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RESUMO

Staphylococcus aureus € um dos principais agentes de infecgées comunitarias
e infecgcdes relacionadas a assisténcia em saude (IRAS). Em estudo
multicéntrico SENTRY, conduzido em hospitais brasileiros entre os anos de
2005 a 2008, S. aureus aparece como principal agente de infecgdo da corrente
sanguinea (20,2 %), principal agente das infecgdes de pele e tecidos moles
(28,1 %) e segundo agente mais comum de pneumonia em pacientes
hospitalizados (24,9 %). Destes, aproximadamente 30 % eram resistentes a
meticilina (MRSA). O objetivo deste estudo foi avaliar a epidemiologia
molecular dos MRSA isolados em Santa Catarina, assim como detectar a
prevaléncia de S. aureus com hetero-resisténcia a vancomicina (hVISA). Foram
utilizados 124 isolados clinicos de MRSA, obtidos de varios sitios anatémicos,
de pacientes atendidos em trés hospitais em Floriandpolis e um hospital em
Blumenau, todos localizados no estado de Santa Catarina, regido sul do Brasil.
As amostras foram colhidas entre novembro de 2009 e outubro de 2012.
Apenas um isolado por paciente foi considerado. O perfil de susceptibilidade
aos antimicrobianos foi avaliado pela técnica de disco difusdo e determinacéo
da concentragao inibitéria minima (CIM) por Etest. Também foram utilizadas
quatro metodologias de triagem para hVISA (pré-difusao, agar screening com 4
pMg/mL de vancomicina, macro Etest e Etest GRD). A confirmagao do fenétipo
hVISA foi realizada através da analise de perfil de populacbes-area sob a curva
(PAP-AUC). O perfil epidemiolégico foi obtido através da caracterizagdo dos

tipos de cassette cromossOmico estafilocdécico (SCCmec) e da analise da
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similaridade genética por eletroforese de campo pulsado (PFGE). Os agentes
antimicrobianos que demonstraram menores taxas de resisténcia foram a
tetraciclina (20,02 %), sulfazotrim (20,02 %) e cloranfenicol (12,9 %). Nao foi
detectada resisténcia a vancomicina, teicoplanina, daptomicina, linezolida e
tigeciclina. O SCCmec predominante foi do tipo Il (54 %), seguido pelo tipo Il
(21,8 %). Vinte e seis complexos clonais foram encontrados, mas sem
evidéncia de disseminagao clonal. Dos 124 MRSA testados, doze foram
confirmados como hVISA por PAP-AUC, com uma prevaléncia de 9,7 %. Entre
as metodologias testadas para triagem, a que apresentou melhor sensibilidade
foi o agar screening com BHI (90,9 %) e o Etest GRD demonstrou a melhor
especificidade (97,3%). Trata-se da primeira descrigdo confirmada de hVISA no
Brasil. Apesar da baixa prevaléncia de MRSA no estado de Santa Catarina, os
isolados mostraram uma semelhanca com outros estudos brasileiros, com uma
predominéncia de SCCmec do tipo Il (associado ao ambiente hospitalar) e
taxas de resisténcia similares aos perfis epidemioldgicos. Os complexos clonais
detectados apresentaram uma grande diversidade de tipos de SCCmec.
Veirificou-se que nao ha predominio de um unico clone. Como as cidades de
Floriandpolis e Blumenau estdo separadas por 120 quildbmetros e os isolados
foram colhidos por um periodo de trés anos, nao foram encontrados
significativa relagao epidemiolégica entre os complexos clonais. Com relagéo
ao fenodtipo hVISA, concluimos que sua deteccdo € um desafio para o
laboratdrio de microbiologia clinica e a prevaléncia deve estar subestimada. E
fundamental para a escolha correta do antimicrobiano e a mudanca da

vancomicina por outro farmaco, como a linezolida ou daptomicina.
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ABSTRACT

Staphylococcus aureus is a major agent of community-acquired infections and
related health care infections. SENTRY conducted a multicenter study in
Brazilian hospitals during 2005 to 2008 and found that S. aureus was the main
agent of bloodstream infections (20.2%), the main agent of infections of skin
and soft tissue (28.1%) and the second most common agent of pneumonia in
hospitalized patients (24.9%). Of these, approximately 30% were resistant to
methicillin (MRSA). The aim of the study was to assess the epidemiology of
MRSA isolated in Santa Catarina and to detect the prevalence of S. aureus with
hetero-resistance to vancomycin (hVISA). We used 124 clinical isolates of
MRSA obtained from various anatomical sites from patients in three hospitals in
Florianopolis and a hospital in Blumenau, all located in the state of Santa
Catarina in southern Brazil. Samples were collected from November 2009 to
October 2012. One isolate per patient was evaluated. The profile of
antimicrobial susceptibility was evaluated by disc diffusion technique and
determination of minimum inhibitory concentration (MIC) by Etest, as well as
screening for hVISA by four techniques (pre-diffusion, agar screening,
macromethod Etest and Etest GRD). Confirmation of hVISA phenotype was
performed by population analysis profile-area under the curve (PAP-AUC). The
epidemiologic profile was traced through the characterization of SCCmec types
and evaluation of genetic similarity by pulsed field gel electrophoresis (PFGE).
The antimicrobial agents that demonstrated lower rates of resistance were

tetracycline (20.2%), sulfamethoxazole-trimethoprim (20.2%) and
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chloramphenicol (12.9%). We did not detect resistance to glycopeptides,
daptomycin, linezolid and tigecycline. The predominant type was SCCmec type
[l (54%), followed by type Il (21.8%). 26 clonal complexes were detected
without evidence of clonal spread. Of the 124 MRSA isolates tested, 12 were
confirmed as hVISA by PAP-AUC, a prevalence of 9.7%. Among the
methodologies tested for screening, which showed better sensitivity was agar
screening with BHI (90.9%) and the Etest GRD showed the best specificity
(97.3%). This study is the first description of hVISA in Brazil. Despite the low
prevalence of MRSA in the state of Santa Catarina, the isolates were consistent
with other Brazilian studies, with a predominance of SCCmec type Ill and rates
of antimicrobial resistance similar to the epidemiological profile. The clonal
complexes had a wide variety of mobile genetic elements, and there was no
substantial prevalence of a particular clone. As the cities of Florianopolis and
Blumenau are separated by approximately 120 kilometers and the isolates were
collected during a period of three years, there was no significant
epidemiological relationship between clonal complexes. We conclude that the
detection of hVISA isolates remains a challenge for clinical microbiology
laboratories, and the prevalence of hVISA may be underestimated. This finding
is essential to select the correct antibiotic therapy and replace vancomycin with

a different drug such as linezolid or daptomycin.
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LINTRODUGAO

1.1 Staphylococcus aureus

Staphylococcus aureus € um coco Gram positivo, encontrado
naturalmente na biota de diversas partes do corpo humano, como fossas
nasais, faringe, intestinos e pele (SANTOS et al., 2009). Descoberto em 1880
por Sir Alexander Ogston (ROSENBACH, 1884), vem sendo considerado uma
grande ameaga a saude publica desde entdo, principalmente apds o
surgimento de resisténcia aos principais antimicrobianos usados clinicamente
para combater infecgbes causadas por essas bactérias.

Ao longo da histéria da medicina, S. aureus se tornou um dos mais
relevantes agentes bacterianos. Desde o inicio da antibioticoterapia e no
decorrer das décadas seguintes, a abordagem terapéutica frente a tal bactéria
se consolidou como um dos grandes desafios da medicina. Os indices
referentes a prevaléncia de infecgcbes relacionadas a assisténcia em saude
(IRAS) causadas por S. aureus tém tido notavel crescimento devido a grande
capacidade, da bactéria, de adquirir resisténcia aos antimicrobianos mais
utilizados em ambiente hospitalar (BARBER, 1961). Ademais, tem-se revelado
um aumento no numero de casos de infecgdes por S. aureus na comunidade
nos ultimos vinte anos (LAUTENBACH et al., 2010), demonstrando que a

disseminacgao da resisténcia nao esta restrita ao ambiente hospitalar.

1.2 Staphylococcus aureus resistente a meticilina (MRSA)
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Com a descoberta da penicilina, acreditava-se que a mortalidade por
processos infecciosos ndo seria mais um problema. Apenas um ano apos sua
industrializagao, ja apareciam os primeiros isolados de S. aureus produtores de
penicilinases (BARBER, 1965; LOWY, 2003). Para tentar contornar a situagao,
foram desenvolvidos derivados semi-sintéticos da penicilina, resistentes a acao
das beta-lactamases: a oxacilina e meticilina. A partir da década de 60
identificaram-se S. aureus resistentes a meticilina (MRSA) (BARBER, 1965),
implicando um grande desafio terapéutico para o tratamento das doencgas
envolvidas com esse micro-organismo.

Os antimicrobianos beta-lactamicos tem como sitios de ligagao proteinas
existentes na parede celular das células bacterianas, as proteinas ligadoras de
penicilinas (PBP). Com o passar do tempo e com o uso crescente deste grupo
de antimicrobianos (CHAMBERS, 2001), S. aureus desenvolveu um
mecanismo de resisténcia, promovendo a alteracdo estrutural destas PBPs,
resultando numa proteina alterada chamada PBP 2a, com baixa afinidade de
ligagao aos antimicrobianos (APPELBAUM, 2007).

O elemento genético responsavel pela produgao de PBPs alteradas é o
gene mecA. A presenga deste gene implica na resisténcia a todos os
antimicrobianos beta-lactdmicos (exceto as cefalosporinas de quinta geragao)
e, dependendo do tipo de cassete cromossémico estafilocécico (SCCmec), as
outras classes de antibacterianos (HIRAMATSU et al., 1997).

S. aureus pode adquirir resisténcia a praticamente todas as classes de
antimicrobianos utilizadas. Alguns fenétipos ainda sdo incomuns, como a

resisténcia a linezolida e daptomicina, além de S. aureus resistente a
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vancomicina (VRSA). Os mecanismos de resisténcia as classes nao -
lactdmicas s&o variadas e usualmente relacionados a mutacéo (acido fusidico,
quinolonas, sulfas, oxazolidinonas), bomba de efluxo (tetraciclinas) ou
modificagdo enzimatica (aminoglicosideos, macrolideos, lincosamidas),
demonstrados na Figura 1. Atualmente as taxas de resisténcia tem aumentado,

tornando cada vez mais escassas as opg¢des terapéuticas (JONES et al., 2013).
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Figura 1 — Mecanismos de resisténcia de S. aureus aos antimicrobianos
(MENDES, 2010).

Recentemente foi descrito o primeiro S. aureus resistente a vancomicina
(VRSA) brasileiro (ROSSI et al., 2014), com presenca do gene vanA. Foi
isolado de um homem de 35 anos, diabético, que foi admitido no hospital
devido a um quadro depressivo, em novembro de 2011. Desenvolveu um
quadro de celulite na perna, sendo tratado com cefalexina oral e gentamicina
por via topica. Recebeu alta, com prescricdo de clindamicina. Foi readmitido

em junho de 2012, devido ao agravamento dos sintomas psiquiatricos e
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infeccbes recorrentes de pele e tecidos moles, sendo administrado
vancomicina e cefepime. A hemocultura foi negativa. Em julho, apresentou
febre, senso iniciado tratamento com vancomicina e piperacilina/ tazobactam.
Houve crescimento de MRSA na hemocultura, com susceptibilidade a
vancomicina, linezolida e clindamicina. Foi iniciado tratamento com teicoplanina
por 14 dias. Em agosto, um dia apds o término do uso da vancomicina,
apresentou quadro febril. Foi isolado S. aureus na hemocultura, resistente a
vancomicina (32 pg/mL) e teicoplanina (= 32 pg/mL), com resisténcia a
clindamicina, sulfazotrim, eritromicina, ciprofloxacin e gentamicina. Foi iniciado
tratamento com daptomicina. Em cultura de vigilancia, foi isolado Enterococcus
faecalis resistente a vancomicina. Posteriormente o paciente desenvolveu
infecgdes sistémicas por Stenotrophomonas maltophilia e Candida albicans,
infecgao respiratoria causada por Klebsiella pneumoniae produtora de ESBL e
Acinetobacter baumannii resistente aos carbapenémicos. Foi a Obito em
novembro de 2012, utilizando polimixina B, meropenem, linezolida e
anfotericina B.

Além de impactar a abordagem terapéutica, infeccbes bacterianas
influenciam diretamente nos custos totais de tratamento. A antibioticoterapia
corresponde entre 20% a 50% dos gastos relacionados ao tratamento
medicamentoso em ambiente hospitalar (LOURO et al., 2007). Em estudo
realizado em 2008 em um Hospital Universitario no estado do Sergipe (Brasil),
com 237 pacientes pos-operatorios, os custos totais do tratamento resultaram
no montante de R$33.545,49, sendo a quantia correspondente ao tratamento
antibiético de R$21.395,86, ou seja, 64% do total (SANTANA et al., 2014). Se

esse valor ja se revela elevado contemplando apenas pacientes recém-
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operados, quando se infere que ha aplicacdo antibidtica em outras situagdes
além da supracitada, ha forte tendéncia de que o custeio do tratamento se
amplie sobremaneira. Uma inoportuna infeccdo por MRSA, portanto, causaria

impacto relevante no orgamento hospitalar.

1.3 Cassete cromossdémico estafilocécico (SCCmec)

SCCmec é constituido basicamente pela presenca de repeti¢cdes
terminais diretas e invertidas, dois elementos genéticos essenciais (mec e ccr)
e as reqgides junkyard. As repeticbes terminais que determinam a ligagdo no
genoma bacteriano, especificado pela complementariedade das bases. O
complexo mec é formado por um elemento de insercdo 1S431mec, mecA e
genes regulatorios mecR1 e mecl. O complexo ccr codifica para as
recombinases, que irdo mediar a integragao ou excisdo do complexo SCCmec
e por isso sao responsaveis pela mobilidade do elemento. O restante do
elemento compreende as regides junkyard, localizadas esquematicamente
entre e ao redor dos genes mec e ccr, podendo conter genes que nao séo
fundamentais para a célula bacteriana, mas algumas vezes podem incluir
genes de resisténcia aos farmacos nao B-lactdmicos e metais pesados (IWG-
SCC, 2009).

A classificagao dos tipos de SCCmec esta relacionado aos tipos de ccr e

mec contidos no elemento genético mével (Figura 2).
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Figura 2 — Esquema da estrutura genética dos elementos SCCmec (IWG-SCC,
2009).

Type | (1B) — mec classe B, ccr do tipo 1

Type Il (2A) — mec classe A, ccr do tipo 2

Type Il (3A) — mec classe A, ccrdo tipo 3

Type IV (2B) — mec classe B, ccr do tipo 2

Type IV (2B&5) — mec classe B, ccr do tipo 2 e do tipo 5
Type V (5C2) — mec da classe C2, ccr do tipo 5

Type V (5C2&5) — mec da classe C2, ccr do tipo 2 e do tipo 5
Type VI (4B) — mec da classe B, ccr do tipo 4

Type VII (5C1) — mec da classe C1, ccrdo tipo 5

Type VIII (4A) — mec da classe A, ccr do tipo 4

Recentemente, foram descritos trés novos tipos de SCCmec. O
complexo IX, que contém mec do tipo C2 e ccr do tipo 1. O complexo X é
formado por mec do tipo C1 e ccr do tipo 7 (SHORE; COLEMAN, 2013).

O SCCmec do tipo Xl, também conhecido como mecC foi descrito
inicialmente em 2007 e reportado em 2011, em isolado de S. aureus de mastite
bovina na Inglaterra (GARCIA-ALVAREZ; WEBB; HOLMES, 2011). E
constituido pelo mec do tipo E e ccr do tipo 8. Posteriormente foram descritos,
além de amostras veterinarias, isolados oriundos de infecgdes em humanos.
Ainda ndo se conhece muito bem a origem deste elemento, mas se reconhece
como prioritaria sua deteccdo devido a sua capacidade de disseminacao

(PATERSON; HARRISON; HOLMES, 2014).

1.4 Epidemiologia molecular

MRSA podem ser classificados de acordo com sua origem: hospitalar ou
comunitario. Para serem considerados comunitarios, segundo os critérios do
Center of Diseases Control (CDC), devem ser isolados de pacientes que nao

estejam internados ou nas primeiras 48 horas de internagdo, ndo apresentam
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histérico de infecgdo ou colonizagdo por MRSA, nao relatam internagdo ou
procedimento cirdrgico no ultimo ano e n&o ter utilizado dispositivos invasivos
(CHAMBERS, 2001).

Os isolados comunitarios (CA-MRSA) foram descritos na década de
noventa. Estdo normalmente associados as infec¢gdes de pele, muitas vezes
em individuos jovens e saudaveis, que apresentam lesdes de pele ou higiene
precaria. Usualmente, CA-MRSA apresenta resisténcia apenas aos agentes [3-
lactamicos, sem resisténcia as outras classes de antimicrobianos. SCCmec do
tipo IV esta mais associado as infeccdes comunitarias e, em muitos casos, com
producgédo de leucocidina de Panton-Valentine (PVL) (YAMAKI et al., 2011).

HA-MRSA, por sua vez, sdo mais prevalentes em pacientes com
doencas graves, hospitalizagdo prolongada e/ou uso prévio de antimicrobianos.
Sao mais comuns em idosos, neonatos, imunocomprometidos e pacientes sob
didlise, pos cirurgia ou sob uso de dispositivos invasivos. Normalmente
apresentam multi-resisténcia. Como caratceristica molecular, geralmente
apresentam SCCmec dos tipos I, Il ou Il (SHORE; COLEMAN, 2013).

As taxas de isolamento de MRSA tem aumentado rapidamente nos
ultimos anos e tem se tornado endémicos em muitos paises. Clones de CA-
MRSA, como USA 300, tem se disseminado na comunidade e também ja
encontrados associados as IRAS em varios locais do mundo. Mais
recentemente, MRSA associados aos animais de produg¢ao (LA-MRSA) foram
descritos em locais onde trabalhadores rurais acabam entrando em contato
com animais infectados (STEFANI et al., 2012).

Em virtude da disseminacdo de CA-MRSA em ambiente hospitalar e do

isolamento de HA-MRSA em pacientes da comunidade, atualmente a
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classificagado clinica e/ou fenotipica dos MRSA €& muito dificil. Torna-se
necessario verificar o tipo de SCCmec, associado as informacdes
epidemiologicas do paciente, para a correta cartacterizacdo destes isolados

(SHORE; COLEMAN, 2013).

1.5 Susceptibilidade de S. aureus a vancomicina

A vancomicina é um glicopeptideo conhecido desde 1956, quando foi
colocado a disposigdo da medicina gragas aos trabalhos de Mc Cormick
(MCCORMICK et al., 1956). Entretanto foi deixada a parte justamente por
causa do sucesso da meticilina, da oxacilina e de outras isoxazolilpenicilinas. A
vancomicina é eficiente no tratamento das infecgbes causadas pelas cepas
MRSA, apesar de apresentar efeitos nefrotoxicos e ototdxicos (SRINIVASAN et
al., 2002). Em 1997, Hiramatsu, no Jap&o, descreveu o primeiro isolado de S.
aureus com resisténcia a vancomicina (HIRAMATSU et al., 1997).

O mecanismo de resisténcia de isolados VISA relaciona-se a
superproducao de D-Ala D-Ala no peptidoglicano, causando um espessamento
da parede celular, que passa a atuar como uma esponja, absorvendo a
vancomicina antes que ela alcance seu sitio de agao, favorecendo assim, a
uma resposta clinica pobre quando do tratamento de infecgdes causadas por
isolados VISA (HOWDEN et al., 2010). Os isolados hVISA contém uma
subpopulagdo de microrganismos que sofrem uma reduzida destruicao pela
vancomicina in vitro (PITZ, et al., 2011). As CIMs destas hVISA estdo dentro
dos padrdes de sensibilidade, mas tendem para o nivel mais elevado, de 2

pMg/mL (HEATHER et al., 2010).
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Isolados VRSA caracterizam-se fenotipicamente por CIM = 32 ug/mL
para a vancomicina. Tal resisténcia deve-se a aquisicdo do gene vanA
(importado de Enterococcus spp.) sob a regulagdo de um sistema de
transducéo de sinal (genes vanS e vanR) ativados unicamente na presenca da
vancomicina. A sua ativagao leva a produgao de um conjunto de enzimas que
sintetizam precursores modificados do peptidoglicano contendo um terminal D-
Ala-D-Lac, com menor afinidade para a vancomicina. A replicagao ineficiente
de plasmidios de Enterococcus spp. em MRSA justificam o numero limitado de
VRSA no mundo (HOWDEN et al, 2010). Microrganismos do género
Enterococcus que apresentaram resisténcia ao tratamento com vancomicina,
demonstraram seis genes individualmente capazes de gerar resisténcia ao
medicamento: vanA, vanB, vanC, vanD, vanE e vanG. O primeiro caso de
Staphylococcus aureus resistente a vancomicina possuia 0 gene vanA,
adquirido de uma cepa de Enterococcus resistente a vancomicina (VRE)

(MUSTA et al., 2009).

1.6 Staphylococcus aureus com hetero-resisténcia a vancomicina (hVISA)

1.6.1 Caracteristicas

Staphylococcus aureus podem adquirir, durante terapia prolongada com

glicopeptideos, um fendtipo de resisténcia bastante peculiar. Através de

pressdo seletiva e, aparentemente, sem transferéncia de material genético,

podem sofrer mutagbes em sistemas génicos responsaveis pela producéo da
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parede celular, tornando-a mais espessa € menos suscetivel a acdo de
antimicrobianos (HOWDEN et al., 2008).

A hetero-resisténcia de S. aureus a vancomicina provoca alteragdes no
aspecto macro-morfolégico das coldnias, que se apresentam com aparéncia e
pigmentacdo heterogéneas (Figura 3), dando a impressao de contaminacao,
podendo confundir o microbiologista (SEVERIN et al., 2004). Seu mecanismo
de resisténcia esta associado a uma ativagao da sintese da parede celular, que
eleva a producdo de residuos de mucopeptideo e reduz a quantidade de
antimicrobiano que chega ao local de agdo (membrana citoplasmatica),
ocorrendo assim um espessamento da parede celular e consequente
aprisionamento do farmaco (RYBAK et al., 2008). Especula se que cepas
hVISA, poderiam ser consideradas precursoras de cepas intermediarias a
vancomicina (VISA), uma vez que, apods prolongada exposicdo ao
antimicrobiano, podera ocorrer selegao de populagdo homogénea de células,
expressando a caracteristica VISA. Tal fendtipo, além de minoritario, € instavel

(LONGZHU et al., 2006).
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Figura 3 — Isolado clinico hVISA demonstrando variagao da morfologia colonial.

Infecgbes envolvendo hVISA representam um problema unico. Tais
isolados sao suscetiveis in vitro a vancomicina (CIM < 4 ug/ml) e, portanto, séo
classificadas como suscetiveis por métodos laboratoriais padrdes, ja que
contém subpopulagdes de 1 em 10° células que podem crescer na presencga de
4 pg/ml de vancomicina (HOWDEN et al., 2010). Especula se que cepas
hVISA, poderiam ser consideradas precursoras de cepas VISA, uma vez que,
apos prolongada exposicdo ao antimicrobiano, podera ocorrer sele¢cdo de
populagdo homogénea de células, expressando a caracteristica VISA
(LONGZHU et al., 2006).

Como a detecgdo de isolados hVISA ainda é um desafio para os
laboratorios de microbiologia clinica, sua prevaléncia pode estar subestimada.
Estudos recentes, publicados nos ultimos dois anos, mostram taxas bastante
variaveis. Na China a taxa entre os MRSA foi de 16,3 % (HU et al., 2013), 11,5
% dos MRSA isolados de corrente sanguinea na lItalia forma causadas por

hVISA (CAMPANILE et al., 2012). Na Coréia um estudo com 268 MRSA
24



isolados de bacteremia demonstrou uma prevaléncia de 37,7 % de (PARK et
al., 2012). Ja no Taiwan a prevaléncia foi de 8.1% (LIN et al., 2012). Em estudo
no Japao com isolados de corrente sanguinea num periodo de 21 anos (1987-
2007) a taxa de hVISA foi de 18,5 % (TAKATA et al.,, 2013). Importante
destacar que em trabalho realizado em Connecticut, nos Estados Unidos, com
1611 MRSA isolados de amostras clinicas e de culturas de vigilancia n&o foi
encontrado nenhum hVISA (FINK et al., 2012).

Os sitios anatébmicos mais associados as infecgbes por hVISA sao
aqueles que apresentam um maior indculo bacteriano (abscessos, pneumonia)
e outros associados com infecgbes cronicas (endocardite, osteomiolite), nos
quais o uso de vancomicina por periodos prolongados € bastante comum e a
baixa penetragcdo do antimicrobiano nesses sitios favorece o desenvolvimento
de resisténcia (SATOLA et al., 2011). Diversos estudos (RYBAK et al., 2008;
HORNE et al., 2009; RICHTER et al., 2011; PARK et al., 2012; HU et al., 2013)
estabelecem os isolados clinicos de sangue, trato respiratério inferior, feridas
de pele, osteomielite e abscessos como os sitios mais comuns de isolamento
de hVISA.

Em metanalise publicada em 2011, os indices de falha terapéutica
(designada como infecgédo persistente ou bacteremia) relacionados a isolados
hVISA foram 2 vezes mais comuns do que em infec¢gdes causadas por S.
aureus sensiveis a vancomicina (Odds Ratio: 2,37; Intervalo de Confianga 95
%: 1,53-3,67) (VAN HAL; PATERSON, 2012). Dessa forma, um método preciso
e pratico para a deteccao de hVISA nos isolados de laboratério clinico é de

importancia crescente (LEONARD et al., 2009).

25



S. aureus com CIMs elevadas (= 2 ug/mL) estdo entre os principais
fatores de risco para o desenvolvimento do fendtipo. Deve-se considerar
também que a estratégia laboratorial a ser utilizada depende da metodologia,
visto que o Etest tem uma tendéncia a superestimar as CIMs (PAIVA et al.,,
2010). Alguns estudos (MUSTA et al., 2009; VAH HAL; JONES, GOSBELL,
PATERSON, 2011) demonstram uma relagdo de hVISA com MICs = 1.5 ug/mL,
utilizando Etest. Porém, outros estudos com a mesma metodologia (PARK et
al., 2012; CASAPAO et al, 2013) apresentam dados que demonstram
associacao de hVISA com CIM < 1 pg/mL.

Alguns estudos (RICHTER et al., 2011; PARK et al., 2012)
demonstraram baixas taxas de resisténcias as sulfas em isolados hVISA, com
taxas que variam de 9 a 9,9 %. Em contrapartida, estudos com amostras
coreanas (GYUNGTAE et al., 2010) e chinesas (HU et al.,, 2013) mostram
valores bem mais elevados, de 58 e 54 %, respectivamente. Ja o cloranfenicol
demonstrou 47,6 % e, estudo desenvolvido por Hu e colaboradores, em 2013.
Ja as taxas de resisténcia aos macrolideos, lincosamidas, aminoglicosideos,
fluorquinolonas e tetraciclinas estdo altas, com valores maiores que 64 %,
impossibilitando seu uso empirico (GYUNGTAE et al., 2010; RICHTER et al.,
2011; PARK et al.,, 2012; HU et al., 2013). Dessa forma,o conhecimento do
perfil de susceptibilidade local é fundamental para a manutengdo de uma

terapia empirica adequada.

1.6.2 Deteccao laboratorial
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Devido ao numero crescente de relatos de falhas terapéuticas com o uso
de vancomicina e relatos de maus resultados para os pacientes infectados com
hVISA, um método preciso e pratico para a deteccdo hVISA nos isolados
clinicos € de importancia crescente (MANFREDINI et al., 2011). Métodos de
referéncia padronizados para avaliacdo de susceptibilidade, como a
microdiluicdo em caldo, diluigdo em agar, e métodos Etest, ndo conseguem
detectar hVISA, em parte devido ao ind6culo ser de pequeno porte, de
crescimento relativamente pobre em placas de agar Mueller-Hinton, ou uma
combinagdao de ambos. O tamanho do in6culo € fundamental para a deteccéo
da subpopulagdo menor de células resistentes, além disso, cepas hVISA séo
notoriamente de crescimento lento, com parede celular espessa e
caracteristicas pleomoérficas unicas, com colbnias de tamanhos variados e
nutricionalmente exigentes (PAIVA et al., 2010).

A confirmacao de hVISA pelo perfil de analise da populacdo-area sob a
curva (PAP-AUC) tem sido a abordagem mais confiavel e considerada gold-
standard (Figura 4). E um método de analise modificado da populacdo que
utiliza um protocolo de analise e critérios especificamente projetado para
discriminar hVISA e VISA, porém é muito trabalhoso, caro e inadequado para

uso de rotina em laboratérios clinicos (YUSOF et al., 2008).
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Conhecendo os dados epidemioldgicos locais e detectando de maneira
precisa e precocemente os isolados hVISA, pode se realizar a mudancga de
agente antimicrobiano, diminuindo as taxas de morbi e mortalidade associadas
aos processos infecciosos causados por tais micro-organismos (VAN HAL et
al., 2011).

Uma variedade de métodos para a deteccdo do fenodtipo de hetero-
resisténcia foram avaliados com sucesso variavel, e nenhum método unico de
laboratério clinico padronizado foi estabelecido (HOWDEN et al., 2010).

O &gar screening Brain Heart Infusion (BHI) (Figura 5) apresentou uma
maior sensibilidade (91 %) e uma boa especificidade (94 %) (VAN HAL et al.,
2011) na identificagdo de hVISA em comparagdo com outros meétodos,
utlizando PAP-AUC como método de referéncia. A sensibilidade de deteccao

melhorou significativamente com incubagdo por 48 horas, facilitando a

28



visualizagdo do crescimento lento dos isolados hVISA. Ressalta-se dessa
forma a importdancia da incubagdo mais longa, mesmo tendo uma
especificidade ligeiramente inferior as outras metodologias utilizadas

rotineiramente (SATOLA et al., 2011).

Figura 5 — Isolado clinico hVISA em agar BHI com 4 ug/mL de vancomicina e
16 g/L de digestdo pancreatica de caseina. Verificar a variagdo da pigmentagao
e tamanho colonial.

O Etest GRD (Glycopeptide Resistance Detection®, AB Biodisk, Sweden)
incorpora medidas para melhorar a deteccdo de hVISA, como o uso de
enriquecimento do meio de cultura e a incubagao prolongada (LEONARD et al.,
2009). Usa um gradiente de dupla face de vancomicina e teicoplanina para a
deteccao de VISA ou hVISA. O resultado da faixa de GRD em combinagdo com
a CIM da vancomicina pode ser utilizado para diferenciar VISA de hVISA
(Figura 6). O GRD sera considerado positivo quando a determinacdo de
vancomicina e/ou teicoplanina, apés 48 horas de incubacéo, for = 8 ug/mL. No
caso de isolados com CIM < 4 ug/mL um teste GRD positivo caracteriza hVISA.

Em isolados com CIM > 4 pg/mL o isolado sera descrito como VISA
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(LEONARD et al., 2009). Apresenta como desvantagem o custo, porém sua
praticidade e facilidade de padronizagdo acabam justificando seu uso. Sua
sensibilidade pode variar de 57 % a 93 % e especificidade de 82 a 97 %,
dependendo do estudo (RICHTER et al., 2011; SATOLA et al., 2011; VAN HAL

etal, 2011).

Figura 6 — Isolado clinico hVISA testado com a metodologia do Etest GRD.
Verificar que a determinagao para teicoplanina foi > 32 ug/mL. A vancomicina

apresentou 4 pg/mL.

Ja o macro Etest associa as trés caracteristicas fundamentais para
detecgdo de hVISA: in6culo denso, incubagdo prolongada e meio nutritivo
(BHI). E um método simples e rapido, que utiliza tiras de Etest de vancomicina
e/ou teicoplanina para avaliar a susceptibilidade aos glicopeptideos (Figura 7).
Os valores de sensibilidade variam de 57 a 89 % e especificidade de 55 a 96 %

(SATOLA et al., 2011; RICHTER et al., 2011; VAN HAL et al., 2011).
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Figura 7 — Meotodologia do macro Etest utilizada como triagem para detecg¢ao
de hVISA. Verificar a presenga de microcol6nias dentro do halo de inibigéo.
Uma metodologia considerada alternativa é a pré-difusdo. Consiste em
utilizar uma pré-incubagdo do antibacteriano no meio de cultura, a fim de
garantir sua difusdo apropriada e homogénea. Apds esse tempo, o disco €
retirado e a semeadura é feita normalmente, seguindo as técnicas tradicionais.
Ira se formar um halo de inibicdo, que deve ser mensurado e pode ser

associado ao fenétipo hVISA (Figura 8).
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Figura 8 — Metodologia da pré-difusao utilizada em isolado clinico hVISA. Notar
que foram testados o0s antimicrobianos vancomicina, teicoplanina e
daptomicina.

Como os testes de triagem apresentam performances irregulares, alguns
autores (VAN HAL et al., 2011; HOWDEN et al., 2010) recomendam que sejam

combinados, a fim de melhorar a acuracia. Tal estratégia pode esbarrar nos

custos (VAN HAL et al., 2011).

1.4.3 Novas abordagens para detecgao de hVISA

Como todos os testes descritos apresentam performances variaveis e
ndo ideais, novas abordagens tem sido descritas a fim de uma melhor
caracterizacao dos isolados hVISA.

A producao de d-hemolisinas quantificadas por expressao génica (RT-
PCR) foi utilizada por Cafiso e colaboradores (2012). Apesar da amostragem

reduzida (37 isolados), obtiveram sensibilidade de 89,6 % quando utilizado
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agar sangue de carneiro a 5 % com base de agar Columbia (CAFISO et al.,
2012).

A tecnologia de single cell genomic, na qual 0 genoma de uma unica
célula bacteriana € amplificado e posteriormente sequenciado completamente.
Trata-se de uma ferramenta promissora, pois a partir do momento que se
viabilize (através de microscopia de varredura) o isolamento de uma unica
célula bacteriana com o fendtipo desejado (hVISA), poderemos detectar quais
as mutacdes presentes nessa populagdo minoritaria e, dessa forma, inferir com
maior propriedade qual os genes envolvidos com 0 mecanismo de resisténcia
(OWENS, 2012).

Uma ideia bastante interessante foi proposta por Read e Satola (2014).
Foram sequenciados todos os doze genes com mutagdes ja descritas em
isolados hVISA e desenvolveram um modelo matematico para predizer o
fendtipo VISA. Foi disponibilizada uma versao interativa
(http://tread.shinyapps.io/VISA-shiny/), na qual o pesquisador pode inserir os
dados dos seus isolados (mesmo que nao tenham sequenciado todos os genes
descritos) e podem ainda relacionar os dados da PAP-AUC ou valores de CIM
obtidas por Etest (READ; SATOLA, 2014).

Pesquisadores suicos tem utilizado técnicas de microcalorimetria para
deteccao de VISA, hVISA e VRSA. Utilizam uma ampola com 3 mL de caldo
BHI com concentragbes crescentes de vancomicina. Inoculam 100 uL de
suspensao bacteriana na escala 2 de McFarland e incubam em equipamento
apropriado (microcalorimetro isotérmico). As temperaturas sdo medidas
constantemente e monitoradas por 72 horas. O equipamento tem uma acuracia

de deteccdo de 0,2 °C (ENTENZA et al., 2014). Os resultados foram
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discriminatérios, porém um estudo mais amplo que, além de um numero
amostral maior, necessita de uma maior diversidade genética para considerar a
metodologia como eficaz no diagndstico da diminuicdo da susceptibilidade a
vancomicina.

Também foram utilizados dados do sequenciamento completo de
isolados e utilizagdo de ferramentas de bioinformatica para avaliacdo das
caracteristicas genéticas dos isolados hVISA (ALAM et al.,, 2014). Foram
relacionadas as mutagdes no gene rpoB (locus H481) como um importante
marcador de aumento na CIM da vancomicina (medida por Etest). Trata-se de
uma investigacdo bastante complexa e cara, que apesar de interessante,
dificiimente podera ser adotada na rotina dos laboratérios de microbiologia

clinica
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Il. JUSTIFICATIVA

A terapéutica antimicrobiana adequada e precoce é fundamental para
diminuir os indices de mortalidade relacionados aos processos infecciosos
causados por isolados hVISA. A falha terapéutica em infecgbes causadas por
isolados considerados susceptiveis ocorre, principalmente, devido a isolados
hetero-resistentes, ou seja, uma subpopulagdo com sensibilidade diminuida a
vancomicina. Dessa forma, um resultado susceptivel pode apresentar falha
terapéutica quando tratado com glicopeptideo. A avaliagdo da tolerancia aos
glicopeptideos é importante para prognosticar falhas no tratamento, e pode ser
considerado um dos primeiros passos para prevenir e controlar a emergéncia
de resisténcia a vancomicina em S. aureus (HOWDEN et al., 2010).

Como o fendtipo de resisténcia hVISA manifesta-se de maneira
heterogénea e minoritaria na populagdo bacteriana (apenas 1 em cada um
milhdo de micro-organismos apresentam tal caracteristica), os métodos
usualmente utilizados em laboratorios de microbiologia clinica (determinagao
da CIM através de microdilui¢do ou Etest) falham na sua detecgédo, sujeitando o
paciente a terapéutica com vancomicina com possivel falha terapéutica
(SATOLA et al., 2011).

Varios estudos vem demonstrando a prevaléncia de hVISA entre os
isolados de S. aureus, sendo que as taxas variam de acordo com o Pais:
Australia (9,4 %), Estados Unidos (8,3 %), Israel (6 %), Franga (11 %), Turquia
(32 %) (HOWDEN et al., 2010). Em metanalise realizada em 2011, os indices
de falha terapéutica (designada como infecgdo persistente ou bacteremia)

relacionados a isolados hVISA foram 2 vezes mais comuns do que em
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infecgdes causadas por S. aureus sensiveis a vancomicina (OR: 2,37; IC 95 %:
1,53-3,67) (VAN HAL; LODISE; PATERSON, 2012).

Além disso, estudo multicéntrico recente (JONES et al.,, 2013)
demonstrou que as taxas de resisténcia a meticilina tem aumentado,
acarretando assim um maior uso de vancomicina e, com isso, as taxas de
diminuicdo de susceptibilidade aos glicopeptideos tendem a aumentar.

Dessa forma, o conhecimento do perfil epidemiolégico local, associado
as informagbdes clinicas do paciente, sdo imprescindiveis para uma
antibioticoterapia empirica adequada e também para mudanca no farmaco

escolhido caso seja detectado um fendtipo hVISA (YAMAKI et al., 2011).
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IV. OBJETIVOS

IV.1 Objetivo geral

e Avaliar a epidemiologia molecular dos MRSA isolados em Santa

Catarina de 2009 a 2012

IV.2 Objetivos especificos

o Verificar se houve disseminacéao clonal de MRSA;

e Avaliar os métodos de deteccdo de hVISA utilizados rotineiramente

em laboratérios de microbiologia clinica;

e Verificar a utilizagcdo da metodologia de pré-difusdo na triagem para

hVISA;
e Descrever a incidéncia de hVISA em Santa Catarina;
e Analisar o perfil de susceptibilidade aos antimicrobianos e a

epidemiologia molecular dos isolados hVISA.
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IV. ARTIGO 1.

Artigo publicado no periédico Diagnostic Microbiology & Infectious
Diseases, v. 79, n. 4, p. 401-404, 2014. Fator de Impacto: 2,568

Is prediffusion test an alternative to improve accuracy in screening hVISA strains
and to detect susceptibility to glycopeptides/lipopeptides?

SILVEIRA ACO'?, SAMBRANO GE'; PAIM TGS'; CAIERAO J'; CORDOVA,

CMM?; d’AZEVEDO PA'

Laboratério de Cocos Gram Positivos, Universidade Federal de Ciéncias da Saude de
Porto Alegre — RS
’Departamento de Ciéncias Farmacéuticas, Fundacio Universidade Regional de
Blumenau — SC

ABSTRACT
Background: Since 2009, the Clinical and Laboratory Standards Institute (CLSI) no
longer recommends disk diffusion to determine vancomycin susceptibility among
Staphylococcus aureus. Considering that broth microdilution tests are time and labor-
intensive, and that Etest® is expensive for developing countries, laboratories are faced
with difficulties to correctly detect vancomycin susceptibility. Furthermore, the
characterization of heteroresistant vancomycin-intermediate Staphylococcus aureus
strains (hVISA) is even more challenging, as no routine standardized laboratory
methods are available. Among various methodologies proposed, prediffusion appears to
be a promising option. Materials: A total of 124 S. aureus isolates, 112 methicillin-
resistant (MRSA) and 12 hVISA recovered from inpatients attended in hospitals of
Santa Catarina State, Southern Brazil were evaluated. The minimum inhibitory
concentration (MIC) of vancomycin, teicoplanin and daptomycin were determined by
Etest® (Biomerieux, Durham, NC) following the manufacturer's instructions.
Prediffusion tests using NeoSensitabs® tablets (Rosco Diagnostica, Denmark) were

done by placing discs in contact with Mueller Hinton agar plate for 2 hours, removing
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the discs and incubating the plates for additional 22 hours at room temperature.
Subsequently, plates were inoculated with a 0.5 McFarland bacterial suspension and
incubated for 24 hours at 35°C. Inhibition zones were measured and zones < 22 mm
indicated reduced susceptibility to vancomycin, < 20 mm to teicoplanin, and < 21 mm
to daptomycin. Results: All isolates were susceptible to vancomycin (MICs: 0.5 to 3
png/mL) by Etest®. However, according to prediffusion test, 17 isolates presented
reduced susceptibility to vancomycin and of these, 12 were confirmed as hVISA using
populational analysis. Prediffusion presented 78.6%, 94.5%, 64.7% and 97.2% of
sensitivity, specificity, positive and negative predictive values, respectively.
Considering daptomycin, prediffusion results were in agreement with susceptibility data
(MICs), as all isolates were susceptible. Conclusion: Considering that characterizing
hVISA is challenging, and that MIC determination is not adequate to characterize this
phenotype, prediffusion test was a viable alternative to screening hVISA and reduced
susceptibility to vancomycin. It was simple and low cost, with accuracy comparable to

other well-established methods.

INTRODUCTION

Vancomycin is a glycopeptide known since 1955, when it was placed at the
disposal of medicine through the work of McCormick (McCormick et al., 1955).
Initially, due to the success of methicillin, oxacillin, and other isoxazolepenicillins, it
was not often used, though with the emergence of methicillin resistance in the 1960’s,
came to be used quite often. In 1997, a strain of Staphylococcus aureus resistant to
vancomycin (vancomycin-resistant S. aureus [VRSA]) (Bobin-Dubreux et al., 2001)

was identified in Japan. This phenotype had not have a wide dissemination and the
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drugs most frequently used to treat infections caused by methicillin-resistant S. aureus
(MRSA) is still vancomycin, besides the daptomycin and linezolid (Jones, 2006).

Detection of in vitro susceptibility of isolates to these drugs is challenging. Since
2009, the Clinical and Laboratory Standards Institute (CLSI) no longer recommends
disk diffusion to determine vancomycin susceptibility due to its high molecular weight
resulting in decreased diffusion in culture media (Heather et al., 2010).Based on current
CLSI recommendations, susceptibility to linezolid and teicoplanin may be determined
by disk diffusion method, while vancomycin and daptomycin susceptibilities should be
assessed by dilution methods or some specific_diffusion tests in agar. These tests are
extremely laborious and expensive, making them difficult to implement, especially in
developing countries.

Taking into account the seriousness of MRSA infections, early and aggressive
antimicrobial therapy is essential to reduce mortality. Treatment failures in infections
caused by susceptible isolates are primarily due to heteroresistant vancomycin-
intermediate Staphylococcus aureus strains (hVISA), a subpopulation with reduced
susceptibility to vancomycin. Thus, in vitro susceptibility may not be enough for the
physician to achieve treatment success. The evaluation of tolerance to glycopeptide
antibiotics is important for predicting treatment failure (Van Hal; Paterson, 2011), and
can be considered the first step to preventing and controlling the emergence of
vancomycin resistance in S. aureus (Howden et al., 2010). As the hVISA resistance
phenotype manifests itself heterogeneously and is a minor component of the bacterial
population (1 in 10° microorganisms) the methods commonly used in clinical
microbiology laboratories (MIC determination by Etest or microdilution) fail to detect

potential resistance, and vancomycin therapy may fail (Satola et al., 2011).
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NeoSensitabs® (Rosco Diagnostica, Taastrup, Denmark) are tablets containing
antimicrobial (9 mm diameter and 1.5 mm thick) stable at room temperature, which
were developed to evaluate bacterial susceptibility to high molecular weight drugs such
as vancomycin, teicoplanin, daptomycin and colistin. The initial prediffusion allows a
homogeneous diffusion of the antibiotic in the culture medium, making possible to
discriminate strains with reduced susceptibility to these agents. The aim of this study
was to evaluate the prediffusion methodology for the detection of decreased
susceptibility to glycopeptides and daptomycin as well as its use in the detection of

hVISA i1solates.

METHODS
Samples

Clinical isolates (n=124) were collected (March 2009 to February 2013) from
inpatients attended in three hospitals in Florianopolis (Hospital de Caridade, Hospital
Governador Celso Ramos and Cardio SOS) and a hospital in Blumenau (Hospital Santa
Isabel), all located in Santa Catarina state, Southern Brazil. One isolate per patient was
considered. Identification was done using the following tests: Gram staining, catalase
production, mannitol fermentation, coagulase and DNase production. Susceptibility to
methicillin was determined by cefoxitin disk diffusion, according to the interpretive

criteria of CLSI (2013).

Phenotypic tests for screening and confirmation of heteroresistant vancomycin-
intermediate Staphylococcus aureus (hVISA)
Three screening tests were used for the detection of hVISA strains. BHI agar

plates (Difco, Becton Dickinson and Company) containing 4 pg/mL of vancomycin and
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16 g/liter of pancreatic digest of casein were inoculated with a prepared 0.5 McFarland
standard inoculum. After 24h of incubation at 35-37°C the growth of more than 20
colonies was considered a positive test for hVISA (Satola et al., 2011). Using Etest®
Glycopeptide Resistance Detection (GRD) (Biomerieux, Durham, NC, USA), the
isolate was considered hVISA when the MIC for teicoplanin is 12 pg/mL or 8§ pg/mL
for teicoplanin and vancomycin after 48 hours (Van Hal et al., 2011). The Etest®
macromethod (Biomerieux, Durham, NC, USA) was performed using a 2.0 McFarland
inoculum on BHI agar plates and readings taken at 24 and 48 hours, where an MIC of 8
ng/mL to vancomycin identified hVISA isolates (Van Hal et al., 2011).

All isolates with at least one positive screening test were confirmed through
populations profile analysis (PAP/AUC). The area under the curve (AUC) was
calculated using Mu3 (hVISA) as a control strain. For confirmation of a hVISA isolate,
the ratio of area under the curve for the isolate divided by that of Mu3 should be greater

than or equal to 0.9 (Wootton et al., 2001).

Minimum inhibitory concentration (MIC)
MIC values to vancomycin, teicoplanin and daptomycin were obtained by the
Etest® methodology (Biomerieux, Durham, NC). Interpretation was performed,

following CLSI (2013) guideline.

Prediffusion tests

Neosensitabs® containing 30 pg vancomycin (VAN), 30 pg teicoplanin (TEI) or
30 pg daptomycin/100 pg calcium (DAPCal) (Rosco Diagnostica, Taastrup, Denmark)
and prediffusion tests were performed following the manufacturer's guidelines

(Supplement User's Guide, 2006). The tablets were placed on the surface of Mueller
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Hinton agar (Biomerieux, Durham, NC, USA). They were inverted and incubated for 2
hours at room temperature. After this period, plates were incubated for further 22 hours
to ensure the complete diffusion of antibiotics. Then, plates were inoculated with
bacteriaand incubated at 35°C for 24 hours and inhibition evaluated. Isolates with
vancomycin < 22 mm and/or teicoplanin < 20 mm inhibition zones were considered

VISA/hVISA. For daptomycin, isolates < 22 mm were defined as resistant.

Quality control
To ensure the quality and accuracy of the test results, Staphylococcus aureus
strains ATCC 29213 (MSSA), ATCC 43300 (MRSA), ATCC 700698 (hVISA) and

ATCC 700699 (VISA) were used.

RESULTS

All isolates were susceptible to vancomycin, considering E-test results. MICs
were 0.5 pg/mL (0.8 %), 0.75 pg/mL (0.8 %), 1.0 pug/mL (17.7 %), 1.5 ng/mL (42.7 %),
2.0 pg/mL (32.3 %), and 3.0 pg/mL (5.6 %). Considering these data, all isolates would
be characterized according to CLSI criteria as susceptible to vancomycin. Seventeen
isolates had divergent results for MIC and prediffusion:they were considered
susceptible by the CLSI breakpoints. Among the 17 divergent isolates, 2 had MIC of 1.5

ng/mL, 10 presented MIC of 2.0 pg/mL and 5 MIC of 3.0 pg/mL (Figure 1).
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Figure 1 - Vancomycin prediffusion results

Teicoplanin data indicated MICs of 0.19 pg/mL (0.8 %), 0.25 pg/mL (0.8 %),
0.38 pg/mL (1.6 %), 0.5 pg/mL (3.2), 0.75 pg/mL (1.6 %), 1.0 png/mL (4.8 %), 1.5
pug/mL (17.7 %), 2.0 pg/mL (16.9 %), 3.0 pg/mL (33.9 %), 4.0 pg/mL (13.7 %), 6.0
pg/mL (1.6 %), 8.0 pg/mL (2.4 %), and 12.0 pg/mL (0.8 %). Divergences were
observed for 14 isolates, which were classified as intermediate according to prediffusion
testing but considered susceptible according to CLSI criteria. Among them, 1 had an

MIC of 1.5 pg/mL, 7 at 3.0 pg/mL, 4 at 4.0 ng/mL, and 2 at 8.0 ng/mL.
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Figure 2 - Teicoplanin prediffusion results

Vancomycin and teicoplanin susceptibility data demonstrated that 21 clinical
isolates were intermediately susceptible to vancomycin and/or teicoplanin, which
indicated these isolates were VISA using the prediffusion method.

All isolates were submitted to screening tests for the hVISA phenotype (GRD,
Etest® macromethod and agar screening with vancomycin), and of those that tested
positive for any of the three screening tests, the phenotype was confirmed by PAP-

AUC. Of the 124 isolates, 12 (9.7%) were characterized as hVISA (Table 1).
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180  Table 1 - hVISA detection by the prediffusion method compared with the reference test

181  (PAP-AUC)

hVISA Non-hVISA | TOTAL
Positive 11 10 21
prediffusion
Negative 1 102 103
prediffusion
TOTAL 12 112 124
182
183 Based on the above data, 91.7% sensitivity, 83.1% specificity, a positive

184  predictive value of 52.4%, a negative predictive value of 97.1% and an accuracy of

185  89.5% were established for prediffusion test.

186
Table 2
Results showed that a disagreement between the prediffusion and screening tests for hVISA.

Isolate  Vancomycin (mm) Teicoplanin (mm) Etest GRD vancomycin/teicoplanin (ug/mL) Agar pcreening  Etest macromethod (ug/mL) PAP-AUC  Interpretation
s 21 21 1.5/4 No 8 08 False positive
SI5 22 18 2/6 No 8 077 False positive
SI9 22 19 1/15 No 6 072 False positive
Sino 21 17 15/6 No 8 086 False positive
sSn2 21 16 2/8 Yes 12 089 False positive
SI26 22 18 1.5/8 Yes 6 078 False positive
SI29 21 19 3/8 Yes 8 084 False positive
L4 25 18 1.572 Yes 4 063 False positive
L10 23 20 2/8 Yes 4 092 False negative
L64 21 20 1.5/4 No 8 079 False positive

1 87 L83 24 19 1/4 No 3 071 False positive

188

189

190

191

192

193

194
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195 Daptomycin data indicated MIC values of 0.125 pg/ml (3.2 %), 0.19 pg/mL (5.6
196 %), 0.25 pg/mL (8.9 %), 0.38 pg/mL (23.4 %), 0.5 pg/mL (33.9 %), 0.75 pg/mL (21 %)

197  and 1.0 pg/mL (4 %). All isolates presented, therefore, a susceptible phenotype.
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Daptomycin Prediffusion Diameter (mm)
198
199  Figure 3 — Daptomycin prediffusion results.
200
201
202

203  Figure 4 - The pictures above illustrate prediffusion described above, highlighting the
204  control strains: (A) Mu3 ATCC 700698 (hVISA), (B) MUS50 ATCC 700699 (VISA)
205 and two clinical isolates, (C) SI11 and(D) L10, both having the hVISA phenotype. V —
206  vancomycin; T — teicoplanin; D — daptomycin.
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DISCUSSION

The prediffusion method is an alternative to conventional methods, allowing
antimicrobials with high molecular weight to be evaluated by this alternative disk
diffusion, since by conventional methodology, they do not have cutoffs in CLSI
guidelines.

Surprisingly, few studies have been published using prediffusion for the
assessment of Staphylococcus aureus susceptibility to glycopeptides and daptomycin
(Nielsen & Casals, 2005; Katz, Luperchio & Thorne, 2008). The major disadvantage of
prediffusion considering glycopeptide susceptibility is that the methodology is unable to
differentiate between hVISA and VISA isolates. Besides, it is a qualitative methodology
without the possibility to determine MICs. Its qualitative data have presented a good
correlation with MIC results, suggesting this test may be used as an alternative test.

In this study, predifusion data for daptomycin were also highly consistent with
MIC results, which were also observed by other authors (Katz, Luperchio & Thorne,
2008). Altogether, these data may support the clinical use of predifusion test. However,
more data must be generated to confirm this hypothesis

Since 2009, CLSI no longer recommends disk diffusion methodology for
vancomycin, requiring clinical laboratories to determine the MIC. Despite being a
microdilution reference test, MIC testing is somehow laborious and requires validation.
Therefore, several laboratories use the FEtest® as an alternative methodology to
determine MIC, which is more expensive and tend to overestimate the MIC (Van Hal et
al., 2011). However, it is practical and shows a strong correlation with clinical results,
justifying its wide usage.

A meta-analysis published in 2012 correlated vancomycin MIC values

determined by Etest® with therapeutic failure. The study found a significant correlation
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between isolates having a MIC > 1.5 pg/mL and therapeutic failure, with an odds ratio
of 1.74 (95% CI: 1.34 to 2.21; p < 0:01) (Van Hal, Lodise & Paterson, 2012). Thus, we
used the MICs determined by Etest, in an attempt to find a correlation between the
results of pre-diffusion and Etest.

Several phenotypic tests have been used to detect hVISA as the hetero-resistant
phenotype has no reliable molecular characterization marker(s) and required the use of
phenotypic tests with varying sensitivities and specificities. Satola and colleagues
reported that screening on BHI agar with 4 pg/ml of vancomycin presents 91%
sensitivity and 94% specificity rates, while the Etest® macromethod shows a sensitivity
of 57 % and specificity of 96 % and Etest ® GRD shows a sensitivity of 57 % and
specificity of 97 % (Satola et al., 2011).

This study has some limitations. First, the methodology used to determine the
MIC was the Etest®, even though the gold standard is the broth microdilution. Second,
all isolates tested were susceptible to daptomycin, making it necessary to evaluate the
performance of the prediffusion resistant isolates to determine if the method may
present good accuracy for this antimicrobial agent.

These data indicated that when comparing the prediffusion method used for
detecting hVISA, the specificity (83.1 %) and sensitivity (91.7 %) rates from this study
were similar to other widely used tests. The results demonstrated that, despite being
infrequently used, this test could be viable and effective in screening clinical isolates for
a hVISA phenotype. The high negative predictive value (97.1 %) allows for testing
negative, exclude the possibility of that the phenotype. Taking into account that all
positive screening tests should be confirmed with PAP-AUC, the prediffusion method,

as a simple and low cost test, should be considered not only as a useful test to assess the
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susceptibility of S. aureus to glycopeptides and daptomycin, but also as a screening test

for hVISA.
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Background: The detection of heteroresistant vancomycin-
intermediate Staphylococcus aureus (WVISA) is challenging because these strains are
susceptible to vancomycin in vitro and are therefore categorized as susceptible by the
usual laboratory methods. Objective: The objective of this study was to analyze the
performance of the main phenotypic tests available to characterize heteroresistance to
vancomycin. Methods: A total of 124 methicillin-resistant Staphylococcus
aureus (MRSA) were isolated from hospitals in the state of Santa Catarina, Brazil. Etest
glycopeptide resistance detection (GRD) was performed according to the manufacturer's
instructions. The Etest macromethod was performed using a 2.0 McFarland inoculum
on brain-heart infusion (BHI) agar plates, using vancomycin Etest strips. Four 10 pL
droplets from 0.5 McFarland suspension were dropped by a pipette onto the BHI with
casein and 4 pg/mL vancomycin agar screening plates. Population analysis profile-area
under the curve (PAP-AUC) was performed as described by Wootton et al. Results:
The GRD methodology had a sensitivity of 66.7% and specificity of 97.3%. The Etest
macromethod sensitivity was 75% with a specificity of 94.6%. The screening with BHI
agar with casein and 4 pg/mL of vancomycin showed a sensitivity of 90.9% and
specificity of 93.8%. The GRD presented the greatest accuracy (94.3 %), but was very
similar to the other two tests. Discussion: Due to its high sensitivity and high negative
predictive value, the agar screening method is an excellent screening test because truly

negative samples can be identified. The agar screening method is a simple, inexpensive
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and easily employable method in routine diagnostic laboratories, including small
laboratories. Conclusion: We conclude that the detection of hVISA, although
challenging, is essential to the selection of the correct antibiotic therapy and the
replacement of vancomycin with some other drug, such as linezolid or daptomycin. The
methods used routinely to detect vancomycin resistance vary in sensitivity and

specificity, and may fail to detect hVISA.

Journal Keywords: MRSA; Glycopeptides; Antimicrobial resistance

INTRODUCTION

Vancomycin-intermediate  Staphylococcus aureus (VISA), a phenotype
characterized by cell wall thickness, is becoming increasingly common during
prolonged therapy with glycopeptides'.

Colonies of heteroresistant vancomycin-intermediate S. aureus (hVISA) are
heterogeneous in appearance and pigmentation, giving the impression of contamination
and potentially confusing microbiologists’>. The mechanism of hVISA resistance is
associated with the activation of cell wall synthesis, which increases the production of
waste mucopeptide and reduces the amount of antibiotic that reaches the site of action,
resulting in cell wall thickening and subsequent sequestration of the drug®. It has been
speculated that hVISA may be a precursor of VISA; after prolonged exposure to
antimicrobials, the selection of a homogenous population of hVISA cells may occur,
leading to the expression of a VISA phenotype®.

The detection of hVISA is challenging because these strains are susceptible to
vancomycin in vitro (minimum inhibitory concentration (MIC) < 2 pg/mL) and are
therefore categorized as susceptible by the usual laboratory methods. However, the

presence of a subpopulation representing 1 in 10° bacterial cells that can grow in the
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presence of 4 pg/mL vancomycin may lead to treatment failure in patients treated with
vancomycin®®.

A meta-analysis published in 2011 revealed that the rates of treatment failure
(designated as persistent infection or bacteremia) related to hVISA were 2-fold greater
than to infections caused by vancomycin-susceptible S. aureus (OR: 2.37, 95 % CI:
1.53-3.67)%. Therefore, the development of accurate and practical methods for the
detection of hVISA is of increasing importance’.

Reference methods used to evaluate susceptibility, such as broth microdilution,
fail to detect hVISA, partly due to the small size of the inoculum, the relatively poor
growth of hVISA on Mueller-Hinton agar, and the short incubation period of only 24
hours. The inoculum size is critical for the detection of subpopulations of resistant cells.
In addition, hVISA strains are characteristically slow growing, with thicker cell walls
and unique pleomorphic characteristics, and produce colonies of varying sizes and
nutritional requirements®,

Other screening methods, such as the macro Etest, Etest glycopeptide resistance
detection (GRD) and agar screening, use enriched media, a denser bacterial inoculum (2
McFarland scale) and prolonged incubation (48 hours) but have variable sensitivity and
specificity; thus, it is difficult to obtain an accurate diagnosis using a single test.
Because hVISA is a heterogeneous, minority subpopulation, there are no reliable
molecular markers to detect heteroresistance’.

Population analysis profile-area under the curve (PAP-AUC) has been the most
reliable and reproducible approach and is considered to be the gold standard for hVISA
confirmation. PAP-AUC was specifically designed for discriminating hVISA and
VISA. This method analyzes the presence of different subpopulations using serial

concentrations of vancomycin to quantify the viable bacterial populations at each
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vancomycin concentration. PAP-AUC is a very laborious and expensive method and is
inappropriate for routine use in clinical laboratories!?,

Knowledge of local epidemiological data and early detection of hVISA may
assist in the selection of appropriate antimicrobial agent for treatment, decreasing the
morbidity and mortality associated with infection caused by hVISA ',

The objective of this study was to analyze the performance of the main

phenotypic tests available to characterize heteroresistance to vancomycin.

METHODS

Bacterial samples

We used 124 clinical isolates of methicillin-resistant S. aureus (MRSA) obtained
from various anatomical sites from patients in three hospitals in Florianopolis (Hospital
Caridade, Hospital Governador Celso Ramos and SOS Cardio) and a hospital in
Blumenau (Hospital Santa Isabel), all located in the state of Santa Catarina in southern
Brazil. Samples were collected from February 2009 to February 2013. We discarded
isolates from the same patient. All isolates were used and there was no selection bias.
The biochemical identification was confirmed by Gram, catalase, mannitol, coagulase

and Dnase.

MIC determination
Vancomicin and teicoplanin MICs were determined by Etest® (BioMérieux,
Marcy [I'Etoile, France), following the manufacturer’s instruction and CLSI

interpretative criteria'>. To ensure the quality and accuracy of the test results,

56



114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

Staphylococcus aureus strains ATCC 29213 (MSSA), ATCC 43300 (MRSA), ATCC

700698 (hVISA) and ATCC 700699 (VISA) were used.

Agar screening

To verify the ability of the isolates to grow in the presence of vancomycin, BHI
agar plates containing 4 pg/mL vancomycin and 16 g/L pancreatic digest of casein were
used. A 10-uL aliquot of a 2.0 McFarland was inoculated on the plates and incubated at
35°C for 48 hours. The growth of 2 or more colonies was considered to be a positive

test for hVISA'3.

Etest GRD

The Etest GRD® method (BioMérieux, Marcy I'Etoile, France) utilizes different
concentration gradients (0.5 to 32 pg/mL) of vancomycin and teicoplanin. The
inoculum was adjusted to the 0.5 McFarland standard and inoculated on Mueller-Hinton
agar containing 5% sheep blood, according to the manufacturer's recommendations.
Readings were obtained at 24 and 48 hours and considered to be positive for hVISA

isolates with an MIC of 8 ug/mL for teicoplanin and vancomycin'.

Etest macromethod

A high bacterial inoculum (2 McFarland scale) was used to inoculate
nutritionally enriched medium (BHI), followed by prolonged incubation (48 hours). A
200-pL aliquot of the bacterial suspension was seeded onto a BHI agar plate. Etest®
(BioMerieux, Marcy I'Etoile, France) vancomycin strips were added, and the plates

were incubated at 35°C for 48 hours. A test was considered to be positive for hVISA
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when the MIC for teicoplanin was 12 pug/mL or when an MIC of 8 pg/mL for

teicoplanin and vancomycin was obtained'*.

PAP-AUC

After incubation on solid medium, the bacteria were diluted in sterile saline at
dilutions ranging from 107! to 10 and subsequently spotted as 10-uL spots on BHI agar
plates containing 0, 0.5, 1, 2, 3, 4, 5, 6 and 8 pg/mL of vancomycin, respectively. The
plates were incubated for 48 hours, and the colonies were counted to determine the
logioCFU/mL; these data were then plotted on a graph as a function of the vancomycin
concentration. The AUC was calculated using the strain Mu3 (ATCC 700698) as a
control. To confirm the designation as hVISA, the ratio of the AUC of the isolate to that
of the Mu3 strain was required to be greater or equal to 0.9 and non-hVISA isolates had

a PAP-AUC < 0.9'%-13,

RESULTS

For the antimicrobials vancomycin and teicoplanin, all 124 isolates were
susceptible (Figure 1). All vancomycin MICs were equal to or greater than 0.5 pg/mL,
reaching 3 pg/mL for seven isolates. To confirm these 7 isolates, the MICs were
determined by the broth microdilution. Thus, three showed a MIC of 1 pg/mL and 4
with a MIC of 2 ug/mL. Therefore, all were considered to be susceptible to vancomycin
(MIC < 2 pg/mL). The MICs of teicoplanin were much higher than those of
vancomycin, with MICs up to 12 pg/mL. The isolate with MIC 12 pg/mL for
teicoplanin was regarded as sensitive as the MIC obtained by broth microdilution was 4

pug/mL (MIC <8 pg/mL).
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165  Figure 1 — MIC to vancomycin and teicoplanin determined by Etest. In A, the results for
166  vancomycin are shown. Seven isolates would be considered VISA by the Etest
167  methodology, but their MICs determined by the reference methodology were < 2
168 pug/mL. In B, susceptibility to teicoplanin is shown, with only one isolate presenting an

169  MIC > 8 pug/mL, which was not confirmed by broth microdilution.
170

171 Screening tests for the detection of hVISA isolates were performed. The results
172 for the isolates that were confirmed as hVISA are listed in Table 1.

173

174  Table 1 - Results of screening tests and PAP-AUC for the confirmation of hVISA

175  (PAP-AUC values higher than 0.9 confirm this phenotype).

Isolate number | screening®/ macromethod”/ GRD® AUC ratio?
Si4 negative/positive/negative 1.14
SI11 positive/positive/positive 0.99
SI13 positive/negative/positive 1.19
L10 positive/negative/positive 0.92
L36 positive/negative/negative 1.02
143 positive/positive/negative 0.98
L54 positive/positive/positive 1.08
L69 positive/negative/positive 0.93
L74 positive/positive/positive 1.17
L8O negative/positive/positive 1.12
L84 positive/negative/positive 1.11
L92 negative/positive/postive 0.99

176  ?* — agar screening in brain-heart infusion (BHI) with 4 pg/mL vancomycin and 16 g/L
177  pancreatic digest of casein

178  °— Etest macromethod

179  ©— Etest glycopeptide resistance detection®

180 ¢ —ratio of isolate AUC/Mu3 AUC

181
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Based on the above results, the sensitivity, specificity, positive and negative
predictive values, and accuracy of each test were calculated (Table 2). No test yielded
optimum values for all variables; the agar screening had the best sensitivity (90.9 %)
and negative predictive value (99.1 %), while the GRD had higher specificity (97.3 %),
positive predictive value (72.3 %) and accuracy (94.3 %). Although the Etest

macromethod was not superior to the other tests, its accuracy was very similar (92.7 %).

Table 2 - Parameters of the main screening tests for the detection of hVISA.

Methodology Sensitivity Specificity PPV® | NPV® | Accuracy
Etest GRD® 66.7% 97.3% 72.3% | 96.5% | 94.3%
Etest 75% 94.6% 60% | 97.2% | 92.7%
macromethod
Agar 90.9% 93.8% 58.8% | 99.1% | 93.5%
screening?

?— positive predictive value

®_ negative predictive value

¢— Etest glycopeptide resistance detection®

d _ agar screening in brain-heart infusion (BHI) with 4 pg/mL vancomycin and 16 g/L
pancreatic digest of casein

DISCUSSION

Because heteroresistance is usually associated with previous vancomycin use, S.
aureus with elevated MICs (> 2 pg/mL) is among the main risk factors for the
development of this phenotype. The selection of an appropriate treatment strategy
depends on the methodology because the Etest has a tendency to overestimate MICs'>.
In this study, the hVISA isolates had an MIC > 1.5 pug/mL (Etest). Some studies!®!”
have demonstrated a relationship between an MIC > 1.5 ug/mL and the development of
hVISA, using the Etest. Other studies using the same methodology'®!® have presented

data demonstrating an association of an MIC < 1.0 pg/mL with hVISA. Thus, a higher
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MIC (< 4.0 pg/mL) is associated with an increased likelihood of the hVISA phenotype.
Isolates with an MIC > 4.0 pg/mL are considered to be VISA.

Because the characteristics of hVISA are heterogeneous and constitute a
minority of the bacterial population, there are no recommended methods for molecular
detection. Phenotypic methods with large bacterial inoculums, enriched culture media
and prolonged incubation times are needed®. These requirements can be fulfilled
through the use of the three methods utilized in this study in combination.

The Etest GRD uses rich medium (sheep blood) and a prolonged incubation time
but a traditional inoculum (0.5 McFarland scale). Cost is a disadvantage of the Etest
GRD, but its ease of standardization justifies its use. It has a sensitivity of 57-93% and a
specificity of 82-97%, depending on the study'*!*?°. We observed a sensitivity of
66.7% and a specificity of 97.3%, in agreement with international studies with larger
samples.

The Etest macromethod combines the three key features for the detection of
hVISA: large inoculum, prolonged incubation time and nutrient medium (BHI). It is a
fast and simple method that utilizes strips of vancomycin and/or teicoplanin to evaluate
glycopeptide susceptibility. This method has a sensitivity of 57-89 % and a specificity
of 55-96 % study'>'*?°. Our data indicated a sensitivity of 75 % and a specificity of
94.6 %.

Finally, agar screening in BHI with 4 pg/ml vancomycin and 16 g/L pancreatic
digest of casein can be used with an inoculum of 0.5 or 2 McFarland standard and an
incubation time of 48 hours in enriched medium. This test yields the best sensitivity and
specificity, 91 % and 94 %, respectively'?, similar to the results obtained in our study
(90.9 % sensitivity and 93.8 % specificity). These characteristics permit the use of this

method for hVISA screening in association with (PAP-AUC) confirmatory testing. A
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disadvantage of this method is the need for standardization; these standards must be
prepared in house, and thus the concentration of vancomycin can vary, thus negatively
affecting test performance.

Because the performance of these screening tests is inconsistent, some
authors®!'* have recommended using these tests in combination to improve sensitivity—
a strategy that may increase costs'®. Alternatively, a test with high sensitivity could be
combined with a test with high specificity.

Based on the results of this study and those of studies with larger population
sizes, we suggest a flowchart for screening and confirming hVISA isolates (Figure 2).
Due to its high sensitivity and high negative predictive value, the agar screening method
is an excellent screening test because truly negative samples can be identified. The agar
screening method is a simple, inexpensive and easily employable method in routine
diagnostic laboratories, including small laboratories. How the entire suspected hVISA

should be confirmed by PAP-AUC, the screening agar can be an excellent alternative.
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MRSA Infections

|

Lower Respiratory Tract
Abscess
Osteomyelitis

Blood

Vancomycin MIC 21.5 pg/mL (Etest)

]

Screening for hVISA

L

Agar Screening
BHI agar with
4 pg/mL vancomycin
16 g/L pancreatic digest of casein
0.5 McFarland
Droplet of 10 pL

Growth — 2 or more colonies

v4

Considerer changing Confirm hVISA by PAP-AUC
therapy {reference laboratory)

Figure 2 - Flowchart for hVISA screening. Assuming that hVISA is more common in
chronic infections and/or anatomical regions with high bacterial inocula, it is likely that
bone and lung infections are a major cause of hVISA infections. Because bloodstream
infections are those with the highest mortality rates, the criteria of anatomical site and
vancomycin MIC can be used to indicate the need for hVISA screening tests. Isolates
with an MIC < 1.5 pug/mL can be excluded because they are associated with a lower
prevalence of hVISA. The agar screening test should be used, and positive results
should be reported to the doctor immediately to permit a change in therapy. Because
performing PAP-AUC as a confirmatory test is impractical for routine laboratories,
suspected hVISA isolates should be referred to a reference laboratory (adapted
from®1421),

We conclude that the detection of hVISA, although challenging, is essential to
the selection of the correct antibiotic therapy and the replacement of vancomycin with

some other drug, such as linezolid or daptomycin. The methods used routinely to detect
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vancomycin resistance vary in sensitivity and specificity, and may fail to detect hVISA.
The appropriate use of screening tests will depend on the prevalence rates of hVISA in
each institution, and the use of a single screening test will yield poor results. A viable
alternative would be to establish a flowchart for processing samples that includes a
choice of tests that are suitable for routine epidemiology and are inexpensive. The
combination of the three methods may be the best alternative because the ones with
vancomycin MIC <2 pg/mL, may have heteroresistance and, in these cases, the correct

characterization of hVISA may impact directly in the therapeutic success.
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ABSTRACT

To determine the epidemiological and molecular characteristics of twelve
Staphylococcus aureus isolates presenting hetero-resistance to vancomycin (hVISA) in
laboratories of two cities in Santa Catarina, southern Brazil. Epidemiological data,
including the city of isolation, health institution, and date of isolation were considered,
as well as the associated clinical specimen. For molecular characterization, we analyzed
the staphylococcal cassette chromosome (SCCmec) types, the erm gene presence and
the genomic diversity of isolates using pulsed-field gel electrophoresis (PFGE). The
twelve isolates of S. aureus were previously confirmed as hVISA using the population
analysis profile-area under curve (PAP-AUC) Regarding genetic variability, three
clones were detected: the main one (clone A) composed of four isolates and two other
clones (B and C), with two isolates each. For clone A, two isolates presented identical
band patterns and were related to the same hospital, with an interval of fifty-seven days
between their isolation. The other isolates of this clone showed no epidemiological link
between them because they were isolated in different hospitals and had no temporal
relationship. The other two clones showed no detectable epidemiological relationship.
The hVISA recovered in Santa Catarina State from 2009 to 2012 had, in general,
heterogeneous genomic patterns based on PFGE results, which is in accordance with the
fact that these isolates had little or no epidemiological relationship among them. Due to
the characteristic instability phenotype and often prolonged vancomycin therapy for
selection, clonal spread is not as common as for other resistance mechanisms
disseminated through horizontal gene transfer.
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Staphylococcus aureus can acquire, during prolonged therapy with
glycopeptides, a phenotype of resistance very peculiar. Through selective pressure and
apparently without transfer of genetic material, may suffer mutations in genes
responsible for production of cell wall, making it thicker and less susceptible to the
action of antimicrobials (Howden et al., 2008).

The hetero-resistance of S. aureus to vancomycin (hVISA) causes changes in the
macro-morphological features of the colonies, who present with heterogeneous
appearance and pigmentation, giving the impression of contamination and may confuse
the microbiologist (Severin et al., 2004). Its mechanism of resistance is associated with
activation of cell wall synthesis, which increases the production of waste mucopeptide
and reduces the amount of antibiotic that reaches the site of action, thus causing cell
wall thickening and subsequent imprisonment drug (Rybak et al., 2008). Speculated that
hVISA could be regarded as precursors of VISA strains, once, after prolonged exposure
to antimicrobial, selection homogenous population of cells may occur, expressing the
phenotype VISA. This phenotype, plus minority, is unstable (Longzhu et al., 2006).

The detection of infections caused by hVISA represents a challenge for
microbiologist, since these strains are considered susceptible to vancomycin in vitro
(minimum inhibitory concentration (MIC) < 2 pg/mL), and therefore categorized as
susceptible by the usual laboratory methods (Howden et al., 2010). However contains
subpopulations 1 in each 10° bacterial cells, that can grow in the presence of 4 pg/mL of
vancomycin, may lead the patient to therapy with vancomycin with possible treatment
failure (Satola et al., 2011a; Van Hal & Paterson, 2011).

Reference methods used to evaluate the susceptibility as broth microdilution,
Etest and automated methods fail to detect hVISA. Because the phenotype is a

heterogeneous phenomenon, reliable molecular markers to confirm this phenotype have
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not yet been found. Partly due to the inoculum be small, relatively poor growth on
Mueller-Hinton agar or incubation for only 24 hours. The inoculum size is critical to the
detection of subpopulation of resistant cells, furthermore hVISA strains are notoriously
slow growing, with cell walls thicker and pleomorphic unique characteristics, with
colonies of varying sizes and nutritionally exacting (Satola et al., 2011b).

The population analysis profile-area under the curve (PAP-AUC) has been the
most reliable and reproducible approach, being considered the gold standard test for
hVISA (Wootton et al., 2001). Was specifically designed for discriminating hVISA and
VISA. It is a method of analysis of modified sub-populations using serial concentrations
of vancomycin, in order to quantify the viable bacterial populations in such
concentrations. It is a very laborious, expensive and inappropriate for routine use in
clinical laboratories (Yusof et al., 2008).

A meta-analysis published in 2011, the rates of treatment failure (designated as
persistent infection or bacteremia) related to hVISA isolates were 2 times more common
than in infections caused by S. aureus susceptible to vancomycin (OR: 2.37, 95% CI:
1.53-3.67) (Van Hal & Paterson, 2011). Therefore, an accurate and practical for the
detection of hVISA are isolated from clinical laboratory method is of increasing
importance (Leonard et al., 2009).

Despite the controversy between studies regarding the association of hVISA and
mortality, knowledge of the epidemiological profile is very important in assisting the
clinician when choosing the appropriate antibacterial therapy. The objective of this
study is to evaluate the phenotypic and molecular epidemiology characteristics of

hVISA isolates in the state of Santa Catarina, Brazil.

METHODS
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Bacterial samples

We used 12 clinical isolates of hVISA obtained from various anatomical sites
from patients in three hospitals in Florianopolis (Hospital Caridade, Hospital
Governador Celso Ramos, and SOS Cardio) and a hospital in Blumenau (Hospital Santa
Isabel), all located in the state of Santa Catarina in southern Brazil. Samples were

collected from November 2009 to October 2012.

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was performed using the disk diffusion
method, according to the recommendations and interpretive criteria of the Clinical and
Laboratory Standards Institute (CLSI, 2013). We also performed the D test for the
detection of inducible resistance to clindamycin. Disks of erythromycin and
clindamycin were placed 26 mm apart, and a flattening of the inhibition zone indicated
a positive test, which was reported as clindamycin resistance. Vancomycin MICs were

determined by macrodilution method (CLSI, 2013).

PAP-AUC

After incubation on solid medium, the bacteria were diluted in sterile saline at
dilutions ranging from 10-1 to 10-8 and subsequently spotted as 10-uL spots on BHI
agar plates containing 0, 0.5, 1, 2, 3, 4, 5, 6 and 8 pg/mL of vancomycin. The plates
were incubated for 48 hours, and the colonies were counted to determine the
logl 0CFU/mL; these data were then plotted on a graph as a function of the vancomycin
concentration. The AUC was calculated using the strain Mu3 (ATCC 700698) as a

control. To confirm the designation as hVISA, the ratio of the AUC of the isolate to that
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of the Mu3 strain must be greater or equal to 0.9 and non-hVISA isolates had a PAP-
AUC < 0.9 (Wootton et al., 2001; Satola et al., 2011b).

Multiplex PCR for the detection of the staphylococcal cassette chromosome
(SCCmec)

The SCCmec type was determined using the multiplex PCR method according to
the protocol developed by Zhang et al. The amplicons that were formed had the
following sizes: I (613 bp), I (398 bp), III (280 bp), IVa (776 bp), IVb (493 bp), [Vc
(200 bp), IVd (881 bp), and V (325 bp) (Zhang et al., 2003; Oliveira & Lencastre,

2002).

PCR for erm gene detection

For isolates with positive results in the phenotypic test for inducible resistance to
clindamycin, erm gene PCR amplification was performed according to the multiplex
PCR protocol developed by Khan et al (1999). The PCR product (610 bp for ermA and
520 bp for ermC) was analyzed by electrophoresis through a 1.5% agarose gel (Khan et

al., 1999; Lina et al., 1999).

Pulsed-field gel electrophoresis (PFGE)

PFGE was performed according to McDougal et al (2003) and Pinto et al (2013).
The fragments were subjected to PFGE using 1% agarose gels (Pulsed Field Certified
Agarose; Bio-Rad) in 0.5X Tris-borate-EDTA buffer with a CHEF-DR III system (Bio-
Rad). The gels were stained with 0.5 pg/mL ethidium bromide, visualized under UV
light, and photographed using a GelDoc™ XR System (Bio Rad). The PFGE patterns
were analyzed using Bionumerics version 6.1 (Applied Maths, Sint-Martens-Latem,

Belgium). The PFGE patterns were clustered by UPGMA. A dendrogram was generated
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from a similarity matrix calculated using the Dice similarity coefficient with an
optimization of 0.5% and a tolerance of 1%. PFGE clusters were defined as isolates

with a similarity of 80% or higher on the dendrogram (Tenover, 1995).

RESULTS

The twelve hVISA isolates were isolated from tracheal aspirates (n=5),
osteomyelitis (n=4), blood (n=1), a skin lesion (n=1) and a surgical wound (n=1).The
resistance of the 12 hVISA isolates to antimicrobial agents was assessed by disk
diffusion, with the following results: clindamycin (92.7%), erythromycin (100%),
trimethoprim/sulfamethoxazole (16.7%), ciprofloxacin (92.7%), tetracycline (16.7%),
chloramphenicol (8.3%) and gentamicin (33.3%). All isolates were considered
susceptible to linezolid and teicoplanin. The vancomycin MICs were 1.0 pg/mL (33.3

%) and 2.0 pg/mL (66.7 %).

Figure 1 - Growth curves of the twelve isolates characterized as hVISA compared to the
standard strain Mu3. All isolates showed an AUC/Mu3 AUC ratio greater than 0.9. For
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clarity, bacterial growth was expressed in logioCFU/mL. Nine concentrations of
vancomycin (0, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0 and 8 pg/mL) were used. Graph A depicts
isolates S4, S11 and S13. Graph B shows isolates L10, L43 and L36. Graph C shows
isolates L54, L69 and L74. Graph D shows isolates L80, L84 and L92. The reference
strain Mu3 is shown in all graphs.

Only two isolates (10 and 54) exhibited inducible clindamycin resistance, as
determined by a positive D test. These isolates were subjected to PCR for erm gene
detection, and both contained the ermA gene. Isolate 84, which was resistant to
erythromycin and sensitive to clindamycin, yielded a negative D test, and the erm gene
was not amplified. All other isolates showed constitutive clindamycin resistance.

Isolate SI4 contained two SCCmec types (I and II). Isolate 84 contained SCCmec
type L. Isolates S11, 36, 54, 69, 80 and 92 contained SCCmec type II. SCCmec type 111
was observed in isolates SI13, 10 and 43. Although isolate 80 was considered to be a
community isolate, it did not contain SCCmec type IV, which is frequently associated
with community-acquired methicillin-resistant S. aureus (CA-MRSA). Only one isolate
showed SCCmec type IV (IVc), 74.The isolation of the microorganism in the first 48
hours of admission was used as the criterion for classification as CA-MRSA.

PFGE was used to assess the degree of genetic similarity, and the results are
presented in Figure 2. Three clones were observed: a primary clone (A), comprising
four isolates (SI4, L54, L69, and L92); clone B, comprising isolates L36 and L80; and
clone C, comprising isolates SI13 and L43. Isolates SI11, L10, L74, and L84 did not

display genetic similarity with any of the other isolates. The criteria established by

Tenover were used for classification, with a similarity index of 80%.
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Figure 2 - Dendrogram showing the similarities between the twelve hVISA isolates.
Three clones were observed: one comprising four isolates (A), two of which displayed
100% similarity (L54 and L69); clone B, which comprised two isolates that were
genetically indistinguishable (L36 and L80); and clone C, which comprised two isolates
(SI13 and L43). The SI11, L10, and L74 isolates did not exhibit any similarity with the
other isolates.

In addition to the molecular characteristics described above, Table 1 presents the
city of isolation, attended institution, biological sample, and isolation data. The samples
were isolated in two different cities that are 120 kilometers apart. In the city of
Florianopolis, the state capital of Santa Catarina, three hospitals and two clinics were
included. Approximately 33 months separated the first and last isolates. Isolates .54
and L69 were isolated in the same hospital, have 100% genetic similarity, and were

isolated from patients with osteomyelitis approximately 57 days apart, which might

indicate a common route of infection.
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Table 1 - Epidemiological and clinical characteristics of the twelve hVISA isolates.

Isolate number City Institution Clinical sample SCCmec Clone Date
10 Floriandpolis Hospital A Osteomyelitis 1] Non clonal | 23/11/2009
36 Florianopolis Hospital A Tracheal aspirate ] B 03/09/2010
43 Florianopolis Hospital A Surgical wound 1] C 14/10/2010
54 Florianodpolis Hospital A Osteomyelitis Il A 04/05/2011
69 Florianopolis Hospital A Osteomyelitis 11 A 01/07/2011
74 Florianopolis Hospital B Skin lesion Ve Non clonal | 22/12/2011
80 Floriandpolis Clinic A Tracheal aspirate 1 B 09/01/2012
84 Florianopolis Hospital A Tracheal aspirate 1 Non clonal | 25/02/2012
92 Florianopolis Hospital C Tracheal aspirate 1l A 18/08/2012
Si4 Blumenau Hospital D Blood i A 28/09/2010
Si11 Blumenau Hospital D Tracheal aspirate Il Non clonal | 20/02/2011
SI13 Blumenau Hospital D Osteomyelitis 1] C 12/04/2011
DISCUSSION

As far as we know, this is the first description of hVISA in Brazil. Two brazilian
studies reported decreased susceptibility to vancomycin, but not confirm hVISA
phenotype. In 2001, Oliveira and colleagues reported 5 clinical isolates of MRSA with
MIC of 8 ng/mL, which was, based on available criteria (NCCLS-1997), named VRSA.
However, isolates did not harboured van genes and, as well demonstrated by authors,
presented a cell wall thickening (Oliveira et al., 2001). In 2006, Lutz and Barth
described 18 clinical isolates as possible hVISA, since they were positive for screening
test (BHI with 4 pg/mL of vancomycin). However, confirmatory test for hVISA, the
PAP-AUC was not performed, especially because, on that time, the nowadays accepted
criteria for confirmation of this phenotype were not broadcast (Lutz & Barth, 2006; Lutz
et al., 2003). Based on these data, we believe our study provides the first report of
isolation of hVISA in Brazil.

The anatomical sites most frequently associated with hVISA infections are those
with a higher bacterial inoculum (abscesses, pneumonia) and those associated with

chronic infections (endocarditis, osteomyelitis) for which the use of vancomycin for
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prolonged periods is quite common and the low penetration of the antibiotic in these
sites favors the development of resistance (Satola et al., 2011b). Several studies (Rybak
et al., 2008; Park et al., 2012; Hu et al., 2013; Richter et al., 2011; Horne et al., 2009)
have established that the blood, lower respiratory tract, skin wounds, abscesses and
osteomyelitis are the most common sites of isolation of hVISA. These data are similar
to those of the present study.

The isolates exhibited a profile of heterogeneous susceptibility, characterized by
low resistance to chloramphenicol and trimethoprim/sulfamethoxazole, drugs that are
used infrequently to treat MRSA infections. Other studies (Park et al., 2012; Richter et
al., 2011) have reported low rates of resistance to sulfonamides in hVISA isolates,
ranging from 9 to 9.9 %. By contrast, studies of samples from Korea (Gyungtae et al.,
2010) and China (Hu et al., 2013) revealed much higher values, 58 and 54 %,
respectively. A chloramphenicol resistance rate of 16.7 % was observed in our study,
while a rate of 47.6 % was observed in a study by Hu and colleagues in 2013. The rates
of resistance to macrolides, lincosamides, aminoglycosides, fluoroquinolones and
tetracyclines are high, with values greater than 64 %, precluding its empirical use (Park
et al., 2012; Hu et al., 2013; Richter et al., 2011; Gyungtae et al., 2010) . Knowledge of
the local susceptibility profile is essential for the maintenance of adequate empirical
therapy.

Clindamycin is a therapeutic option for the treatment of serious infections
caused by S. aureus, including MRSA, particularly for isolates with SCCmec type 1V,
which usually are resistant only to beta-lactams (Chua et al., 2011). However, one
common mechanism of resistance is the macrolide-lincosamide-streptogramin B
(MLSB) phenotype, which expresses inducible clindamycin resistance, which cannot be

detected by traditional phenotypic tests and requires the D test (Fiebelkorn et al., 2003).
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In our study, two isolates exhibited inducible clindamycin resistance, and both
possessed the ermA gene. Both were reported to be resistant to clindamycin, and thus
inappropriate treatment was avoided.

There was a predominance of SCCmec type II, which is associated with hVISA;
in MRSA, this type is associated with higher mortality rates (Hu et al., 2013). Other
studies have also demonstrated a predominance of SCCmec type Il among hVISA
isolates (Hu et al., 2013; Casapao et al., 2013; Park et al., 2012; Khatib et al., 2011).
Some studies have demonstrated a predominance of other types of SCCmec between
hVISA isolates such as type I (Maor et al., 2009) and type III (Bae et al., 2009; Lin et
al., 2012; Wang et al., 2013). It is interesting to note that among the 12 isolates, only 1
had SCCmec type IV (IVc). Although some studies did not find type IV SCCmec
among their MRSA isolates (Maor et al., 2009; Wang et al., 2013), some other
demonstrate rates as high as 16,8 % (Park et al., 2012) to 26.3% (Bae et al., 2009).

From an epidemiological perspective, it is difficult to perform further analyses
due to the geographical distance and the length of time between the isolation of the first
and last isolates. The microorganisms were isolated over a period of three years in
different cities and even in several different institutions in the city of Floriandpolis.
Except for isolates L54 and L69, which are the same clone and were isolated in the
same institution, the hVISA isolates did not have any characteristics that would enable
an epidemiological link to be made between them.

The hVISA recovered in Santa Catarina State from 2009 to 2012 had, in general,
heterogeneous genomic patterns according to the PFGE results, which is in accordance
with the fact that these isolates had little or no epidemiological relationship among

them.
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It should be noted that due to its continental dimensions and tourist vocation,
Brazil presents a great diversity of resistance mechanisms, and S. aureus with resistance
to vancomycin (VRSA) was first described in 2014 in South America (Rossi et al.,
2014). This fact demonstrates the real need for the surveillance of bacterial resistance in
our country.

Epidemiological information from each health facility, as well as each
geographical region, is critical to the installation of appropriate empirical therapy,
especially with regard to hVISA isolates. Such bacteria have phenotypic characteristics
that are difficult to correctly identify by conventional methods (MIC determination and
molecular tests) and are associated with worse clinical outcomes. Due to the
characteristic instability phenotype and often prolonged vancomycin therapy for
selection, clonal spread is not as common as for other resistance mechanisms
disseminated through horizontal gene transfer.

It is imperative that clinical microbiology laboratories detect the hVISA
phenotype and associate it with the epidemiological characteristics of the patients (e.g.,
age, date of isolation, anatomical site, prior use of vancomycin) to provide important
information for research laboratories. Through appropriate methodologies, associations
between the microbiological data and the clinical characteristics of patients may enable
the detection of possible associated risk factors and aid in assessing the prognosis of

patients.
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Molecular Epidemiology of MRSA in Southern Brazil
SILVEIRA, ACO'?; CUNHA, GR'; CAIERAO, J'; DE CORDOVA, CMM?;
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"Laboratério de Cocos Gram Positivos, Universidade Federal de Ciéncias da Saude de Porto
Alegre — RS
2Departamento de Ciéncias Farmacéuticas, Fundag¢do Universidade Regional de Blumenau — SC

Methicillin-resistant Staphylococcus aureus (MRSA) is among the most frequently
isolated agents in nosocomial infections and the community. It is a constant challenge
for antibacterial therapy. Therefore, it becomes essential to understand the epidemiology
of MRSA isolates in the institution and/or region to guide empirical therapy. The
objective of this study is to evaluate the epidemiological characteristics of MRSA
isolates in the state of Santa Catarina, Brazil and determine if there is a dominant profile
and clonal spread. We used 124 clinical isolates of MRSA obtained from various
anatomical sites from patients in the state of Santa Catarina in southern Brazil. The
profile of antimicrobial susceptibility was evaluated by disk diffusion and determination
of minimum inhibitory concentration (MIC). SCCmec types that were present and the
profile of pulsed field gel electrophoresis (PFGE) were evaluated to determine possible
clones. The antimicrobial agents that have demonstrated lower rates of resistance were
tetracycline (20.2%), sulfamethoxazole-trimethoprim (20.2%) and chloramphenicol
(12.9%). We did not detect resistance to glycopeptides, daptomycin, linezolid and
tigecycline. The predominant form was SCCmec type Il (54%), followed by type II
(21.8%). Twenty-six clonal complexes were detected without evidence of clonal spread.
Despite the low prevalence of MRSA in the state of Santa Catarina, the isolates showed
results that were consistent with other Brazilian studies, with a predominance of
SCCmec type III and similar rates of antimicrobial resistance and epidemiological
profile. 26 clonal complexes were detected with a wide variety of mobile genetic
elements, and we noted that there was no prevalence of a given clone. As the cities of
Florianopolis and Blumenau are separated by approximately 120 kilometers and the
isolates were collected during a period of three years, there was no significant
epidemiological relationship between the clonal complexes.
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INTRODUCTION

Staphylococcus aureus is a major agent of community-acquired infections and
related health care infections. SENTRY conducted a multicenter study in Brazilian
hospitals during 2005 to 2008 and found that S. aureus was the main agent of
bloodstream infections (20.2%), the main agent of infections of the skin and soft tissue
(28.1%) and the second most common agent in pneumonia in hospitalized patients
(24.9%). Of these infections, approximately 30% were resistant to methicillin (MRSA)'.

Staphylococci become resistant to methicillin by changing transpeptidases in the
walls, called penicillin-binding proteins (PBPs), and lose affinity for all beta-lactam
agents. This information is contained in the mecA gene responsible for encoding an
altered PBP (PBP2a)>".

Until the early 90s, the MRSA isolates were restricted to hospitals. Currently,
however, MRSA is no longer associated with only health care infections. During this
period, reports of MRSA infections acquired in the community (CA-MRSA) began in
patients without assignable risk factors for acquiring MRSA (i.e., had no direct or
indirect contact with the health service that could associate the MRSA infection with
health care)*.

Since then, a reverse phenomenon began to occur: the isolated community, once
characterized by the presence of a staphylococcal cassette chromosome (SCCmec) type
IV, began to be isolated in hospital settings and those types that were typically isolated
in the hospital began to appear in outpatients’®.

With the changing pre-established profiles, it is essential to understand the
epidemiology of MRSA isolates in the institution and/or region to guide empirical

therapy’. The objective of this study is to evaluate the epidemiological characteristics of
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MRSA isolates in the state of Santa Catarina and to determine if there is a dominant

profile and clonal spread.

METHODS

Bacterial samples

We used 124 clinical isolates of MRSA obtained from various anatomical sites
from patients in three hospitals in Florianopolis (Hospital Caridade, Hospital
Governador Celso Ramos, and SOS Cardio) and a hospital in Blumenau (Hospital Santa
Isabel), all located in the state of Santa Catarina in southern Brazil. Samples were
collected from November 2009 to October 2012. Clinical isolates (n = 124) were
collected (March 2009 to February 2013) from inpatients in three hospitals in
Floriandpolis (Hospital de Caridade, Hospital Governador Celso Ramos, and Cardio
SOS) and a hospital in Blumenau (Hospital Santa Isabel), all located in Santa Catarina
state, Southern Brazil. One isolate per patient was considered. All isolates were used,
and there was no selection bias. Identification was done using the following tests: Gram

staining, catalase production, mannitol fermentation, coagulase and DNase production®.

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was performed using the disk diffusion
method, according to the recommendations and interpretive criteria of the Clinical and
Laboratory Standards Institute” and European Committee on Antimicrobial

Susceptibility Testing!®. The antimicrobials used were gentamicin (10 pg),
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ciprofloxacin (5 ug), erythromycin (15 pg), clindamycin (2 pug),
trimethoprim/sulfamethoxazole (1.25/23.75), chloramphenicol (30 pg), tetracycline (30
ng), teicoplanin (30 pg), tigecycline (10 pg) and linezolid (30 pg). MRSA was
characterized using the cefoxitin disk (30 pg) diffusion test according to the interpretive
criteria of CLSI”, and confirmed by PCR for the gen mecA!!. To detect beta-lactamase
production, we used nitrocefin disk (BD BBL™ DrySlide™ Nitrocefin), using bacterial
suspensions in physiological saline. Staphylococcus aureus ATCC 29213 was used as a
positive control, and Staphylococcus aureus ATCC 25923 was used as a negative

control.

MIC determination

Vancomycin MICs were determined by macrodilution method® and by Etest®
(BioMérieux, Marcy |'Etoile, France) following the manufacturer’s instructions and
CLSI interpretative criteria’. To determine the MICs of vancomycin, teicoplanin and
daptomycin, Etest® was used. To ensure the quality and accuracy of the test results,
Staphylococcus aureus strains ATCC 29213 (MSSA), ATCC 43300 (MRSA), ATCC

700698 (hVISA) and ATCC 700699 (VISA) were used.

Multiplex PCR for detecting the staphylococcal cassette chromosome (SCCmec)

The SCCmec type was determined using the multiplex PCR method according to
the protocol developed by Zhang et al. The amplicons that were formed had the
following sizes: I (613 bp), 11 (398 bp), III (280 bp), IVa (776 bp), IVb (493 bp), [Vc

(200 bp), IVd (881 bp), and V (325 bp)'>13.
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PCR for erm gene detection

For isolates with positive results in the phenotypic test for inducible resistance to
clindamycin, erm gene PCR amplification was performed according to the multiplex
PCR protocol developed by Khan et al (1999). The PCR product (610 bp for ermA and

520 bp for ermC) was analyzed by electrophoresis through a 1.5% agarose gel'*!°.

Pulsed-field gel electrophoresis (PFGE)

PFGE was performed according to McDougal et al'® and Pinto et al'’. The
fragments were subjected to PFGE using 1% agarose gels (Pulsed Field Certified
Agarose; Bio-Rad) in 0.5X Tris-borate-EDTA buffer with a CHEF-DR III system (Bio-
Rad). The gels were stained with 0.5 pg/mL ethidium bromide, visualized under UV
light, and photographed using a GelDoc™ XR System (Bio Rad). The PFGE patterns
were analyzed using Bionumerics version 6.1 (Applied Maths, Sint-Martens-Latem,
Belgium). The PFGE patterns were clustered by UPGMA. A dendrogram was generated
from a similarity matrix calculated using the Dice similarity coefficient with an
optimization of 0.5% and a tolerance of 1%. PFGE clusters were defined as isolates
with a similarity of 80% or higher on the dendrogram'®. For controls, we used the
following SCCmec control strains: type I (NCTC10442); type II (N315); type III
(85/2082); type IVa (CAO0S5); type IVb (8/6-3P); type IVc (MRI10S8); type IVd

(JSC4469) and type V (WIS).

RESULTS
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The prevalence of MRSA in the state of Santa Catarina is extremely low.
Isolation rates are between 4-8% between S. aureus and less than 2% among the agents
of nosocomial infections. This fact explains that in a sample collected during nearly
three years in the largest cities in the state, only 124 strains have been used.

Infectious processes were found in 13.7% of blood cultures, 9.7% of surgical
wounds, 4% of urine samples, 37.1% of lower respiratory tract infections, 19.4% of
osteomyelitis cases, 1.6% of surveillance cultures, 3.2% of abscesses and 11.3% of
other anatomic sites. Considering the origin of the samples, 17 (13.7%) were considered
from the community and 107 (86.3%) from the hospital.

The profile of antimicrobial resistance among 124 clinical isolates of MRSA was
evaluated. Resistance rates were the following: amikacin (35.5%), gentamicin (33.1%),
chloramphenicol (12.9%), tetracycline (20.2%), ciprofloxacin (79%), norfloxacin
(72.6%), sulfamethoxazole-trimethoprim  (20.2%), clindamycin  (75%) and
erythromycin (81.5%). The antibiotic linezolid and tigecycline were all considered as
susceptible. In evaluating the presence of beta-lactamase, 93 strains (75%) showed
production of beta-lactamase.

To assess the susceptibility to glycopeptides, MIC was determined by Etest
(Figure 1). Regarding vancomycin, seven isolates showed MIC of 3.0 pg/mL and were
tested again by microdilution, and three showed MIC of 1.0 pg/mL and four 2.0 pg/mL,
all categorized as sensitive. Teicoplanin only showed an isolate with MIC values above
the susceptible category by CLSI (sensitive < 8 pg/mL) but was considered likely

because the microdilution MIC was 4 pg/mL.
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Figure 1 - MIC of the glycopeptides to 124 MRSA determined by Etest. In A, the values
obtained for vancomycin. The seven isolates with MIC 3.0 pg/mL were considered
susceptible because all determined by microdilution MICs were < 2.0 pg/mL. In B, the
results for teicoplanin. One isolate (MIC 12 pg/ml) was tested in microdilution MIC of
4.0 pg/mL (susceptible).
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Daptomycin, an alternative to glycopeptides for the treatment of infections
caused by MRSA, showed values within the sensitivity patterns (Figure 2), and four

isolates showed MIC of 1.0 ug/mL (upper limit of sensitivity).
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Figure 2 - MICs for daptomycin determined by Etest. All isolates were considered
susceptible (MIC < 1.0 pg/mL).

There was a heterogeneous distribution of SCCmec types. There was a

predominance of type III, with sixty-seven isolates (54%), ten type I (8%), twenty-seven
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type II (21.8%), 5 with type I and 11, thirteen type IVa (10.5%), three type IVb (2.4%)
and four type IVc (3.2%). Among the seventeen community isolates, only four showed
SCCmec type IV: two IVa and two IVb. Among the other 13 isolates, eight had
SCCmec type III and five had type I1.

Of the 124 isolates, twenty-three (18.5%) had a positive D test, all confirmed by
molecular tests, and twenty (87%) had ermA gene and 3 (13%) ermC. Of the twelve
(9.7%) 1solates with resistance to erythromycin and susceptibility to clindamycin, those
with a D negative test had no positive PCR reaction. Fifty-six (45.1%) isolates with
resistance to both antimicrobials and with an inapplicable D test were considered to
have a constitutive resistance mechanism and were not tested by PCR. Only thirty-three
(26.6%) were susceptible to both antibiotics.

With respect to PFGE profiles, twenty-six pulsotypes (Figure 3) were found to
have two or more isolates. They were considered clonal isolates that showed greater
genetic similarity (80%), according to the criteria established by Tenover (1995). There
was no dominant profile, and two pulsotypes were found with five isolates (CC6 and
CC9); despite having SCCmec type 111, the pulsotypes did not have an epidemiological
relationship. A total of seventy-two (58%) isolates could be classified into any of the

twenty-six clones, and fifty-two (42%) could not be classified into any clone (Table 1).

Table 1 - Epidemiological and antibiotic susceptibility characteristics of the 26

pulsotypes.
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206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
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Pulsotypes Isolates Time Source City Resistance SCCmec
1 SI2, SI8 2-4/09 HOS BLU ER_CL, SU. CTP. NO. TE. CLO. AM. GE I
2 SI10. SI29. 179 5/00-112 HOS BLU.FLO ER. CL. CTP. NO I
3 L35.1L77 9/10 —12/11 HOS FLO ER. CL. CIP. NO il
4 SI3. 8114 2/00-4/10 COM BLU ER CL.CIP,NO o
5 SI15, 8130 4/10-112 HOS BLU ER. CL.CIP. NO )i
6 SI1. SIS, SI9. L58. 1L.86 1/09-3/12 HOS BLU. FLO ER, CL. CIP, NO il
7 L40. L61. L2 1010-4/11 HOS FLO ER. CL. CIP. NO it
] SI16, SI128. 172 5/10 - 11/11 HOS BLU.FLO CIP.NO IVa
9 L22.132.146.149. L81 7/10-112 HOS FLO ER. CL. CTP. NO m
10 L39.147.148 8/10 —11/10 HOS FLO ER. CL. CIP. NO I
n L35.166. L38 6/11-5/12 HOS FLO ER. CL. CIP. NO m
12 SI25,127.194 210 -10/12 COM, HOS BLU. FLO ER. CL. CIP. NO IVa
13 L5, L75 8/08 —11/11 COM, HOS FLO IVa
14 L19.125.L59 710-211 HOS FLO IVa
15 101,193 7/12 -10/12 HOS FLO Vb
16 L20, 150 7/10-11/10 HOS FLO m
17 124 126, 128. 129 7/10-8/10 HOS FLO ER. CL. CTP. NO. AM. I
18 L12.121. L70 12/09-6/11 HOS FLO ER. CL. CTP. NO. CLO. AM. GE m
19 L13.114.L17 1/10-5/10 COM, HOS FLO ER, CL, SU. CIP. NO, TE, AM. GE m
20 L3.1§ 7/08 — 1/09 HOS FLO ER_ CL. SU. CIP. NO. TE. CLO. AM. GE m
21 143,151 10/10-11/10 HOS FLO ER. CL. SU. CIP. NO. AM. GE m
22 SI19. 167 8/10-111 COM., HOS BLU.FLO ER. CL. CTP. NO m
23 L2.14 5/08 — 6/08 COM. HOS FLO - IVa
24 L44.163 10/10-7/11 HOS FLO ER. CL, CIP. NO. AM. GE m
25 L54, 169, L92 5/11-8/12 HOS FLO ER. CL, SU. CIP, NO, TE. CLO. AM. GE o
26 L36.141.142. 180 9/10-112 HOS FLO ER. CL. CIP. NO o

HOS: hospital; COM: Commmumnity; BLU: Blumenau: FLO: Florianopolis; ER: erythromyein; CL: clindamyein: SU: trimethoprim/sulfamethoxazole; CIP: ciprofloxacin:
NO: norfloxacin; TE; tetracycline; CLO: chloramphenicol; AM; amikacin; GE: gentamycin.

HOS: hospital; COM: Community; BLU: Blumenau; FLO: Florianépolis; ER:
erythromycin; CL: clindamycin; SU: trimethoprim/sulfamethoxazole;  CIP:
ciprofloxacin; NO: norfloxacin; TE; tetracycline; CLO: chloramphenicol, AM;
amikacin; GE: gentamycin.

DISCUSSION

The low prevalence of MRSA in the state of Santa Catarina is comparable to
rates found in Scandinavian countries'>?. In a report published by the World Health
Organization (WHO), several other European countries have national surveillance data
with very low rates of MRSA: Denmark (1.2%), Estonia (1.7%), Finland (2.8%),
Iceland (2.8%), Netherlands (1.4%), Norway (0.3%) and Sweden (0.8%)*!. Santa
Catarina indices differ greatly from Brazil, which has MRSA rates of 29%?%. These
countries may have succeeded in maintaining low MRSA rates because of effective
search-and-destroy policies and/or controlled antibiotic overuse®*. These policies are not
practiced in Santa Catarina, which could be a cause of the difference in the prevalence
data between the data found in Santa Catarina and those found in the rest of Brazil.

Among the anatomical sites, there was a predominance of isolates in lower

respiratory tract infections, osteomyelitis, and bloodstream infections. These data are
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quite different from those found in studies with similar characteristics, which
demonstrate a predominance of bloodstream infections (39%)** or infections of skin and
soft tissue (61.5%).

Compared to the antimicrobial surveillance in the multicenter study SENTRY!,
resistance rates in this study were lower: ciprofloxacin (91.4 - 79%), tetracycline (46.7 -
20.2%), trimethoprim-sulfamethoxazole (68.1 - 20.2%), clindamycin (87.9 - 75%) and
erythromycin (94 - 81.5%). A possible explanation for the large differences in rates of
susceptibility could be due to the epidemiological profile. Cavalcante et al proposed
phenotypic markers associated with SCCmec types. Resistance to tetracycline and
trimethoprim-sulfamethoxazole may be associated with SCCmec type III, in which
100% resistance was found with both drugs. SCCmec type IV has absolute
susceptibility, with only 2% of the isolates resistant to trimethoprim-sulfamethoxazole
and 100 % susceptibility to tetracycline®®. Therefore, there is a large predominance of
SCCmec type 111, which justifies why the resistance values in our study are lower than
those found in the rest of Brazil.

The presence of beta-lactamase may result in unusual phenotypes known as
BORSA (Borderline Oxacillin Resistant Staphylococcus aureus). These bacteria,
despite lacking the mecA gene, may be resistant to oxacillin and are phenotypically
characterized as MRSA?’. They may also be responsible for elevated MICs of oxacillin.
After therapy with beta-lactams, they may induce the development of vancomycin
resistance, a phenotype called B-lactam antibiotics-induced vancomycin resistant S.
aureus (BIVR)?.

The values of MICs for antimicrobial vancomycin, teicoplanin and daptomycin
are all within the normal range. Although the phenotype of resistance to these drugs is

uncommon?®’, 31.45% of the isolates showed MIC of 2.0 ug/ml for vancomycin, which
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may suggest the development of a phenomenon of an upward trend for MICs for
vancomycin, called "MIC creep"*°.

The isolates demonstrated higher prevalence of gene ermA than ermC. The D
test showed a methodology capable of detecting all isolates with inducible clindamycin
resistance. Therefore, the test is easy to perform and inexpensive and is clinical relevant
because it reduces the risk of inappropriate antibiotics®!.

In our study, there was a high prevalence of SCCmec type Il (54%), and its
clone is called Brazilian epidemic clone (BEC) according to national epidemiology. In
2010, a study conducted at the Clinical Hospital of Porto Alegre, a high prevalence of
SCCmec type 111 was detected (49%)3?, similar to the percentage found in our study. In
2005, in contrast to the local epidemiology, a study conducted at the Clinical Hospital
of Sdo Paulo showed a 65% MRSA prevalence among hospital SCCmec type IV,

Twenty-six pulsotypes were detected with a wide variety of mobile genetic
elements, and there was no substantial prevalence of a particular clone. As the cities of
Florianopolis and Blumenau are separated by approximately 120 kilometers and the
isolates were collected during a period of three years, there was no significant

epidemiological relationship between clonal complexes.

CONCLUSIONS

Although we identified the SCCmec that were present and evaluated the

presence of clonal complexes, the present study did not provide consistent scientific

evidence for the low prevalence of MRSA in Santa Catarina, which was very different

from the data found in other Brazilian states and some European countries.
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We conclude that the epidemiological profile is similar to that found in the rest
of Brazil, with a predominance of SCCmec type IIl, but the resistance rates were lower
than those found in the rest of Brazil.

A wide variety of complexes with clonal isolates were detected without evidence of

clonal spread, and a small amount of high genetic diversity was found.
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VIil. DISCUSSAO GERAL

Foram utilizadas amostras de duas das trés cidades mais populosas do
Estado: Florianopolis e Blumenau. A cidade de Joinville ndo foi incluida no
estudo por motivos logisticos. Considerando a cidade de Floriandpolis, os
isolados foram gentilmente cedidos pelo laboratério Santa Luzia, sob
supervisao de sua gerente geral, Cassia Zoccoli. O laboratério Santa Luzia é o
maior laboratério do Estado, reconhecido nacional e internacionalmente pelo
seu padrdao de qualidade. Segundo dados do préprio laboratério, foram
realizadas entre janeiro e setembro de 2012 5.673 hemoculturas, com 13.187
frascos. Deste contingente de amostras, apenas 8 MRSA foram isolados.
Considerando dados publicados pelo SENTRY (GALES et al., 2009), a taxa de
isolamento de S. aureus em hemoculturas € de 20,2 % e o percentual de
MRSA de 31 %. Imaginado um percentual baixo de positividade de
hemoculturas (10 %) e levando em conta os percentuais encontrados pelo
SENTRY até 2008, poderiam ter sido isolados 81 MRSA, ou seja, dez vezes
mais do que fora obtido.

Considerando a cidade de Blumenau, terceira maior do Estado, com
aproximadamente 300.000 habitantes, as amostras foram obtidas no
laboratério Santa Isabel que, apesar de situado fisicamente dentro do hospital,
atende também pacientes ambulatoriais. O Hospital Santa Isabel € um hospital
de médio porte, com 280 leitos, de alta complexidade, pois & referéncia
nacional em transplante de rim, figado e pancreas.

A medida que os estudos, tanto de resisténcia como de epidemiologia,

comecgaram a ser realizados, verificamos que os perfis encontrados em Santa
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Catarina n&o diferem muito de outros estudos brasileiros, apenas aparecem em
numero menor. As taxas de resisténcia foram semelhantes aos estudos
multicéntricos (GALES et al., 2009; JONES et al., 2013), assim como outros
estudos locais (REITER et al., 2010; TEIXEIRA et al., 2012). Do ponto de vista
molecular essa realidade se repete, sendo que houve um predominio do
SCCmec do tipo Il (hospiatalar) e ndo houve evidéncia de disseminagdo
clonal, visto que foram encontrados vinte e seis clones, com no maximo cinco
isolados.

Para caracterizacado dos clones, foi utilizada a técnica de eletroforese de
campo pulsado (PFGE). Consiste na utilizagado de DNA gendmico digerido por
enzimas de restricdo (Smal). E uma técnica considerada gold standard para
caracterizagao de clones de S. aureus (TENOVER, 2003; FRICKMANN et al.,
2012). Apresenta um perfil comparativo que permite avaliar a similaridade
genética e, de acordo com critérios prévios, estabelecer um limite de 80 % para
considerar dois isolados como geneticamente relacionados (TENOVER et al.,
1995). A alta diversidade genética, visualizada com o achado de quatro tipos
diferentes de SCCmec, com muitos complexos clonais minoritarios, pode estar
associado a baixa prevaléncia. Porém estudos epidemiolégicos mais
detalhados necessitariam ser realizados para chegar a tal conclusao.

Em paises nos quais as taxas de isolamento de MRSA sio baixas
(FARIA et al., 2005; ELSTROM et al., 2012), comparaveis com as encontradas
neste estudo, as explicagdes encontradas para tais taxas sao as politicas
governamentais, principalmente no controle de uso de antimicrobianos,
detecgdo precoce de mecanismos de resisténcia e programas continuos de

vigilancia epidemiolégica. Nao seria prudente afirmar que nao encontramos
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politica semelhante em Santa Catarina, fato que dificulta ainda mais o
entendimento do fendbmeno ocorrido.

Por mais contraditério que possa parecer, apesar da prevaléncia de
MRSA ser muito baixa, a prevaléncia de hVISA é semelhante as encontradas
em muitos outros paises, como na Australia (9,4 %) (CHARLES et al., 2004),
United States (8,3 %) (RYBAK et al., 2008), Israel (6 %) (MAOR et al., 2007),
France (11 %) (GARNIER et al., 2006).

Se considerarmos que um dos principais fatores de risco para o
desenvolvimento do fendtipo hVISA é o uso prévio de glicopeptideos
(APPELBAUM, 2007; VAN HAL; FOWLER JR, 2013; HOWDEN; PELEG;
STINEAR, 2014), novamente encontramos uma situagao inusitada: se a taxa
de MRSA ¢ baixa, apesar do isolamento de S. aureus, tecnicamente ndo esta
indicado o uso de glicopeptideo em isolado sensivel a meticilina (MSSA), como
encontramos uma prevaléncia de 9,7 % (semelhante a varios estudos
internacionais) de hVISA? Infelizmente também ndo temos uma resposta para
essa questao.

Os isolados hVISA apresentam caracteristicas bem peculiares: sao
instaveis, heterogéneos, ndo detectados pelos métodos usuais (disco difusao e
microdiluicdo em caldo) e usualmente apresentam variagcbes na morfologia
colonial (small colony variants), podendo confundir o microbiologista, pois um
cultivo puro pode sugerir uma contaminagcdo (HOWDEN et al., 2010). Por
serem encontradas numa fragdo minoritaria da populagdo bacteriana (1 para
cada 10° células), torna-se necessaria a presenga de um grande indculo

bacteriano para deteccao do fendtipo.

107



Varios marcadores moleculares tem sido propostos para facilitar a
detecgdo de hVISA (BISCHOFF; BERGER-BACHI, 2001; FINAN et al., 2001;
SAKOULAS et al., 2002; NISHI et al., 2004; SAKOULAS et al., 2005; SEIDL et
al., 2006; JANSEN et al., 2007; HOWDEN et al., 2008; RENZONI et al., 2009;
MATSUO et al., 2011; CAFISO et al., 2012; MATSUO et al., 2013). Por se
tratar de um mecanismo de resisténcia heterogéneo, com varios genes
envolvidos, ainda ndo temos um marcador confiavel. Dessa forma, um
diagndstico precoce e preciso deve ser realizado, a fim de evitar o uso
inapropriado de glicopeptideos.

Como hVISA necessita condi¢des diferenciadas de nutricdo e tempo de
incubacao, foram propostos testes fenotipicos que utilizam meios enriquecidos
e com incubacgao prolongada (48 horas) (SATOLA et al., 2011; VAN HAL et al.,
2011). Tais metodologias requerem procedimentos especiais, que dificiimente
podem ser aplicados para todas as amostras clinicas de S. aureus, devido a
sua complexidade e, principalmente, aumento dos custos (VAN HAL et al.,
2011).

A vancomicina € um farmaco com alto peso molecular e que desde 2009
teve seus pontos de corte para disco difusdo retirados do CLSI (CLSI, 2009).
Com isso, os laboratérios de pequeno e médio porte tiveram dificuldade de
testar a susceptibilidade a tal agente, pois os métodos de determinagédo da
concentracao inibitéria minima ainda ndo sdo uma realidade em nosso Pais,
devido ao custo.

Associando os problemas de custo e conhecimento, podemos sugerir o
motivo pelo qual as infecgbes causadas por hVISA nao sejam detectadas e até

mesmo negligenciadas em nosso Pais. Torna-se fundamental dessa maneira
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propor metodologias simples, baratas e que possam ser aplicadas na maioria
dos laboratorios.

Um bom exemplo de metodologia acessivel é a pré-difusdo. Trata-se de
uma técnica descrita ha muitos anos atras, que pode ser utilizada para testar a
susceptibilidade a antibacterianos que apresentam um elevado peso molecular
e, consequentemente, uma menor difusdo em agar. Poucos trabalhos ja foram
publicados utilizando a pré-difusao para S. aureus, demonstrando sua utilidade
(NIELSEN, CASALS, 2005; KATZ; LUPERCHIO; THORNE, 2008). Utiliza o
principio de um aumento no tempo da difusdo, permitindo que o agente consiga
se difundir pelo meio de maneira adequada, produzindo resultados fidedignos.

Avaliando a capacidade da pré-difusdo em triar os possiveis isolados
hVISA, verificamos que, apesar de estar longe do ideal, apresentou resultados
semelhantes aos outros testes utilizados com este propodsito (SATOLA et al.,
2011; VAN HAL et al., 2011). Demonstrou um valor preditivo negativo de 97,1
%, podendo sugerir como um possivel teste de triagem mas que, devido ao
baixo valor preditivo positivo, deve necessariamente ser confirmado com
metodologia de referéncia. Mesmo que ndo possa ser confirmado, devido as
caracteristicas do Brasil (dimensao continental e com dificuldades financeiras),
pode ser utilizado para sugerir ao clinico que a terapéutica com vancomicina
esta associada com falha terapéutica. Outras drogas podem ser utilizadas no
tratamento (VARDAKAS et al.,, 2012), como a linezolida, daptomicina,
tigeciclina, clindamicina, dependendo obviamente da susceptibilidade do
microrganismo.

Um dos principais objetivos deste trabalho foi de avaliar as metodologias

utilizadas para detecgdo de hVISA. As trés metodologias fenotipicas (Etest

109



GRD, macro Etest e agar screening com 4 ug/mL de vancomicina) foram
testadas, além da pré-difusdo. Nenhuma apresentou resultados satisfatorios,
que pudessem motivar sua indicagdo como unico teste a ser utilizado (KHATIB
et al., 2011). A sugestdo é que sejam utilizadas em associagdo com
informacdes pré-analiticas, como: sitio anatémico, uso prévio de vancomicina,
co-morbidades (CASAPAO et al., 2013). Dados microbiolégicos também sao de
suma importancia, como a CIM e presenga de variagao na morfologia colonial
(HOWDEN et al., 2010).

Fica evidente a dificuldade em realizar o diagnéstico de infecgao
causada por hVISA, evidenciando um grande desafio para o laboratério de
microbiologia clinica. E fundamental, dessa forma, conhecer os dados
epidemioldgicos locais a fim de guiar uma antibioticoterapia empirica de
qualidade, diminuindo a morbidade e a mortalidade associadas as infeccdes
por tais micro-organismos (YAMALI et al., 2011).

Além dos testes propostos, alguns autores sugerem a determinagéo da
CIM pela metodologia de Etest. Como tal método tende a super estimar as
CIMs (PAIVA et al., 2010), parece estar relacionada de forma mais direta com a
falha terapéutica, pois os pontos de corte adotados pelo CLSI e EUCAST (=< 2
pg/mL) tem sido associados a falha terapéutica. Essa foi a principal razao para
utilizarmos os dados das CIMs determinadas por Etest pois, apesar de termos
realizado também a microdiluigho em caldo, buscamos ferramentas que
pudessem estar mais relacionadas a clinica, fundamentadas em metanalise e
estudos cientificos de grande impacto (HORNE et al., 2009; MAOR et al.,2009;
PITZ et al., 2011; PARK et al., 2012; VAN HAL; LODISE; PATERSON, 2012;

CASAPAO et al., 2013; VAN HAL; PATERSON, 2013; WANG et al., 2013;).
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Uma das principais limitagées do estudo foi que nao tivemos acesso aos
desfechos clinicos. Por se tratar de um estudo retrospectivo, no qual os
laboratérios que prestam servigo as instituicdes hospitalares disponibilizavam
os isolados, nao foi possivel verificar em quais pacientes houve falha
terapéutica. Da mesma forma, nao tivemos acesso a informacdo de
antibioticoerapia prévia com vancomicina e/ou agentes beta-lactamicos, que
comprovadamente sio fatores de risco para desenvolvimento de infec¢des por
hVISA.

O conhecimento da epidemiologia molecular da regido também é muito
importante. No caso dos isolados hVISA, que séo instaveis e geralmente
necessitam de um fator predisponente, ndo era esperado que houvesse uma
disseminagao clonal. O gasto metabdlico para manutengdo de um
espessamento de parede celular ndo é transmitido as geragdes subsequentes
da bactéria quando na auséncia de um agente indutor, no caso a vancomicina.
Verifica-se mesmo no laboratério que, se repicada por trés ou quatro vezes, a
bactéria acaba perdendo essa caracteristica, diminuindo os valores das CIMs.

Apesar disso, foram encontrados entre os doze isolados hVISA
detectados, trés clones. Apenas dois isolados demonstraram alguma relagéo
epidemioldgica, pois foram detectados com menos de dois meses de diferenga
numa mesma instituicdo. Os outros isolados, apesar de uma similaridade
genética, apresentaram uma significativa diferenga temporal e/ou geogréfica.

Como o mecanismo de resisténcia necessita do uso prévio e continuo de
vancomicina, requerendo um balanco energético favoravel, é instavel, néo
apresentando relatos de transmissdo genética horizontal, ndo tendo sido

associado a clones majoritarios.
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Os estudos com os isolados irdo prosseguir, 0 proximo passo sera
verificar qual o clone (sequence type) de cada isolado hVISA através da técnica
de MLST e, dessa forma, construir uma arvore filogenética. Talvez com tais
informagdes possamos realizar inferéncias estatisticas e epidemioldgicas mais

precisas a respeito da disseminacado de hVISA em Santa Catarina.
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X. CONCLUSOES

e Os MRSA isolados em Santa Catarina tem, tanto do ponto de vista de
susceptibilidade aos antimicrobianos como de perfis epidemioldgicos,
semelhanga com aqueles descritos no Brasil;

e N&o houve evidéncia de disseminagdo clonal, visto que foram
detectados 26 clones minoritarios;

e Os testes de triagem para hVISA apresentaram sensibilidade e
especificidade variaveis, indicando que sejam utilizados associados, a
fim de aumentar a acuracia diagnéstica. De acordo com os dados
epidemioldgicos locais, cada laboratério deve escolher a metodologia
mais indicada para detecg¢ao de hVISA, assim como criar um fluxograma
de processamento destas amostras;

e O teste de pré-difusdo pode ser uma metodologia util na detecgdo de
hVISA, pois é simples, barata e pratica, apresentando taxas de
sensibilidade e especificidade semelhantes aos outros testes fenotipicos
utilizados;

e A incidéncia de hVISA no Estado é semelhante a descrita em outros
paises. O conhecimento do perfil epidemiolégico, variaveis pré-analiticas
e dados clinicos podem auxiliar na terapéutica empirica das infeccoes
graves causadas por S. aureus;

e Nao houve disseminacao clonal preponderante entre os isolados hVISA,
pois foram detectados varios perfis diferentes, mas sem relagao
epidemiologica entre si. As taxas de resisténcia aos antimicrobianos

foram semelhantes as descritas para os isolados MRSA.
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Xl. PERSPECTIVAS FUTURAS

e Analise comparativa do genoma de isolados clinicos de Staphylococcus
aureus com hetero-resisténcia a vancomicina (hVISA) e papel dos genes
vraSR e graSR na diminuicdo da susceptibilidade a vancomicina, em
parceria com a Universidade Federal de Santa Catarina;

e Avaliagdo dos clones circulantes hVISA através da técnica de Multilocus
Sequence Typing (MLST);

e Estudo da resisténcia heterogénea a vancomicina em Staphylococcus
aureus através da genética comparativa de subpopulagdes de um
isolado (single cell genomic), em parceria com a Universidade de S&o
Paulo;

e Sequenciamento do genoma completo dos doze isolados hVISA, em
parceria com a Universidade de Sao Paulo e o Instituto Evandro
Chagas, Par3g;

e Avaliacdo de isolados clinicos hVISA e cepas de referéncia através de
espectrometria de massa (MALDI-TOF), para detecgdo de possiveis
marcadores de diminuicdo de susceptibilidade a vancomicina;

e Implantacdo no laboratério de microbiologia clinica da Universidade
Regional de Blumenau (FURB) de um centro de deteccdo e vigilancia
epidemiologica de bactérias multi-resistentes no estado de Santa

Catarina.
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Xll. ANEXOS

ANEXO A. CARTA DE APROVAGAO DO COMITE DE ETICA DA UFCSPA

Parecer Consubstanciado de Projeto de Pesquisa

Titulo do Projeto: Epidemiologia molecular e perfil de sensibilidade aos antimicrobianos de
Staphylococcus aureus resistente a meticilina (MRSA)isolados de hospitais em Santa Catarina

[ Pesquisador Responsivel Pedro Alves D' Azevedo Parecer 1804/12 I}
| Data da Versao 12/04/2012 | | Cadastro 974/12 | | Data do Parecer 16/08/2012 |
| Grupo e Area Temdtica Il - Projeto fora das areas teméticas especiais ]
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Autores Adeguados
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Projeto elaborade por patrocinador Nao
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Local de Realizagdo Propria instituigéo
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Condigtes para realizacio Adequadas
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[ Intredugdo | Adequada |
Comantarios sobre & nireducds
| Objetives | Adequados |
Comentarios sobre os Objetivos
Pacientes e Métodos
Delineamento uade
Tamanheo de amostra Total 150 Local
Cilculo do tamanho da amostra Adequado
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Seleclio eqllitativa dos individuos participantes Mo se aplica
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Relagio risco- beneficio N&o se aplica
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Monitoramento da sequranga e dados Mo necessario
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Data de iniclo previsia
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] Adequado
Fonte de financiamento axtarna N&o
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Comentarios sobre o Cronograma ¢ o Orgamento )
Organizar o cronograma, pois o projeto, na sua fase experimental, estd
iniclando antes da aprovagio do CEP.

Referéncias Bibli cas | Adequadas

Comentarios sobre as Relerencias Bibliograficas

Recomendacao
| Aprovar I

Comentdrios Gerals sobre o Projeto
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ANEXO B. RESUMOS APRESENTADOS EM CONGRESSOS

INTERNACIONAIS
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‘Dq:modeCmmsmemns hmamemthw&Bmw SC, *Prozrama de Pos- .l //
UFCSI_’_A_ Graduagdo em Ciéncias da Sadde. Universidade Faderal de Cieéncias da Sadde de Porto Alegre. Porto Alegre - RS FU R B
Objectives
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Methods
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Results
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Conclusion
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Objectives: To evaluate the sensitivity and specificity of three methods used for
the phenotypic detection hVISA (Etest glycopeptide resistant detection (GRD),
Etest macromethod and agar screening in Brain Heart Infusion (BHI) with 4
pg/mL of vancomycin and 16 g /L pancreatic digest of casein) when compared
to the reference method, population analysis profile-area under the curve (PAP-
AUC). Methods:A total of 102 methicillin-resistant Staphylococcus aureus
(MRSA) isolated from hospitals in the state of Santa Catarina, Brazil, with
vancomycin minimum inhibitory concentration (MIC) between 0.5 and 2 ug/mL.
The Etest GRD was done according to the manufacturer's instructions using the
double-sided predefined gradient of vancomycin and teicoplanin. A 0.5
McFarland suspension was prepared and swabbed onto Mueller Hinton agar
with 5% sheep blood. The test isolate was considered positive for hVISA if, after
48 hours, the Etest GRD strip result was = 8 pg/ml for either vancomycin or
teicoplanin. Etest macromethod was performed using 2.0 McFarland inoculum
on BHI agar plates, using vancomycin Etest strips. Heteroresistant was defined
as MICs for vancomycin of = 8 ug/mL. Four 10 uL droplets from 0.5 McFarland
suspension were dropped by a pipette onto the BHI with casein and 4 ug/mL
vancomycin agar screening plates. An isolate was considered hVISA if at least
one droplet had two or more colonies. PAP-AUC was performed as described
by Wootton et al. HVISA phenotype were confirmed to if the AUC of the test
isolate divided by the corresponding strain, MU3, was = 0.9. Results: Of the
102 MRSA tested, 14 (13.7%) had positive results for at least one as hVISA
detection tests. The methodology of the Etest GRD had a sensitivity of 56% and
specificity of 99%. As for the Etest macromethod sensitivity was 67% with a
specificity of 92%. The screening with BHI agar with casein and 4 yg/mL of
vancomycin showed a sensitivity of 88% and specificity of 92%. PAP-AUC
isolated confirmed 9 (8.8%) as hVISA, with ratios of 0.93 to 1.17 (Table).
Conclusion: The methods used routinely to detect vancomycin resistance vary
in sensitivity and specificity, and may fail to detect hVISA. The combination of
the three methods may be the best alternative, since the ones with vancomycin
MIC < 4 pg/mL, may have hetero-resistance and, in these cases, the correct

characterization of hVISA may impact directly in the therapeutic success.
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Table — Relationship of clinical samples, detection tests and AUC ratio of the isolated/Mu3 of

isolates confirmed as hVISA

IDENTIFICATION | CLINICALSAMPLE SCREENING?*/ MACRO®/GRD* AUC Ratio®
Si4 Blood -/+/- 1,14
Si11 Tracheal aspirate +/+/+ 0,99
SI13 Osteomyelitis +/-/+ 1,19
L10 Osteomyelitis +/-/+ 0,92
L36 Tracheal aspirate +/+/- 1,02
L43 Surgical wound +/+/- 0,98
L69 Vertebra +/-/+ 0,93
L74 Skin lesion +/+/+ 117
L80 Tracheal aspirate -[+/- 1.2

*Secreening—agar screeningin Brain Heart Infusion (BHI) with 4 pg/mL of vancomycin and 16

g/L pancreatic digest of casein

*Macro —Etest macromethod

“GRD —Etest Glicopeptyde Resistant Detection

¢AUC Ratio — ratio of isolate AUC/ Mu3AUC
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The use of prediffusion methodology to evaluate the susceptibility

of Staphylococcus aureus to vancomycin and to detect hVISA
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Background

Since 2009, Clinical and Laboratory Standards Institute (CLSI) no longer recommends disk
diffusion to determine vancomycin susceptibility among Staphylococcus aureus.
Considering that broth microdilution tests are time and staff consuming and Etest are
expensive for developing countries, laboratories find difficulties in correctly detect
vancomycin susceptibility. Furthermore, the characterization of heterogeneously
vancomycm Intermediate S. aureus (hVISA) is challenglng with no routine laboratory

dized for it. A g various h prop prediffusion appear as a
promising option
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Materials

It was evaluated a total of 124 S. aureus (7 methicilin-susceptible (MSSA), 103 methicilin-
resistant (MRSA) and 14 hVISA), coming from hospitals in Santa Catarina State, Southern
Brazil. The Mini y C ation (MIC) of ycin was determined by
Etest® (Biomerieux, Durham, NC), ing the f; er's instructi Prediffusion
tests using NeoSensitabs® tablets (Rosco Diagnostica, Denmark) was done by placing
discs of vancomycin in contact with the sterile Mueller Hinton agar plate for 2 hours, then
they were removed and the plates were incubated for another 22 hours at room

ly, we cull d at the plates a 0.5 McFarland bacterial suspension

Figure 2 -~ Mu50 (VISA) Figure 3 - Clinical isolate

and Incubated them for 24 hours at 35°C. Inhibition zones were measured and the ones 22 Figure 1 - Mu3 (hVISA)
mm were idered with reduced ptibility to
strains were used: ATCC 29213 (MSSA), 43300 (MRSA), 700698 (hVISA) and 700699 (VISA). Note: V - T - tei D - dap!
Results Conclusion
All isol were ptible to yci (M“:f 05to 3 Vg”"‘-) conslderlng Etest Considering the chall of characterize hVISA, and that MIC determination are not able
results. However, according to pre-diffusion, 17 pr ptibility to ch ize this phenotype, prediffusion test is a viable alternative to screening hVISA
to vancomycin. Of these, 14 were confirmed as hVISA. Predlffusnon h d the and reduced tibility to in. It Is a slmple and low cost test, which
values of sensitivity, specificity, positive and negative values, pecti : 78.6%, 94. 5% d ‘accurarcy dto othe'r M hod:
64.7% and 97.2%.
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Background: Since 2009, Clinical and Laboratory Standards Institute (CLSI)

no longer recommends disk diffusion to determine vancomycin susceptibility
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among Staphylococcus aureus. Considering that broth microdilution tests are
time and staff consuming and Etest are expensive for developing countries,
laboratories find difficulties in correctly detect vancomycin susceptibility.
Furthermore, the characterization of heterogeneously vancomycin-intermediate
S. aureus (hVISA) is challenging, with no routine laboratory method
standardized for it. Among various methods proposed, prediffusion appear as a
promising option. Materials: It was evaluated a total of 124 S. aureus (103
methicilin-resistant (MRSA) and 14 hVISA), coming from hospitals in Santa
Catarina State, Southern Brazil. The Minimum Inhibitory Concentration (MIC)
of vancomycin was determined by Etest® (Biomerieux, Durham, NC), following
the manufacturer's instructions. Prediffusion tests using NeoSensitabs® tablets
(Rosco Diagnostica, Denmark) was done by placing discs of vancomycin in
contact with the sterile Mueller Hinton agar plate for 2 hours, then they were
removed and the plates were incubated for another 22 hours at room
temperature. Subsequently, we cultured at the plates a 0.5 McFarland bacterial
suspension and incubated them for 24 hours at 35°C. Inhibition zones were
measured and the ones < 22 mm were considered with reduced susceptibility
to vancomycin. The following control strains were used: ATCC 29213 (MSSA),
43300 (MRSA) and 700698 (hVISA). Results: All isolates were susceptible to
vancomycin (MICs: 0.5 to 3 upg/mL), considering Etest results. However,
according to pre-diffusion, 17 isolates presented reduced susceptibility to
vancomycin. Of these, 14 were confirmed as hVISA. Prediffusion showed the
following values of sensitivity, specificity, positive and negative values,
respectively: 78.6%, 94.5%, 64.7% and 97.2%. Conclusion: Considering the

challenging of characterize hVISA, and that MIC determination are not able to
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characterize this phenotype, prediffusion test is a viable alternative to
screening hVISA and reduced susceptibility to vancomycin. It is a simple and
low cost test, which demonstrated accuracy compared to other well-

established methods.
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Antimicrobials: Epidemiology of MRSA, VRE and other Gram-positives
Molecular epidemiology of Staphylococcus aureus with hetero-resistance
to vancomycin (hVISA) in southern Brazil

A. Silveira', G. Cunha', B. Batista', J. Caierao’, P. D'Azevedo’

Laboratdrio de Cocos Gram Positivos, Universidade Federal de Ciéncias da

Saude de Porto Alegre, Porto Alegre, Brazil

Objectives: To determine the epidemiological and molecular characteristics of
twelve Staphylococcus aureus isolates presenting hetero-resistance to
vancomycin (hVISA) in laboratories of two cities of Santa Catarina, southern
Brazil. Methods: Epidemiological data including the city of isolation, health
institution, and date of isolation were considered, as well as the associated
clinical specimen. For molecular characterization, we analyzed the types of
staphylococcal cassette chromosome (SCCmec), the presence of the erm
gene (in cases of inducible clindamycin resistance profiles) and the genomic
diversity of isolates, using pulsed field gel electrophoresis (PFGE). All isolates
were characterized as methicillin-resistant (MRSA) through the use of cefoxitin
disk, according to the recommendations of CLSI. The twelve isolates of S.
aureus were previously confirmed as presenting hVISA using the technique of
population analysis profile (PAP), and were collected between November
2009 and November 2012. The criteria used to consider an isolate as
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community was the isolation of the bacteria in the first 48 hours of
hospitalization. For determination of SCCmec, multiplex PCR was performed,
identifying sub-types | to V. The search for erm gene was made by simplex
PCR. Results: Among the isolates, nine were recovered in Florianopolis and
three in Blumenau; eleven were associated to the hospital environment and
one was isolated in community (Florianopolis). The anatomical sites of
isolation included tracheal aspirate (n=5), osteomyelitis (n=4), surgical wound
(n=1), skin lesion (n=1), and blood (n=1). Two isolates presented type |
SCCmec, seven had type Il, and two were positive for type Ill. It should be
noted that one isolate presented two type of SCCmec (I and IlI) and two
isolates were not typeable. The isolate from the community had type II
SCCmec. Only three isolates showed inducible clindamycin resistance, all
carrying gene ermA. Considering genetic variability, three clones were
detected: the main one (clone A) composed of four isolates and two other
clones (B and C) with two isolates each. In clone A, two isolates presented
identical band patterns and they were related to the same hospital, with an
interval of fifty-seven days between the isolation of both. The other isolates of
this clone showed no epidemiological link between them, since they were
isolated in different hospitals and had no temporal relationship. The other two
clones showed no detectable epidemiological relationship. Conclusion:
Contrary to expectations (type IV SCCmec), the communityassociated S.
aureus showed type Il SCCmec. hVISA recovered in Santa Catarina State,
from 2009 to 2012 had, in general, heterogeneous genomic patterns by PFGE

results, which is in accordance to the fact that these isolates had little or no
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epidemiological relationship among them. Fitness required to maintain hVISA

phenotype may explain the absence of clonal spread.

Financial support: CNPq, CAPES, FAPERGS

Isolate number City Institution Clinical sample SCCmec Clone Date

10 Florianopolis | Hospital A Osteomyelitis nt* Non clonal | 23/11/2003
36 Florianopolis Hospital A Tracheal aspirate ] B 03/09/2010
43 Florianopolis | Hospital A Surgical wound 11} & 14/10/2010
54 Florianopolis | Hospital A Osteomyelitis I A 04/05/2011
69 Florianopolis | Hospital A Osteomyelitis I A 01/07/2011
74 Florianopolis | Hospital B Skin lesion nt* Non clonal | 22/12/2011
80 Florianopolis Clinic A Tracheal aspirate I B 03/01/2012
24 Florianopolis | Hospital A Tracheal aspirate | Non clonal | 25/02/2012
92 Florianopolis | Hospital C Tracheal aspirate I A 18/08/2012
sS4 Blumenau Hospital D Blood LN A 28/09/2010
Si11 Blumenau Hospital D Tracheal aspirate 1l Non clonal | 20/02/2011
Si13 Blumenau Hospital D Osteomyelitis 1L & 12/04/2011

®non typeable
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matter should be within the ambit of medical microbiology, covering all types of micro-organism. Generally papers
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1.2 Submission and publication requirements

1.2.1 Page and colour charges

There are no page charges for publishing in JMM. Colour figures are published free of charge if the use of colour is
judged to be necessary for scientific reasons, and no charges are levied on online-only supplementary material.

1.2.2 Originality, authorship and copyright

145



Papers submitted must report work that has not been published previously and is not under consideration for
publication elsewhere. Papers submitted to JMM that have been published preliminarily online (e.g. in Nature
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have agreed that the corresponding author may act on their behalf throughout the editorial review and publication
process. The corresponding author is responsible for obtaining such agreement. Requests for changes in authorship
after submission must be accompanied by signed agreements from all the parties involved.

If the paper is accepted for publication in JMM, all the authors (or other copyright holder) will be required to assign
to the SGM a licence to publish the article. Copyright for the article will remain with the copyright holder. Full
details about the licence and the rights associated with this can be found on the licence to publish form. If you opt to
pay for immediate open access, and subject to the requirements (stated on the licence to publish form) being met, the
Society for General Microbiology will make the Version of Record freely available immediately upon publication
under a Creative Commons Attribution (CC-BY) licence.

Go to the forms page to download the licence to publish form for standard and SGM Open articles.

1.2.3 Ethics

Papers describing any experimental work with humans should include a statement that the Ethical Committee of the
institution in which the work was done has approved it, and that the subjects gave informed consent to the work.
Experiments with animals should be done in accordance with the legal requirements of the relevant local or national
authority. Procedures should be such that experimental animals do not suffer unnecessarily. Papers should include
details of the procedures and of anaesthetics used. The Editors will not accept papers where the ethical aspects are, in
their opinion, open to doubt. Authors may wish to consult the ARRIVE guidelines for reporting in vivo experiments
[Kilkenny et al. (2010). PLoS Biol 8(6), €¢1000412d0i:10.1371/journal.pbio.1000412].

1.2.4 Research integrity
SGM is a member of the Committee on Publication Ethics (COPE) and its editors operate within the COPE Code of
Conduct for Journal Editors. Complaints of unethical behaviour will be investigated by SGM in line with COPE's
flowcharts for such investigation. Common reasons for such investigation include:
e  Redundant (duplicate) publication. Publication of an already published article, or a substantial portion of
a published article, including unauthorized publication in translation.

e  Plagiarism. Plagiarism is the unauthorized and/or uncredited reuse of content or ideas generated by another
person. Plagiarism can occur without a breach of copyright, as it covers more than simple copying-and-
pasting.

e  Breach of copyright. The unauthorized reuse of copyright material, that is the copying of significant
amounts of text or tables or figures. This can include unauthorized reuse by an author of their own material
that is now copyright of another publisher. SGM makes use of the CrossCheck service to detect text
duplication.

e  Fabricated data. This can include figures that have been digitally manipulated, for example to mask gel
bands or alter contrast to make certain features more or less visible or to give the impression that data from
separate experiments were in fact obtained in the same experiment.

e  Problems with authorship. Authorship problems include complaints that individuals have been
inappropriately excluded from authorship or included without their knowledge, as well as accusations of
guest, ghost or gift authorship.

Undisclosed conflict of interest.

Appropriation of ideas or data by a reviewer.
SGM promotes the COPE International Standards for responsible research publication for authors and Editors.
Further guidance on research integrity can be obtained from the US Office of Research Integrity.
Conflict of interest. A conflict of interest may exist when your interpretation of the results or presentation of
information may be influenced by your personal or financial relationship with other people or organizations.
Examples of potential financial conflicts of interest include receipt of funding or salary from an organization that
might gain or lose financially from publication of your paper, if you hold stocks or shares in such an organization or
if you hold or are applying for a patent relating to the content of this manuscript. Examples of non-financial conflicts
of interest might include political, religious or intellectual conflicts.
Reagent sharing. Authors of papers published in JMM are expected to make biological materials, such as strains,
plasmids and antibodies, that are described for the first time in the paper available to bona fide researchers in
reasonable quantities and at reasonable cost, for non-commercial purposes. Supply of such materials must conform to
current local and national laws and regulations.
Materials and results obtained from outside the authors' laboratory. If a paper includes results that were not
obtained by the authors' own experiments (e.g. production of antibodies, properties of strains) this must be explicitly
stated, and appropriate acknowledgement be included where appropriate.

1.2.5 Policy on security and censorship
The policy of SGM Council on scientific publication, security and censorship can be found here.
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1.2.6 Open Access options
SGM allows authors to publish their work under the ‘Gold’ Open Access model. The SGM Open fee is £1750+VAT.
Click to access the Open Access Article Processing Charge form. Gold open access has the following benefits:

e The final version of the article is available free, without a subscription, immediately upon online
publication.

The article is published under a Creative Commons, Attribution (CC-BY) licence.

The published article will be deposited, by SGM, in PubMed Central (and mirror sites such as UKPMC),
with this version of the paper being freely accessible on publication of the definitive version in the online
journal, to comply with the requirements of the Wellcome Trust and other funding bodies. Authors who
have paid the Open Option fee may also deposit the PDF version of the published paper in an institutional
repository at this point.
Papers published in Microbiology, Journal of General Virology and Journal of Medical Microbiology are freely
available online 12 months after publication, and papers published in International Journal of Systematic and
Evolutionary Microbiology are freely available 24 months after publication.
In addition, SGM is a signatory of the National Institutes of Health (NIH) Portfolio Agreement; as a result, papers
that acknowledge funding from NIH will be deposited by SGM in PubMed Central and will be freely available from
PubMed Central 12 months after publication. Because SGM has signed the Portfolio Agreement, authors are no
longer able to deposit their own manuscripts in PubMed Central.
Authors may mount a PDF file of their accepted manuscript on their own or their institution's website or on a
centrally organized repository, provided that the PDF is not publicly available until 12 months after online
publication in the journal. The PDF file must correspond exactly to the accepted version of the manuscript. Authors
may not mount a PDF of the final published version, although they should include a link to the published version.
Author manuscripts must not be mounted less than 12 months after publication in the online version of JGV, nor must
they be mounted on a server for the purpose of commercial sale or systematic external distribution by a third party
(e.g. via an e-print server).
For full details, please see SGM's Open Access policy.

1.2.7 Archiving your paper

SGM's policies on Preprints and Author Accepted Manuscripts provide full information. Please note that the Author
Accepted Manuscript policy does not apply to articles that are published with Gold open access.

2. Preparing and Submitting a Paper — Contents

2.1 General information

All papers must be submitted online, via the Editorial Manager system. Submissions are not accepted in hard copy or
by email. Authors should read these guidelines before going to the Editorial Manager site to submit a paper. Further
details and help pages are available on the Editorial Manager site.

Back to top

2.2 Pre-submission checklist
Authors must:

i read the Information for Authors and ensure that their paper complies with this before submission;
ii. all agree to the submission and agree that the corresponding author may act on their behalf throughout the
review and publication process;
iil. provide the names and contact details of at least three (and not more than five) potential reviewers;
iv. obtain permission for any citations of personal communications or unpublished results; this should be

confirmed in a covering message;
V. indicate the Contents Category for the paper on the title page (it should also be entered in the Contents
Category field of the online submission form in_Editorial Manager);

Vi. use continuous line numbering throughout the manuscript, to facilitate online reviewing;
Vvii. ensure that citations of references in the text and references list conform to journal style;
viii. upload any supplementary material associated with the paper as a supplementary file(s) for peer review
with the paper;
ix. upload any cited papers that have been accepted for publication but are not yet published as a
supplementary file(s);

X. include an accession number from one of the public databases (GenBank, EMBL, DDBJ or PIR) if the
paper reports new sequence data; the relevant deposition criteria for the database must be adhered to.

Back to top

2.3 Preparing files for submission

Papers can be submitted initially either as a single PDF file or as separate word-processor and image files, which will
be compiled into a PDF by the system. Supplementary material should be submitted as a separate file(s), rather than
being incorporated within the single PDF or word-processor file. When submitting the revised version of a paper,
authors should supply the source files for the text and figures, to expedite the publication of the paper if it is accepted.
Submission as a single PDF. Please refer to the Help pages on the submission site for guidelines on preparing PDFs
for submission, including advice on reducing the size of image files (the submitted PDF should preferably not be
much larger than 1 MB).
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Submission as separate word-processor and image files. Most standard word-processor files (including .docx files
produced in Word 2007 or 2010) will convert successfully to PDF. Times, Times New Roman, Courier, Helvetica
and Arial, and the Symbol font for special characters, are the recommended fonts. Other fonts are not guaranteed to
convert successfully convert to PDF. Tables for the main paper must be prepared as part of the word-processor file;
they must not be supplied as images or Excel files. (Excel files are, however, acceptable for supplementary data).
Word-processor files including inserted image files will normally be converted successfully to PDF by the system,
but please note that files using OLE (Object Linking and Embedding) technology to display information or embedded
files are not supported. If the conversion is not satisfactory, either convert the file to PDF yourself, and submit that, or
submit the image files separately.
The file types that are supported for submission as separate image files for conversion to PDF are PDF, GIF, TIFF,
EPS, JPEG and PPT. A resolution of 300 d.p.i. at a reasonable size of reproduction is recommended; in other words,
an image intended to fit in a single column of the journal should be around 1000 pixels wide and an image intended
to fit across two columns should be around 2000 pixels wide. The following file types are not supported at the initial
submission stage as they cannot be converted to PDF by the system: bitmap (.bmp), PICT (.pict), Excel (.xls),
Photoshop (.psd), Canvas (.cnv), CorelDRAW (.cdr) and locked or encrypted PDFs. Image files will be converted to
PDF and added to the end of the manuscript PDF produced by the system. If any of the image files are very large, it is
advisable to reduce their size before submission if possible: refer to the Help with Online Submission pages for
guidelines on how to do this.
Our requirements for files intended for publication are different from those for files that will be converted to PDF by
the Editorial Manager system as part of an initial submission, as set out in the Files for Publication section of these
instructions. If you are unsure whether your file formats are suitable, please contact the Editorial Office.
Cover Letter. When submitting your cover letter, please consider and answer the following:

1. What is the current knowledge of the subject?

2. What are the new findings being reported here?

3. What impact will your findings have on scientific/clinical practice or policy in the foreseeable future?

Back to top

2.4 Pre-submission language editing

Prior to submitting your manuscript, you may wish to have it edited for correct use of English, particularly if English
is not your first language. This step is not compulsory but it may assist the journal editors and reviewers to fully
understand the content of your paper. Language editing does not guarantee that your manuscript will be sent out
for peer review or accepted for publication.

A large number of language-editing services are available. If you would like information on the language editing
facility offered by Editage, an independent editorial service, please go here. SGM authors will receive a 10% discount
off their language editing services (either follow the link above or go here and enter this code: SGM4614680). Other
companies also offer a language editing service and you would be free to use any of these. Note that authors are liable
for all costs associated with language editing and SGM does not accept any responsibility for the level of service
provided.

2.5 General style and layout

2.5.1 Layout
The paper must be written in clear and concise English, normally in the past tense. All papers should normally
include: Title page;Summary (Abstract) (not required for Editorials and

Correspondence); Acknowledgements; References; Tables; and Figures, with legends. The body of Full papers
should be divided into Introduction; Methods; Results; and Discussion. It is often appropriate to combine the Results
and Discussion. Figures and tables should only be used to illustrate points that cannot easily be described in the text.
Authors should consult a recent issue of the journal for the layout of headings, tables, etc. Guidance on the
presentation of individual sections is given below.

2.5.2 Title page
This should carry the following information.

The title of the paper. The title should provide a concise statement of the contents of the paper.

e A short 'running title', of not more than 55 characters (including spaces), for use as a headline.
e  The Contents Category for the paper.
e  The names of the authors. Author names should be given in upper- and lower-case, not in all capitals, to

avoid ambiguities such as 'van' and 'Van'. The author for correspondence must be clearly indicated. It is
permissible to include the names of more than one author as corresponding author, but a single author must
act as the point of communication during the peer review process.

e  The name and address of the laboratory or laboratories where the work was done, and present addresses of
authors who have since moved.
An email address and telephone and fax numbers for the corresponding author.
A footnote 'The GenBank[/EMBL/DDBJ] accession number for the [16S rRNA gene/gyrA, etc.] sequence
of XXXXX is XX00000', where a new sequence(s) has been determined.

e Ifappropriate, a footnote defining any non-standard abbreviations. Guidance on abbreviations not requiring
definition is given in the Abbreviations section.
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2.5.3 Summary (Abstract)

This section is likely to be read by more people than the full paper, and many abstracting services use authors'
summaries without modification. It is therefore important that this section is clear and comprehensible in its own
right. References should not be cited, and any non-standard abbreviations used must be defined.

2.5.4 Introduction

This should state the objectives of the work, but should not contain a detailed summary of the results. Authors should
not assume that all readers will know why an area is worth studying; they should briefly make this clear. Previous
relevant work should be sufficiently cited but this should not constitute a full review.

2.5.5 Methods

Sufficient detail should be provided to allow the work to be repeated. The suppliers of chemicals and equipment
should be indicated if this may affect the results. Suppliers' addresses should not be given unless this is considered
essential for a particular reason.

2.5.6 Results

There should be sufficient subheadings to make clear how the work was organized, what the key questions being
addressed were, how one experiment led to another, and perhaps what conclusions were reached. A reader should
gain a clear picture of the work from the subheadings.

Reproducibility of results should be indicated. It should be stated how many times an experiment was repeated and
whether means or representative results are shown. Variability should be indicated statistically wherever possible;
when error terms are given, the measure of dispersion and the number of observations should be stated. Statistical
techniques used must be specified, and where necessary they should be described fully or a reference given. If results
are expressed as percentages, the absolute value corresponding to 100% should be stated.

2.5.7 Discussion

This should not recapitulate the results, and should not be too long. Excessive discussion of few facts often gives an
impression of poor science. Subheadings should be used where appropriate, to highlight the points under discussion.
It may be helpful to list the main conclusions at the end. A combined Results and Discussion section is encouraged
where appropriate.

2.5.8 Acknowledgements

An Acknowledgements section is not compulsory but may be included. If required, please state the names of funding
bodies and grant numbers in this section. Authors may also wish to acknowledge individuals who have contributed
materials, expertise or time to the study who are not named as authors.

2.5.9 References
References in the text should be cited as follows: two authors, Smith & Jones (1996) or (Smith & Jones, 1996); three
or more authors, Smith ef al. (1996) or (Smith et al., 1996). References to papers by the same author(s) in the same
year should be distinguished in the text and the reference list by the letters a, b, etc. (e.g. 1996a or 1996a, b).
For references with ten or fewer authors, give the names of all authors in the form "Surname, Initials". For references
with more than ten authors, list the first nine followed by "& other authors".
Sample journal references:
Cerda-Cuéllar, M., Rossell6-Mora, R. A., Lalucat, J., Jofre, J. & Blanch, A. (1997). Vibrio scophthalmi sp. nov.,
a new species from turbot (Scophthalmus maximus). Int J Syst Bacteriol 47, 58—61.
Pasta, F. & Sicard, M. A. (1996). Exclusion of long heterologous insertions and deletions from the pairing synapsis
in pneumococcal transformation. Microbiology 142, 695-705.
Sample journal reference for more than ten authors:
Tomb, J.-F., White, O., Kerlavage, A. R., Clayton, R. A., Sutton, G. G., Fleischmann, R. D., Ketchum, K. A.,
Klenk, H.-P., Gill, S. & other authors (1997). The complete genome sequence of the gastric pathogen Helicobacter
pylori. Nature388, 539-547.
Sample reference to a whole book:
Sambrook, J., Fritsch, E. F. & Maniatis, T. (1989). Molecular Cloning: a Laboratory Manual, 2nd edn. Cold
Spring Harbor, NY: Cold Spring Harbor Laboratory.
Sample reference to a book chapter or section:
Romano, A. H. & Saier, M. H., Jr (1992). Evolution of the bacterial phosphoenolpyruvate:sugar phosphotransferase
system. 1. Physiological and organismic considerations. In The Evolution of Metabolic Function, pp. 171-204. Edited
by R. P. Mortlock. Boca Raton, FL: CRC Press.
References to websites
It is not practical to provide a generic example of a reference to a website. Essential items that must be provided are:

e an author(s) (which may be a company name or organization);

e  ayear of 'publication’' (which may be the year that the site was last updated);

e  the URL (web address) of the page;

e  apage title (which will hopefully allow the page to be found using a search engine if the URL subsequently

changes)

For a website that is frequently updated, it may be useful to provide the date that the site was accessed, particularly if
specific information is quoted that may have changed when the article is read.>
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Authors who use EndNote or Reference Manager can download the style for JMM by clicking on the links below:
EndNote

Reference Manager

Please note the following style points:

e  References in the list must be given in alphabetical order, except for papers with three or more authors,

which should be listed in chronological order after any other papers by the first author.

References must include the title of the paper as well as both initial and final page numbers.

Titles of journals should be abbreviated according to the system used by MEDLINE; no stops should be
used after abbreviated words.

e  References to books should include year of publication, title (in full), edition, editor(s) (if any), town of
publication and publisher, in that order. When the reference is to a particular part of a book, the inclusive
page numbers of the chapter or section and, if appropriate, chapter title must be given.

e Only papers accepted for publication but not yet published may be cited as 'in press' in the reference list,
and the reference must include the name of the journal. Relevant papers cited as 'in press' should be
included as supplementary files with the online submission. References to papers not yet accepted should
be cited in the text as unpublished results, giving the surname(s) and initials of all the author(s). Such
papers should not appear in the list of references.

e  Permission must be obtained for any personal communications or citations of other workers' unpublished
results.

2.5.10 Tables

These should be broadly comprehensible without reference to the text, but it is not necessary to repeat detailed
descriptions of methods, etc. The symbols * 1 % § || 9 # should be used for footnotes, rather than superscript letters or
numbers. When results are expressed as percentages, the absolute value(s) corresponding to 100% must be stated.
Statements of reproducibility should be included (see above). Tables should not be used to present results that can be
described by a brief statement in the text.

2.5.11 Figures

This section outlines journal policy on figures. See these links for advice on preparing figures for inclusion as a PDF
forsubmission and on the source files needed for publication.

Figures should not be used to present results that can be described by a brief statement in the text. The points outlined
above for tables regarding comprehensibility, relative values and reproducibility also apply to figures and their
legends. The inclusion of large amounts of tabular data in figures is discouraged and authors may be asked to move
such data to the text or a separate table. Authors should be aware that after publication, tabulated data within figures
are not accessible via online text searching. Where possible, please also supply line drawings, bar diagrams and
sequence data in the original file format in which they were generated and/or as EPS (Encapsulated PostScript),
PowerPoint or CorelDraw files. Do not supply as PostScript files as these cannot be used.

Figures must be referred to in the text as Fig. 1(a) not Fig. 1A or Figure 1(A) or as (Fig. 1a) not (Figure 1A).
Multipart figures should be labelled (a), (b), etc., not (A), (B), etc.

Line drawings. These should be of a quality suitable for direct reproduction. The maximum printed size, including
lettering and legends, is 176 x 235 mm. Line thicknesses and symbol sizes should be sufficient to allow for reduction.
The preferred symbols for graphs are filled and open circles, squares, triangles or diamonds. Where possible, the
same symbol should be used for the same quantity in different figures.

Bar diagrams. Simple bar diagrams reporting only a few values are usually unnecessary; the data can normally be
given in a few lines of text. It is editorial policy not to publish bar diagrams with 'three-dimensional' bars unless there
is a specific justification for their use.

Sequence data. Figures showing full gene sequences are not published, but selected sequence data, with appropriate
annotation, may be published where there is justification. The layout of sequence figures should be designed to fit
either the full width of the page (176 mm) or a single column (84 mm). For adequate legibility, the height of the
characters should be not less than 1.5-2 mm (or 6—8 point). For printing at full page width with this size of type, a
layout with 80—100 nucleotides per line is appropriate (or 60—70 if there are spaces between the codons). For a single-
column layout, 50-60 nucleotides per line is about right. The spacing between the lines of sequence should be as
close as is consistent with clarity. Note that sequence data must be submitted to GenBank, EMBL or DDBJ.

JMM does not publish figures whose principal function is to present primary sequence data, since the data can be
accessed through the databases. To merit publication, sequence figures must be justified by the additional annotation
they present; they should normally be limited to regions of particular interest. Limited sequence alignments of nucleic
acids and proteins are acceptable provided they make a significant point. See above for guidance on presentation of
sequence figures. Sequence data that are not suitable for print publication can, where appropriate, be published as
online-only supplementary data.

Photographs (halftones). Authors are advised to supply halftones intended for publication as TIFF or EPS files. The
resolution should be at least 300 d.p.i. at final size (approx. 1000 pixels wide for a single-column figure; approx.
2000 pixels wide for a double-column figure). For photomicrographs, the scale should be shown by a scale bar.

2.5.12 Colour figures
These are published at no cost to the author, if the Editors believe that colour is essential to show the results. Colour
figures should preferably be supplied as TIFF or EPS files. The resolution should be at least 300 d.p.i. at final size
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(approx. 1000 pixels wide for a single-column figure; approx. 2000 pixels wide for a double-column figure). The files
should preferably be generated as CMYK (4-colour) images, not RGB, as these reproduce better in print.

2.5.13 Supplementary material
Material associated with a paper but not suitable for print publication (e.g. large datasets, sequence alignments, 3D
structures or movie files) can be included as online-only supplementary data. Data that are essential for interpretation
of the results of the main paper should be included in the main paper. All supplementary data files will be reviewed
along with the main paper; these will not be published unless they significantly enhance the paper. The Editors may
suggest that figures or tables included within a paper should be converted into supplementary data.
Supplementary data files must not include methods for results that are included in the main paper, nor should they
introduce different results or new discussion points.
Submission
e  Supplementary data should be uploaded at the time of submission; please indicate the contents of the file in
the ‘File label’ field.
e Supply all supplementary material in the file formats given below.
e  Very large files or those requiring specialist software are not suitable as they will be difficult for the reader
to download or view.
Presentation
e  Supplementary figures and tables should be named Fig. S1, Table S1, etc., and must be cited accordingly in
the main paper.
e  Provide a heading and, if appropriate, a short legend or text description with each supplementary data item.
e In each file, please include the following information: article title, author names, journal name, affiliation
and email address of the corresponding author.
File types
e  Material should be submitted in PDF format; .doc(x) or .ppt(x) files are not suitable.
e Multiple figures, tables or text items should be supplied as a single PDF.
e  Large datasets can be supplied in Excel format if you wish readers to be able to manipulate the data. If not,
please convert to PDF.
e Audio, video and animations can be supplied as .mov, .avi or .mpeg files.
e The preferred file type is PDF; however, please check the full list for other acceptable file types.
Processing of supplementary files
e  Supplementary data files will be uploaded alongside the main paper exactly as supplied by the author. It is
the authors’ responsibility to ensure that all files are presented clearly.
3. Style, Nomenclature and Units — Contents
3.1 Nomenclature of micro-organisms
The correct name of the organism, conforming with international rules of nomenclature, must be used; if desired,
synonyms may be added in parentheses when the name is first mentioned. Names of bacteria must conform with the
current Bacteriological Code and the opinions issued by the International Committee on Systematics of Prokaryotes.
See the International Journal of Systematic and Evolutionary Microbiology Information for Authors for more details.
Names of algae and fungi must conform with the current International Code of Botanical Nomenclature. Names of
protozoa must conform with the current International Code of Zoological Nomenclature.
The following may be useful:
e  List of Prokaryotic Names with Standing in Nomenclature

e  Bergey's Manual of Systematic Bacteriology

3.1.1 Vernacular names

Generic names are singular Latin nouns and do not take a plural verb. Authors should avoid the use of a generic name
alone when the reference is to the members of the genus. Thus, 'The strains (species or cultures) of Salmonella are...'
not 'The Salmonellaare...'. The latter implies more than one generic name Salmonella.

Many micro-organisms are known by their vernacular (common) names as well as by their scientific names. The
vernacular name for an organism may vary from language to language or from place to place, even within the same
country. There are no rules governing the use of vernacular names.

It is often convenient to use vernacular names coined from the generic names. In these forms, the initial capital letters
are dropped and italics are not used. For plural forms of vernacular names, Latin or other plural endings are used,
depending primarily on euphony. Thus, the vernacular singular for a member of the genus Spirillum is spirillum, and
the plural generally used in the English language is spirilla (Latin plural), not spirillums (English plural).
Occasionally, more than one common name arises from a generic name, such as treponema (plural treponemata or
treponemas) and treponeme (plural treponemes) from7reponema.

Back to top

3.2 Chemical and biochemical nomenclature

Authors should follow the recommendations of IUPAC for chemical nomenclature, and those of the Nomenclature
Committee of IUBMB and the IUPAC-IUBMB Joint Commission on Biochemical Nomenclature for biochemical
nomenclature (seehttp://www.chem.qmul.ac.uk/iupac/jcbn).

Back to top
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3.3 Enzyme nomenclature

The system published in Enzyme Nomenclature (http://www.chem.qmul.ac.uk/iubmb/enzyme) should be followed.
Enzyme Commission numbers should be given where appropriate.

For restriction enzymes, use e.g. EcoRI not EcoRl, etc.; Hindlll not Hindlll, Hindlll, Hind 111, etc.

Back to top

3.4 Genetic nomenclature

For bacterial gene names, use e.g. gyrdnot gyrA; arg-Inot argl or argl, etc.

The following proposals should be adhered to wherever possible.

Bacteria: Demerec, M.et al (1966) Genetics 54, 61-76 [alsoJ Gen Microbiol (1968),50, 1-14].
Plasmids: Novick, R. P.et al. (1976) Bacteriol Rev 40, 168—189.
Saccharomyces cerevisiae: Sherman, F. (1981) In The Molecular Biology of the Yeast Saccharomyces. 1. Life Cycle
and Inheritance, pp. 639—640 (edited by J. N. Strathern et al. New York: Cold Spring Harbor Laboratory).

Aspergillus nidulans: Clutterbuck, A. J. (1973) Genet Res 21, 291-296.
Neurospora crassa: Neurospora Newsl (1978), 25, 29.
Back to top

3.5 Abbreviations

Abbreviations must be listed on title page, and defined at first mention in both Summary and main text.

The following need not be defined:

aa; ACES; ADA; ADP, cAMP, ATP, etc.; AIDS; BES; Bicine; bp; BSA; CAPS; c.f.u.; CHAPS; CHES; CIE; CM-
cellulose; CoA; c.p.m.; Da; DEAE-cellulose; DIG; DMSO; DNA, cDNA, CCC DNA, dsDNA, ssDNA, DNase; DNP;
d.p.m., d.p.s.; DTT; EDso; EDTA, EGTA; ELISA; EMS; e.0.p.; EPR or ESR; FITC; FPLC; GC or GLC; GSH,
GSSG; HEPES; HEPPS; HPLC; i.d.; IEF; IgG, IgM, etc.; IPTG; IR; kb, kbp; LDso; LPS; LSU; mAb; MES; MIC,;
m.o.i.; MOPS; MS; NAD, NADP; NMR; nt; NTG; ONPG; ORF; PAGE; PBS; PCR; PEG; PFGE; p.fu.; Pi, PP;;
PIPES; PMSF; ppGpp, pppGpp; p-p-m.; p.s.i.; PVDF; Py-GC, Py-MS; RBS; RFLP; RNA, mRNA, rRNA, tRNA,
RNase; r.p.m.; RT-PCR; SDS, SDS-PAGE; SSU; TCA; TES; TLC; Tricine; Tris; UPGMA; UV; X-Gal.

Back to top

3.6 Units

3.6.1 General points

ST units should be used. If non-SI units are used, the equivalent in SI units should also be given, e.g. 1 p.s.i. (6.9 kPa).
For compound units (e.g. micrograms per millilitre), use pg ml™' not pg/ml; use 10 pg ampicillin ml™!' not 10 pg ml~
lampicillin.

Give concentrations as g 1", etc., or molarity, M, not normality, N. The term '%' should be defined as 'w/v', 'v/v' or
'w/w' if this is necessary to avoid ambiguity.

For radioactivity, the preferred unit is becquerels (Bq); if given in curies (Ci), the equivalent in Bq must be given (1
Ci = 3.7x10'" Bq); radioactivity may also be expressed as d.p.s. (1 d.p.s. = 1 Bq) or as ¢.p.m.

3.6.2 Molecular mass

M: (relative molecular mass) should be used rather than "molecular weight". "Molecular mass" should be used if
values are quoted in daltons (Da) (e.g. molecular mass 20 kDa). Either M: or molecular mass may be used, but they
should not be mixed in any one paper. In table headings and figure axes, for values >1000 use kDa or 103X M.

3.6.3 Absorbance, optical density and attenuance

The term absorbance, 4, should be used for the quantity log(/o//) in UV and visible absorption spectrophotometry of
samples in which there is negligible scattering or reflection of light. If scattering is considerable, as in
spectrophotometric measurements of microbial biomass, the term optical density, OD (or attenuance, D), should be
used; the path length of the cell or cuvette, and the make and model of the spectrophotometer, should be specified,
because optical design dramatically influences such measurements. If a sample is diluted prior to measuring optical
density, the dilution and the diluent should be stated. Readings obtained with instruments designed for turbid
samples, such as nephelometers or Klett meters, should be reported in appropriate units. Whenever 4, OD or D is
used, the wavelength (in nm) of the incident light must be specified (e.g. 4250, ODeoo).
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3.7 Presentation of nucleotide and amino acid sequences

In the absence of a detailed discussion of specific structural features, the nucleotide sequence or proposed secondary
structure should not be presented. Such papers should be accompanied by substantial additional experimentation to
characterize the gene(s) and products(s) concerned, and by substantial computer analysis. JMM will not normally
publish DNA sequences from double-stranded genomes unless the two strands have been sequenced independently.
JMM will not publish figures whose principal function is to present primary sequence data, since the data can be
accessed through the databases. To merit publication, sequence figures must be justified by the additional annotation
they present; they should normally be limited to regions of particular interest. Sequence alignments of nucleic acids
and proteins may be presented using the supplementary data facility.
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When making comparisons between nucleotide or amino acid sequences, it is important to use the correct
terminology. 'Homology' has a precise biological meaning of 'having a common evolutionary origin'. When a
percentage comparison is made, the terms 'identity' or 'similarity', as appropriate, must be used.

Submitted manuscripts containing new sequence data should include, on the title page, the footnote 'The
GenBank[/EMBL/DDBJ] accession number for the [16S rRNA gene/gyr4, etc.] sequence of XXXXX is XX00000'.
4. Peer Review and Publication — Contents

4.1 Editorial handling of papers

During the online submission process, authors must select an Editor who would be appropriate to handle their paper.
To do this, the relevant Editor should be selected from the drop-down list. You may also exclude up to two Editors
who you do not wish to handle your paper in the comments section.

Submitted papers are checked by the editorial staff to ensure that they comply with the journal's requirements. If any
problems are noticed, the paper will be returned to the author for amendment before being assigned to an Editor.
After the above step, papers are assigned by the editorial staff to an Editor with appropriate expertise, who is
responsible for making the decision on acceptability; while every effort will be made to select an Editor suggested
during the submission process, the editorial office staff reserve the right to assign the paper to another Editor if the
one suggested is unavailable or another Editor is considered significantly more appropriate. Before sending a paper to
reviewers, the Editor will pre-screen the paper to check that it fulfils certain basic criteria that would make it
potentially suitable for JMM: nature of the study, quantity and quality of data, general conclusions and standard of
presentation. If the paper does not fulfil these criteria, it may be rejected at this stage, so that the authors can submit
the paper to a more appropriate journal without further delay. Papers that pass the pre-screening stage will normally
be sent to at least one independent reviewer, but the Editor may also act as a reviewer him/herself. The use of
reviewers suggested by authors is at the discretion of the Editor.

Back to top

4.2 Submitting a revised manuscript

If revision of a paper is requested, the revised version should be returned within the time specified. If more time is
required, the author should contact the Editorial Office (jmm@sgm.ac.uk) or Editor to discuss a new deadline. If
revision is delayed by the author without prior agreement, the revised version will be treated as a new submission.
When submitting the revised version of a paper, authors should supply the source files for the text and figures, to
expedite the publication of the paper if it is accepted.

Back to top

4.3 Source files for publication

Our requirements for files intended for publication are different from those for files that will be converted to PDF by
the submission system as part of an initial submission. If you are unsure whether your file formats are suitable, please
contact the Editorial Office.

4.3.1 Text

The text (including tables, but without embedded figures) must be supplied as a word-processor file. Word files are
preferred; .docx files produced in Word 2007 or 2010 can be used as source files. TeX and LaTeX formats can not be
used.

4.3.2 Tables

Tables must not be supplied as image files (TIFF, PDF, PowerPoint); files containing tables prepared as images
(whether provided separately or pasted into a Word file) will be returned to the author and this may delay publication.
Tables should be prepared using your word-processor's table functions, with individual entries in individual table
cells. They must not be supplied as tab- or space-separated text or as multiple entries separated by line breaks in
single table cells. Tables prepared in Excel can be accepted but are not desirable.

4.3.3 Equations

Equations that cannot be represented using the keyboard can be prepared using the Word equation editor (in versions
up to Word 2003) or MathType. Word 2007/2010 users should not use the default equation editor to prepare
equations as it is not compatible with any other current software; equations in Word 2007/2010 should be prepared
using the MathType equation editor or the 'legacy' equation editor included as part of Word (i.e. a Microsoft Equation
3.0 object, accessible from 'Insert Object' on the 'Insert' ribbon).

4.3.4 Line figures

Line figures should be produced as vector rather than bitmap (raster) images. Acceptable formats are PDF, EPS,
CorelDRAW (.cdr; version 15 or earlier), Adobe Illustrator (.ai), Excel (.xIs), Word and PowerPoint. Fonts must be
embedded for figures supplied as PDF or EPS. TIFF and other bitmap formats are not recommended for line figures;
if their use cannot be avoided, the resolution should be at least 600 d.p.i.

Charts prepared in Microsoft Excel should be supplied in Excel format where possible. If they are copied and pasted
into another Microsoft application, use Paste Special and select 'Picture (Enhanced Metafile)'.

4.3.5 Halftone figures (photographs)
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The preferred format for halftones (i.e. photographic images) is TIFF, but PDF, EPS and JPG/JPEG are also
acceptable. If image files are pasted into Word, PowerPoint, Photoshop, etc., in order to add lettering or other
annotation or to combine line and halftone images, the original unlabelled halftone images should also be supplied.
A final print resolution of 300 d.p.i. or more is recommended; i.e. an image intended to fit in a single column of the
journal should be around 1000 pixels wide and an image intended to fit across two columns should be around 2000
pixels wide. Colour images should use CMYK colour (which can be reproduced in print) rather than RGB (which
cannot be reproduced faithfully using four-colour printing) (this setting can be accessed in Adobe Photoshop via
Image:Mode:CMYK Color, for example). For some colour images, such as fluorescence micrographs, it may be
useful to submit an RGB version of the image to be mounted online as supplementary material.

4.3.6 Scanning images

If images must be scanned, a resolution of 300 d.p.i. is usually sufficient for same-size reproduction of halftone
(photographic) images without text, whereas 600 or 1200 d.p.i. should be used for figures containing lines and/or
text. The scanned image should be cropped to remove as much white space as possible and supplied in TIFF format.

4.3.7 Supplementary material

Files supplied as supplementary material should follow the appropriate guidelines given above. If supplementary files
contain material that cannot be represented in print (sound, video, computer programs, etc.), please consult the
Editorial Office for advice on suitable formats.

Back to top

4.4 Publication ahead of print

JMM has a Papers in Press feature where accepted manuscripts appear online in an unedited format before they are
scheduled to appear in print. Unless the authors inform the Editorial Office staff (jmm@sgm.ac.uk) to the contrary, it
will be assumed that they agree to their manuscript being used in this way. Please note that the PDF used for peer
review, and the manuscript title, subject category and author details that authors have entered into the online
submission site, will be used to generate the Papers in Press record.
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4.5 Proof corrections

Proofs are sent by email as a PDF attachment to the email address supplied for the corresponding author. It is the
authors' responsibility to inform the Editorial Office of any changes to this email address.

Only typographical and absolutely essential factual changes may be made. Authors may be charged for the correction
of non-typographical errors.

Back to top

4.6 Electronic and print reprints

Following publication of the final version of their paper, corresponding authors will receive an email including a link
to download the published PDF of their paper. The link can be forwarded and used to download the published PDF
up to 25 times.

Reprints of articles published in JMM can be ordered through the SGM Reprints Service. Authors will receive full
details of this when their paper has been published. Payment can be made by credit or debit card, Paypal or by
purchase order. Orders placed by purchase order will be subject to approval before being passed for printing.
Commercial reprint orders are dealt with by Growth Vector Marketing Limited. Please contact them directly to
discuss requirements and pricing.
Email:reprints@growthvector.com

Tel: +44 (0)7970 147833

Back to top
4.7 Cover illustrations

The Editors welcome the submission of pictures for possible use on the front cover. Pictures need not be linked with a
paper in the journal.
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ANEXO F. REGRAS PARA SUBMISSAO: BRAZILIAN JOURNAL

INFECTIOUS DISEASES

INSTRUCTIONS TO AUTHORS

The Brazilian Journal of

I } = ,t.-. D DACDO e Editorial Politic
Ojeclious LJI1sedases e Submission of manuscripts

e Checklist for submitted manuscripts

ISSN 1413-8670 printed version
ISSN 1678-4391 online version

Editorial Politic

Instructions for submission

Authors should submit their articles through the website:
(www.sgponline.com.br /bjid).

Manuscripts may be submitted within designated
categories of communication, including:

¢ original basic or clinical research;

e presentation and discussion of case;

e short reports of new methods or observations;

e presentations or reviews of state of the art;

o Letters to the editor about the previous publications;
e editorials that contain ideas, suggestions, and
comments.

Supplements BJID include articles under a unified theme,
as in a summary of presentations from a symposium, or
focusing on a specific pathogenic process or antimicrobial
agent.

Published

The BJID is published bimonthly (February, April, June,
August, October, December) by Elsevier. The paper's
editors reserve the right to edit manuscripts to improve
clarity, grammar and style. The authors have the
opportunity to review these changes before the creation
of the galley proofs. The content changes made after the
galley proofs are sent for review cost will be borne by the
author. The BJID not accept items that overlap or
duplicate publications elsewhere.

OF
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Submission of manuscripts

Manuscripts submitted to Brazilian Journal of Infectious
Diseases should be sent to the editor in
chiefhttp://www.sgponline.com.br/bjid/sgp/ address.
Each manuscript will be assigned a registration number,
and the author will be notified that the manuscript is
complete and appropriate to begin the review process.

SGP (Publication Management System) is a system that
allows submission of papers and of the editorial board in a
fully web. The SGP is based on access levels, so when a
user submits a manuscript for review and approval, it
remains only to display the author and the editorial

board, keeping it safe from other authors who have not
participated in the research and development work. It is
crucial that the author who submits papers in the SGP has
registered an email which he uses, because all the
information and notices concerning status, approval or
refusal of work will be done by email. If the author
changes the email, they can update their cadastral data
through the section "Registration" on the navigation bar.

The manuscript submission process is based on nine steps
of which the author has been filling the items relating to
his work as a title, as described (keywords), abstract,
additional information about the possibility of sending
images or graphics (in JPG format only) and mount the
article content through a graphical interface page with the
program similar to MS Word, can be edited to create
tables, insert images and apply formatting to your text. In
the last step shows a PDF version of your manuscript and
choose to approve or delete your submission.

Checklist for submitted manuscripts

1. Please provide a cover letter with your submission specifying the
corresponding author as well as an address, telephone and facsimile
number.

2. Submit four copies of your manuscript (original plus three copies
and a disk of the manuscript - Word Perfect/Word for Windows),
each with a complete set of original illustrations.

3. The entire manuscript (including tables and references) must be
typed double-spaced and printed on standard-sized paper. The left
and right margins must be at least 3cm.

4. The entire manuscript must be typed in a font size of at least 12
points.

5. Please nhumber pages beginning with the title page (title page is
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page 1).

6. The order of appearance of material in all manuscripts should be
as follows: title page, abstract, text, acknowledgements, references,
tables, legends for figures, figures.

7. The title page must include a title of not more than three printed
lines (250 letters and spaces), authors (no titles or degrees),
institutional affiliations, a running headline of not more than 40
letters and spaces, a name and complete address to which
correspondence and reprint requests should be sent, and footnotes
indicating sources of financial support and changes of address.

8. Abstract (maximum 250 words) must be on a separate page
before the introduction. Do not submit an abstract with
correspondence.

9. Acknowledgements of persons who assisted the authors should be
included on the page preceding the references.

10. References must begin on a separate page.

11. References must be cited on (not above) the line of text and in
brackets instead of parentheses, e.g., [7,8].

12. References must be numbered in the order in which they appear
in the text. References not cited in the text cannot appear in the
reference section. References only or first cited in a table or figure
are numbered according to where the table or figure is cited in the
text. For instance, if a table is placed after reference 8, a new
reference cited in table 1 would be reference 9.

13. Reference citations must follow the format established by the
"Uniform Requirements for Manuscripts Submitted to Biomedical
Journals" (see examples in Instructions to Authors).

14. If you reference your own unpublished work (i.e., an "in press"
article) in the manuscript that you are submitting, you must enclose
three copies of the "in press" article and an acceptance letter from
the journal.

15. If you cite unpublished data that are not your own, you must
provide a letter of permission from the author of that publication.

16. Please provide four glossy or laser-produced prints of each
figure that you are submitting. Label all figures clearly with first
author's name and figure number (place typed label on back of
figure).

17. Provide a figure legend for each figure. Figure legends must be
on a separate page at end of manuscript.

Please refer to Instructions to Authors for further
information regarding the title page, abstract, references,
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tables and figures, and style.

The articles could be sent by e-mail or through the web
site www.bjid.com.br.
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Vancomyoin is 3 ghoopepade known since 1955, when i wa
placed at the disposal of medhane ghrough the work of MioCommid:
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mermediate o vanmmycin {van omyon-nesstant 5 sons VEAD
was identified in Jlapan (Hiemasy, 19971 This phenotype did not
|hawe 2 wide dis ssmmnation, and the dirag most frequen gy wmed i Teat
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Wan Hal and Fowder, 2013}

Derertion of @ vitre susepibidity of molites oo these drugs i
challenging. Sance 2008, the 0141 { 2013 jnolongsr recommends disk
diffusion to demrmine vanmmyon suscepibility dus @ ms high
madecular wedght rsulting m decreased diffusion in culture media
(Heather o al, 3010% Based on curent (151 rescemamen dations,
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2 Methods
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ulEe and DMase pradoction. Sasopobility to methialln was
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a3
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McFabnd sandied momibum. After 24 h of moobation & 3537 °C,
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hViEA {famlz et al, 2017 Using Bt Clyopepide Resniane
Detection. (GRD) | ioMeniew, Durlam, MNC, USA ) the solae was
momsdered hVEA whenthe MC for Escoplamn & 12ppml or £ geimil
o tesmplanin and vancomyon afier 48 h (Van Halet al, 20111 The
Er=it mamomethod (hioMeneux) wa performed wing 2 20
McFarland moculum on BHI agar plates and readings Gken at 24
and &8 h, where an MICof & pfimi to mncomyom dentifisd HVIEA
molates {Van Haletal 2071}

All ol wath at kst 1 posigve smenmy, test wers confinmed
thrmugh populsion andlysis profileare under the curve [PAP-AICY
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23 Minionm inbibiiery moeareton [MIC)

MIC values o vanmmyan, texoplanin and dapomycgn were
obtaned by the Frest® methods bogy (bioMe=riewx) inerpreation
was performed, fiollowin g G051 {MI00-523) godeadime
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mmpkete diffuson of antimoties. Then, plates were inoculated wath
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To emure the qualty and aoomacy of the test nesuls, £ o
smains ATOD 29213 [MESA), ATOC 43300 [MRSA) ATOC TOOGS8
V), and ATCC TO0ESS (VIEA) were amed.

3. Results

Al imolates were 5 o En E<est
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18 pres=nted MIC of 20 primil_and S MIKC of 20 priml

Terophnin da indiaed MICs of 019 goiml {0&8T), 025 pg'ml
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cheafied & mEmadue xonding & prediffesion testing b
comnsidered susceptible aoording o 03 omeny Among them, 7 had
an MiC of 1.5 graml, 7 2t 30 pzimi, 4 2 40pgiml, and 2 a2 8.0 pgg/ml

Vanmmyan and tecoplanin susoepbiility d 22 demonstrated that
211 dimal solfes were intermediatedy musceptible {0 vancomyam
and jor sicoplanin, which mdiated these tolates were VISA using the
predifusion meshod.

All moliees were submittsd o soeenng s for the BVIEA
phemotype [CRD, Etest® macomethod, and agar soesning with
wvancomyein), and of thase that tested postiree for any of the 3
saresning w=sts, the phenatyp e was oonfirmed by PAR-ALC OF the 124
isolates, 12 {71 ) were chararerized 25 WWVIEA [ Tahl= ).

Bazed on the above dirz 9175 semsiowity, HL114 speaficty, 2
positmee pradictve vatue of 52 4%, a negasve prediaive value of 97015
and an amurcy of BE5T wene esghished for prediffimon =
[Table2).

Daptomycm dag md saied M valoes of 0125 griml (325, 019
priml (AEE) 025 prml (R9E) 038 ppiml (23ar) 05 griml
I INERY, 078 priml {214), and 1.0 priml (45 (B 31 AD isalzes
present=d, therafore 3 muscspdhle phenotype.

Prediffusion nesults for ATCCTO0GSE (hVEA ) and ATCC o089
| VI5A) are demonsirated in Fig- 4, 25 well = the results of 2 dinacl
isolies {5111 and L0}

:
3
]

L1}

-
- -

EE L - T

£

-

vy Prediffirsion Diamater [mm

Fig-L el (ol ] makfhun mof o
ity i T o bty {=d |
remiance (i el entics b eprewm Se wesipeed for s oo
P araal® G epihde a2 2 aen |

160



A0 Sl et |

L]
ﬁ'!
g# z
)
= 4 @1 1 i 2 131 3 1 1
&
il s A 4 3 L B o4 & 1 L 3
BI | B | a4 3 ¥ 3 @&
= i F T2 1 % 9 1
it L L1y
0 b s
M 15 26 fF 18 1% 3% M 32F 3% M 315 M 1T 28
Teleoplann Prediffusion ametar |[mm)
ﬁiumwﬂum dick: d
My ok ital lae oy a B omalve el

| i cogiible 15 i |

TalhlaT
it v decr ol A ity (| ST, asd oo W, | oS o o i o e

A L ] el
Mmool o i 1] on
ey e pmkians 1 2 h<]
Trsat ¥ Fid 124

4 soussion

The predrifusion method is an altematree to comvensonad
methods, afiowang amtimecrobals wath high molendar weight to he
evalnated by this shemates disk difimion, sinee by conwensonal
method ology they do nothave cunfi m (15 pudelinex.

Surprisingy few studies have been publiched using pred iffu son
for the amewment of §. arw Rsepabilty © gycopepndes and
daptormycin | Karr o al, X608, Nidomn and Casals 2005} The major
dmadvantage of prediffusion consdening gyopepisds suscp ghiliy
s that the methodal ogy is nnabils to differen Sat= betwen hVEA and
VEA ol Bedde, @t i3 qualitathe methodolagy wathout the
peaitality to detrmme MICx s guaitatee das have presented 2
pocd aorredation wish MIC results, sugpsstng this tes tmay be used a5
an aliETmatve B

In this study, prediffusmon data for dapromycin were also ghly
mnsistent with MC reubs, which were 2l olserved by other
authors (Ko et al, 2008) Altogesher, thee data may support the
dimcd use of prediffusion test. Howewer, more data mast be
Eereraed to oafirm this ypoathess

Since 2003, (151 na Songer neoomumend s dis k diffuson mesthodol-
oy for vanemmyan, requiring dimica bbaratrnes o determine e
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MIC. Desmie besng 2 micodihiion referene est, MIC tesing
somehow Lboricus and reqoimes wvalidation. Therefore, seweral
Lboratories wee the Eest® = an abenmative methodology to
determene MIC, which i more expensfve and tends to ovensamate
the MIC | Van Hales al, 2011} However, it &5 practical and shows a
strom g, correleton with dinsal results, justifyang = waide pmage.

A mew-analysis publshed in 2012 comelhed sancomyan MIC
aloes deermined by Fect® with therapeutic Gilore The study found
asignificant correlation hetwemn molates havmg an MIC = 15 priml
ad &h Epilare, wih an odds rabo of 1.74 (558 confidenc
imterwal: 1.34-221; F < Q07 ){ Van Hadetal 20125, Thus, we used the
MCsdetermmed by Fbet, in an afemptio find 2 omrelation betwesn
the red s of prediffuson and Erest

Several phenotypc st hawve been wsed to detect WA a3 the
heteroresiant phenatype has na relishl = molsnilar charadtenzaSon
marker{s) and requirsd the ume of phenosypic st with varying
smsrivies and spedfidtes famls et 2l [2011) reported shat
saresning on BH agar with 4 pg'mi of vanomyan pressnts 913
sty and 944 speaficty rates, whils the Pesbl maoomesh od
shows 3 sersithvrty of 51 and specifigty of 96T and Eest @ CRD
shoes 2 semsrinvity of 572 and speaficty of 9730

Thes sudy has some hmitaions. First, the medhodology ueed 1o
detzrmine the MIC was the Best®l, even though the gold sondard
the birech mucrod dhion. Seoond, 2l olates tested were = septible ta
dapomyan, malkng it neremay D evahae the paformance of che
prediffisionresstant solaes to determane if the method may
e et good accuracy fior ths antimcrobial agpen

Theme data mdicated tha when omparng the prediffuson
method wsed for deecting WVIEA, the specfialy [811%) and
sensrvity (9174 ) raes from this stody were similar to other widely
used tes i The resulis demonsiraied that, despie being miregoently
ueed, thes fegt could be viahle and sfieoe I soemning dinicl
isalazes for an hWISA phenotype The high negathe predictiee value
[97.12) allorwes for eesting nemtive. accinding the poesinilisy of that
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Mg 4 e poter matove dhate ste poand o m, gt byt sy Se comtes stowes - (A M0 ATCE 0089 ( WEA), (8] M A CE A0SR BVEA) ard Jcineed sesate, () S11 el
0 )00 both by ny S WA phmatype. ¥V = e | - becoplers O = deptosyes

the phenotype Tdang into account $ha Jl posive soeeming tests
should be onfirmed with PAP.AUC the predsffusion method = 2
smple and low cost test, should be considerad not only = 2 useful

test © assess the suscepahility of S, curas © glycopeptades and
daptomycin, but also 35 3 screeming test for WVEA

Adknowledgments

The authors thanksto (oo denagdo de Aperiegoamen o de Pessaal
de Nivel Supenor, Conselho Naconal de Pesquesa & Deservolvimen
Tecnoldgica, and Fundaglode Amparo 3 Pesquess do Ry Crande doSul
for fimancual support Thanksto laboraéno Santa Luma (Gssia Zocaoh
and Nina Tobous) and Laboraéno Santa kabel (Reg naldo Samées and
Marcedo Molinan) forthe grantng of dinial ample

Referenaes

Clnical and ladwmbey Stmdasls mtlue (CLS). Peformuece SCandacds
fx Agtisscmise Susceptisity Twmfay Weme: CLS 2003 [ Docwswest
MIO-sE |

Meather A Louw L Wait € Cuvel 0 Sryper £ ook M o & DotcSon sad
@ o e atn 2o e Ve o d ot o Sdcprpdonsc ot 3 u e
solate n Goade remls fnm e Cosbes Nnoomesd bt e Savelexs
Py mem, 1995 2008, Aok Ageats (remniter 01 0454 948-9

toamutin K Tedeed ucembidy of Sphricocs arad D e yon -~
TS MMWE 19 ) s ) e 4s

Howdes 8, Oeven K jobhmon FOR, SSaeer 17, Caryoe ML Nedared v e yos
bty = SSphyboocw suwgl sxioday v asom oo o date
axl etempgereos vaxosyoS- st eeneda € e remilesce swchazaen,
hbhratry detcton, aad comcal mpcatons. Cion Mobhas v X023
waaa

pme B Montsalopcsl batyan of weameyen = Be 218 oty - ssmeagn
cu el oy ot S acwwp, et emedel 1ty sttty snd apiond vl acst
o padst dimcel outnewn or defict ataled staees. G Bfied D 20082
S1-M

Ktz 30, Wwprxhn SA e GM Dvtection of dest oot ascrptilie stwos
sy Sw Neo- s e 2w | peeed futon setrod Ougee Micowsaed b foxt O 20
srLns-x

Mctomnek M Mopere JM P omger G2, Mt g r 10, Sk WM. Voo anges, &
sew ot biotc L Ol sed Bobgc pmpete. At biotics Asmad 1843
alE-11,

Nile s SV, Cauls B Dvtxton of deowned soceptialey o gycpettie =
Saphybacul ares iy Lede (dac) poo diffaim. he 198 Loopess
Cmprens of Chnicel Micmisobagy anl nfatiams Davawsy Copmbagen
Ovomak 2004

Sl SW, fadey MM Axiesoo KF, Petel A Conpesaon of detecsion sethod S
Sty et e orrycoe et et S i 02w aaren Wit Cre popm -
tun awins pufiy satfind o Se afoamcr sestad ) Cor Mool 20118
1781

Sagpieniet Ler's Casde. New-Sero L™ scepth oty ontog, wmp et Lacd ngp
Okt fown aguodcaAS. 2NaA

Ve Hal 9 fowler 5 VO & £ Bow I aplar vexampn o e Sedaes of
=l molis-anstes Sopiptvocas aras afcine ? Gn et Do 0139
178,

Vi tal 5 Petenon DL Spteswtc vew and mets-wwlyns of v spaficng of
Seterges ooy wexotnyros- nSeered (il o Sdapipdoax o asven o0 e At
cudy Mgt (e tier 2071 5540810

Vo e 5 Wl s MK, Sebhapamaion | Morogy | e D, Pdesos 0L o &
A ferrmace of veras Sntny sefado iy s G detetton of et e gt
Ve ancn e sed sy Sophocars sene © Sooddresn soletes | O
Mosho! 011 49189094

Vo He § odw 17, Petvram D0 The dioscd spprifcase of vesaeyon sssmasem
il ory comam Suton B SAprntonn ) au s sl 4 A0 MeTutc AW
wnd swtaenaly e Cho bt O 20T 254 2451

Woostes M Howe B0, Mo | Walih 18, St MM MacCowa AP A sodifind
o ton azsly o ol PAP) setnd @ detec? botom -anslaxe & vaxoe-
o e Sopvb oy e o4 UK 2optd | Aetancoh Cemotier 001 47
jmam

162



ANEXO H. ARTIGOS PUBLICADOS EM REVISTAS NACIONAIS
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Staphylococcus lugdunensis: um olhar diferenciado Mo o
no laboratério clinico e

Staphylomccus lugdunensis: o differest view i the dlinical loborrtary
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Happecrcor O estatincoons coaquime regatteos (ECME) So ooos Dimem-positiens usiabmants considerados
Iy comtamiranta am ko dnce da microbiologia dinie. Apaar da parigncar 3 ests gnapa, Sigpitdoononur
Erafornent cogtian lugdbrensk poda cusar infecpier complicadas, como ondocandies, infoeccBes de pofa o tecido:
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el tesies da aghuinacio diseta om bitex. Poda ser bacliments identiiods pormaio de povas bioquimicas
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U estafilococos coaguizse negatives (ECME) s3o wm
orupo numernss & hetercgénen de cocos Gram-positivos,
geralmente anmoados 3 contaminag o de amostrs dinicas.
Apreseniam baicz patogeniddade, neresstandn de uma
porta de entrada para caiesar infeopies™ | EL

Entre ce ECkk, o Stophpocoocus lugoonensis surge
como patogeno de mracienstices impares, pois, apssar de
periencer & sie grupo, demorsin patogenicidade seme-
Thant= 3 do Stopfoonomus ourses, apresentando deadas
marbidade & mortalidade sociads™

Abhpimente, a prevalencia de infecgies por & lugou-
mensy £ baxs, vanando de 0,6% a 13% =nkre bodos ca
ECMNs olados em labomtdnos de microbiclogia clinic.
Sua incidénda tem samentada nos Ghimos anes devido 3
comet identificagdo microbiolagica™ 4.

(e esaencialmente infecpiies e pacientes imo-
nocomprometdos & estd assocado a sxtensy gama de
procesms infecoosas, princpalmente infeoptes d= peie
e trodes moks, s também infecpbe imasivas, omo
endocandites, aririte, csteomiskte, discbe, peritonite, snere
oustras® LT AL ET

A identificagio bioquimica da bactéria apresents al
gumnas dficuldades. A presenca de proteinas de supedfioe
epecilic pode levar 35 provas de coagulee em (3mina &
peesqueisa de dumping fodor positivas, sugenndo & ourssr
Provas bioquimicas adicicnais para confirmacio sio neces-
sarizs, coenin o teste prrolidoni anlamidzse (FYR) e conitina
descarbaniiase™ .

0 objetivo dessz revisio & avaliar a identficagio de
L. lrgdunersis, destacar 3 importincda de seu Bofamentn,
descrever sua pabcgenicidade e disosti os testes de samoe-

0 & bgonenss foi descrito em 1988 por Freney ot ol 17
Fai isolado em Lyon, Fangm, sxplicando a ongem do nomes,
pois ok sgnifica Lyon em latim. E um pequeno coon
Ceam-postive {08-1 psm de difmetro), ctalme-podtvn,
podendn noomer isolado, 208 pars = em cdex. b umanze-
iz facudtatren, podends oescer em temperaturas de 3PC
245 e em concentrapfes de doneso de sodio de ate 15%

olados podem apreseniar vanagies na pigmentagao
e morfologa colonial. A colings vanam de 1 a4 mm d=

didmetro, pedendo modificar 2 coforagio para amarelo ou
dourado apds tnés 2 cinee diz de inmubacio ou permanecer
s pigmentacio. Avarisgsn na morfoioga e eomeacio
colonid oosme devido 3 pequenas coldnias vaniamtes, nb.
populinhes que aprsentsm crescimento lento, sugerindoa
presenca de micehiota miste, ditcoltando a intepeetacio
clas cuburas™,

Faramente encontrado ra cavidade nesal « isolado mais
frequentemente na regito perineal, far parte da microbiota
da pele. Em: estudo realizade atifzndo cultures inguinas
de 140 pacientes, houve oresomento de 3 fugounensis em
2% d= mulveres & 199 dos homens ™

Patogenicidade

Como outros BCNe, a habilidade de adenr & formar
binfilmres =m superficie stranhes &2 prncipal responsayes]
pea patcgenicidade de i kpdunenss. Os biofimes o
esinuturas mudtioshiares formadss por bachénas forlemente
adendas 3 superficie £ cobertas por uma matriz exracdular
polimérica. Promowem protecio contra 3 resposts imune
do hospedeino, bem como resstEncia is doses das antimi-
crobiangs wilizados s terapEutica™,

0 3 lugdunenss se liga avanas probeinas solovels, como
coligeno, imumoglobuling G, fibronecting, plaminogénio,
entre outrs. Além diso, posad uma probeing que pode 5=
ligar a0 fator de von Willebrand. As plaguetes e cflubs mn-
doteias produzem o fator de von Willebeand, glcoproteina
reposiel pels fgacio de colégeno & plaguetas em jocais
e injiria vascular .

Estudos fomerem evidEnda que demonsiram possuir
proteinas de superficis socsde: que permiten a adeSo
bacteriana & céida do hospedeiro bem coma &= superfi-
cies esiranius, um passo crition w8 formagio de biofSmes.
A habilidade de se Figar ao fibrinogénio = ao fator de von
Wikebrand pods justificar a preval énca do microrganiemno
em endocandites’

O finnoginio € a maior probeng presente no plams
sanpsnen, ahando no controle da perda de sangue =m
tecidos danificades por meio da formiag o de codguics de
fibrina. Também: abua na resposta 35 nfeoptes, visto gue
1 dvagen snzimatica de fibcinogEnio em fSbnna produr
fibrinopeptideos, que sho muncestimulbidorss "

O & lugdunersis, assim como o & ouress, apresenta
uma proteing de sperfioe chamada probena ligadors de
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fibrirsogenio, conhecit também como dumping focor. £
codificada por um gene chamade Foi (5. higdunenss) = CEA
(5. ourews). £ um importante fator de vindéna, pois s= fga
i terminad da cadeia v do fbonagéneo, no mesma local da
integring plaguetina. As probeine bl e CA Em dlevada
simiandade (6F9), apesr de 3 proteine do § oures apee.
sentar uma Hinidade 10 vezes maior pefo brinogénio. Ta
fatn: pode explicar porque alguns Solsdoes de 5. lpdmensis
gatia. Ok anticorpos gerados contra as proteinas Pl = CEA
poden reconbecer = proteina heterdlogas, sugenndo gue
apresenbem epEtopos antiginicos comuns, podendo oisrecer
probecio crursds contra 5. ourews e £ lupdurersi™.

0 & leqdunenss produr uma enama cthamadas tanse
(tanine acil-hidrolase), capar de hidrolbar taninas. O gene
gue oodifica para esta proteina £ o tand Ainda rdo form
encantrados genes similanes no Geneflank. Pode-ss utifirsr
reagdo em cadeia da pofimerze (PCR] parm detectar tal gens
e confirmar rapdaments wma identificacio presuntiva de
¥, logdunersis. Ainda nbo eistern mftodos padronizades
parz deteczda direta em amostras chnicas, somenb= para
detergin utiizanda 2 colinia bacbenana™e.

0 gene regulador 2omssano {agr) aka como um re-
guiador giobal dos fatorss de virulencia, princpamente
5N & nmencsas encimnas modficadoms de probeinas do
hmpedeim. Andise do fnaer agr de 5 eqdurenss mostra
ma semilzridade de 63% com 5 mrewr, explicando 2
semefhanga na palogenicidade snire as duns bactéris™,

0 5. kegourmenss ndo produr a, §, ou hemolisna, mas
umia i-hemolsing, temmostavel, esponsivel pela athvidade
hemolibica. Trés pequenas peptidecs Sio nesponsives por
esta fungdo: SLUEH A, SIUEH B e SLUSH C, codificados pelo
Tocus shish {5, lupdemensiy sinengistic hemolysing™.

Alisnarma & uma enzima fundamental na resposta imune
inata a agentes microbianos. 0 5. kapdisnersis apresents wma
resstencia 3 Bodma de 400 mgfml. Outres spéces de BCN
0 REcETWEr 3 e enama B §oowreus, o resishencs 3
Iisozima & mediada pela presenca de uma proteing de mem-
brana {Catd) que aceily o dodio N-acet] moramico da parede
celubyr, impedindo 2 figagio da Bodma. O & bgdness
possui uma Datd homéloga, indicanda que o meranismo de
ressténcz 3 frodma € o meme desaite pam 5 eens?

Aspectos clinkoos
As manifestapies dinicas das endocardites counadas
por ECN sio notademente diferentes dagquelas provocadas

+ JHMEF#J'&?MM

por 5. aurwr. Momizimenie, o quadm dinico & satil « ndo
esperficn & o Osso dinico, mais subaqudo ou oronico.
Raramen|e representam ameaca de wida a0 padente,
especialmente s= tratadss precoce & sdequadamente.
Entretanto, o & lugdunensis € uma excerio devide ao s=u
cardter agressiwg® 110,

Ao ontrério dos cutros EChe, o 5, lugdenenss vl
mente o endocardite da vilwila natva, envolvendo
princpaimente 2 parte esquerds do corago, fneguente.
mente complicda por ume rdpida destruicho da vivale
(219} e formagio de sbecene parsabdar {339, mutas
vere exiginda a substiniicio davihasa. Em 32% dos casos
foram wverificados embolia sistémica e fooos metastations
superativos

Alguns estudos demonstram 2 peesenca de atf 15% de
5. fugdunensis entre oz BCMs cusadores de endocardibes,
com: texa de mortslidade de FOOHT LRI R

Varins rabafhos demonstram bacteremia & chioque sép-
tico indundos por 5 fugdunensi. Fo relatado um caso gue
resstou da ransfuso de bolsa de plaquetss contamsnada.
Tambsem b relato de bacteremia = chogue séptico 48 homs
apds eciracso dentina ™t

Inlecgies de peie e tecidns males representam um proe-
minente rdmen das infeccbes causadar por 5, fugdunensis.
Eshada de &3 mieses mostrow que 5556 dos 155 salados
de 5. lupdemenss foram provenienbes de absoesea, fendas
oo cohfibas

0 5 luga & mp cusador de
infeogbes dmeay & articulares. Em eshodo prospectio de
QuUatro anas em padentss submetidos 2 drurgias ortope-
dice, foi molado em 3% dio total de 212 ECMST. Outro
eshadn revelou que, durante um percdo de 40 meses, o 5.
lugdunersis respondeu por 1 dos 601 ECNs Bolados d=
gicas = pritees infertacdss™. Osteomiefits foi documentada
em algumas ocasides. O microrganieno foi relacionado
com osefim de i, inlecpbes posteniores 2 grungias
reuroligicss, infecr s pas-operatfnia em cirungiss de joe-
the, espondilodbdte £ asteomiefte de vértebr, Trauma =
imumnssupressio foram tatores de decp® 30

Em eshudo com pagentss mm & sem inferpies o
foi demonstrada & presenca de L jogdenensis naquels
com ahscessos dentdnios e osteomislte, posém nio foi
enoontrado em ndividoos Sudives. Em estudo in v, os
5. kigolunends isoladios desces pacientes induriam resposta
inflamarticia = extenmas dterapbes painidgice, como ede-
ma intersticial, infiltrago inflamatina coular e destruigio
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ez, sugerndo que posa D87 © MICTIGINEMO A850-
dado 3 doenga™L

Foram rebibadss nfeopdes do sedema nerveso central
{5%C) refacionadas com o 5 lugdimensis, imchendo sheces-
303 cerebmis & meningite” 5L

Infecpses ooulires e do trato urindne tambem fomm
descritar como casadorss de peritonites ",

Mspectns bboratoriss

0 & lugdunencis produr aceteina, redur o nitrako, apee-
senity atwwidade de omiting descarbocfase & PR, oxidase
e foshatass alcafina negativas, € sensivel 3 novobiodna =
peoeens vartived resistEnci 3 polimicing 870

Uen sinergisme de apio hemolitica de 5. lngdunensis,
sernefianie & atividade das hemofiunas de 5 ooreus, pode
ser demoretrado quando Sio resfizadas ssiris. pepen-
diculares de fhemolsing estafilocicica {Sopfylococoes
urmie regao de complets hemndliss na mna de proximidads
entre 2 estrias ™

iwmﬂmmmmm
de isclados apresenta dumping foctor (coagulase figadal,
podende gerar resiltsdos positives quando realizado teste
ripido. de sghrinagin em Emina com plam ou wanos
bestes comencias de aghutinacis em Libex™" S,

A detecrio do dumping focior & pm teste robnsrrmente:
uifizato para diferenciar 3 ooreus de ECH, Tal beste, reali-
rack sem a coagafase fvee {bo), £ 2 maior s de emo
ra identficacio de 3 ouess, visho gue o 5 imgdumensic

[t o3 b ooy B

T:u aEbE mpte

e o
T 1 e ey

R AT TR D

5 isomors

Figua || - Aliaoprane o SEican Siepiioets &0 & LEranons
Adepbvs o FONTANEN, 5 W SARCN E ) Sbmiwlorsrroe bpuiveovsr 2 eatabiy
dislwr? Slrpbyiocorrie. Chnca! Moraldsipy Morsi, v 231
L

ECNS ulFE- uk 5. ugamons, B imomefics, L ik 0 L monmadios
ESOOT: DOPLATE

P poicss! s FOF

i v bt e | e P Ml it vy Y i o 1 T bl I

0= EChs nic =30 mbneFaments dentficsdos a0 ni-
we de espécie em laboratonos de microbiologa dini@.
Mommalmente, 23 odtums com edtaflocooos 30 tedadas
para ideniificar §. coveus, em geral iafiando um teste de
superficie. Lm resubado negativo para o teste em Brina
deve ser sequido de um teste de coagulae em tubo para
confirmar tratar-se de um ECM. A interaa windenda asso-
ciadaa 5. lugderenss & uma forte o para 2 identificagio
desie micorganismo a0 nivel de espice quando ha suspets
de infecgio, prindpaments se solada de sitios esifnes™

0 5. lpgounenas € facimente idenificre] com testes:
béoquitricns aoesiveis & rotineios, como PYR = athidade da
cnitina descarbosiase, como demorsimdo ro Figara 195

Testes de suscetibilidade

05, hugdunerais, ao condrdnio dos cutros ECME, perma-
resce seraies 3 maioia dax clsces de antimicrobianos. B
tendénca de suscetibilidade, induinds & peniciknas, rdo
se modifica coen base na fonte de infecplo. AbE hoje fossm
reiatados apenas dob msos de 5 iugonenss com presenca
do gene mec

Fode sor realizade o tesie de pesgusa de betalactama-
sz, utiizando cefalosponing cromoegénica {Mitroosfin). Em
can de nio produgio de betalartamare, o solado pode
2er considerado sereivel & tndos o5 betalactimicos. Caso oo
tieste sefp postivo, o solado & resitente a penicling, carb-xi,
ureido & Eminopeniciing, desendo-se realizaro teste com o
disrn de cefoxitina para venficar a suscetibilichde aos outros
agent=s betabotamicos. & porcentagem de producio de
betalactamiases em £ gdunenssvariade T 4005 515,

Desde 2004, o Oivcal Labomtory HMandands insttuts
(CLST) preconizou o uso da disco de cefoxiting em et
tuicio & ocadlina para predirer o presenca dio gense meofl
Tal substiuicio coomey por dusss razbes. Frimeramente,
3 cefouting spresenta msthores senaibilidade & expeciic-
dade, principalmente no caso das EChe. Segunda, o daco
de pefomiting & de mais fci lstua que o de osadkng, ooje
Istura deve ser realimada de manesira bestante minucios
e com fur transmitida. Ax monos de mibicio formadas a0
redor dio disca de cefoxiting 3o clms & podemn ser id=
faciments com ke refletida® 7.4,

O sofado-posasdion do gene meah produr uma protsna
aherada de parede chamada proteina ligedors de penicina
{PBP2a}, iviahilranda a terapéutica com quelgues agents
betalactdmics. Por sso € fundamental a detecpio do gene
mrch, sejp por canactensticas fenotipicas (resténds 2
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cefomiting mu verficaréa da presenca de FEP 23 medianie
testes de sqhatinacio &m |5tex) oo genotinioes (PCR para
debecio do gene meoh)™ 1

D soordo oom o docermientn MIT0L52(), os pontos de
corte para sersibiidace 3 cefoiting sio, no b=te de disondi-
fumdo, Falko = 22 men, e nos testes diucionak, concentracio
it rniremia 4 pg ml. Mo o de regsténcis & cefondting,
o sobidn devers ser onaidersda reigente s ndios oo beta-
1 inibidores de belalactymases ¢ afapenémicos), swesn &
rucwas cefalosgporings {oeftobiprof) com athidade ang SRS,

Cabe sabentar a importénca da identificacio moreta do
ECH, pois, caso se trate de 5. lugdunensis, ste spresenta
peibos de corte par interpretacio do antibicgrama rguas
a0s preconizados para §. awens e diferentes dios wifizadios
par oz outros BCMs™,

Em isolados resistentes 3 enromicng, deve-se tamib&m
testar & presanca do fendbpo ML para deteccio d resis-
tencia induzivel & cindamicing, enmio conheddo coma O
teste. Mo antibiogramas, a ums distinga de 15 & 26 mm
do disoo de ediromicng de 15 pg, deve-se colocar o deco
de dindamnicina de 2 pg. Apds 16 a 18 homs verficasz 2
formagio de um adhatamento de halo prixime 2o dsoo de
dirdamicng, moforme demoretra 2 Agura 1 O =olado
cheperd 3er reportado coma resiiente § dindamicina®l

1m fendimeno interesante gue ooome oom 5, isgdnenss
£ tnlednda 3 vancomicina Em isolados sensves 3 vanco-
micina, 530 refratinos sm enszios de atividads bacienoda,
gue podem s anociados 2 uma razio di oncentracio
bactericida mimima (CEM) & concentragio indbitdeia

o

<

Figaa T - [ =iz acfatamends o B o Dindesaringe denseinnd siira
At
Fonie: Do Rolort Sawa.

minima (Clh) & 32 pgiml Moventa e rés por cento de
E hegchmensr sensives 3 vanoomicing (M de 0.5 a 2 isg'ml)
demonstraram CBM = 138 pgfml Um: sagqundo =studo
dempnsira resftados similares para tecoptanina Chtros
eshaos krmam-se necessinas para detemings a relsvdncia
clinicy desses achados™.

Conclusso

0 5. gonensis £ um patdgeno emengenle que tem
asmido imponténcia nos Gmas 30 ances devido & sis de-
vada vindincia, E fundamental 2 sus cometa ideraificacio,
pois raraments poderd ser considerado um Contaminante
guando isalado de fhudos corporan estéreis.
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EVALUATION OF METHODS IN DETECTING VANCOMY CIN MIC AMONG MRSA ISOLATES AND THE
CHANGES IN ACCURACY RELATED TO DIFFERENT MIC VALUES

Fernamty Crisiizs Possna BOGSATTN ) Ltios dsler PROENCA(E), Ans Pauls BECKERI, 25,
Alosatrs Cawrsde du Clvirn STUVEBR AR Jofines CABERAD] ) & Prien Al IV A TEYEDHE]

SUNMMARY

INTRODUCTION: Methicillin. Kesisins Siamiplococces aureey (MRS A) preseoting seduoced susceptihiliny 1o vencomycin
has been essociaied to thempentic feture. Some methods used by clizical Isbomioriss mey nol be sufficiently scourate 1o detect s
phenotype, comprmmising resuhs aml the mnosme of the patiest. SBJECTIVES: To evalume the performance of methods i ihe
delection of vancomycin MK vakwes amonp climioal sofaies of MESA. MATERLAL AND METHONDS: The Vancooycis Mizimal
Inhibsicry Concestration wi delermined for 75 MESA molsies from inpetiests of Mie de Deos Hospitsl. Parto Alepre, Brasil The
broh micrdiketion (M wus used as ge gold-=endard ischnicee, o5 well as the following meibods: F-test® sinps {llicMéreux],
MLCE® mripe {Onoid), PROBAC commescizl pane] and the suinmanisd systers Microbcan® (Sizmens). Besides, the syar semening
tesi wax cumied cut with 3 pp'md. of vancomyos. RESULTS: All solses pressseed MIC 2 2 gpfml. for AN E-te® bad kgher
cancordsnce (405 in terms of global sgreemsent with the gold standersd, nd there was not statistica] difference among E-test® and
beoih micoditution resolis. PROBACE panels presented MICs, in peaersd, lower then the pold-smandend panels {58, 669 mamor erme],
whilie M.LCE® MIECs wers higher (67.99% minor erosl CONCLUSIONS: For the population of MRESA in question, E-test®
presenied ihe besl performunce. sthossh wieh & beimmgenenus sconracy, dependmg on MEC valpes:

KEYWORDS: Mathicilin-Hessizes Stapnaococcar mreeser; Vancomyein:, Minimal [shibitory Concenimtion.

NTRODUCTION

M=ticillin-resismnl Siapinplascocooy aurrey (MBSA] is one of the
mees imporient bacierial worldeule, sspeciatly i beslihcam
msxocisiad infeciions”. As MRSA is almost slweys maltiresisteml,
vaneonydn is the thempy of choioe. In 2007, the Clinical and | shomeory
Standends Institute (CLS0} determized the reduction of beeakpoiat
for Minimel [shibitory Concentration {MEC) of vancomycin smong
5. ooress o increaes the sensilivity in deiecting ihe son-msscepiible
isoleey’. The opparesd incresse in vancomycis MIC mmows MESA,
ohserved in the bt years, could represent the i sep for e cooamence
of fully resistest isciates. lodesd, the emergence of siniss bas besa
henmnﬁdhgl pruutmg intermedists resisnsce { VESA) or heters VISA
{vanoom & mureuy). Jl=sides, incressing proporiicos
of MESA isolaies with high MICs heve heen observed within the
suscepiible mnpe, o phencmeson kecwn o vancomycin MIC ceept®,
These isnlaies with MIC creep have been associstesd with therapeutic
falure™ ", 2= vmacomycin may be inslective zpains isobaies vk My
between 1 mnd 2 ppiml.t.

Severn| methods ot vanshls sensilivity snil spacificiy ore mailsble

"lll-ﬁFl.h'q FAMIRCE.
1 D ey, Foderal 1
ral Bq:-._:td'?l'l._iri“} Mk de Do Hrapexd. P:ﬂ.n.'lht. RS, Hoand

Carropasdimes e Padm Alwe 74 oo, O bk 1

iz delermine wencomycin MIC. Accondisg o C1LE], broth microdiletion
(HMD is comsidered the gold stmdand®. However, becpee i i lmme-
mg.l:mi.dﬂ:lhle-mhu'urcfmiml laboraiories do not ns= &
= Fouime . (her have been widely used. with
variobl= sensitivity mul spedificity. wach = auiommisd sysi=ms, sinps
with aniimicrohial coscestmiion gmdisnt oud microdiution commercial
pazcls®, The objective of this stady was 1o evalusie ihe soommcy of
=veral methods im the chanciriration of wmocomycin MIC among,
chnical MESA isclaes.

MATERIAL AND METHODS

Bactrrinl isbates: Seventy-five MESA from Mge d= Deus hospital,
& 476 hexd geneml hospital m Porke Adegre, were evahmird in Soatherm
Bzl Methicillin esistence wus fml chancieresd by ssomaied sysiem
(MicroScen Walk Awmy, Siemens®), MESA phesotype was conffmmed
by mofecular methods (mecA gene), described alsrehem™, leoluirs
‘werz maintmned (-3 n 199% Skim Milk (oo, Detroe, USATwith
10H& ghyeeral.

of Haith Soeer of Pann Alges, Pooe Adegrs, B35, Brasl,

de Federall de Porio Akgm, B Soveesis Lesie TS S0 -TT Posie Alopre. B Orande do Sl

Braril Tl : + 5351} 33008 0004, rﬁilil'l!-!l'ﬂ-!-mF_l Fl'n_ph.'ﬂhﬂl]ldm.mh
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I g META sclmes

MICs were determined hy WM snd by the foflowing Aechnigoes,
according ko the manofaciuaes’s instructions: F-Aest® sirps (Hobénenr,
Mary 17 Eisile. France), M.LCES® sirips (Oneid, Therma Fisher
Soestific, Hasisgsmok=, UK}, MioroScan. sad commercizl panels for
MIC desection (PROEACE). Hesides, the ager dilstion scrosning (=) was
pedommed with 3 pgfml. of vancomycie, as poposed by BUENHAM,
WEHIE & DUNNE'_A vencomycin-sssoeptible strain (X100 25523)
and & positive control ( Enfecaccuy fecaiiy camying vaah pene) weme
izl far alll metbodologiss

Sintistival analyss: Desoplive siistics were appled, snd dun
were avehmied by AMNOVA, inllowed by the Tokey poxt hoc 1. The
resulis wese proosssed using the Sestinfom! Fiockoge for Sociol Sciceces
(EPES) 170, Results sististicelly significunl wers considered when p
o DS

RESULTS

The 75 MESA evalumed wer susceplible bo vencomycis with MICs
Z Dbl (M 2 il (495, 1 gl (506651 0.5 pa/mi. (41668,
and 0125 ppfmi. (2665, The MICy end MICy; wers both | ppimd . AL
isolaies were susceptible io vanoomyos for egar dileion screening. The
MicroScon pused wed hud four diksSion poists (14, K. 4 and I pgfml.}
and all baolaies preseniad MICs = 2 pgiml..

The Eew® was satisticully similer co M (p = L7770, However,
THRORACE and M 1C 1S wesr both siaisically differeni comspared o
the gold standard {p 0001}

For the Fiest® salyns. ree approaches wers med: ibe fimi one
msail the gross values; for the second spprosch, CESI beeakpoints for
158w usnd 10 avalume the Botext® (i an B-teet MIC of 3 was, for
thiz approach, considersd 4 ppiml ). This deta e shows in Teble 1.

The sgmemem amony svahmied methods snd B wes also pvalumed,
consileriag 2ach MIC vale o obserwe ilibe perfonmance of the methods
depended on the MIC vebee, @ shown o Tabic 2.

Consdembbe heierogensms perfomanoe was obssrved i differenl
MIC valuss. In MRSA molaies with & vazcoosycin MIC of (.25 pgiml .
Lz i ® anaf MLLC I ¥ presenied valoes af leas |-fold higher thas BM
For all malsirs; which was slso obecresd in moe isalmes with o MIC of
0.5 pg/ml.. However, for 2 MIC of | and 2 pg'mi., higher azmeements
for both siip-based metbodolagios (Tabbe 1) were obseresd. For these
methods, discondant resslis showed MICs 1-fold higher than BM for
MIC § pgfml.. On the other homd, For MEC 1 ppéml., &l discondan
resalis presesied MECs lower than ihe goid slandan] medbod. Repganlieg
b comemercial panel PROSIACE hetter perfomeances wens ohsered in
boeweesr WIS (025 el 0.5 ppemd 1. 1o MIECs 1 and I ppimll, diecocdance
wis 4 majoc coocem [ Tebde 21,

In ierms ol glebal agreemes: with the gold siandard, the E-st® had
higher concoedenos (405 snd il was the only one ststistically similar
to M fodiowed By PROBACE (3%, which hmd o higher number of
majoremmons (55665 ). Minorermors wene mostly obeerved for MO ES
saripe {67995 1.

DESCUSSEOMN

The therapesic fEhore releiad v vancomycin & well essbiished,
especially repenting io MIC creeps'™. Most hospitls mpor ssimoisd
wancanmycin MICs through automaied methods. However, differenl
authors show evidence thol MIC creeps ar not soremiely deiecied
by antomeied sysiemst®. The mibere during vancomyrin therapy is
particularly Essocisied o pharmacckinetic ssd plarmmacodinumic
chemeirristios of the dmp, which seeds o ratio ees under e curved 1
higher than 404 to ohiain herapastic suooess, When soloies prseni &
MIC of 2 pa/ml, ths mtio & henl 1o achieve, onoe serum vanoomyces
conceniration shoukl be 15 and 20 ppfmd 5,

Iz this Sudy, the E-tesi¥ was, in proerl, the method with o higher
apreemenl with M, presentisg: the most bomopeseous pedimmence
im diff=reng MIC value. The comemercial pansd PROBAC® presesesd
betier perfommanoe in kower MIC dalo rmepenbing these pamels. which is
exiremely refevant, considening Lhe abernoe of previoos information on

Table |
Distribmiiog of MHEA socoeding in MIC values s msibodolngis

Methodology % (o)
MIC (pgfml ) = = 2 = :
otk microdsketion PROBALCE E-lest® Eaiest™ MICES
0I5 1665 (2} 15655 (14} 13%%&(1) 1335 (1) 1.33% (1}
034+ A KAss 53V () MAS A
050 42655 (32} SRR (51} 14 GRS 20% (15) D5 (TH
075 Hikee KA 25.3%% (19} M HAss
101 SILEEE (3} 1333 (0} 05 (230 S8 (42) FB.LE% (290
1.50= i+ KA P26 (1T MA= NAH
im 45 (3} R (1) M (0 22 RE% CTT) ST.33% (43p
100% (T5) 1008 (75} MR (753 M. {75 | D0 (T5)

STHEA Melvicillic-resisiae: Sigpindoosocay sarear, MIC: Minimal Bhisiley Cosceniration; “81ICs valee oheervad maly on s seipr S4MA = ol sppScables

k7] SF Py poinits Eor FIbd wete usedl For e svaiumiiog o §-ieis” o

4
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M sncoy MERA isdoo

Tabida 2
Agreemen (% ameng meinds nd [T, sooceding 10 vanoomycn MIC velnes

Beroth micrndilistinn

MIC (g} Meatbodology Agmement % (b Lower MDC % da) 1K higher™ MIC % (a) 23 higher™® MIC % (2b
PROBACE 000 (1) [MHE {0} SLHE (1) 006 {0Th
25 Epaszhi + 000 (T DG 00 50005 (1) S (1)
MICES OO (T [RAKH 1) D0 (I 1 D000 (TH
PRIHIACE FRIT (193 JL25% (100 O3R0E (3 0008 {0
[ 5 Epe™ * I500% (B D 0 540.25% (TR) IB. 5% (5}
MICES LI (1) LI2% (1} 2138 (%) E5.A3% (21}
PROBACE 15 42% T BESES (31} L0 (1) 0% (1]
1000 Epent®* ER D% (210 1R.42%: (7) 26320 (H) [0 {0k
MICES 4TI7T% (18] LA (1) S (151 (L0049 (O
PROILACH 00 () 000 (3) D% (0 [009% {0k
LIdk E-pexgd ¥ g1 BELTS: (2) D0 () 004 {0k
MICES SLATH (2] kil )] DKM () 0008 {0k
PROBACE 5 005 12T SE.66% (44) 333% (4 [0.040% {10k
Glohal egrremen Epmab ¥ 000N (300 L2 (%) IRA6E: (29) §.23% [Tk
MLCES TR0 (210 AN (3] J733% (23) J0UAES (I1)

151 breakpials Moo H wess paeed [ior lhe cvalesion of F-iess® o s weee defined &5 loeer o ihe TR ® MOCs were defioed o one-Jild diaiion highor

Than the BAL *= M1y wero defioed 55 sao-fold dilesion higher than the 11

the performance of this metbod. To the mnthors” knowledpe. this = the fim
stiacly in evaluste the socemcy of MIC: delermined by PROTACS pacals.

s ke other band, M.LC.E® had befier performance with highssr
MECs. Clohsl spmement ol WMLLC I ® (285 was considersbly lvaer than
thal cheerved by CAMPANA 2ral (0114635 Becides, MUSHTAD
et @l (2MHF) ofwerverd plevats] miss of agreement between the sinps
(MLLC.E* and E-besi®), comehuding thee both ore appropraie for chinical
Eahorsiory use. Is this siudy, the fow glotul apresmeni of M_LC.E ®sinps
ihoes oot point them as soosmie metbods.

VAN HAL eradl (2012, in his mels-ansfyss, showsd no siatistical
differ=nce betwern mssociaind with mfsciion cameed by &
rareierstrins and vencommycin MIC of 1.5 pp/ml. ond 1 ppiml - However,
motality sssocixisd with strainy presesging MU 2 ppiml. sl 1.5 pal
mil. was siaristically different. Themefome, the interpretssion of MLLCE®
resanks is compromissd. onoe it dors nol peesent the 1.5 ggfml. value of
MIC. Bo, the MLCIE® MIC of 2 pp'ml. mey, in fict, represent |5 pg!
mlor 2 ppfmd ., which coulil ead to thempeniic flure,

Acconding 1o SWENSON & ol (2008 md RYBAL ool (20030
thar E-test® and MicmSoes lead 1o o bigher M of MIC 1-fold CIC
recommends Lkal the clinical lebomiony should defise an algocithm 1o
el=nmine which ubditinnal tesis woald be mecessary (o confirm an 5
mireres as having milucal sesceptibifity 0 vamcomycin. This alponthm
should consider charncienistics of patienls ssd resources asuilabis
im Lbe clinical laboraory™, As MIC avernge of popolation mey affect
perinnmasce of tests, 3t shoukd e ooesidered whes choosing skemsgive
methodologies for broth macrodiiution.

Tor the MRSA isolaies tesied, the E-test® presenied the hest
perfommance. Fven though, oversgimeted MBC, 2lso desoribed by cther
by, comgrnmizes the accurscy of the methed. Meverthetoss, thece
non-aocursie MICs repressni mincrermoes, whack have lower impact on
ihe ir=gireeeni ol patizse, compened Lo mojor eras. S, tis doie suppod
ihe mse of the E-izst® as o rapid ond =ney st

This study has zome fmdtaitons. Firs, the mdoced npomber of
isofairs could hove compromissd the ststistical mabysis. Seoond, e
MESA populstion tesied presented low MM stufies with & Sifennt
nopulation of MESA muost he condacted 0 svalaaie the perfommesce off
methads in strains with highes chanoes of leading 10 therapestic fikses
s determining if diffeenoes in performesce woukd also be cbesrvwed

Another poimt of copcem i that MIC veiees may suffer alersstons
alter cryopreservation. FIWARDS o @l (2002) demoesiratsd thm
M s from autommied syst=ms and the E-lest® were significanily
lower alter cryopreservaion, if compersd with those from e F-logt®
mnalysis. o the time of Eolation. sitker For vancomycin and dapiomycin.
SCHAUMBURG of @ (2114) slso poinied ool thel the prevolence
aof vancomycin MIC creeps may be soderestimesd becmse of the
orpopreservation &ffea. Themfore, vanoommycim MEC coeeps mighs be
losi afier cryoconservatioe® . This vansble s sof comsidemyd m Lhe
study popalation. Fonber shmfies must be desi pred to nsinfome previo
nheervafions.

Monitoring the oooamenoe of £ aunsar with reduoed sssoepiihility io
vancimycin is @ subject. For the popubation of MRS A lesied, the Foieat®
presesied the best performarnce, althosgd with helempenenus sooumacy,
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171



ROSAATIOL FIC 2 PN LA RICKER, & FS SIVIRA, A0 CADHAC, I R IV ATHYEDD, BA. - Evabetics: of e nd ¥

wnl e cheps o scoracy ndisd i Gt M vt Rer, lnsi. Ml Trop. S Pada, 306 483 T2 214,

depending on ME vebses Thus, the choice of method o deirrmine
MIC values mumsi tnke into comsiderafion onsts_ condiioos ol the clinicsl
lsbongnry mnd the charcierstics of e 5 aurssy popolafioos evalzaed.

RESUMO

Avalingis de miélodos na defeogio da MIC de vancomicing e
muilamgns nn semnicia reladommds & diferentes valores de MIC

INTRODUCAD: Saphyiscocom aerear mesistenie i meticilina
(MESA} apresentundn suscriilidsde reduride & vancomicine =m
sido e=ocindo i fslha iempéetics: Algons méindos obilivados por
lxharstorios ._'Il'u.im: podem nEo s=r suficicat=mesie precisos pam
ifrinriar eoie i mesulindos ¢ o desferha dn
jpacizete. ORJETIVS: Avehier o desempenho de meéindos s deieozin
don vahores de MIC de vencomicing esbre isofados clinicos. de MESA.
MATERIAIS E METOIMIS: Determinemos & CooceningSo Inihibiria
Minims d= Yescomicisa pam 75 MES A solados de pacienies do Hospital
Mie de Peus, Porio Alegre, Brasil. Utilfvaamos 2 microdiluicio =m
caldo como idmice padrlo-oem = os seguinies meéindos: tine de E-tea®
(Fhinhrieur ), tns MULC 1 {Oxoid), paine] comercial da PROILACE &
sisiemeaninmativado MicroSon® (Siemens). Alsm disso, foi realivedo o
tzate de rinperm 2 S5aroom 3 ppiml de vancomicing. RESULTAINE:
Tudos ps isolades spo=seatnmm MIC =2 pp'ml.. Nio boove diferocn
estatistica antrm o resalindes do o sess® & dn microddmicln amcalde. 0
paize] da PROBACSapreseston MICs, em geral. mennnes gae o podrio-
o (58,66% de srns maiores), cngEanio que = MICs pehMJ.E.IL"
Torere mmores (67,0005 de srros menons ). CONCLUS0ES: Purg nosa
popalaciods MESA. E-tea® spreseniou o methor desempenho, embom
com mma senricin beinmgdne. depondendn dox valores da MEC
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