton-Valentine Leucocidin
(PVL) and delta-hemolysin (hld) gene, as described by Lina et al.[31] and

Marconi et al.[32], respectively.

Chromosomal DNA analysis by pulsed field gel electrophoresis (PFGE) was
performed using a practical adaptation of literature methodology described by
McDougal et al.[33] and Pinto et al.[34]. The fragments were analyzed by PFGE
using 1% agarose gel (Pulsed Field Certified Agarose, Bio-Rad Laboratories) in
0.5X Tris-borate-EDTA buffer in a CHEF-DR Il system (Bio-Rad Laboratories,
Hercules, CA). Gels were stained with 0.5 pg/mL ethidium bromide, visualized
under UV light and photographed using GelDoc XM system (Bio-Rad
Laboratories, Hercules, CA). Circulating epidemic Latin American clones were
used as PFGE controls: Brazilian Epidemic Clone (BEC), Pediatric,
Cordobean/Chilean, New York/Japan, Oceania Southwest Pacific Clone

(OSPC), E-MRSA 15, E-MRSA 16, USA 300 and USA 400.
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5. Statistical analysis

Categorical variables were compared using Chi-square or Fisher’s exact test
and continuous variables were compared using the Mann-Whitney U-test, as
appropriate. All analyses were performed with the computer software SPSS
version 20.0 (SPSS Inc, Chicago, IL, USA). A p-value < 0.05 was considered
statistically significant. PFGE analysis was performed using BioNumerics soft-
ware version 6.0 (Applied Maths, Kortrijk, Belgium). Banding_pattern was ana-
lyzed using Dice coefficient and the unweighted pair group method with arith-
metic means (UPGMA), tolerance and optimization were adjusted to 1.5 and
1.0%, respectively. Clusters were defined as isolates with a similarity above

80% in the dendrogram (Tenover et al., 1995).

Results

During the study period, 200 episodes of Staphylococcal infections were
reported. One hundred and twelve samples (56%) were isolated from male and
71.5% (n=143) from adult patients. Patients had a median Charlson comorbidity
score of 2 (IQR, 0-3) and 63% had cardiovascular disease, 24% respiratory and
15% of patients had neurological diseases as comorbidities. The most common
infection sites were BSI (46%), followed by SSI and SST (29%), PNEU and LRI
(21.5%). S. aureus was the etiologic agent responsible for 50% of cases. The
most recurrent species in CoNS infections (n=100) were S. epidermidis (65%),
S. lugdunensis (8%), S. haemolyticus (7%), S. hominis (7%) and S. warneri

(7%).

Ninety-three samples (47.5%) were considered as methicillin-resistant and none
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of the isolates was characterized as vancomycin-intermediate or vancomycin-
resistant Staphylococcus (VIS or VRS). Eighteen isolates (18%) were identified
as MRSA and 75 samples (75%) were methicillin-resistant in CoNS infections
(p<0.001). After screening for the presence of the hVIS phenotype, 64 samples
(32%) were submitted to PAP-AUC analysis and 34 isolates (17%) were

confirmed as hVIS.

hVIS isolates were more frequently observed in CoNS samples compared to S.
aureus strains (24% vs. 10%, p=0.003). Furthermore, detection of hVIS
phenotype was more recurrent in methicillin-resistant strains than susceptible
isolates (67% vs. 42%, p=0.013). The prevalence of heterogeneous
vancomycin-intermediate isolates in MRSA strains was about 17%. hVIS was
more often isolated from children and neonates than adults (27% vs. 14%,

p=0.058) and preterm newborns (p=0.041).

Twenty-two of 34 hVIS strains (64.7%) were BSI isolates, 6 (17.6%) were SSI

and SST samples, 5 (14.7%) were PNEU and LRI and one (3%) was obtained
from the ICU. Ten of 34 hVIS strains (29.4%) were identified as S. aureus, 18

(52.9%) as S. epidermidis, 5 (14.7%) as S. lugdunensis and one (3%) was

recognized as S. haemolyticus.

Antimicrobial resistance and microbiological characteristics of isolates are
shown in Table 1. All samples were susceptible to linezolid and tigecycline and
mecA gene was detected in all methicillin-resistant isolates. VAN MIC was
higher for hVIS in comparison to vancomycin-susceptible Staphylococcus (VSS)
using both methods (Table 1). MIC distribution determined by BMD and Etest

compared to hVIS frequency are shown in Figures 1, indicating that high MIC
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was associated to the hVIS phenotype. A lower ratio of hVIS strains was biofilm
and delta-hemolysin-producing when compared to VSS isolates, as shown in
Table 1. SCCmec detected for 3 MRSA isolates were type lll, type IVc and
simultaneous detection of types Il and IVc in a same sample. The most

common SCCmec for CoNS were type IVa (50%) and type V (18%).

PVL was detected in 32 of S. aureus isolates (32%) and 4 (40%) of hVIS
strains. The agr typing for S. aureus and CoNS detected agr | as the most
frequent type (44% and 43%, respectively), followed by agr Il (23% and 16%)
and agr 11l (20 and 5%). Most strains of hVIS showed agr | or absence of agr for
both species. The absence of agr was verified in 10% of S. aureus and in 36%
of CoNS isolates (p<0.001). For heterogeneous vancomycin-intermediate
identified as S. aureus, the absence of agr was significantly higher than VSSA

(38% vs. 7%, p=0.031).

Thirty-eight patients died (19%) and 128 (64%) were admitted at the ICU. There
was no difference in the mortality rate or ICU admission between hVIS and VSS
isolates (Table 2). Most of non-survivors patients were admitted in the ICU (22%
vs. 10%, p=0.061) and had MDR infections (26% vs. 12%, p=0.024). As show in
Table 2, hVIS phenotype was associated to prolonged LOS and vancomycin
therapy. Glycopeptide was used in 76 patients (38%) and vancomycin treatment
was more frequent in non-survivors (63% vs. 33%, p=0.002). Charlson score
was similar for patients receiving vancomycin and in patients treated with other
antimicrobials (p=0.537), but was higher when comparing non-survivors to

survivors (3.0 vs. 1.0, p<0.001).
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Table 1. Microbiological characteristics of Staphylococcus spp isolates

Staphylococcus VSS hVIS
Characteristics, n (%) p-value
spp. (n=200) (n=166) (n=34)

Resistant to

Methicillin 93 (48) 70 (42) 23 (67) 0.013
Ciprofloxacin 84 (42) 70 (42) 14 (42) 0.725
Clindamycin 96 (48) 78 (47) 18 (54) 0.570
Erythromycin 122 (61) 96 (58) 26 (73) 0.293
Gentamicin 66 (33) 46 (28) 20 (58) 0.001
Penicillin 172 (86) 142 (86) 30 (89) 0.784
Rifampicin 12 (6) 11 (7) 1(3) 0.578
Sulfamethoxazole/ 74 (37) 60 (36) 14 (42) 0.554

trimethoprim

Multidrug-resistant 102 (51) 81 (49) 21 (61) 0.234

Vancomycin MIC, mean+SD
BMD 1.32+0.81 1.25+0.79 1.53+0.74 0.016

Etest 1.74+0.82 1.71+0.88 2.02+0.57 <0.001

Virulence factors
Biofilm 160 (80) 138 (83) 22 (64) 0.033

Delta-hemolysin 110 (55) 94 (57) 16 (47) 0.418

hVIS, heterogeneous vancomycin-intermediate Staphylococcus spp.; VSS,
vancomycin-susceptible Staphylococcus spp.; MIC, Minimum inhibitory

concentration; SD, Standard deviation; BMD, Broth microdilution.
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Table 2. Comparison of clinical features and outcome in hVIS and vancomycin-

susceptible Staphylococcus spp.

VSS hVIS
Variables, n (%) p-value
(n=166) (n=34)

Previous healthcare institution exposure 75 (45) 9 (26) 0.055

Infection acquisition

Health-care associated 120 (72) 29 (85) 0.230
Vancomycin therapy 55 (33) 19 (56) 0.025
Treatment duration (days) 3.74 6.48 0.025
(95% ClI) (2.2-5.3)  (3.6-9.4)
ICU admission 105 (63) 23 (68) 0.660

LOS (days), median (IQR)

Hospital 19 (9-41) 36 (14-56) 0.018
Mortality
30-day mortality 32 (19) 8 (23) 0.883

hVIS, heterogeneous vancomycin-intermediate Staphylococcus spp.; VSS,
vancomycin-susceptible Staphylococcus spp.; Cl, confidence interval; ICU,

intensive care unit; IQR, interquartile range; LOS, length of stay.

Figure 1. Vancomycin MIC distribution and heterogeneous vancomycin-

intermediate Staphylococcus spp. frequency
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hVIS, heterogeneous vancomycin-intermediate Staphylococcus spp.; VSS,
vancomycin-susceptible Staphylococcus spp.; BMD, broth microdilution; MIC,

minimum inhibitory concentration.

PFGE was used to assess the degree of genetic similarity and the results are
shown in Figure 2. Two clones were observed, including four isolates: clone A,
comprising isolates 170 and 173; and clone B, comprising isolates 79 and 91.
No clonal association was verified between hVIS isolates and methicillin-

resistant S. aureus epidemic international clones.
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Figure 2. PFGE dendrogram of heterogeneous vancomycin-intermediate Staphylococcus spp isolates and methicillin-resistant
S. aureus epidemic international clones
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Discussion

The prevalence rates of hVISA vary worldwide depending on the region. A
recently published meta-analysis[35] indicated a hVISA prevalence of 6.05%
among 99.042 MRSA strains. According to the authors, this rate has increased
over the years, especially in blood culture samples, being higher in Asian
countries when compared to countries in Europe and America. Some studies
indicate a prevalence rate similar to that described by Zhang et al.[35]:
approximately 4 to 5% in MRSA samples from Argentina[36], Japan[37],
Singapore[38] and other countries in Asia[39]. However, a 10% rate was
described in Taiwan[40] and 12% in Australia[41], rates similar to that found in
the present study. Other studies show very high levels of hVISA, with rates

varying between 26 and 29%[42-44].

No attention from researchers around the world has been given to the
heteroresistance phenomenon in the case of infections by CoNS. Considering
this group of microorganisms has high methicillin-resistance rates, which are
even higher than MRSA rates, vancomycin becomes an important antimicrobial
agent in the treatment of infections caused by CoNS. Thus, studies reporting
the prevalence of heteroresistance in CoNS are important and can assist
prescribers in choosing the appropriate antimicrobial agent, considering the
possibility of treatment failure with vancomycin. Additionally, the frequency of
23% of hVIS phenotype in coagulase-negative Staphylococci is therefore a
matter of concern and, to date, only one description of their prevalence has
been published, derived from a study carried out in our own country that
included blood samples, indicating 8.5% of CoNS isolates with this

phenotype[45].
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Most studies evaluated the hVIS phenotype in methicillin-resistant strains and
few authors investigated heteroresistance in susceptible isolates[36, 46, 47].
However, methicillin-susceptible samples can also disclose the hVIS phenotype
and this phenomenon has increased in recent years, according to Hu et al.[47].
Although the frequency of heteroresistance in MSSA isolates is lower than that
of MRSA strains (9% vs. 17%), this fact is probably associated with a significant
increase in vancomycin MICs among MSSA clinical isolates[46, 48]. Thus, it
becomes important to detect reduced vancomycin susceptibility, both in

methicillin-susceptible and resistant strains.

High vancomycin MIC has also been associated with hVIS phenotype in
previous literature studies[41, 42, 49, 50] and is consistent with our findings
indicating that the frequency of hVIS increases with vancomycin MIC. In this
case, for isolates containing high vancomycin MIC, although the strains are
classified as sensitive, prescribers should consider other treatment options such
as ceftaroline, linezolid, daptomycin and tigecycline. Some studies have
reported an increase in resistance levels to other antimicrobial for hVIS
samples[20, 40], a fact that was not observed in this study, with the exception of

resistance to gentamicin, which was significantly higher in hVIS cases.

Regarding the SCCmec type of hVISA isolates, the meta-analysis of Zhang et
al.[35] indicates the predominance of SCCmec types Il (48%), IV (18%) and Il
(18%) in 685 identified MRSA strains. Moreover, other studies not mentioned in
this meta-analysis reported a higher frequency of these three types of SCCmec,
which is in agreement with our results[42, 51]. Similarly to our study,
heteroresistance was mainly found in samples of agr types | and Il, a fact

described by previous studies[42, 43, 52, 53]. Studies evaluating the presence
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of PVL in hVIS isolates show very variable results, such as the absence of this
virulence factor in China[54], 4% in Israel[55] and 30% in Argentina[36], with the

latter being a similar result to that of the current study.

The impact of heteroresistance on biofilm formation is still a controversial
subject among different authors. According to Voung et al.[56] and Sakoulas et
al.[57], the surfactant action of delta-hemolysin can prevent hydrophobic
interactions of cell-surface with polystyrene, reducing biofilm formation. Thus,
samples with dysfunctional agr (i.e., non-delta-hemolysin-producing) show more
pronounced biofilm formation. Howden et al.[58] and Maor et al.[55] did not
verify this increase in clinical samples of hVISA, generally characterized as
dysfunctional agr. Similar to this study, the authors verified a reduction in biofilm

formation, a fact probably related to cell wall changes due to this phenotype.

Although authors[25, 44, 46] described the association between loss of agr
functionality and hVIS phenotype, other studies also found no difference in agr
dysfunctional activity, represented by the production of delta-hemolysin between
hVISA and VSSA strains[17]. Though the dysfunctional agr rate found was
lower (albeit not significantly) in the hVIS isolates, it is noteworthy that agr
absence was associated with heteroresistance in our study. This type of
association between agr absence and hVIS phenotype in clinical samples was
not previously described in the literature. The study by Paulander et al.[59]
suggests that the fitness cost of carrying agr is enhanced by the presence of
some antibiotics and that treatment with those antibiotics will select agr-
negative mutants. Additionally, according to Shopin et al.[60], carrying an agr-
negative strain was associated with hospitalization, raising the possibility that

such strains may be selected in a nosocomial setting.
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The influence of the hVISA phenotype has been the subject of many studies
and a published meta-analysis[61] grouped these studies to assess the impact
on treatment failure and patient mortality. According to the author, the probability
of treatment failure was higher in hVISA infections (OR: 2.37, 95%CI: 1.53-
3.67), but there was no difference in mortality between infections caused by
hVISA and VSSA. Results published after the meta-analysis confirmed these
data[17], as well as the results of our study. A possible explanation for the lack
of a difference in mortality between hVIS and VSS strains is that
heteroresistance has been associated with virulence factor reduction, leading to
a decrease in host immune response, resulting in reduced mortality, but

increased infection persistence[62-64].

LOS is another important outcome, but unfortunately it is not evaluated in most
of the studies. Prolonged LOS is responsible for an increase of in-hospital
costs[65] and hVIS infections were associated with longer LOS in the current

study, similarly to previous studies[17, 38].

Sakoulas et al.[57] assessed the effects of prolonged vancomycin
administration on MRSA in a patient with recurrent bacteremia and although
they did not verify the development of heteroresistance when vancomycin
toughs were maintained above 10 g/L. Previous studies associated prior
exposure to vancomycin and the development of heteroresistance[66, 67], data
similar to those of the current study. The majority of hVISA and VISA strains
seem to arise through in vivo evolution during failed therapy with vancomycin
for seemingly VSSA infections[68]. However, previous reports indicated that
hVISA could also be generated by exposing MRSA to imipenem[69] or be

induced by common rifampicin resistance mutations[70, 71].
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The molecular analysis indicated the presence of clones A and B. In Clone A,
the samples were isolated from prosthesis secretion due to osteomyelitis with a
3-day interval between the isolation; both patients were males (24 to 59 years
old) who underwent surgery and were treated by the same physician during
hospitalization. There is a suggestion of vertical transmission, as there is an
association between the patients, who were treated by similar medical and
nursing staffs. As for Clone B, the samples were isolated from tracheal aspirate
and blood with a 10-day interval; one patient was a preterm newborn, but the
other patient was 39 years old and had been hospitalized for three months at
the institution. The evidence of transmission is not so clear; however, an as-
sessment of the staff disclosed the existence of a substitute nursing technician
who alternated care in the adult and pediatric units, according to hospitalization
demand. In both clones (A and B), the probable absence of adequate hand hy-
giene and presence of fomites could explain the transmission of strains. Re-
garding the transmission of isolates with intermediate resistance, de Lassence
et al.[72] reported the first description of a large outbreak of colonization and
infection with a single VISA strain that affected 21 patients in a medical ICU at a
tertiary care teaching hospital.

Our study should be interpreted in the context of some limitations. First, this
was a single-center study with a small sample size. Second, there was no
enzymatic cleavage in some hVIS isolates due to technical limitations and,
therefore, these isolates were not assessed by PFGE. Finally, considering that
sample isolation occurred during the course of infection, it is not possible to
categorically affirm that the heteroresistant phenotype is indeed a consequence

of treatment.
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Despite of its limitations, this is the first description of an association between
agr absence and hVIS phenotype. In addition to agr dysfunction, which is
widely correlated with heteroresistance, the agr system loss can
alternatively explain the reason for virulence decrease. Furthermore, our
findings are a matter of concern, since high prevalence rates of
heteroresistance in CoNS were described, unlike previously reported rates
in the only study available to date. Considering the genetic diversity
observed in the present study, which indicates strain evolution rather than
transmission between patients, the suitable use of vancomycin and
therapeutic drug monitoring are recommended in order to avoid the

emergence of heteroresistance in susceptible strains.
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SUMMARY

What is known and objective: Vancomycin is a glycopeptide antibiotic effective
for severe gram-positive infections. For therapeutic effectiveness of vancomycin
treatment, it is necessary to achieve appropriate trough levels, which requires
constant monitoring, since it can cause toxicity. The aim of this study was to
analyze the impact of vancomycin serum levels on patient outcomes and occur-
rence of adverse effects.

Methods: A prospective cohort study was carried out at a 234-bed, tertiary care,
teaching hospital located in southern Brazil between July 2012 and June 2014.
Data collected from the patients’ medical records included: demographic infor-
mation, medical history, comorbidities, Charlson index, vancomycin troughs,
creatinine serum levels and outcome.

Results and discussion: During the study period, 145 therapeutic drug monitor-
ing tests were performed and only 8.6% of vancomycin troughs were consid-
ered appropriate. No association was verified between vancomycin serum lev-
els and mortality or length of hospital stay. Vancomycin troughs were signifi-
cantly higher in patients that reported nephrotoxicity.

What is new and conclusion: Although no association was verified between
vancomycin troughs and outcome, the importance of this parameter measure-
ment is proven, since a small number of doses remained within the appropriate
range. Furthermore, drug-induced nephrotoxicity was associated to vancomycin
serum levels higher than 15 mg/liter. Therefore, vancomycin troughs should be
monitored to avoid the occurrence of adverse events.

Keywords. Vancomycin, Therapeutic Drug Monitoring (TDM), Nephrotoxicity,

Staphylococcus spp.
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WHAT IS KNOWN AND OBJECTIVE

Vancomycin has traditionally been used as a first-line agent for treating
methicillin-resistant Staphylococcus aureus (MRSA) and other Gram-positive
bacteria including Coagulase-negative Staphylococcus spp. (CoNS), Entero-
coccus faecalis and Enterococcus faecium (1, 2). The drug acts inhibiting the
synthesis of bacterial cell wall by binding to the terminal D-alanine-D-alanine
and preventing the coupling of the peptidoglycan polymers (3, 4).

In recently published clinical trials with antimicrobials, such as daptomy-
cin, linezolid and tigecycline, superiority in relation to vancomycin activity was
not observed, a drug developed and marketed for over 50 years (5). However,
there are many controversies regarding the appropriate and safe use of this
agent (6). The interchangeability between the reference product and the generic
drug, for instance, was questioned by Vesga et al. (7), which found that phar-
maceutical equivalence does not imply in therapeutic equivalence for vancomy-
cin.

The American Society of Health-System Pharmacist, Infectious Disease
Society of America and Society of Infectious Disease Pharmacists guidelines
recommend more-intensive vancomycin doses to maintain troughs between 15
and 20 mgl/liter, warranting an area under the concentration time
curve/minimum inhibitory concentration ratio of 2400 for vancomycin (8). Previ-
ous studies have associated inadequate serum levels of vancomycin with
treatment failure, development of nephrotoxicity and bacterial heteroresistance
(9-14). However, recent meta-analyzes reported no significant difference be-
tween low and high trough regimen in terms of treatment failure and mortality

(15, 16).
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Length of hospital stay (LOS) is another important outcome responsible
for an increase of in-hospital costs (17), but unfortunately the impact of vanco-
mycin troughs is not evaluated in studies.

Considering the controversial results of the published studies and the
lack of data regarding the influence on the LOS, the objective of this study was
to analyze the impact of vancomycin troughs on patient outcomes (mortality and

LOS) and occurrence of drug-induced nephrotoxicity.

METHODS

A prospective cohort study was conducted at a 234-bed, tertiary care
teaching hospital located in southern Brazil, between July 2012 and June 2014.
The study was reviewed and approved by the Research Ethics Committee of
Universidade Federal de Ciéncias da Saude de Porto Alegre (1779/12).

The study included all patients who were treated with the antibiotic van-
comycin for at least 72 hours. Data collected from the patients’ medical records
included: demographic information, medical history, comorbidities, Charlson
index (18), vancomycin troughs, creatinine serum levels and outcome.

The vancomycin assay was performed using the immunoassay method
of the microparticles by chemiluminescence on Architect i2000SR equipment
(Abbott®, USA). The collection of biological samples to evaluate serum levels
was performed 72 hours after start of the treatment, immediately before the
administration of the vancomycin dose (trough concentration). The creatinine
assay was performed using the kinetic test without deproteinization according to

the method described by Jaffe in 1886 (19).
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Drug-induced nephrotoxicity was assessed using the RIFLE criteria,
which consists in three levels (risk, injury and failure) based on the magnitude of
serum creatinine elevation and two outcome measures (20).

Categorical variables were compared using Chi-square or Fisher’s exact
test and continuous variables were compared using the Mann-Whitney U-test,
as appropriate. All analyses were performed using the computer software SPSS
version 20.0 (SPSS Inc, Chicago, IL, USA). A p-value < 0.05 was considered

statistically significant.

RESULTS AND DISCUSSION

During the study period, 145 therapeutic drug monitoring tests were per-
formed for 86 patients (66% males and 62% adults), with an average dose of
1.6 per patient. The International Classification of Diseases (ICD) through which
patients were hospitalized consisted mainly of infectious (39.5%), heart (14%)
and neurological diseases (11.6%), with a mean Charlson comorbidity score of
1.0 (basal comorbidities). Fifty-six (65%) patients treated with vancomycin had a
confirmed infection. About 37% of infections were caused by coagulase-
negative Staphylococcus, 10% by S. aureus and 16% by other gram-positive
microorganisms. The main sites of microorganism isolation were blood (39.7%),
respiratory tract (39.7%) and skin or soft-tissue secretions (20.6%).

Only 8.6% of vancomycin troughs were considered appropriate within the
therapeutic window, 51.4% were considered as low and 40% as high levels. In
a hospital in Canada, Bollinger et al. (21) evaluated 108 patients, of which

72.2% had serum suboptimal concentrations of vancomycin.
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Vancomycin is an antibiotic agent very often employed in clinical prac-
tice, but its use requires appropriate therapeutic monitoring. Vancomycin thera-
peutic monitoring aims to change the dose when serum levels are inadequate,
preventing treatment failure, reducing the risk of bacterial resistance and pre-
venting the occurrence of nephrotoxicity (22).

Most of the vancomycin is excreted by the kidney, so patients with renal
dysfunction require dose adjustment to prevent drug accumulation (23). Pa-
tients who are already on dialysis are at greater risk of the toxic effects of van-
comycin in the bloodstream. In patients with normal renal function, the half-life
Is 6 to 12 hours, while for patients with impaired renal function, the clearance
time increases to 100 to 200 hours (24).

The main indications for serum level monitoring are patients receiving
high vancomycin doses, which are on prolonged therapy and are most likely to
develop reversible nephrotoxicity, patients with concomitant use of other ne-
phrotoxic drugs and/or obese ones. The frequency of vancomycin measurement
in blood will be carried out according to the severity of the patient's condition
(8).

Loading doses in vancomycin therapy may more rapidly attain troughs of
15 to 20 mg/L in adults (25); however, drug monitoring must be evaluated prior
to the next dose at steady-state condition (just before the fourth dose) (8).

As shown in Table 1, high levels were observed in adults (23.42 mg/liter)
when compared to neonates (15.06 mg/liter) and children (14.06 mg/liter) (p =
0.044 and p <0.001, respectively). Serum levels in neonates and children were
more adequate when compared to those in adults, a fact that is probably due to

calculation of the antibiotic dose based on the weight of newborns and children.
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A study by De Waelen et al. (26) determined the efficacy of a dose protocol
based on body weight in adult ICU patients. Of the total 227 patients, 126
(55.5%) received doses according to the protocol. The mean serum levels
achieved in the first and second day were respectively 19.32 mg/liter and 21.08
mg/liter and most patients achieved adequate levels of vancomycin.

Prescribers do not usually choose the measurement of vancomycin se-
rum levels due to the high cost however employ nomograms (ratio of creatinine
clearance, vancomycin clearance and weight) to obtain the amount of drug to
be administered (4, 27).

The use of a nomogram has been proven to be more cost-effective than
conventional vancomycin measurement. However, published nomograms in
clinical use have been proven to be inaccurate and most have not been clinical-
ly validated. Furthermore, no published nomogram to date has been construct-
ed to achieve vancomycin serum trough levels of 15-20 mg/L (8, 28).

Several parameters have been proposed for the monitoring of vancomy-
cin pharmacodynamics, such as the concentration time above the minimum in-
hibitory concentration and the area under the curve above the MIC (AUC/MIC).
Clinical efficacy is achieved when the result of AUC is 2400 (8). For less severe
infections, the recommended serum levels are above 10 mg/liter, while values
between 15 and 20 mg/liter are indicated for severe infections (meningitis, bac-
teremia, endocarditis, among others). Serum levels of 15 mg/liter are recom-
mended in case of infections by microorganisms with MIC of 1 mg/liter (8, 29).
The difficulty in using vancomycin therapy occurs mainly in cases with high

MIC, as there is a reduced chance to reach the parameter of AUC =400.
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The comparison of serum vancomycin levels and mortality is described in
Table 1. 27% of the patients died and no association was verified with serum
vancomycin levels (p=0.892). Hospital length of stay was not affected by van-
comycin troughs (p=0.152 and p=0.401) as shown in Table 2. As shown in Ta-
ble 3, nephrotoxicity was not associated with mortality, but Charlson score was
correlated with death. Similarly to present study, the Charlson index was con-
sidered a suitable predictor of death in patients with severe Staphylococcal in-
fections in a previous analysis (30).

Many studies found an association between vancomycin serum levels
and outcome. According to Kullar et al. (31), treatment failure predictors were
endocarditis, nosocomial infection, initial vancomycin levels < 15 mg/liter, MIC >
1 mg/liter and AUC < 421. Albur et al. (10) associated mortality with serum lev-
els < 10 mg/liter. The study by Forstner et al. (11) also reported similar results,
with higher treatment failure observed in patients with vancomycin levels <
mg/liter. However, similarly to the present study, Cao et al. (32) were not able to
associate vancomycin levels to patient clinical response, suggesting the need
for further studies to establish the influence of serum levels on clinical efficacy.

Nephrotoxicity was verified in 30.2% of patients, and of these patients,
15.3% showed risk, 53.8% reported injury and 30.9% had failure. Vancomycin
levels were higher (16.71 vs. 39.97 mg/liter, p<0.001) in patients that reported
nephrotoxicity (Table 1).

Lodise et al. (33) associated exposure to vancomycin with nephrotoxicity
onset in patients infected with gram-positive microorganisms. Moreover, van
Hal et al. (34) associated this event with serum levels higher than 15 mg/liter,

while Ragab et al. (35) associated it with levels higher than 10 mg/liter in chil-
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dren. However, Elyasi et al. (14) demonstrated that the renal injury is not asso-
ciated with the therapeutic range, i.e., the patient may have renal injury even
when drug dose is within the recommended range. Factors such as low body
weight, dose, duration of therapy and concomitant use of other nephrotoxic
medications increase the susceptibility to nephrotoxicity development (36).

Our study should be interpreted in the context of some limitations. First,
this was a single-center study with a small sample size. Second, clinical data
were collected from the patients’ medical records and unfortunately some in-
formation could be missing. Finally, were included all patients treated with van-

comycin in the study period irrespective of confirmation of infection.



Table 1. Comparison of vancomycin troughs according to age and outcomes

Variable Vancomycin troughs (mg/liter) p-value
Demographics
Neonates (n=41) 15.06
0.044
Adults (n=93) 23.42
Children (n=11) 14.06 <0.001
Outcomes
Mortality No 20.87
0.892
Yes 18.46
Nephrotoxicity No 16.71
<0.001
Yes 39.97
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Table 2. Association between vancomycin serum levels and length of hospital

stay
Vancomycin troughs (mg/liter) Length of stay (days) p-value
<15 44
0.152
>15 54
10-20 44
0.401

<10 or >20 45
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Table 3. Comparison of clinical features and outcome in patients treated with

vancomycin
Non-
Survivors
Variables, n (%) survivors p-value
(n=63)
(n=23)

Male 39 (62) 18 (79) 0.090
Adult 39 (62) 14 (61) 0.924
Confirmed infection 40 (64) 16 (70) 0.731
Charlson index, median (IQR) 0 (0-1) 1(1-3) 0.001
LOS, mean+SE (days) 35.8+3.4 43.2+12.7 0.654
Nephrotoxicity 21 (33) 5 (22) 0.427

Creatinine, mean+SE (mg/dL) 1.79+0.21 1.55+0.27 0.497
Vancomycin troughs, mean+SE

20.87+1.95 18.46+2.73 0.892

(mglliter)

Duration of therapy, mean+SE (days) 15.1+1.7 55.1+11.5 0.005

IQR, Interquartile range; LOS, Length of hospital stay; SE, Standard error.
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WHAT IS NEW AND CONCLUSION

Even vancomycin troughs have not been associated with mortality in this
study, the therapeutic drug monitoring remains an important tool since the most
of serum levels measured were outside the appropriate range. Furthermore, the
drug-induced nephrotoxicity was associated to vancomycin troughs higher than
15 mg/liter and monitoring is required in order to prevent the occurrence of this
adverse event. More appropriate vancomycin troughs were observed in neo-
nates and children, when compared to adults, because physicians’ prescriptions
are based on patient weight, while for adults, a standard dose is normally pre-
scribed. Empirical doses may result in serum levels outside the recommended
therapeutic range, compromising the effectiveness of the treatment and increas-

ing the chances of toxicity.
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4 CONSIDERACOES FINAIS

A andlise microbiolégica e molecular dos isolados, bem como a
avaliacdo das caracteristicas clinicas dos pacientes constituem importantes
ferramentas no estudo epidemiolégico em infec¢cdes por estafilococos. O
estudo da influéncia destes fatores no desfecho contribui para estabelecimento

de diretrizes de tratamento e medidas para prevencédo destas infecgoes.

De acordo com o presente estudo, ndo houve diferenca na mortalidade
dos pacientes em funcdo das espécies, isto €, S. aureus em comparagdo com
os estafilococos coagulase negativa. As caracteristicas clinicas relacionadas ao
perfil de co-morbidades dos pacientes, sumarizadas no indice de Charlson,

influenciaram significativamente na mortalidade.

Os isolados multirresistentes foram relacionados a indices superiores de
Obito e prolongamento do tempo de internacdo. No entanto, a resisténcia a
meticilina foi associada apenas ao aumento do tempo de permanéncia
hospitalar. As variaveis concentracdo minima inibitoria e formacao de biofilme
nao apresentaram relagdo com a taxa de mortalidade dos pacientes. Estes
resultados evidenciam a necessidade do controle de infec¢ao para elaboracéo
e implementacéo de rotinas de prevencdo da emergéncia e disseminacao de

cepas resistentes, amplamente relacionadas a desfechos negativos.

N&o houve influéncia da hetero-resisténcia intermediaria a vancomicina
no desfecho da terapia, porém a elevada prevaléncia desta caracteristica nos
estafilococos coagulase negativa causa preocupacdo uma vez que a maioria
destas cepas apresenta resisténcia a meticilina, sendo a vancomicina ainda a
principal escolha terapéutica. A auséncia de clonalidade entre a maioria dos
isolados hetero-resistentes sugere uma adaptacdo frente ao tratamento ao
invés da transmissdo entre pacientes. A investigacdo do impacto dos niveis
séricos de vancomicina revelou auséncia de relacdo com a mortalidade, porém
foi verificada associacdo entre niveis superiores a 15 pg/mL e nefrotoxicidade
induzida. Portanto, o monitoramento terapéutico deste antimicrobiano torna-se

uma pratica importante a fim de evitar a possivel inducéo de hetero-resisténcia
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intermediaria a vancomicina além da ocorréncia de eventos indesejaveis como

a nefrotoxicidade.

Considerando as caracteristicas moleculares, ndo se verificou influéncia
do tipo de SCCmec e locus agr no desfecho do tratamento. No entanto, a
auséncia de locus agr e a disfuncdo do agr, analisada através do teste
fenotipico de &-hemolisina, foram relacionadas com a resisténcia a meticilina,
aumento da concentracdo minima inibitéria e hetero-resisténcia intermediaria a
vancomicina. A presenca de PVL também néo foi associada a mortalidade.
Embora nao tenha sido verificado impacto dos fatores moleculares no desfecho
da terapia, estudos de avaliagdo molecular colaboram para a melhor
compreensao do mecanismo de patogénese e adaptacdo do microrganismo de

acordo com o ambiente.
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ANEXO A — Parecer do Comité de Etica em Pesquisa (U FCSPA)



ANEXO B — Formulario de coleta de dados

1. Staphylococcus spp. () | 2. Vancomicina ( ) Registro paciente :n.°

3. Nome: 4. Atendimento: n.°

5. Idade: | Nasc.: / / | 6. Sexo: (1) Feminino (2) Masculino

7. Tipo de internacdo : (1) Clinica (2) Cirdrgica eletiva (3) Cirdrgica de urgéncia

8. Peso internacao: | Peso alta:

9. CID (Classificacéo Internacional de Doenca):

10. Data de internacgéo : / / 11. Tempo de internacao pré -UTI: dias
12. Data de internagdo na UTI : / / 13. Tempo de intern acdo em UTI: dias

14. Indicacdo de UTI : Monitorizacdo (1) hemodinamica (2) cardiaca (3) respiratéria (4) neurolégica

15. Co-morbidades : (1) Cardiacas (2) Pulmonares (3) Neuroldgicas (4) Malignidade (5) Endocrinolégica (6) Renal Aguda
(creatinina maior ) (7) Renal Crdnica (creatinina basal ) (8) Hepética (9) Imunodeficiéncia (10) Prematuridade
Observacéo:

16. indice Charlson :

17. Cultura posi tiva: (0) N&o (1) Sim / / | 18. Nova cultura positiva:  (0) N&o (1) Sim / /

19. Laudo(s) da(s) cultura (s):

20. Local de isolamento : (1) Sangue (2) Urina (3) Escarro (4) Ferida operatéria () Outro:

Procedimentos invasivos : 21. Ventilacdo Mecanica : (0) Nao (1) Sim. Inicio / / Final / /
22. Retirada temporaria da ventilagao mecanica: (0) Nao (1) Sim. Inicio / / Final / /
23. Cateter venoso central : (0) Nao (1) Sim. Inicio / / Final / / Tentativas:

24. Retirada do cateter venoso central durante o tratamento: (0) Ndo (1) Sim  Data: / /

25. Sondagem vesical: (0) N&ao (1) Sim. Inicio / / Final / /

26. Procedimento cirdrgico:  (0) Nao (1) Sim. Data: / / Inicio: h Final: h
27. Vancocinemia: Data: / / - Concentragao sérica:

Data: / / - Concentracgao sérica: Data: / / - Concentracgao sérica:
Data: / / - Concentracdo sérica: Data: / / - Concentracao sérica:
Medicacbes : 28. Inibidor bomba de prétons:  (0) Nao (1) Sim 29. Bloqueador H2: (0) N&o (1) Sim
30. Benzodiazepinico: (0) Nao (1) Sim 31. Opidides: (0) N&o (1) Sim 32. Curares: (0) Ndo (1) Sim
33. Anti-retrovirais: (0) Ndo (1) Sim Observacdes:

34. Cefalosporina12G: (O)Nao(1)Sim.__ / [ até [/ |  Dose: /

35. Cefalosporina22G: (O)Nao(1)Sim.__ / [/ até [/ |  Dose: /

36. Cefalosporina32G: (O)Nao(l)Sim.__ / [ até [/ |  Dose: /

37. Cefalosporina42G: (O)Nao(1)Sim.__ / [ até_ [/ |  Dose: /

38. Beta-lactdmico: (0) N&o (1) Sim.__ /[ até | | Dose: /

39. Beta-lact./inibidor: (O)Nao(1)Sim. __ / [ até [/ [  Dose: /

40. Carbapenem: (O)Nao(1)Sim. [/ [/ até [/ |  Dose: /

41. Aminoglicosideo: (0) Nao (1) Sim. __ / [/ até /| Dose: /

(O)N&o (1) Sim. __/__/ __até___/ | __ Dose:
42. Lincosamina: (0) N&o (1) Sim. I até I Dose:

~ I~~~

43. Glicopeptideo: (O)Ndo (1)Sim. /[ até [ |  Dose:

44, Linezolida: (O)Ndo (1)Sim. /[ até |/ |  Dose:

45, Tigeciclina: (O)Nao(1)Sim.___ / /[ até___ [/ |  Dose: /

46. Oxacilina: (O)Ndo (1)Sim.__ / /| até_ /| |  Dose: /

47. Quinolona: (O)Nado(1)Sim.__ / [/ até_ /| [  Dose: /

48. Anaerobicida: (O)Nao(1)Sim. __ / [ até /| |  Dose: /

49. Polimixina: (O)Ndo(1)Sim.___ /| at¢é___ | |  Dose: /

50. Sulfametoxazol/trimetropim: (0)Nao(1)Sim. [/ [/ até /[ |  Dose:

51. Alta: (1) N&o (2) Sim. Data: / / | 52. Obito : (1) Ndo (2) Sim. Data: / /

53. Quadro de p iora clinica : Data: / / Motivo: Troca ATB: (0) Nao (1) Sim
Data: / / Motivo: Troca ATB: (0) N&o (1) Sim
Data: / / Motivo: Troca ATB: (0) N&o (1) Sim
Data: / / Motivo: Troca ATB: (0) N&o (1) Sim
Data: / / Motivo: Troca ATB: (0) N&o (1) Sim
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