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Resumo

O Staphylococcus aureus resistente a meticilina (MRSA) é um importante
patbgeno humano e a bacteremia causada por este agente € uma condi¢cao
comum que apresenta elevada mortalidade. A vancomicina tem sido a droga de
escolha para tratamento dessas infec¢gdes nos ultimos 50 anos. Apesar disso a
resisténcia a este antimicrobianos ndo € comum. O aparecimento de isolados com
elevada concentragé&o inibitoria minima (CIM) para vancomicina (CIM = 1,5 mg/L)
tem sido relatado em diferentes centros médico no mundo, este € um fato
preocupante pois pode colocar em falha o tratamento destas infecgbes — este
fendmeno tem sido chamado de “vancomycin MIC creep”. O objetivo deste
trabalho é determinar a existéncia de “MIC creep” para vancomicina, bem como
sua correlagdo com o consumo de vancomicina, em isolados de hemoculturas de
pacientes internados no Hospital Nossa Senhora da Conceigéo, Porto Alegre, RS.
O periodo do estudo foi de junho de 2012 a fevereiro de 2016. Foram mensurados
o consumo de vancomicina, em dose diaria definida (DDD), a ocupagao hospitalar
por 100 pacientes-dia e a CIM de vancomicina dos isolados. Foram realizados
comparacao das proporgdes, analise de variancia (ANOVA) e de correlagéo
(coeficiente de Pearson). A caracterizagdo dos isolados de MRSA foi através da
identificacdo do gene mecA, testes de susceptibilidade a antimicrobianos,
determinacao da presenga do gene lukS-IukF e tipagem do elemento SCCmec. A
verificacdo de clonalidade foi feita por eletroforese em campo pulsado (PFGE). Os
resultados evidenciaram aumento estatisticamente significativo da moda, de 1,0 a
2,0 mg/L (p=0,003) e da média geométrica, variando de 0,791 até 1,966 mg/L
(p=0,0003), da CIM para vancomicina nos isolados. Também foi evidenciado o
aumento da proporg¢ao de isolados de MRSA com CIM para vancomicina > 1,0
mg/L, de 6,5% para 100% (p=0,001). Estes dados sugerem a existéncia do
fendmeno de “MIC creep” para vancomicina nos isolados de MRSA, n&o havendo
correlagdo com o consumo de vancomicina (r=0,524; p=0,128). Esse fato sugere
que esta condigdo nao foi influenciada pela emergéncia de resisténcia pelo
consumo do antimicrobiano. Perfis de resisténcia a mais de um antimicrobiano
foram observados em dos 51,8% dos isolados. Nao foi observada resisténcia para
linezolida, ceftarolina e vancomicina — apesar de muitos isolados apresentarem

CIM = 1,5 mg/L para vancomicina. Através da caracterizacdo dos isolados foi
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possivel identificar o SCCmec tipo IV como o mais frequente (77,7%), estando
presentes os subtipos IVa e IVc. Também evidenciada elevada presenga do gene
lukS-lukF entre isolados (62,9%). O estudo por PFGE pode evidenciar a presenga
de cinco complexos clonais entre os isolados bacterianos. Também pode-se
avaliar a auséncia do Brazilian endemic clone (BEC), uma linhagem antes
circulante, mas ndo mais evidenciada. Estes achados ndo podem confirmar a
existéncia de disseminagé&o clonal de MRSA no HNSC e uma possivel associag&o
com o “MIC creep” para vancomicina, no entanto sugerem a existéncia de novas

linhagens de MRSA que as previamente descritas em Porto Alegre.

PALAVRAS-CHAVE: MRSA, vancomicina, resisténcia antimicrobiana, MIC creep
e PFGE.



Abstract

Methicillin-resistant Staphylococcus aureus (MRSA) is a major human
pathogen. Bloodstream infections are a common condition among MRSA clinical
syndromes and usually presents with high mortality. Vancomycin has been the
cornerstone of therapy in MRSA infections. Besides being used for more than 50
years, resistance is uncommon. Worldwide reports have documented an increase
in minimum inhibitory concentration (MIC) for vancomycin — this phenomenon has
been referred as vancomycin “MIC creep”. It is a concerning situation because
elevations in vancomycin MIC values may be associated with increased treatment
failure. The study aimed to assess the existence of vancomycin MIC creep among
blood cultures isolates from patients admitted at Hospital Nossa Senhora da
Conceicdo, and to determine whether a correlation exists between vancomycin
consumption. The analyzed period was from June 2012 to February 2016.
Vancomycin consumption was expressed in defined daily doses (DDD) per 100
patient-days and vancomycin MIC from isolates were evaluated. Comparison of
proportions, analysis of variance (ANOVA) and Person correlation coefficient
analysis were performed. MRSA isolates characterization was performed through
antimicrobial susceptibility tests, genes mecA and [ukS-lukF detection and
SCCmec typing. The analysis if chromosomal DNA similarity of the isolates was
performed by pulsed-field gel electrophoresis (PFGE). The results evidenced
increases in vancomycin geometrical mean from 0.791 to 1.966 mg/L (p=0.0003)
and modal MIC from 1.0 to 2.0 mg/L (p=0.003). Proportion of isolates with
vancomycin MIC above 1 mg/L increased as well, from 6.5% to 100% (p=0.001).
This study suggests the presence of vancomycin “MIC creep” phenomenon among
this isolates, and absence of correlation with vancomycin consumption (r=0.524;
p=0.128). These finding suggests that this condition was not influenced by
emergency of resistance by antimicrobial consumption. Resistance profiles to
more than one antimicrobial were observed among 51.8% of the isolates. No
resistance was detected to linezolid, ceftaroline and vancomycin — although many
isolates presented with vancomycin MIC = 1.5 mg/L. Through the molecular
characterization was possible to identify SCCmec type IV as the most frequent
(77.7%), with subtypes IVa and IVc being detected. There was also a high
frequency of gene lukS-lukF (62.9%). The PFGE evidenced the presence of five
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clonal clusters among the isolates. It was also possible to evaluate the absence of
the Brazilian endemic clone (BEC), a previously circulating strain but no longer
evidenced. These findings can not confirm the existence of clonal dissemination of
MRSA in HNSC and a possible correlation with the vancomycin “MIC creep”.
However they suggest the existence of new MRSA strains, other than the

previously described in Porto Alegre.

Keywords: MRSA, vancomycin, antimicrobial resistance, MIC creep and PFGE.
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1. INTRODUGAO

11  Staphylococcus aureus

O Staphylococcus aureus é uma bactéria esférica (coco) Gram positiva, que
se apresenta em aglomerados microscépicos, podendo também se apresentar
como celulas uUnicas ou aos pares. O S. aureus pertence a Familia
Staphylococcaceae e ao Género Staphylococcus, este género apresenta 49
espécies e o S. aureus é considerado o patdbgeno mais importante e também o
mais virulento (Sakai, 2004; Becker and von Eiff, 2011).

O S. aureus tem em suas caracteristicas a produgao da enzima catalase e a
maioria de seus isolados produz a enzima coagulase (o teste da coagulase ja foi
utilizado para diferenciar de outros integrantes do género Staphylococcus), é
anaerdébio facultativo, ndo produz esporos e é imovel. O S. aureus cresce em
meios de cultura ndo seletivos e as suas colbnias sao lisas, arredondadas e
brilhantes, costumam apresentar pigmentagcdo amarela, mas podendo também
ser brancas ou acinzentadas. Quando cultivados em agar sangue produzem uma
zona difusa de hemolise (B-hemdlise) ao redor das suas colénias (Chambers,
1997).

E um conhecido patégeno humano e nestes tem o seu reservatorio natural.
A colonizagdo assintomatica por este agente é muito comum, sendo a
nasofaringe, o perineo e a pele (principalmente com presengca de lesbes ou
solugdo de continuidade) sao as regides mais comumente colonizadas (Otto,
2010).

A colonizacao por S. aureus pode ser transitoria ou persistente, sendo que,
aproximadamente 20% da populacdo mundial apresenta colonizagdo persistente.
As criangcas sdo mais comumente colonizadas e este processo pode ocorrer logo
apos o nascimento. A transmissao ocorre principalmente pelo contato com
individuos e a colonizagao € um dos principais fatores de risco para infec¢ao pelo
S. aureus (Chambers, 2001).

Existem algumas populagdes especificas que sao mais propensas a
colonizagédo ou infeccéo pelo S. aureus. Estdo descritas como populacdes de
risco os pacientes imunossupressos (como os diabéticos insulino-dependentes e

portadores do virus HIV) usuarios de drogas injetaveis e pacientes com condigbes
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dermatolégicas cronicas. Profissionais da saude também apresentam maior risco
para colonizagdo pelo S. aureus (Chambers and Deleo, 2009; Popovich, 2013).

Apesar de usualmente atuar como uma bactéria comensal e colonizadora
assintomatica, o S. aureus esta associado a uma gama de sindromes clinicas-
infecciosas. Pode causar desde infeccbes ndo complicadas de pele e partes
moles, como impetigo e foliculite, mas também sindromes graves como: celulite,
abscessos, osteomielite, pneumonia, endocardite infecciosa, bacteremia e sepse
(Naimi, 2003; Gomez, 2007). Esta muito associado a infec¢des relacionadas a
dispositivos invasivos, como cateteres vasculares ou préteses ortopédicas
(Gomez, 2007).

1.2 Resisténcia aos antimicrobianos beta-lactamicos

O S. aureus foi suscetivel a penicilina logo que este antibiético foi langado,
contudo, a descrigdo do primeiro isolado resistente a penicilina ja ocorreu pouco
tempo apds a inicio do uso deste antimicrobiano, ainda na década de 1940. A
disseminacgdo destas cepas ocorreu primeiramente em hospitais, mas seguiu na
comunidade estando amplamente prevalente ja na década de 1970 (Ross, 1974).
A resisténcia a penicilina ocorre devido a producéo de penicilinase (uma enzima
codificada pelo gene plasmidial blazA que degrada o anel beta-lactdmico) esta
enzima esta amplamente difundida, presente em até 90% dos isolados de S.
aureus (Lowy, 2003; Hagstrand Aldman, 2017).

Devido a elevada prevaléncia de isolados resistentes a penicilina, a
meticilina (ou oxacilina) passou a ser a droga de escolha para o tratamento de
infecgbes estaficolcdcicas. A meticilina € uma penicilina semissintética resistente
a beta-lactamase, tendo sido introduzida em 1959. Contudo, em 1961 o primeiro
isolado de S. aureus resistentes a meticilina (MRSA) ja foi descrito (Li, 2016; Liu,
2016).

A meticilina tem seu sitio de agao nas proteinas ligadoras de penicilina
(PBP). As PBPs sao transpeptidases responsaveis pela sintese da parede celular
bacteriana. Ao interferir na PBP a meticilina impede a formagdo completa do
peptidioglicano, desencadeando a lise bacteriana (Katayama, 2000). Este é o

mesmo sitio de agdo dos demais antimicrobianos beta-lactamicos, assim, a
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resisténcia a meticilina deve ser compreendida como resisténcia aos beta-
lactamicos, sendo todas as penicilinas e cefalosporinas (Liu, 2016).

Atualmente, somente as cefalosporinas de quinta geragcdo s&o beta-
lactdmicos com ag&o anti-MRSA, sendo a ceftarolina o unico representante
disponivel para uso clinico (Purrello, 2016). Concomitante a ampla resisténcia aos
beta-lactamicos, os isolados de MRSA associados a infecgbes relacionadas a
assisténcia a saude (IRAS), muitas vezes, apresentam perfis fenotipicos com
resisténcia a multiplos antimicrobianos — principalmente aos aminoglicosideos,
fluoroquinolonas e macrolideos (Naimi, 2003).

Além da aquisicdo de mecanismos de resisténcia o S. aureus expressa uma
variedade de fatores de viruléncia. Sdo exemplos: as proteinas de superficie, a
capacidade de produzir biofiime e a producdo de enzimas ou toxinas. Uma
importante citotoxina é a leucocidina de Panton-Valentine (do inglés: Panton-
Valentine Leukocidin — PVL). A PVL é responsavel pela formagéo de poros na
membrana das células humanas, induzindo a lise celular. Esta citotoxina, quando
descrita, foi relacionada a isolados de MRSA associados a infec¢des
comunitarias, chamados de CA-MRSA (Voyich, 2006).

1.3  Staphylococcus aureus resistente a meticilina

O surgimento do MRSA foi um desafio importante na terapia estafilococica.
Ele esta associado a infecgbes graves, tanto comunitarias quanto IRAS — sendo
muitas destas infecgbes invasivas. O MRSA é considerado um dos mais
patogénicos superbugs, quando isolado a partir de bacteremias esta associado a
elevada taxa de mortalidade, apresar da instituicdo de medidas terapéuticas
apropriadas (Gomez, 2007; Otter and French, 2010).

O principal mecanismo de resisténcia a meticilina é através da produgéo de
uma PBP modificada: a PBP2a. As PBPs sdo peptidases localizadas na
membrana celular e estdo associadas a formagao do peptidioglicano da parede
celular. A PBP2a apresenta baixa afinidade com os antimicrobianos beta-
lactdmicos, mas apesar de estruturalmente diferente, o peptidioglicano nao altera
a sua funcéo (de Jonge and Tomasz, 1993; Jarlov, 1997).
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Em isolados com resisténcia a meticilina, mas com auséncia da PBP2a,
pode ocorrer a super-expressao de outras PBPs, também com baixa afinidade a
beta-lactamicos, ou de beta-lactamases. Outro mecanismo também descrito é a
presenca de maior quantidade de enzima de sintese de peptidioglicano disponivel
(Jarlov, 1997; Stapleton and Taylor, 2002).

A PBP2a é codificada pelo gene mecA — este gene é um elemento do
complexo mec. Este complexo tem, aproximadamente, 30 a 50kb, e € composto
por um gene estrutural (mecA e seus homodlogos mecB ou mecC) e dois
componentes reguladores da expresséo deste gene: mecR1 e mecl (Lowy, 2003).
O gene mecR1 exerce a fungao de indugdo do gene mecA, esta ocorre apds a
exposicdo ao antimicrobiano beta-lactdmico, enquanto o mecl é um forte

repressor deste gene — figura 1 (Baba, 2002; Liu, 2016).

Regiao operon

|
mecA —[\‘:}— mecR1 mecl

PBP2a

FIGURA (1) — Diagrama do cassete de resisténcia do S. aureus a meticilina.
Adaptado de Lowy et al. 2003.

Existem outros genes também relacionados a expressao do gene mecA. Os
genes blal, blaR1 e blaZ estéo relacionados ao controle de expresséo de beta-
lactamase, mas devido a um alto grau de homologia com os genes mecR1 e
mecl, o gene mecA pode sofrer alteragao na sua expressao (Zhang, 2001; Baba,
2002). Um conjunto de genes auxiliares denominados fator essencial para a
expressdo de resisténcia a meticilina (fem) também sao necessarios para a
expressao de resisténcia. Estes genes atuam na sintese desse peptidioglicano
modificado e a sua inativacdo pode reverter essa resisténcia (de Lencastre,
1994).

E sugerido que a resisténcia a meticilina através do gene mecA poderia
interferir com a viruléncia de isolados de MRSA, por uma alteragdo no “quorum
sensing” do locus agr “accessory gene regulator’ (Rudkin, 2012). Essas

alteragdes na estrutura da parede celular bacteriana interfeririam no locus agr,
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este gene que esta relacionado a regulagcédo da expresséao de fatores de viruléncia
do MRSA (Rudkin, 2012).

O complexo mec faz parte de um elemento cromossémico moével chamado
Staphylococcal cassette chromosome mec (SCCmec). O complexo mec
apresenta uma consideravel variabilidade gendmica, que pode se apresentar
como um marcador evolucionario dos isolados de MRSA (Naimi, 2003; Schito,
2006; Hiramatsu, 2013).

1.4 Epidemiologia do MRSA

Os fatores de risco para colonizagédo e infecgédo pelo MRSA sdo melhores
descritos para pacientes que necessitam de cuidados a saude. Entre os principais
fatores de risco temos: uso de antibioticoterapia, uso de cateteres vasculares de
longa permanéncia ou outros dispositivos invasivos, necessidade de terapia renal
substitutiva e internagdes prolongadas (Shorr, 2007; Popovich, 2013).

Esse risco de colonizagéo ou infecgao pelo MRSA no cenario hospitalar esta
diretamente associado ao contato, sua forma de transmissao. Este contato pode
ser com outro paciente colonizado, pelo carreamento nas maos dos profissionais
de saude, com instrumentos ou superficies previamente contaminados (Guinto,
2002; Boyce, 2007). Salientando que profissionais da saude s&o importantes
carreadores, pois apresentam maior risco de colonizagdo que a populagcdo em
geral e esta colonizagdo pode permanecer por varios anos (Robicsek, 2009).

O risco por infecgdo pelo MRSA deve ser considerado, uma vez que esses
pacientes tém maior mortalidade, hospitalizacées prolongadas e maiores custos
associados ao tratamento que pacientes com infecgdes por S. aureus suscetiveis
a meticilina (Cosgrove, 2003; Cosgrove, 2005). Da mesma forma, pacientes com
infeccdo por MRSA também apresentam maiores taxas de faléncia renal,
instabilidade hemodinamica e dependéncia de ventilagdo mecanica que pacientes
com infecgdes por S. aureus suscetiveis a meticilina (Blot, 2002).

Estudos de vigilancia vem apresentando mudancas na epidemiologia das
infeccbes por MRSA ao longo do tempo. Estudos nos Estados Unidos e na
Comunidade Europeia ja evidenciaram aumento do numero de casos de

infeccbes estafilocdcicas — superior a 20% das infecgbes primarias de corrente
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sanguinea (Voss, 1994; Wisplinghoff, 2004; Klevens, 2006). Um estudo europeu
de prevaléncia e caracterizagdo molecular do MRSA de infec¢gdes adquiridas na
comunidade, evidenciou prevaléncia média de 15,1% de infec¢bes relacionadas a
este agente, podendo ser até 29% conforme a regido avaliada (Bouchiat, 2017).
Entretanto, os dados de vigilancia na América Latina ndo apresentaram haver
esta tendéncia de aumento de casos (Mejia, 2010).

Dados nacionais mostram que a frequéncia de IRAS por MRSA no Brasil €
elevada, permanecendo em, aproximadamente, 20% das infec¢cbes primarias de
corrente sanguinea (Martins, 2014). Em um amplo estudo multicéntrico Marra et
al. (2011) evidenciaram o S. aureus como primeiro agente associado a
bacteremias em pacientes com IRAS no Brasil. Neste mesmo estudo 43,5% dos
S. aureus isolados foram resistentes a meticilina — dado que mostra a relevancia
deste patégeno em nosso meio (Marra, 2011). Contudo, existe caréncia de dados
para a avaliacdo da epidemiologia nacional do MRSA considerando sua
caracterizagdo molecular, sendo a maioria dos dados disponiveis locais ou
regionais.

Quando avaliados a epidemiologia pela caracterizagdo molecular pelo tipo
de SCCmec dos isolados de MRSA, alguns tipos se fazem mais prevalentes em
determinados paises. Considerando isso, um mapa com os tipos de SCCmec
predominantes nas diversas regides foi apresentado por Liu et al. 2016.

Suécia (IV)
Dinamarca (IV) Furopa
i i Polénia (I1I)
Ameérica do Norte Portugal (IV) - Suiga (IV.,V) Coréia (ILIV)
EUA (IL IV) ' Espanha (1V) Turquia (IIT) Asia Japao (II)
Argélia (1v; Egito (V) o Ird (D) " epe gy
México (IV) Kuwait(IV) Taiwan (ILIII)
Affica Tailandia (ITT)

Malisia (1IL V)
Brasil (III, V)

América do Sul
Oceania

Nova Zelindia (1Y)

Antartica

FIGURA (2) — Tipos de SCCmec mundialmente predominantes.
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Adaptado de Liu et al. 2016.
O MRSA associado a IRAS e o associado as infecgdes comunitarias podem

apresentam diferencas na clinica e na epidemiologia avaliada por tipagem
molecular. Os MRSA com SCCmec do tipo I, Il e lll estariam associados a IRAS.
Esses também apresentariam, com maior frequéncia, resisténcia a multiplos
antimicrobianos (Naimi, 2003; Liu, 2016). Um estudo de epidemiologia e
caracterizagdo molecular pela técnica da eletroforese em campo pulsado (do
inglés: Pulsed Field Gel Electrophoresis — PFGE) em isolados de IRAS Estados
Unidos evidenciou 2 padrbes clonais mais prevalentes: USA100 e USA200
(McDougal, 2003).

Alguns trabalhos de epidemiologia e caracterizagao dos isolados associados
a infecgdes comunitarias, descrevem como sendo os SCCmec tipo IV, V e VI
como mais prevalentes (Liu, 2016). Nestes isolados ndo foram evidenciados
amplos perfis de resisténcia antimicrobianos nao beta-lactamicos. Apesar de n&o
estar associado a um amplo perfil de resisténcia, os isolados do SCCmec de tipo
IV estariam relacionados a cepas mais virulentas — com a presengca da PVL
(Baba, 2002; Naimi, 2003).

Dois estudos epidemiolégicos com isolados de MRSA de pacientes
atendidos em emergéncias nos Estados Unidos evidenciaram o padrdo clonal
USA300 como a linhagem mais prevalente (Moran, 2006; Albrecht, 2015). Moran
et al. também identificaram maior prevaléncia do SCCmec IV e a presenca da
PVL em 98% nestes isolados de infecgbes comunitarias (Moran, 2006).

O estudo de Bouchiat et al. 2017, que realizou a caracterizagdo molecular do
MRSA circulante em varios paises da comunidade europeia, evidenciou elevada
diversidade de clones de S. aureus circulantes no continente — tanto de meticilina
sensiveis como resistentes. Também importante ressaltar que neste estudo néo
se evidenciaram os padrdes clonais mais presentes nos Estados Unidos
(Bouchiat, 2017).

Dois estudos com isolados de Porto Alegre, evidenciaram a presenca de
diferentes clones internacionais entre seus isolados. Becker et al. evidenciaram o
maior prevaléncia de isolados do SCCmec tipo lll, assim como é a presencga de
clones internacionais entre os isolados Cordobes/Chilean e Brazilian endemic
clone (BEC) (Becker, 2012). O estudo de Gelatti et al. com isolados de infec¢des

comunitarias, evidenciou o SCCmec tipo IV como o mais prevalente e com a
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presenca dos clones USA300 e OSPC (Gelatti, 2013). Essas diferencas entre os
achados poderiam estar relacionadas as diferengas nas origens dos isolados.

Alteracbes decorrentes de mutagdes podem ocorrer nos isolados ou cepas
associadas a IRAS ou a infecgbes adquiridas comunidade (Yamamoto, 2012).
Isolados mais prevalentes no cenario hospitalar podem circular transitoriamente
na comunidade, bem como, o comunitario nos nosocdmios. Essas alteragdes, nos
seus mecanismos de viruléncia ou de resisténcia a antimicrobianos, poderiam ser
incorporadas no genoma de outros isolados de MRSA. Como consequéncia,
ocorreria a emergéncia de novas variantes, apresentando caracteristicas distintas
das linhagens previamente descritas — conforme representado na figura 3
(Figueiredo and Ferreira, 2014). Estes dados apresentam a condigdo dindmica da
epidemiologia das infecgbes pelo MRSA.

l l

INFECCOES INFECCOES
COMUNITARIAS HOSPITALARES

CA-MRSA HA-MRSA

EVOLUCAQ/MUTACAOD EVOLUCAQ/MUTACAOD

CA-MRSA

HA-MRSA

INFECCOES INFECCOES
HOSPITALARES COMUNITARIAS

FIGURA (3) — Epidemiologia e cenarios de circulacdo do MRSA.
Adaptado de Figueiredo e Ferreira 2014.
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1.5 Vancomicina

A vancomicina &€ um antibiético glicopeptideo, tendo sido primeiramente
isolado a partir do fungo Streptomyces orientalis. Os representantes dos
glicopeptideos sdo a vancomicina e, mais moderna, a teicoplanina. A vancomicina
€ um glicopeptideo triciclico com uma estrutura composta por 7 cadeias
peptidicas ligadas a um dissacaridio composto por vancosamina e glicose
(Rubinstein and Keynan, 2014).

A vancomicina apresenta ampla agéo sobre bactérias Gram positivas, sendo
ativa contra cocos, bacilos aerébios (apresentado agdo bactericida para a maioria
destes agentes) e Gram positivos anaerébios da microbiota oral. E ativa, com
acao bactericida, contra MRSA e Staphylococcus epidermidis resistente a
oxacilina e bacteriostatica contra Enterococcus sp. (Rubinstein and Keynan,
2014).

Apos a introdugao da meticilina, devido a toxicidade e efeito bactericida mais
lento (quando comparada a beta-lactdmicos), a vancomicina deixou de ser
considerada droga de primeira linha para infecgbes estafilococicas. Contudo, a
vancomicina tem sido a droga de escolha para o tratamento de infeccdes
causados pelo MRSA por mais de 50 anos; incluindo bacteremia, endocardite
infecciosa, pneumonia, celulite e outras sindromes infecciosas (Kalil, 2014). Assim
como € a droga de primeira linha para infecgdes por Staphylococcus coagulase
negativos e Enterococcus resistentes a ampicilina, e seu uso também é
recomendado para pacientes com infec¢gdes graves por Gram positivos, que
apresentem alergia a penicilinas semissintéticas ou cefalosporinas (Liu, 2011).

O mecanismo de ag&o da vancomicina € através da inibicdo da sintese da
parede celular bacteriana. O alvo da droga s&o os monémeros de murina, que sao
precursores do peptidioglicano. A vancomicina se liga na fracdo D-ala-D-ala dos
mondmeros do peptidioglicano, este composto leva a inibicdo da incorporagéo da
murina ao peptidioglicano em formag¢ao, com consequente interrupgédo da sintese
da parede celular (Lowy, 2003; Rubinstein and Keynan, 2014).

A emergéncia de resisténcia a vancomicina ocorreu na década de 1980, em
bactérias do género Enterococcus. Posteriormente ocorreu o aparecimento de
isolados de S. aureus com susceptibilidade intermediaria a vancomicina (VISA) e
resistentes a vancomicina (VRSA) (Lowy, 2003).
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Em 2008 o Clinical and Laboratory Standards Institute (CLSI) definiu a
reducao do limite da suscetibilidade (breakpoint) para vancomicina em S. aureus.
Esses novos parametros definiram a concentragdo inibitéria minima (CIM) para
vancomicina menor ou igual 2 mg/L sendo sensivel, como intermediario 4-8 mg/L
e resistente quando é maior ou igual a 16 mg/L. Essa nova definicdo ocorreu
porque em pacientes com infecgdes por isolados de S. aureus com CIM de 4mg/L
para vancomicina as falhas terapéuticas chegavam a 60% dos casos
(Vandecasteele, 2013).

O mecanismo de resisténcia a vancomicina em isolados VISA esta
relacionado ao espessamento da parede celular, através da produ¢cdo aumentada
de peptidioglicano. Esse espessamento da parede provoca a reducdo da
disponibilidade de vancomicina no seu alvo intracelular, conforme representado
na figura 4 (Lowy, 2003).

Acesso do glicopeptideo
ao sitio de sintese da
Célula suscetivel  parede

Parede celular 0 0 o
niide o Livre
/ 4 ‘ ! Precursor da parede

celular com D-Ala-D-Ala
Membrana celular

Sintese da parede celular

 Glicopeptideo
Célula resistente § D-Ala-D-Ala terminal

néo ligado aoc

0 0 peptideoglicano

0 % Residuo de D-Ala
\3 3 terminal

3 f

8
O 3 &

Continuo e I -— Blogueado

FIGURA (4) — Mecanismo de resisténcia do S. aureus a vancomicina - VISA.
Adaptado de Lowy et al. 2003.

A resisténcia expressada nos isolados de VRSA esta relacionada ao gene

van — estes isolados apresentam CIM muito elevadas para vancomicina (Tenover,
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2004). Este mecanismo esta associado a alteragéo da parede celular bacteriana —
com uma alteragdo do peptidio terminal D-ala-Dala para D-ala-D-lac. Esta nova
terminacéo apresenta baixa afinidade a vancomicina e permite a sintese do
peptidioglicano, sendo um mecanismo muito mais eficiente do que os VISA.
(Lowy, 2003). Vide a figura 5.

A resisténcia a vancomicina em MRSA de isolados clinicos foi recentemente
descrita no Brasil (Rossi, 2014). Este caso ficou relacionado com a aquisi¢ao do
gene plasmidial vanA a partir de um Enterococcus faecalis (Rossi, 2014). Apesar
da resisténcia a vancomicina em S. aureus ainda ser infrequente, este e outros

relatos de VRSA descritos geram grande preocupagao (Zhu, 2010).

Staphylococcus suscetiveis a vancomicina
Vancomicina

Inibicao da sintese
da parede celular

‘;@O — E-D-AIa-D-A\a P

Tripeptideo contendo intermediarios da
sintese da parede celular

Staphylococcus resistentes a vancomicina

Vancomicina

-D-Ala-D-Lac
Sintese da

*’ parede celular

FIGURA (5) — Mecanismo de resisténcia do S. aureus a vancomicina - VRSA.
Adaptado de Lowy et al. 2003.

Mesmo em infec¢gdes por MRSA suscetiveis a vancomicina a falha
terapéutica ndo € incomum e ainda existe aumento deste risco de falha em
pacientes com infecgdes por isolados com CIM para vancomicina maior que 1
mg/L (Dhand and Sakoulas, 2012). Apesar de suscetiveis, isso se deve muito a
dificuldade de se atingir a nivel sérico ou tissular adequado para acdo deste
antimicrobiano (Moise, 2007).

Um fendmeno classificado como “vancomycin MIC creep” foi descrito nos
ultimos anos como a elevagdo das CIM para vancomicina em isolados de S.

aureus, mas que se mantenham dentro dos limiares da suscetibilidade (Sakoulas
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and Moellering, 2008). Esta elevagao progressiva da CIM para vancomicina tem
sido descrita em diversos centros médicos no mundo (Zhuo, 2013). Diferente
desses achados, em alguns centros este fendmeno parece n&o ocorrer, ou nao foi
possivel sua comprovacgao (Reynolds, 2012; Chen, 2015).

Apesar de ser uma dificil comprovacdo, estudos tentaram relacionar o
fenbmeno de “MIC creep” com o consumo de antimicrobianos anti-MRSA,
principalmente a vancomicina, mas nao conseguiram estabelecer esta correlagcao
(Grau, 2015). Mesmo sem haver estabelecido esta associacdo, o aumento no
consumo de antimicrobianos para tratamento de infecgbes associadas ao MRSA
tem sido relatado (Meyer, 2011). Neste sentido, novas evidéncias sugerem que
este fenbmeno pode ndo estar associado a pressdo seletiva exercida por
antibioticos, mas, possivelmente, relacionado a disseminacéo clonal de isolados
(Hsieh, 2016). Contudo, é importante enfatizar que as investigagdes sobre este

tema nao sdo ainda definitivas.

1.6 Determinacgdo da suscetibilidade a vancomicina

A resisténcia a antimicrobianos pode ser identificada através de testes
fenotipicos ou genotipicos. Apesar dos métodos de identificagcdo ja serem
padronizados e usados no mundo todo, muitos estudos destacam as dificuldades
e as limitagcbes da identificagcdo laboratorial de MRSA (Harbarth, 2006).
Enfatizaremos aqui os testes de determinagdo da suscetibilidade a vancomicina
abordados nesta dissertacao.

O meétodo preconizado para determinagéo da suscetibilidade de S. aureus a
vancomicina, segundo o CLSI, é o teste da CIM por microdiluicdo em caldo (MDC)
(CLSI, 2015). O teste de disco-difusédo falha na deteccdo de resisténcia a
vancomicina e nado deve ser realizado, como ja definido pelo CLSI. (van Hal,
2011; CLSI, 2015). Em uma metanalise, Jacob e DiazGranados sugerem que
pacientes com infecgdes por isolados com CIM para vancomicina >1 mg/L
apresentam pior desfecho clinico, contudo estes dados foram avaliados de
estudos com fitas de Etest (Jacob and DiazGranados, 2013).

A determinagéo da CIM com a utilizagéo de fitas de Etest € um método mais
facil de ser executado e esta sendo amplamente utilizado. Contudo, apesar de
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sua padronizagao, ja foi descrita a superestimacdo da CIM determinada pelo
método do Etest em relacdo a MDC — o que costuma ocorrer em diferencas de
uma diluicdo (Kruzel, 2011). Embora o estudo de Khatib et al. indique que as
diferencas entre os dois métodos sejam aceitaveis, € importante considerar o
potencial de superestimagdo das CIM a vancomicina determinadas por Etest
(Khatib, 2013).

1.7 Cassete cromossOomico estafilocécico (SCCmec)

Como ja foi discutido, o SCCmec € um elemento genético mével que contém
0 gene mec e genes que controlam a sua expressao. Existem trés elementos
basicos na composi¢gao do SCCmec: o complexo gene mec, o complexo gene ccr
(ccrAB e ccrC) e a “joining region” (regiao J) (Hiramatsu, 2013; Liu, 2016).

O complexo gene mec é classificado em 5 classes, conforme a composicéo
de mecA ou mecC, e seus genes reguladores. As classes A, B, C e D séo
compostas pelo gene mecA e a classe E pelo gene mecC (Liu, 2016).

De acordo com os diferentes tipos de ccrAB e ccrC e seus genes
regulatorios associados, o complexo gene ccr foi classificado em 8 alotipos: tipo 1
os genes ccrA1 e ccrB1, tipo 2 os genes ccrA2 e ccrB2, tipo 3 os genes ccrA3 e
ccrB3, tipo 4 os genes ccrA4 e ccrB4, tipo 5 o gene ccrC1, tipo 6 os genes ccrA5
e ccrB3, tipo 7 os genes ccrA1 e ccrB6 e o tipo 8 os genes ccrA1 e ccrB3. No
complexo gene ccr genes de resisténcia a antimicrobianos n&o beta-lactédmicos e
metais pesados podem ser inseridos, facilitando a troca de informag&o genética
entre os MRSA (IWG-SCC, 2009; Liu, 2016).

Os elementos SCCmec sao classificados nos tipos | ao Xl, baseado na
natureza dos complexos mec e gene ccr nele contidos (Hiramatsu, 2013). O
modelo das estruturas de 11 tipos de SCCmec identificados estdo caracterizados
na figura 6.
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FIGURA (6) — Esquema da estrutura genética dos elementos SCCmec.

A localizagdo do complexo mec esta destacada na cor rosa e a localizagdo do
gene ccr esta destacada na cor azul.

Adaptado de Hiramatsu et al. 2013.

Além destes 11 tipos de SCCmec apresentados, mais recentemente foi
descrito o SCCmec tipo Xll, composto pelo mec classe C2 e o ccr do tipo 9
(Lawung, 2014; Wu, 2015). A deteccdo de elementos divergentes compondo o
complexo SCCmec também tem sido descritos, levantando hip6teses de que
estas variagdes podem ter origem em mutagdes ou em outras espécies (Shore,
2011).
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1.8 Tipagem Molecular do MRSA

Investigagcdes epidemiologicas buscam estabelecer relagdes entre pacientes,
lugares, tempo e condi¢cdes. Na investigagdo de doencas infecciosas essas
caracteristicas devem ser suplementadas com técnicas microbioldgicas, para que
essa caracterizacao seja apropriada. Técnicas de tipagem molecular estédo entre
as mais estabelecidas para realizagdo desta caracterizagédo (Goering, 2013).
Esses métodos sdo ferramentas uteis para o estudo da origem de isolados,
relacdo clonais e epidemiologia de surtos (Shopsin, 1999). E importante que a
técnica utilizada para tipagem de MRSA apresente poder discriminatério elevado,
devido a possibilidade dos isolados derivarem de um numero pequeno de clones
(Sader, 1995).

Varios métodos sao utilizados para tipagem do Staphylococcus aureus,
porém, ndo agrupam as amostras da mesma maneira, variando de acordo com
seu poder discriminatorio (Enright, 2000). As técnicas mais utilizadas para a
tipagem molecular de isolados de MRSA incluem a tipagem por SCCmec,
eletroforese em campo pulsado, "spa typing” e “Multi Locus Sequence Typing’
(MLST) — essas técnicas tém sido utilizadas para estudar a epidemiologia do
MRSA em hospitais, nacional e internacionalmente (Grau, 2014).

Juntamente com as demais técnicas de caracterizagdo molecular, a tipagem
do elemento SCCmec apresenta grande relevancia na avaliagdo da epidemiologia
do MRSA. Esta técnica de PCR tem sido amplamente empregada (com variagdes
desenvolvidas por varios pesquisadores) e costuma ser utilizada em conjunto com
outros métodos de tipagem molecular que apresentem maior poder
discriminatério. E um método amplamente utilizado e é capaz de distinguir entre
os diferentes tipos e subtipos (Kondo, 2007; Lawung, 2014; Liu, 2016).

A técnica da PFGE se baseia na acao de enzimas de restricdo sobre o DNA
gendmico bacteriano, clivando em fragmentos de DNA de diferentes tamanhos. A
enzima Smal é comumente usada para a restricdo do DNA de MRSA. Esses
fragmentos de DNA sao entdo submetidos a uma eletroforese de campo pulsado
em gel de agarose. Os fragmentos de DNA apresentam-se separados por peso
molecular e os padrdes de bandas resultantes sdo analisados em software

especifico (Tenover, 1995; Bosch, 2010).
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A PFGE é uma técnica padronizada que apresenta elevado poder
discriminatorio para S. aureus, sendo por isso um dos métodos mais aplicados
para a investigagdo de surtos relacionados a este agente (Deurenberg, 2007).
Uma grande vantagem desta técnica deve-se ao fato da analise ndo se restringir
a um segmento do genoma ou de determinados genes, mas analisa-lo como um
todo — diferente de outros métodos de tipagem molecular (Tenover, 1995). Esta
metodologia tem sido aplicada ha mais de 20 anos e mais recentemente tem sido
utilizada em conjunto com outros métodos de tipagem molecular, principalmente
técnicas com sequenciamento de DNA, podendo ser consideradas
complementares na caracterizagdo de isolados de MRSA (O'Sullivan, 2012).

A técnica da PFGE apresenta suas limitagdes, entre as principais é possivel
relatar a necessidade de crescimento em meio de cultura — o que impede que S.
aureus identificados por meio de técnicas de biologia molecular sejam
diretamente avaliados na PFGE. Esta técnica, em geral, é considerada lenta, tem
custos elevados e também pode apresentar dificuldades de interpretacéo para
comparag¢ao com isolados internacionais ou de diferentes centros (Weller, 2000;
Cookson, 2007; Crnich, 2014). Apesar disso, o poder discriminatorio da PFGE é
uma o6tima ferramenta para caracterizagcdo de surtos de curta duragéo, além de
ser também valida para pesquisas de vigilancia epidemiolégica de longo prazo
(Hallin, 2007; Stefani, 2012).

A caracterizagdo genotipica através da analise de VNTRs (Variable Number
of Tandem Repeats), que sao sequencias curtas de DNA geralmente n&o
codificante que se repetem em quantidade variavel de forma contigua dentro de
um locus génico, vem sendo utilizada para analisar a diversidade (Elberse, 2011).
O spa typing envolve o sequenciamento de apenas um unico gene, assim torna-
se uma técnica mais barata, menos trabalhosa e mais rapida — apesar de
apresentar menor poder discriminatério, se comparado com o PFGE (Schouls,
2009; Crnich, 2014). O elemento spa se refere ao gene produtor da proteina A
estafilococica — proteina de ades&o encontrada em S. aureus — com um numero
de 24bp repetidas e esta localizado na parede celular bacteriana (Shopsin, 1999).

A genotipagem por MLST é um método bem estabelecido, baseado na
variagdo de sequéncias de 7 genes conservados. O conjunto das sequéncias
obtida pelos 7 genes gera uma sequéncia tipo (ST), para que um isolado seja

considerado como pertencente ao mesmo complexo clonal, este deve ter o
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mesmo perfil alélico para 5 dos 7 loci analisados (Enright, 2000). Este método
apresenta alto poder discriminatério, por ndo analisar somente um unico locus, e
elevada reprodutibilidade. Apresenta também a vantagem de facil comparagao de
dados interlaboratoriais, tendo se mostrado adequado para estudos
epidemioldgicos de longo prazo (Perez-Roth, 2004). Contudo, esta € uma técnica
de custos elevados, o que a torna pouco viavel para a rotina de laboratérios
clinicos (Du, 2014).

A elevada prevaléncia de infec¢des relacionadas a MRSA relatadas, tanto
IRAS quanto comunitarias, e a morbimortalidade associada a estas infecgdes
fazem deste agente um patégeno de grande relevancia clinica. As evidéncias da
emergéncia de resisténcia aos glicopeptideos (principalmente nas elevagdes
progressivas da CIM para vancomicina previamente relatadas) e as novas
terapias antimicrobianas, causam preocupacdo quanto as possibilidades
terapéuticas na pratica clinica. O risco de falha terapéutica e a possibilidade de
disseminacédo de clones de MRSA resistentes no cenario hospitalar expdem a
necessidade da vigilancia epidemiolégica e da compreensdo dos fatores de
resisténcia do MRSA.
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3. JUSTIFICATIVA

A descricao dos dados locais do Hospital Nossa Senhora da Concei¢do
(HNSC) quanto as bacteremias por MRSA e a pesquisa pelo fenbmeno de “MIC
creep” para vancomicina sao prioridades para o reconhecimento do risco de falha
da terapia antimicrobiana para estes pacientes. Isso se faz importante pois
mudancas nos perfis de suscetibilidade a antimicrobianos tem sido evidenciadas.

A avaliagdo do consumo de vancomicina, a existéncia do fenbmeno “MIC
creep” em ambito local (ainda n&o relatada) e uma possivel correlagédo tem sido
observada em grandes centros médicos do mundo. Da mesma forma, a
caracterizagao molecular dos isolados de MRSA e o estudo da sua epidemiologia
tem se mostrado relevantes, por conta das alteragbes dos complexos clonais
previamente descritos.

O entendimento da epidemiologia do MRSA e dos fatores associados a sua
resisténcia a antimicrobianos devem avancgar em paralelo. A avaliagédo do efeito
da presséo seletiva exercida pelo consumo de antimicrobianos e a caracterizagéo
dos isolados presentes neste cenario apresentam-se como as ferramentas

necessarias para o entendimento da evolugao no MRSA no ambito hospitalar.
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4. OBJETIVO
4.1 Objetivo Geral
Caracterizar os isolados de Staphylococcus aureus resistentes a meticilina
provenientes de hemoculturas de pacientes internados no Hospital Nossa
Senhora da Conceicao, determinar a existéncia de “MIC creep” para vancomicina
no periodo estudado e avaliar a existéncia de correlagcdo com o consumo deste
antimicrobiano.

4.2 Objetivos Especificos

Identificar e realizar a caracterizagcdo molecular dos isolados de MRSA do
HNSC;

Determinar o perfil de susceptibilidade aos antimicrobianos nos isolados;

Determinar a distribuicdo, ao longo do tempo (junho de 2012 a fevereiro de

2016), da CIM para vancomicina dos isolados;

Determinar o consumo de vancomicina (em DDD) por 100 pacientes-dia ao

longo do periodo analisado;

Determinar se existe correlagéo entre o consumo de vancomicina (em DDD)

e a CIM para vancomicina dos isolados de MRSA no periodo estudado;

Verificar, através de caracterizagdo molecular, se houve disseminacéo clonal
de MRSA no HNSC.
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Staphylococcus aureus Isolates

Methicillin-resistant  Staphyloccocus aureus (MRSA) is an
important human pathogen; it is among the most common
causes of healthcare-associated infection.! Despite the use of
appropriate antimicrobial therapy, MRSA invasive infections
carry a high mortality rate.”” Vancomycin is a mainstay of
therapy in MRSA infections, and although it has been used
since 1950, resistance is uncommon.' Vancomycin minimal
inhibitory concentration (MIC) “creep” is a phenomenon in
which the vancomycin MIC in S. aureus isolates progressively
reaches higher values (MIC 21.5mg/L) within the suscept-
ibility range.*

Monitoring antimicrobial usage remains a cornerstone of
antimicrobial stewardship programs. There is limited evidence
of a correlation between MRSA active antimicrobial agent
consumption and the emergence of resistance.” In this study,
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we aimed to assess the existence of vancomycin MIC creep
among MRSA isolates obtained from blood cultures and to
determine whether a correlation exists between vancomycin
consumption and variations in the MIC over time.

This study was performed at the Hospital Nossa Senhora da
Concei¢do, a tertiary-care public hospital located in Porto
Alegre, Brazil. The study period extended from June 2012 to
February 2016, and data for the period were obtained from
computerized databases. Isolates from the same episode of
bacteremia were counted only once. The isolates were identi-
fied using a Vitek-2 system (bioMérieux, Marcy-I'Etoile,
France). The vancomycin MIC was determined either by broth
microdilution (BMD), according to Clinical & Laboratory
Standards Institute (CLSI) recommendations, or by Etest
strips (bioMérieux). Vancomycin utilization was expressed in
defined daily doses (DDD) per 100 patient days, processed
according to the Anatomical Therapeutic Chemical classifica-
tion system, in which the DDD of vancomycin is 2 g.

The y test was used to compare proportions. Correlation
between variables was tested using the Pearson correlation
coefficient, and variation of MIC over time was calculated
using analysis of variance (ANOVA). Two-tailed ¢ tests were
utilized, and a value of P<.05 was considered significant.
Statistical analyses were performed using the JMP 9 program
(SAS Institute, Cary, NC).

A total of 186 isolates were included in the analysis. During
the study period, the laboratory applied 2 different methodol-
ogies: for data from June 2012 to November 2013, BMD was
used, and for data from December 2013 to February 2016, an
Etest was performed. The MIC ranged from 0.25 to 2.0 mg/L in
the first period (for which BMD was used), and the MIC varied
from 0.5 to 2.0 mg/L in the second period (for which an Etest
was used).

Vancomycin MIC geometrical mean increased significantly
in the study period from 0.766 to 1.966 mg/L (P <.0001) when
the 2 different methodologies were combined. Analyzing the
2 periods separately, no significant variation was observed for
the BMD period. However, for the second period (ie, the
Etest period), a significant increase in MIC geometrical mean
from 0.791 to 1.966 mg/L was observed (P=.0003) (Figure 1).
There was an increase in the modal MIC from 0.5 to 2.0 mg/L
over the whole period (P<.0001). Analyzing modal MIC
only in the Etest period, there was an increase from 1.0 to
2.0mg/L (P=.003). The proportion of isolates with
MIC > 1.0 mg/L ranged from 6.5% to 100% (P=.001) during
the Etest period.

Both vancomycin utilization and its relation to the total
number of hospitalized patients remained stable, varying
between 4,488 and 6,449 DDD per 100 patient days (P =.223).
No correlation was observed between vancomycin utilization
and the MIC geometric mean, nor with modal MIC, even
when the 2 different methodology periods were analyzed
separately. A separate correlation coefficient between MIC
geometrical mean and vancomycin utilization for the Etest
period alone was poor (r=0.524; P=.148).
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Evolution of vancomycin minimum inhibitory concentration (MIC) geometric mean and modal MIC through the time,

considering both methodologies. For the data from the first period, June 2012 to November 2013, broth microdilution (BMD) was used;
for the data from the second period, December 2013 to February 2016, Etest was performed.

We observed an increase in the vancomycin MIC geometric
mean throughout the study period. Moreover, when the Etest
period was considered separately, the same phenomenon was
detected. Although there is probably an overestimation of MIC
by the Etest method, when compared to BMD,® another study
found that the MIC can be identical or may have just one
discordant dilution.” Regardless of the change in methodology,
our study revealed an increase in MIC that can be considered
“MIC creep.”

Modal vancomycin MIC increased significantly for the entire
study period and also for the Etest period independently. The
proportion of isolates with vancomycin MIC > 1 mg/L increased
as well. These findings bring concerns about the high proportion
of MRSA isolates with a high vancomycin MIC. Even though the
mortality risk associated with this finding is the subject of
ongoing debate,"® the risk of failure with vancomycin therapy is
an important problem. These data suggest the need to evaluate
the suitability of vancomycin as the drug of choice, and they may
also indicate a need to assess the antimicrobial susceptibility
profile of other anti-MRSA antibiotics at this center (which are
not routinely performed).

The absence of correlation between vancomycin consump-
tion and MIC variation suggests that other factors are related
to MIC increases. The correlation between consumption and
antimicrobial resistance is difficult to demonstrate in studies

that do not involve a large number of isolates or a prolonged
period of evaluation.> The MIC creep phenomenon may not
be associated with the emergence of de novo resistance caused
by antimicrobial consumption, but it may be associated with
clonal selection and the spread of isolates with higher vanco-
mycin MICs.>'°

This study has some limitations, such as not evaluating the
consumption of other anti-MRSA drugs. Another limitation,
the change in the MIC determination methodology, might
have interfered with MIC variation during the study due to
possible overestimation by the Etest, but this possibility was
circumvented by separating the analyses of the 2 different
methodology periods.

Knowledge about the effect of selective pressure exerted by
antimicrobial consumption is crucial. This study describes
findings in accordance with the literature regarding the possible
existence of vancomycin MIC creep among MRSA isolates,” and
the results have revealed an absence of correlation with vanco-
mycin consumption,'’ which suggests clonal dissemination.
Genotyping of isolates are needed to confirm this hypothesis.
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Abstract

The aim of this study was to describe the vancomycin minimum inhibitory concentration
(MIC) profile of methicillin-resistant Staphylococcus aureus (MRSA) bloodstream isolates
and evaluate if there was a clonal dissemination among these isolates. Were included twenty-
seven isolates from bloodstream infections of patients from a tertiary public hospital in Porto
Alegre, Southern Brazil. The study period was from January until December 2015. Most of
isolates (51.8%) were multidrug resistant. No resistance to vancomycin, linezolid and
ceftaroline were evidenced. Even though isolates with vancomycin MIC > 1.5 mg/L. were
detected in high proportion. The SCCmec typing by multiplex PCR evidenced SCCmec 1V as
most frequent (77.7%) and subtypes IVa and IVc were detected. The Panton-Valentine
Leucocidin was positive in 62.9% of the isolates, a finding that might be according to the
most prevalent SCCmec type. Molecular typing by pulsed-field gel electrophoresis evidence
the presence of five clonal clusters and the Brazilian endemic clone was not evidenced in this
study. These findings suggest that, as part of a dynamic process, changes in MRSA

continuous and must be better understood.

Keywords: MRSA, vancomycin, bloodstream infection, PFGE



Methicillin-resistant Staphylococcus aureus (MRSA) is a major human pathogen and
highly prevalent in health-care associated infections.' An increasing in prevalence of MRSA
infections in US and Europe was noticed. Although differences in epidemiology, concerning
the predominant MRSA clone, have been described.” Surveillance studies have not evidenced
this tendency in Latin America.’

MRSA strains have been reported to be concentrated into subset of clones and be
involved in adapting to antibiotic selective pressure and dissemination worldwide.* For
decades vancomycin still serve as the cornerstone for treatment of serious staphylococcal
infections and resistance is not common among MRSA.” However recent reports have
documented an increasing in MRSA minimum inhibitory concentration (MIC) for
vancomycin, but within the susceptibility range — this phenomenon has been referred as
vancomycin “MIC creep”.6 This is a worldwide phenomenon and it is suggested to be
associated with a clonal dissemination of specific strains.”

A changing in MRSA molecular epidemiology in Brazilian hospitals was recently
described, with substitution of the previously predominant Brazilian endemic clone (BEC).”
The presence of international clones is recent and has also been evidenced in others centers in
Brazil.® These finds suggests that the epidemiology of MRSA is not a stationary process. The
objective of this study was to describe the vancomycin MIC profile of MRSA bloodstream
isolates and evaluate if there was a clonal spread among these isolates.

This cohort study was performed in a tertiary public hospital located in Porto Alegre,
Southern Brazil. All MRSA bloodstream isolates were prospectively collected - isolates from
the same episode of bacteremia were counted only once. The study period was from January
to December 2015.

The isolates were identified by Vitek-2 system (bioMérieux, Marcy-I’Etoile / France)



and antimicrobial susceptibility test was performed by disk-diffusion tests, according to the
protocols of the Clinical and Laboratory Standards Institute — CLSL’ The included
antimicrobials were erythromycin (15 pg), clindamycin (2 pg), ciprofloxacin (5 pg), linezolid
(30 pg) and trimethoprim-sulfamethoxazole (1.25/23.75 pg). Ceftaroline susceptibility test
was performed with Etest strips (bioMérieux) according to the manufacture’s instructions.
Vancomycin MIC was determined either by broth microdilution (BMD, according to CLSI
recommendations) or Etest strips (bioMérieux). For BMD tests intermediary dilution
concentrations (0.75 mg/L and 1.5 mg/L) were included in the protocol. S. aureus ATCC
29213 was used as control strain with every set of tests.

Methicillin resistance was confirmed by polymerase chain reaction (PCR) protocol
for amplification of mecA gene as previously described.'® Detection of /ukS-lukF genes,
responsible for Panton-Valentine Leucocidin (PVL) codification was performed as described
by Ribeiro er al. 2005."" Staphylococcal cassette chromosome mec (SCCmec) typing of the
isolates was performed by multiplex PCR assay that includes types 1 to 5, according to
Kondo et al. 2007."° The control strains were NTCT10442 (1), N315 (II), 85/2082 (III), CA05
(IVa), 8/6-3P (IVb), MR108 (IVc), JCSC4469 (IVd) and WIS (V).

The analysis of chromosomal DNA similarity of the isolates was performed by
pulsed-field gel electrophoresis (PFGE) — patterns by adapted protocol from Pinto et al. 2013
using 20 ug/ml of lysostaphin in the lysis step and running conditions as described by
McDougal.'> ° Lambda Ladder PFG Marker (New England BioLabs, Whitby / United
Kingdom) was used as a molecular weight marker. The patterns were interpreted by
unweighted pair-group method using arithmetic averages (UPGMA) with optimization 0.5%
and tolerance 1% using Bionumerics software 7.1 (Applied-Maths, Sint-Martens-Latem /

Belgium). Strain relatedness was displayed as dendrogram and similarity coefficient of 80%



was used to distinguish clones."

During the study period, a total of 52 bacteremias related to MRSA were identified,
and 31 samples were possible to be retrieved, according to the study criteria. Four isolates
were later excluded due to failure to characterize methicillin resistance — in both cefoxitin
disk-diffusion test and mecA PCR. Therefore, 27 isolates were included in the analysis.

A total of 14/27 (51.8%) MRSA isolates presents with resistance for more than 1
antimicrobial. Resistance to erythromycin was observed in 14/27 (51.8%), clindamycin 8/27
(29.6%), ciprofloxacin 6/27 (22.2%), and trimethoprim-sulfamethoxazole 2/27 (7.4%). Only
two isolates were intermediary resistant to ceftaroline. All isolates were susceptible to
linezolid and vancomycin. The resistance profile is showed in table 1.

The vancomycin MIC ranged from 0.5 mg/L to 2.0 mg/L if determined by Etest
method and varied from 1.0 mg/L to 2.0 mg/L if determined by BMD. According to the
methodology employed, 25/27 (92.5%) isolates had vancomycin MIC > 1.0 mg/L if
determined by Etest — four isolates with MIC of 1.5 mg/L and 21 with MIC 2.0 mg/L. Using
BMD methodology, 10/27 (37.0%) isolates presented with MIC > 1.5 mg/L.

The PCR for detection of PVL was positive in 17/27 (62.9%) of the isolates. The
SCCmec most frequent type was IVa 11/27 (40.7%), followed by IVc 10/27 (37.0%) and V
2/27 (7.5%). The SCCmec types I, Il and III were identified in 1/27 (3.7%) each and one
isolate was non-typeable (table 1).

In the molecular characterization by PFGE it was possible to observe five different
clonal clusters, and other nine isolates had its own PFGE patterns. The most prevalent
patterns presented were clonal grup A with 6 isolates (22.2%), followed by B 4 (14.8%) and
C 3 (11.1%). The clonal grups D and E were represented with 2 (7.4%) isolates each. The

PFGE patterns are presented in the figure 1 and table 1.



All 31 isolates were previously identified as MRSA, only 27 were confirmed by the
presence of mecA gene. Such discrepancies between phenotypic and genotype methods can
be observed, especially when automated systems are used. Besides this, there is the
possibility of the presence of mecC gene, however, this hypothesis was not tested. The mecC
is a homologous gene to mecA and also promote methicillin resistance."” This gene is related
to SCCmec types VII, IX and X and was not tested in our protocol.'® This SCCmec types are
not common in this region and the cefoxitin disk-diffusion test is a high sensitive test to
predict methicillin resistance, so this is a minor possibility.’

In our study we found a high prevalence of PVL (62.9%). This is probably associated
with the most prevalent SCCmec type that was present among our isolates. The SCCmec IV
has been associated to PVL in previous studies and both were originally associated with
community-associated methicillin-resistant S. aureus (CA-MRSA)."” The presence of PVL
confers enhanced virulence in these strains.!® Unfortunately this correlation could not be
evaluated once we did not have access to the medical background of these patients.

The majority of isolates presented with resistance to erythromycin, and 51.8% with
resistance to multiple drugs. Once theses isolates are from bloodstream infections, many of
these antimicrobials are not considerable as treatment options, but they predict the presence
of resistance mechanisms.’

An important finding was that no resistance to vancomycin, linezolid and ceftaroline
was detected. Also, the full susceptibility of these isolates to linezolid, and 92.5%
susceptibility to ceftaroline suggest these medications as good therapeutical options, even for
empiric therapy, for MRSA infections in this center.’

Considering the high proportion of isolates with vancomycin MIC > 1.5 mg/L

evidenced in our study is a concerning situation, considering the fact that higher chance of



treatment failure was described in patients with MRSA bloodstream infections with elevated
MIC.>® Even with the discrepancy evidence between methods — a much higher proportion
considering Etest methodology then BMD (92.5% vs 37.0%), because this difference was
expected — an overestimation of 1 dilution in MIC, considering Etest and BMD has been well
described."”

MRSA epidemiological studies from Brazil used to describe the presence of SCCmec
type IIL****! Our findings evidenced a new pattern, with most prevalence of typed IVa and
IVc. This new data and the absence of BEC lineages among these isolates might represent a
change in MRSA epidemiology. In previous studies in our region BEC was a present clone.”
In Brazil, this finding was described in two studies from different regions: the substitution of
BEC, which was a well-established clone, by other lineages and the high prevalence of
SCCmec type IV." #

The study has limitations; one of them is the small sample size. Also, and most
relevant is the short period evaluated — considering that maybe in a longer period the
presence of the BEC or the previous most prevalent SCCmec type III might be noted. Even
though, the majority of bloodstream infections isolates, from this period, were included — fact
that would minimize this possibility.

We highlight that our study brings new and relevant data, once there are few
descriptions about the molecular epidemiology of MRSA bloodstream isolates in Brazil. This
possible change in epidemiological profile and predominance of SCCmec IV must be
followed in further studies. We consider that larger studies with molecular characterization
technics would be necessary in order to confirm this hypothesis.
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TABLE 1. SCCmec typing and antimicrobial resistance according to PFGE patterns.

Pattern, pulsed-field gel electrophoresis patterns; SCCmec, Staphylococcal cassette
chromosome mec; PVL, Panton-Valentine Leucocidin; Vanco, vancomycin; MIC, minimum
inhibitory concentration; BMD, broth microdilution; ERY, erythromycin; CLI, clindamycin,
CIP, ciprofloxacin; CFT, ceftaroline; LZD, linezolid; SXT, trimethoprim-sulfamethoxazole;

S, susceptible; I, intermediary; R, resistant.

Vanco Vanco

Isolate Pattern  SCCmec PVL E ERY cu cip CFT LZD SXT
-test BMD
H101 A Ve + 2 1 R R S S S S
H148 A Ve + 2 1 | S S S S S
H157 A 1l + 2 1 R S S S S S
H170 A Ive + 2 1 R S S S S S
H107 A Ve + 2 1 R R S S S S
H151 A Ve + 2 15 | S S S S S
H136 B IVa - 2 2 | S R S S S
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H128 - Vv 05 1 | S S S S S
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FIGURE 1. Dendrogram generated of PFGE profiles of MRSA isolates.
Note. Optimization 0.5% and Tolerance 1.0%. Similarity coefficient of 80% was selected to

distinguish between clusters.
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6. CONCLUSOES

. Através da caracterizagdo molecular pode-se observar a presenga do
gene mecA em todos os isolados analisados. O complexo SCCmec mais
frequente foi o do tipo IV (77,7%), sendo presentes os subtipos IVa e IVc. Foram
encontrados, também, conforme a frequéncia, os SCCmec do tipo V, seguido dos
tipos I, Il e lll. A presenga do gene lukS-lukF, para deteccao de PVL, foi elevada
entre isolados (62,9%).

. A maioria dos isolados apresentou perfil de resisténcia a mais de um
antimicrobiano (51,8%). Perfis de resisténcia foram observados para eritromicina,
clindamicina, ciprofloxacina e sulfametoxazol-trimetoprima. Nao foram observados
perfis de resisténcia para linezolida, ceftarolina e vancomicina — apesar de muitos

isolados apresentarem CIM = 1,5 mg/L para vancomicina.

. Houve aumento estatisticamente significativo da moda (p=0,003) e da
média geométrica (p=0,0003) da CIM para vancomicina nos isolados, durante o
periodo do estudo. Também foi evidenciado o aumento da proporgao de isolados
de MRSA com CIM para vancomicina > 1 mg/L. (p=0,001). Estes dados sugerem
a existéncia do fendmeno de “MIC creep” para vancomicina nestes isolados.

. Foi possivel evidenciar que tanto o consumo de vancomicina, quanto o
seu uso ajustado pela ocupagao hospitalar do HNSC se mantiveram estaveis
durante todo o periodo do estudo, variando entre 4,488 e 6,449 DDD de
vancomicina por 100 pacientes-dia internados, sem apresentar variagao

significativa (p=0.223).

. N&do foi evidenciada correlagdo entre o consumo ajustado de
vancomicina nem com a moda, nem com a média geométrica da CIM dos
isolados de MRSA, independente da metodologia para determinagdo da CIM
utilizada, (r=0,524; p=0,128). Esta auséncia de correlagdo sugere que outros

fatores, que n&o a indugdo de resisténcia de novo pelo consumo de
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antimicrobianos, devem estar associados ao "vancomycin MIC creep” aqui

evidenciado.

. Este estudo pode evidenciar a presenga de cinco complexos clonais
entre os isolados bacterianos. Também pode-se avaliar a auséncia do Brazilian
endemic clone (BEC), uma linhagem antes circulante, mas ndo mais evidenciada.
Estes achados n&o podem confirmar a existéncia de disseminagéo clonal de
MRSA no HNSC e uma possivel associagdo com o “MIC creep” para
vancomicina, mas sugerem a existéncia de novas linhagens de MRSA que as

previamente descritas em Porto Alegre.
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UNIVERSIDADE FEDERAL DE
CIENCIAS DA SAUDE DE QWW
PORTO ALEGRE

PARECER CONSUBSTANCIADO DO CEP

Elaborado pela Instituicao Coparticipante
DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: RELAGCAO ENTRE O CONSUMO DE VANCOMICINA E A CONCENTRAGCAO MINIMA
INIBITORIA DE ISOLADOS DE STAPHYLOCOCCUS AUREUS RESISTENTES A
METICILINA

Pesquisador: Renato Cassol Ferreira da Silva

Area Tematica:

Versao: 1

CAAE: 39682414.0.3001.5345

Instituicao Proponente: HOSPITAL NOSSA SENHORA DA CONCEICAO SA
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 1.820.747

Apresentacao do Projeto:

Dissertacdo de Mestrado, com apresentacédo de recurso por saida de pesquisador e adequacgéo de
pendéncias.

O Staphylococcus aureus e uma bacteria Gram positiva e esta entre os principais causadores de infeccao
de pele e corrente sanguinea. No Hospital Nossa Senhora da Conceicao (HNSC) o S. aureus e o quarto
microrganismo causador de infeccao primaria de corrente sanguinea e tambem de pneumonia. O S. aureus
resistente a meticilina (MRSA) se tornou um patogeno hospitalar endemico e as infeccoes por esse germe
estao relacionadas a aumento da morbidade e mortalidade. O antimicrobiano de escolha para tratamento
dessas infeccoes e a vancomicina O aumento da concentracao inibitoria minima (MIC) para vancomicina em
isolados de MRSA e um fenomeno recente conhecido como “MIC Creep” e pode trazer complicadores para
o tratamento com esse antimicrobiano.

# Hipotese:

- A existencia de correlacao entre o consumo de vancomicina e a MIC para vancomicina dos isolados de
MRSA no periodo ocasionando aumento progressivo da MIC e consequente fenomeno de MIC creep .
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Objetivo da Pesquisa:

# Objetivo Primario:

- ldentificar, tracar o perfil de suscetibilidade a antimicrobianos e caracterizar alguns fatores de virulencia em
cepas de Staphylococcus aureus resistente a meticilina isolados a partir de hemoculturas de pacientes
internados no Hospital Nossa Senhora da Conceicao.

# Objetivo Secundario:

- Identificar o gene mecA nos isolados de MRSA,;

- Determinar a presenca do gene lukS-PV e lukF-PV nos isolados;

- Analisar o perfil de susceptibilidade aos antimicrobianos nos isolados de MRSA;

- Realizar a tipagem do elemento SCCmec nos isolados;

- Verificar se houve disseminacao clonal de MRSA;

- Determinar a distribuicao, ao longo do tempo (janeiro ate dezembro de 2015), da MIC para vancomicina de
isolados de MRSA;

- Determinar o consumo de vancomicina (em DDD) por paciente-dia ao longo do periodo analisado;

- Determinar se existe correlacao entre o consumo de vancomicina (em DDD) e a MIC para vancomicina dos
isolados de MRSA no periodo estudado.

Avaliagao dos Riscos e Beneficios:

# Riscos:

Nao existira acesso a prontuarios, tampouco quaisquer intervencoes ou riscos aos pacientes. Como se trata
de revisao de dados do HSNC e sem acesso direto a informacoes de pacientes, consideramos inviavel e
desnecessaria a aplicacao de Termo de Consentimento Livre e Esclarecido (TCLE).

# Beneficios:

A descricao dos dados locais do HNSC quanto as bacteremias por Staphylococcus aureus, principalmente
MRSA, e a pesquisa pelo fenomeno de “MIC creep” para vancomicina sao prioridades para o
reconhecimento do risco de falha da terapia antimicrobiana para estes pacientes.A avaliacao do consumo
de vancomicina e relacionar a existencia do fenomeno “MIC creep” local ainda nao foi relatada. O efeito da
pressao seletiva exercida pelo consumo de antimicrobianos tem sido estudado em grandes centros medicos
do mundo, uma vez que as necessidades clinicas atuais requerem cada vez maior de antibioticoterapia.
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Comentarios e Consideragées sobre a Pesquisa:

# Criterio de Inclusao:

- Serao incluidos no estudo todos os isolados de Staphylococcus aureus resistentes a meticilina
provenientes de hemoculturas realizadas em pacientes internados no hospital.

- Os criterios para solicitacao de cultura, os procedimentos operacionais para realizacao das culturas foram
os definidos nas rotinas do HNSC. Da mesma forma, sera contabilizado todo o consumo de vancomicina no
periodo.

# Criterio de Exclusao:
- Serao excluidos os isolados que nao possam ser analisados por problemas tecnicos e aqueles que nao
seja possivel o resgate da informacao sobre a MIC para vancomicina.

# Metodologia Proposta:

-Estudo transversal, observacional.

- Os isolados bacterianos que serao incluidos no estudo sao provenientes de exames de hemocultura
realizados em pacientes do HNSC.

- Estes exames foram solicitados pela equipe assistente, nao tendo havido nenhuma intervencao da equipe
de pesquisa para tal solicitacao.

- Estes isolados sao previamente identificados e armazenados pelo Laboratorio de Microbiologia do HNSC,
servico rotineiramente executado. Entao as amostras disponiveis apos o inicio da coleta de dados serao
encaminhadas e armazenados no Laboratorio de Microbiologia da UFCSPA.

- No Laboratorio de Cocos Gram Positivos (LCGP) da UFCSPA sera confirmada a identificacao dos isolados
de MRSA (pesquisa do Gene mecA) e serao pesquisados fatores de virulencia — atraves de testes
fenotipicos (resistencia a antimicrobianos) e genotipicos (pesquisa do Gene luk e tipagem do Sccmec) —
assim como sera pesquisada a existencia de perfil clonal, atraves da analise dos perfis de fragmentacao do
DNA cromossomico por eletroforese em campo pulsado (PFGE).

- Sera efetuado baseado em informacoes do banco de dados do Controle de Infeccao Hospitalar por sua
vez originadas do Laboratorio de Microbiologia e do Servico de Farmacia do Hospital Nossa Senhora da
Conceicao (HNSC).

- Serao mensurados o numero de ampolas de vancomicina consumidas em cada mes desde janeiro ate
dezembro de 2015, pacientes-dia atendidos pelo HNSC no periodo e a MIC para vancomicina de todos os
isolados de Staphylococcus aureus resistentes a meticilina provenientes de hemoculturas realizadas em
pacientes internados no HNSC.
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- Os dados sobre a utilizacao da vancomicina serao expressos em dose diaria definida (DDD) por 100
pacientes-dia, e serao processados de acordo com o sistema de classificacao Anatomical Therapeutic
Chemical da Organizacao Mundial da Saude (ATC/WHO)(22). O DDD da vancomicina adotado sera de 2
gramas.

- Todos os isolados incluidos estarao previamente identificados pelo Laboratorio de Microbiologia,
rotineiramente pelo sistema Vitek 2 (bioMerieux, Marcy-I'Etoile / France). A MIC para vancomicina registrado
pelo estudo sera aquele que foi realizado pelo Laboratorio de Microbiologia no momento da realizacao do
exame, seja ele microdiluicao em caldo ou e-Test.

- Nao havera qualquer procedimento adicional no Laboratorio de Microbiologia, considerando ainda que

trata-se de estudo retrospectivo recuperando informacoes de procedimentos ja realizados com os isolados.

Consideragdes sobre os Termos de apresentacio obrigatéria:
- Todos os termos necessarios foram apresentados, inclusive os novos, devidos as readequacgbes
necessarias, com a saida de pesquisador e as solicitagbes anteriores de correcdo do projeto.

Recomendagdes:
Aprovacéo.
Conclusées ou Pendéncias e Lista de Inadequagées:

- Nado ha pendéncia, uma vez que as anteriores que existiam foram supridas, conforme consta no relatério
do recurso apresentado em anexo.

Considerag¢ées Finais a critério do CEP:
Emenda aprovada.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situagao

Recurso do Parecer |recurso.pdf 12/09/2016 Aceito
16:19:11

Solicitagdo Assinada|memo_troca_pesquisador12set2016.pdf| 12/09/2016 |Rogério Farias Aceito

pelo Coordenador do 14:35:47 |Bitencourt

CEP

Notificagdo do CEP |memo_12set2016.pdf 12/09/2016 |Rogério Farias Aceito
14:35:47 | Bitencourt

Solicitacdo Assinada | Pedido_alteracao_pesquisador.pdf 12/09/2016 |Cezar Vinicius Aceito

pelo 10:56:11 | Wirdig Riche

Enderego: Rua Sarmento Leite ,245

Bairro: Sarmento CEP: 90.050-170
UF: RS Municipio: PORTO ALEGRE
Telefone: (51)3303-8804 E-mail: cep@ufcspa.edu.br

Pagina 04 de 06



UNIVERSIDADE FEDERAL DE

= . Platafor
CIENCIAS DA SAUDE DE g@,oﬂ -
PORTO ALEGRE
Continuagdo do Parecer: 1.820.747
Pesquisador Pedido_alteracao_pesquisador.pdf 12/09/2016 |Cezar Vinicius Aceito
Responsavel 10:56:11 | Wirdig Riche
Recurso do Parecer |recurso.pdf 08/09/2016 Aceito
19:14:02
Recurso Anexado Recurso_Set2016.pdf 08/09/2016 |Cezar Vinicius Aceito
pelo Pesquisador 19:13:47 | Wirdig Riche
Outros TermoanuenciaLACHNSC.pdf 08/09/2016 | Cezar Vinicius Aceito
19:06:27 | Wirdig Riche
Outros TermoanuenciaCIH_HNSC.pdf 08/09/2016 | Cezar Vinicius Aceito
19:06:19 | Wirdig Riche
Outros RelacaolntegratesATUALIZADA Set201| 08/09/2016 |Cezar Vinicius Aceito
6.pdf 19:06:10 | Wirdig Riche
Projeto Detalhado / |Proj_Mest_CezarRiche CEP_Set2016.p| 08/09/2016 |Cezar Vinicius Aceito
Brochura df 19:05:52 | Wirdig Riche
Investigador
Informacgées Basicas|PB_INFORMACOES BASICAS_736988| 13/06/2016 Aceito
do Projeto E1.pdf 15:35:18
Outros CARTAdeEMENDA.pdf 13/06/2016 |Cezar Vinicius Aceito
15:27:13 | Wirdig Riche
Projeto Detalhado / | ProjATUALIZADORelacaoentreConsum | 13/06/2016 |Cezar Vinicius Aceito
Brochura odeVancomicinaeaMICdeisoladosdeMR 15:26:28 | Wirdig Riche
Investigador SA.pdf
Outros TermoanuenciaLabUFCSPA.pdf 13/06/2016 |Cezar Vinicius Aceito
15:25:24 | Wiirdig Riche
Outros RelatoriodeentregaATUALIZADO.pdf 13/06/2016 |Cezar Vinicius Aceito
15:24:22 | Wiirdig Riche
Outros RelacaointegrantesATUALIZADO.pdf 13/06/2016 |Cezar Vinicius Aceito
15:24:02 | Wirdig Riche
Outros LattesRenatoCassolFerreiradaSilva.pdf | 13/06/2016 |Cezar Vinicius Aceito
15:20:45 | Wirdig Riche
Outros LattesCiceroArmidioGomesDias.pdf 13/06/2016 |Cezar Vinicius Aceito
15:20:26 | Wirdig Riche
Outros FolhaderostoORIGINAL.pdf 13/06/2016 |Cezar Vinicius Aceito
15:17:45 | Wiirdig Riche
Folha de Rosto FolhadeRostoATUALIZADA2016.pdf 13/06/2016 |Cezar Vinicius Aceito
15:16:18 | Wiirdig Riche
Outros Termo de Anuencia.pdf 06/12/2014 Aceito
20:04:39
Outros Curriculo Lattes Diego Rodrigues 06/12/2014 Aceito
Falci.pdf 19:37:06
Outros Curriculo Lattes Patricia Reis Pereira.pdff 06/12/2014 Aceito
19:36:42
Outros Curriculo Lattes Cezar Vinicius Wiirdig 06/12/2014 Aceito
Riche.pdf 19:36:08

Situagao do Parecer:
Aprovado

Enderecgo:
Bairro: Sarmento
UF: RS

Telefone: (51)3303-8804

Municipio:

Rua Sarmento Leite ,245

CEP: 90.050-170
PORTO ALEGRE

E-mail:

cep@ufcspa.edu.br

Pagina 05 de 06




UNIVERSIDADE FEDERAL DE
CIENCIAS DA SAUDE DE Wﬂv
PORTO ALEGRE

Continuagdo do Parecer: 1.820.747
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PARECER CONSUBSTANCIADO DO CEP

DADOS DA EMENDA

Titulo da Pesquisa: RELACAO ENTRE O CONSUMO DE VANCOMICINA E A CONCENTRAGCAO MINIMA
INIBITORIA DE ISOLADOS DE STAPHYLOCOCCUS AUREUS RESISTENTES A
METICILINA

Pesquisador: Renato Cassol Ferreira da Silva

Area Tematica:

Versado: 3

CAAE: 39682414.0.0000.5530

Instituicao Proponente: HOSPITAL NOSSA SENHORA DA CONCEICAO SA
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 1.751.167

Apresentacao do Projeto:

Projeto de dissertagdo de mestrado do PPG de Ciéncias Médicas da UFCSPA intitulado "Relag&o entre o
consumo de vancomicina e a concentragdo inibitoria minima de isolados de Staphylococcus aureus
resistentes a meticilina" do pesquisador Cezar Vinicius Wirdig Riche (ex-residente HNSC).

O Staphylococcus aureus € uma bactéria Gram positiva e esta entre os principais causadores de infecgédo
de pele e corrente sanguinea. No Hospital Nossa Senhora da Concei¢cdo (HNSC) o S. aureus é o quarto
microrganismo causador de infec¢ao primaria de corrente sanguinea e também de pneumonia. O S. aureus
resistente a meticilina (MRSA) se tornou um patégeno hospitalar endémico e as infecgdes por esse germe
estdo relacionadas a aumento da morbidade e mortalidade. O antimicrobiano de escolha para tratamento
dessas infecgbes é a vancomicina O aumento da concentragéo inibitéria minima (MIC) para vancomicina em
isolados de MRSA é um fendmeno recente conhecido como “MIC Creep” e pode trazer complicadores para
o tratamento com esse antimicrobiano.

Objetivo da Pesquisa:

O objetivo deste trabalho é identificar, tracar o perfil de suscetibilidade a antimicrobianos e caracterizar
alguns fatores de viruléncia de isolados de MRSA de exames de hemocultura de pacientes do HNSC. Assim
como determinar a distribuicdo das MIC para vancomicina de isolados
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de MRSA de pacientes internados no HNSC e também determinar se existe correlagdo entre o consumo
geral de vancomicina no HNSC e a MIC para vancomicina dos isolados de MRSA.

3.1 Objetivo geral

Identificar, tragar o perfil de suscetibilidade a antimicrobianos e caracterizar alguns fatores de viruléncia em
cepas de Staphylococcus aureus resistente a meticilina isolados a partir de hemoculturas de pacientes
internados no Hospital Nossa Senhora da Conceigéo.

3.2 Objetivos especificos

Identificar o gene mecA nos isolados de MRSA;

Determinar a presenca do gene lukS-PV e IukF-PV nos isolados;

Analisar o perfil de susceptibilidade aos antimicrobianos nos isolados de MRSA;

Realizar a tipagem do elemento SCCmec nos isolados;

Verificar se houve disseminacgéo clonal de MRSA,;

Determinar a distribuicdo, ao longo do tempo (janeiro até dezembro de 2015), da MIC para vancomicina de
isolados de MRSA,;

Determinar o consumo de vancomicina (em DDD) por paciente-dia ao longo do periodo analisado;
Determinar se existe correlagao entre o consumo de vancomicina (em DDD) e a MIC para vancomicina dos
isolados de MRSA no periodo estudado.

Avaliagao dos Riscos e Beneficios:

Conforme descrito no projeto;

Riscos:

N&o existira acesso a prontuérios, tampouco quaisquer intervengdes ou riscos aos pacientes. Como se trata
de revisdo de dados do HSNC e sem acesso direto a informagdes de pacientes, consideramos inviavel e
desnecessaria a aplicagdo de Termo de Consentimento Livre Esclarecido

(TCLE).

Beneficios:

A descrigdo dos dados locais do HNSC quanto as bacteremias por Staphylococcus aureus, principalmente
MRSA, e a pesquisa pelo fendmeno de “MIC creep” para vancomicina sdo prioridades para o
reconhecimento do risco de falha da terapia antimicrobiana para estes pacientes.A avaliagdo do consumo
de vancomicina e relacionar a existéncia do fendémeno “MIC creep” local ainda néo foi relatada. O efeito da
pressao seletiva exercida

pelo consumo de antimicrobianos tem sido estudado em grandes centros médicos do mundo, uma vez que

as necessidades clinicas atuais requerem cada vez maior de antibioticoterapia.
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Comentarios e Consideragées sobre a Pesquisa:

Métodos: Estudo transversal observacional. Sera confirmada a identificagdo dos isolados de MRSA e seréo
pesquisados fatores de viruléncia — através de testes fenotipicos e genotipicos — assim como sera
pesquisada a existéncia de perfil clonal. Também serd mensurada a MIC para vancomicina de todos os
isolados de MRSA do HNSC no periodo de janeiro até dezembro 2015. Sera mensurado o consumo mensal
de vancomicina em DDD (dose diaria definida) no periodo, corrigido pelo niumero de pacientes-dia atendidos
pelo hospital. Serdo procedidas medidas de tendéncia central das variaveis e testes de correlagéo entre as
mesmas.

5.1 Delineamento

Estudo transversal, observacional.

5.2 Origem das amostras

5.2.1 Critérios de inclusao

Seréo incluidos no estudo todos os isolados de Staphylococcus aureus resistentes a meticilina provenientes
de hemoculturas realizadas em pacientes internados no hospital. Os critérios para solicitagéo de cultura, os
procedimentos operacionais para realizagdo das culturas foram os definidos nas rotinas do HNSC.

Da mesma forma, sera contabilizado todo o consumo de vancomicina no periodo.

5.2.2 Critérios de exclusao

Seréo excluidos os isolados que ndo possam ser analisados por problemas técnicos e aqueles que n&o seja
possivel o resgate da informag&o sobre a MIC para vancomicina.

5.3 Tamanho da amostra

Parte-se de uma expectativa de casos baseada no historico da instituicado e da epidemiologia local
previamente descrita. Um total entre 30 e 50 isolados é esperado, considerando o periodo de 12 meses.
5.4 Microbiologia e biologia molecular

5.4.1 Amostra bacteriana

Os isolados de MRSA que seréo utilizados neste trabalho ja foram previamente identificados, durante o ano
de 2015, e estdo disponiveis no Laboratério de Microbiologia do HNSC. Estes isolados serdo encaminhados
ao laboratério de Microbiologia da UFCSPA, onde permanecerdo armazenados sob resfriamento em
Freezer a — 80°C.

O transporte dos isolados seréa feito por empresa especializada, sendo enviadas juntamente a outros
isolados bacterianos rotineiramente encaminhados pelo LAC GHC para o laboratério de Microbiologia da
UFCSPA. Seguindo este fluxo ja estabelecido ndo existira custos adicionais,

Enderego: Francisco Trein, 596 - Bloco H, 3° andar, Escola GHC (HNSC), sala 11

Bairro: CRISTO REDENTOR CEP: 91.350-200
UF: RS Municipio: PORTO ALEGRE
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Critérios de inclusao: serado incluidos no estudo todos os isolados de Staphylococcus aureus resistentes a

meticilina provenientes de hemoculturas

realizadas em pacientes internados no hospital. Os critérios para solicitagado de cultura, os procedimentos

operacionais para realizagao das culturas

foram os definidos nas rotinas do HNSC. Da mesma forma, sera contabilizado todo o consumo de

vancomicina no periodo.

Critérios de exclusao: serdo excluidos os isolados que nao possam ser analisados por problemas técnicos e

aqueles que néo seja possivel o resgate

da informacgéo sobre a MIC para vancomicina.

Consideragdes sobre os Termos de apresentagio obrigatéria:

Foram incluidos na Plataforma Brasil:

1. Projeto atualizado;

2. Lista participantes atualizada com curriculos pesquisadores;

3. Referéncia do GHC;

4. Anuéncia chefia microbiologia e SCIH,;

5. Cronograma atualizado.

6. Orgamento (no projeto).

Recomendagoes:
Sem recomendagdes.

Conclusées ou Pendéncias e Lista de Inadequacgées:

As pendéncias e inadequagdes apontadas em parecer anterior (verséo original do projeto, apresentado

como TCR) foram ate

ndidas.

Considerag¢ées Finais a critério do CEP:

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situagéo
Recurso do Parecer |recurso.pdf 12/09/2016 Aceito
16:19:11

Enderego: Francisco Trein, 596 - Bloco H, 3° andar, Escola GHC (HNSC), sala 11
Bairro: CRISTO REDENTOR
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Telefone: (51)3357-2407

Fax:

CEP: 91.350-200
PORTO ALEGRE

(51)3357-2407
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Solicitagdo Assinada|memo_troca_pesquisador12set2016.pdf| 12/09/2016 |Rogério Farias Aceito

pelo Coordenador do 14:35:47 |Bitencourt

CEP

Notificacdo do CEP |memo_12set2016.pdf 12/09/2016 |Rogério Farias Aceito
14:35:47 | Bitencourt

Solicitacdo Assinada | Pedido_alteracao_pesquisador.pdf 12/09/2016 |Cezar Vinicius Aceito

pelo Pesquisador 10:56:11 | Wirdig Riche

Responsavel

Recurso do Parecer |recurso.pdf 08/09/2016 Aceito
19:14:02

Recurso Anexado Recurso_Set2016.pdf 08/09/2016 |Cezar Vinicius Aceito

pelo Pesquisador 19:13:47 | Wirdig Riche

Outros TermoanuenciaLACHNSC.pdf 08/09/2016 |Cezar Vinicius Aceito
19:06:27 | Wiirdig Riche

Outros TermoanuenciaCIH_HNSC.pdf 08/09/2016 |Cezar Vinicius Aceito
19:06:19 | Wiirdig Riche

Outros RelacaolntegratesATUALIZADA Set201| 08/09/2016 |Cezar Vinicius Aceito

6.pdf 19:06:10 | Wirdig Riche

Projeto Detalhado / |Proj_Mest CezarRiche CEP_Set2016.p| 08/09/2016 |Cezar Vinicius Aceito

Brochura df 19:05:52 | Wirdig Riche

Investigador _

Informacdes Basicas|PB_INFORMACOES_BASICAS_736988| 13/06/2016 Aceito

do Projeto E1.pdf 15:35:18

Outros CARTAdeEMENDA.pdf 13/06/2016 |Cezar Vinicius Aceito
15:27:13 | Wiirdig Riche

Projeto Detalhado / | ProjATUALIZADORelacaoentreConsum | 13/06/2016 |Cezar Vinicius Aceito

Brochura odeVancomicinaeaMICdeisoladosdeMR 15:26:28 | Wirdig Riche

Investigador SA.pdf

Outros TermoanuenciaLabUFCSPA.pdf 13/06/2016 |Cezar Vinicius Aceito
15:25:24 | Wirdig Riche

Outros RelatoriodeentregaATUALIZADO.pdf 13/06/2016 |Cezar Vinicius Aceito
15:24:22 | Wiirdig Riche

Outros RelacaointegrantesATUALIZADO.pdf 13/06/2016 |Cezar Vinicius Aceito
15:24:02 | Wiirdig Riche

Outros LattesRenatoCassolFerreiradaSilva.pdf 13/06/2016 |Cezar Vinicius Aceito
15:20:45 | Wiirdig Riche

Outros LattesCiceroArmidioGomesDias.pdf 13/06/2016 |Cezar Vinicius Aceito
15:20:26 | Wirdig Riche

Outros FolhaderostoORIGINAL.pdf 13/06/2016 |Cezar Vinicius Aceito
15:17:45 | Wirdig Riche

Folha de Rosto FolhadeRostoATUALIZADA2016.pdf 13/06/2016 |Cezar Vinicius Aceito
15:16:18 | Wirdig Riche

Outros Termo de Anuencia.pdf 06/12/2014 Aceito
20:04:39

Outros Curriculo Lattes Diego Rodrigues 06/12/2014 Aceito
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Outros Falci.pdf 19:37:06 Aceito
Outros Curriculo Lattes Patricia Reis Pereira.pdff 06/12/2014 Aceito
19:36:42
Outros Curriculo Lattes Cezar Vinicius Wiirdig 06/12/2014 Aceito
Riche.pdf 19:36:08

Situagao do Parecer:
Aprovado

Necessita Apreciacao da CONEP:
Nao
PORTO ALEGRE, 28 de Setembro de 2016

Assinado por:
Daniel Demétrio Faustino da Silva
(Coordenador)
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7.3Producao Cientifica Complementar

* XIX Congresso Brasileiro de Infectologia
Fortaleza, CE

Resumo: Relagdo entre o consumo de vancomicina e a concentragao inibitoria
minima de isolados de Staphylococcus aureus resistentes a meticilina no Hospital
Nossa Senhora da Conceigao.

RICHE, CVW; SILVA, RCF; PEREIRA, PR; FERREIRA, JAS; DIAS, CAG; FALCI,
DR.

* | Mostra de trabalhos de Ensino Pesquisa e Extensao da UFCSPA
Porto Alegre, RS

Resumo: Deteccdo de mecA e lukS-lukF em Staphylococcus aureus resistentes a
meticilina de um hospital de grande porte na regido sul do Brasil.

NOLL, G; URGELL, AF; SANDRIN, LA; NUNES, MR; CHRISTOPHE, BL; MOTT,
MP; RICHE, CVW; CUNHA, GR; DIAS, CAG.

Resumo: Deteccdo do gene mecA e perfil de susceptibilidade a vancomicina em
Staphylococcus aureus resistentes a meticilina obtidos em hospital de grande
porte de Porto Alegre.

SANDRIN, LA; NUNES, MR; URGELL, AF; NOLL, G; CHRISTOPHE, BL; RICHE
CVW; MOTT, MP;CUNHA, GR; DIAS, CAG.

* Antimicrobial stewardship: a pratical and integrated approach

Idmuiden, Holanda

Resumo: Pre-authorization of strategic antimicrobials.
RICHE, CVW; SILVA, RCF; FALCI, DR.
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* X Simpésio Brasileiro de Microbiologia Aplicada
Porto Alegre, RS

Resumo: Avaliagdo do perfil de susceptibilidade aos antimicrobianos em isolados
clinicos de hVISA.
RICHE, CVW; ROSSATO, AM; DIAS, CAG; D’AZEVEDO, PA.
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the Editor-in-Chief, Dr. Carlos Brites, an editorial board and highly competent associate editors, the
production staff and advertising board, the articles and communications published in the BJID aim
to be relevant in the broadest sense to all aspects of microbiology, infectious diseases and immune
response to infectious agents.

The BJID is one of the most influential publications in its field in Brazil and Latin America with a high
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Scope and policy

The aim of the Brazilian Journal of Infectious Diseases (BJID) is to be relevant in the broadest sense
to all aspects of Infectious Diseases and its fields. The manuscripts submitted to BJID should develop
new concepts or experimental approaches; they have to describe new principles or improvement of
an existing method and their results; they have to bring new data about a subject which will be
important to physicians; so they could not be a single presentation of known data.
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e Original basic or clinical investigation (original papers);

¢ Brief reports of new methods or observations (brief communications);
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e Case presentation and discussion (case reports);

e Clinical infectious diseases images;
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Original articles

It is the most important section of the Journal. Original articles present new data about researches,
issues and matters in the field of infectious diseases. These articles should conform strictly to the
rules of publication, containing the following sections: abstract, objective or hypothesis, experimental
design and methods used (statistical data), essential features of any interventions, main outcome
measures, main results of the study, discussion and conclusion. An Original Paper should contain:

e An abstract of no more than 300 words;
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Discussion, References);

¢ No more than 50 references;

¢ Number of authors should not exceed 10;
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Brief communications

A brief communication is focused in a single subject, which should be concise and a new point of view
presentation of the subject. The scope of this section is intended to be wide and methods, results and
discussion should be in the same text. A brief communication should contain:

e An abstract of no more than 200 words;

e No more than 4 keywords;

e Text should not exceed 12 double-spaced typed pages of 23 lines each;
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e Number of authors should not exceed 5.

Review article

This section is for an updated presentation on a specific topic. This section should contain critical
analysis and a new point of view of a relevant area and not a chronological description of the literature.
This section aims to raise discussion among readers about controversial issues and the development
of concepts in Infectious Diseases. A review article has to bring the new point of view of the focus
of the subject. A minireview is focused on a restricted part of a subject. A minireview and review
article should contain:

e An abstract of no more than 300 words;

e No more than 7 keywords;

¢ No more than 80 references;

e The text may be divided into sections with appropriate titles and subtitles;

e Number of authors should not exceed 5;

e Authors should state in the cover letter that the manuscript is intended to be a review or mini
review article.

Case reports

Reports of clinical cases must contain a brief introduction about the nature of the case diagnosis,
whose focus is the importance of the subject. The case has to be described with data and reports of
examinations, treatment and prognosis of the case, discussion about the importance of the findings
and presentation of the case in relation to literature. A case report should have a special interest to
the clinical research community or it has to be a rare case; or to present a new diagnostic method;
or new or modified treatment. A case report article should contain:

e An abstract of no more than 150 words;

e No more than 4 keywords;

e No more than 20 references;

e The text may be divided into sections: brief introduction with a review of literature, case reports,
and conclusion;

e Number of authors should not exceed 5;

e Authors should state in the cover letter that the manuscript is intended to be a case report article.

Clinical infectious diseases images

For submission to Clinical Infectious Diseases Images, which is not intended as a vehicle for case
reports, all text should contain:

e A minimum of references (no more than 4);

e No abstract;

e The text should be uniform and contain no more than 300 words;

e Number of authors should not exceed 5.

Letters to the editor

Letters may be written in response to previous content published in The Brazilian Journal of Infectious
Diseases (BJID) or on any topic of general interest or concern. In the first case, the letter must
emphasize the main message of the author of the article, focusing the contribution of that scientific
article in the medical practice, drawing attention to the reference and impact it had on the community.
The Letter to the Editor should contain:

¢ Title and the text with no more than 23 line pages;

e No more than 5 references;

e Number of authors should not exceed 5.

To submit an article to the journal: http://ees.elsevier.com/bjid If you have problems with sending or
reviewing manuscripts, please contact us by email (ayuda-ees@elsevier.com) or by phone (+34 932
406 176) Monday through Friday, from 9:30 to 18:00 (GMT +1).

This journal has no page charges.
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For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

If the work involves the use of animal or human subjects, the author should ensure
that the work described has been carried out in accordance with The Code of Ethics of
the World Medical Association (Declaration of Helsinki) for experiments involving humans
http://www.wma.net/en/30publications/10policies/b3/index.html; EU Directive 2010/63/EU for
animal experiments http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm;
Uniform Requirements for manuscripts submitted to Biomedical journals http://www.icmje.org.
Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential conflicts of interest
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. If there are no conflicts of interest then
please state this: 'Conflicts of interest: none'. See also http://www.elsevier.com/conflictsofinterest.
Further information and an example of a Conflict of Interest form can be found at:
http://help.elsevier.com/app/answers/detail/a_id/286/p/7923.

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere
including electronically in the same form, in English or in any other language, without the written
consent of the copyright-holder.

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
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Before the accepted manuscript is published in an online issue: Requests to add or remove an author,
or to rearrange the author names, must be sent to the Journal Manager from the corresponding author
of the accepted manuscript and must include: (a) the reason the name should be added or removed,
or the author names rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that
they agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed. Requests that are not sent by
the corresponding author will be forwarded by the Journal Manager to the corresponding author, who
must follow the procedure as described above. Note that: (1) Journal Managers will inform the Journal
Editors of any such requests and (2) publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted above
and result in a corrigendum.

Clinical trials must be registered according to WHO recommendation at http://www.who.int/ictrp/en.
The definition of clinical trial include preliminary trials (phase I): any study with prospective recruiting
of subjects to undergo any health-related intervention (drugs, surgical procedures, equipment,
behavioral therapies, food regimen, changes in health care) to evaluate the effects on clinical
outcomes (any biomedical or health-related parameter, including pharmacokinetics measurements
and adverse reactions).

The Journal has the right not to publish trials not complying with these and other legal and ethical
standards determined by international guidelines.
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agreement will ensure the widest possible dissemination of information. An e-mail will be sent to
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Agreement' form or a link to the online version of this agreement.
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circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations
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included, the author(s) must obtain written permission from the copyright owners and credit the
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Retained author rights
As an author you (or your employer or institution) retain certain rights; for details you are referred
to: http://www.elsevier.com/authorsrights.
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preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
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Authors: please indicate any financial support in the cover letter.

Elsevier has established agreements and developed policies to allow authors whose articles appear in
journals published by Elsevier, to comply with potential manuscript archiving requirements as specified
as conditions of their grant awards. To learn more about existing agreements and policies please visit
http://www.elsevier.com/fundingbodies.

Please write your text in good English (American or British usage is accepted, but not a mixture of
these).

Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients and
any other individuals in an Elsevier publication. Written consents must be retained by the author and
copies of the consents or evidence that such consents have been obtained must be provided to Elsevier
on request. For more information, please review the E/sevier Policy on the Use of Images or Personal
Information of Patients or other Individuals, http://www.elsevier.com/patient-consent-policy. Unless
you have written permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary materials (including
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Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
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Submit your article
Please submit your article via http://ees.elsevier.com/bjid.
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Additional information
All papers must be submitted in English. Instructions for submission can be found on
http://www.bjid.org.br/instructions.

PREPARATION

This journal uses double-blind review, which means that both the reviewer and author name(s)
are not allowed to be revealed to one another for a manuscript under review. The identities of
the authors are concealed from the reviewers, and vice versa. For more information please refer
to http://www.elsevier.com/reviewers/peer-review. To facilitate this, please include the following
separately:

Title page (with author details): This should include the title, authors' names and affiliations, and a
complete address for the corresponding author including telephone and e-mail address.

Blinded manuscript (no author details): The main body of the paper (including the references, figures,
tables and any Acknowledgements) should not include any identifying information, such as the
authors' names or affiliations.

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts
(see also the Guide to Publishing with Elsevier: http://www.elsevier.com/guidepublication). Note that
source files of figures, tables and text graphics will be required whether or not you embed your figures
in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

¢ This section should be subdivided by short underscore headings referring to methods used;

e This section cannot contain figures or tables;

e The material and methods used must be carefully described to allow the study repetition and to
determine if the results were possible and correct;

e Papers with statistical testing should state the name of the test, the name for each analysis, the
comparisons of interest, a justification of that test, the alpha level for all tests, whether the tests
were over two-tailes, and the actual p-value for each test;

e Data sets should be summarized with descriptive statistics, which should include then for each data
set, a clearly labeled measure of centre (such as the mean or median), and a clearly labeled measure
of variability (such as the standard deviation or range).

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion

The discussion presents the results comparing and evaluating them to literature and the existing
knowledge. References to other studies should appear in the Discussion to compare the data obtained
in the methods and results of the paper.
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Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Where the family name may be ambiguous (e.g., a double name),
please indicate this clearly. Present the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lower-case superscript letter immediately after
the author's name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that phone numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, references should be avoided. Also,
non-standard or uncommon abbreviations should be avoided, but if essential they must be defined
at their first mention in the abstract itself.

Immediately after the abstract, provide the keywords, avoiding general and plural terms and multiple
concepts (avoid, for example, 'and’, 'of'). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing purposes. Please
consider the manuscript formats to verify the number of keywords.

e Do not abbreviate institutions;
e Abbreviations must follow the format of the National Library of Medicine (USA) as in Index Medicus.

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Present simple formulae in the line of normal text where possible and use the solidus (/) instead of
a horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be presented in
italics. Powers of e are often more conveniently denoted by exp. Number consecutively any equations
that have to be displayed separately from the text (if referred to explicitly in the text).
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Footnotes should be used sparingly. Number them consecutively throughout the article, using
superscript Arabic numbers. Many wordprocessors build footnotes into the text, and this feature may
be used. Should this not be the case, indicate the position of footnotes in the text and present the
footnotes themselves separately at the end of the article. Do not include footnotes in the Reference
list.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Embed the used fonts if the application provides that option.

e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

e Number the illustrations according to their sequence in the text.

¢ Use a logical naming convention for your artwork files.

e Provide captions to illustrations separately.

e Size the illustrations close to the desired dimensions of the printed version.

e Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear in
color on the Web (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or on the Web only. For further information on the
preparation of electronic artwork, please see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications that can arise by converting color figures to 'gray
scale' (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustrations.

Elsevier's WebShop (http://webshop.elsevier.com/illustrationservices) offers Illustration Services
to authors preparing to submit a manuscript but concerned about the quality of the images
accompanying their article. Elsevier's expert illustrators can produce scientific, technical and medical-
style images, as well as a full range of charts, tables and graphs. Image 'polishing' is also available,
where our illustrators take your image(s) and improve them to a professional standard. Please visit
the website to find out more.
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Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

e The data presented in this section have to be oriented by universal units;

¢ Tables should be clear enough to the readers do not need the text to understand them;

e Tables should be presented on separate pages, portrait orientation, and upright on the page;

e Tables should present a short one-line title in bold;

e Tables have to be numbered consecutively with Arabic numerals in the text;

e Symbols and abbreviations are defined immediately below the table;

e More information about the table should be below the symbols and abbreviations;

¢ If the table is from another source, the authors must indicate the source and send the permission
to the Journal.

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Unpublished results and personal communications are not recommended in the reference list,
but may be mentioned in the text. If these references are included in the reference list they should
follow the standard reference style of the journal and should include a substitution of the publication
date with either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press'
implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is encouraged.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference style

Please quote all the authors in works with until six authors; after six authors, quote the first three
followed by the expression et al. Reference Manager or Endnote programs are strongly recommended
for use adopting the “Vancouver” style.

Examples for reference citation are presented below. Authors should consult NLM’s Citing Medicine
for additional information on the reference formats.

Article

Turner SW, Young S, Goldblatt J, Landau LI, Le Souéf PN. Child hood asthma and increased airway
responsiveness a relationship that begins in infancy. Am J Respir Crit Care Med. 2009;179:98-104.
Chang ML, Yang CW, Chen ]C, et al. Disproportional exaggerated arpartate transaminase is a useful
prognostic parameter in late leptospirosis. World J Gastroenterol. 2005;11:5553-6.

Book chapter
Taylor DM, Personnet J. Epidemiology and natural history of Helicobacter pylori infection. In: Blaser
MJ, Smith PD, Ravdin ] eds. Infections of the gastrointestinal tract. New York: Raven Press, 1994.

Book
Polak JM, Van Noordan S. An introduction to immunochemistry: current techniques and problems.
Oxford, UK: Oxford University Press, 1987.
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Abstract

Blatt SP, Butzin CA, Lucey DR, Melcher GP, Hendrix CR. Anergy status and CD4 CD29 memory T-
cells predict progression to AIDS (abstract PoB 3480). In: Program and abstracts: VIII International
Conference on AIDS (Amsterdam). Amsterdam: CONGREX Holland, 1992.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations:
http://www.issn.org/services/online-services/access-to-the-ltwa/.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum
size of 50 MB. Video and animation files supplied will be published online in the electronic version
of your article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com.
Please supply 'stills' with your files: you can choose any frame from the video or animation or
make a separate image. These will be used instead of standard icons and will personalize the
link to your video data. For more detailed instructions please visit our video instruction pages at
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be embedded
in the print version of the journal, please provide text for both the electronic and the print version
for the portions of the article that refer to this content.

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise and descriptive
caption for each file. For more detailed instructions please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

e E-mail address

e Full postal address

¢ Phone numbers

All necessary files have been uploaded, and contain:

e Keywords

¢ All figure captions

¢ All tables (including title, description, footnotes)

Further considerations

e Manuscript has been 'spell-checked' and 'grammar-checked’

e References are in the correct format for this journal

¢ All references mentioned in the Reference list are cited in the text, and vice versa

¢ Permission has been obtained for use of copyrighted material from other sources (including the Web)
¢ Color figures are clearly marked as being intended for color reproduction on the Web (free of charge)
and in print, or to be reproduced in color on the Web (free of charge) and in black-and-white in print
o If only color on the Web is required, black-and-white versions of the figures are also supplied for
printing purposes

For any further information please visit our customer support site at http://support.elsevier.com.

AFTER ACCEPTANCE
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The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which is assignhed to a document by the publisher
upon the initial electronic publication. The assigned DOI never changes. Therefore, it is an ideal
medium for citing a document, particularly 'Articles in press' because they have not yet received their
full bibliographic information. Example of a correctly given DOI (in URL format; here an article in the
journal Physics Letters B):

http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to
change.

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do
not have an e-mail address then paper proofs will be sent by post) or, a link will be provided in
the e-mail so that authors can download the files themselves. Elsevier now provides authors with
PDF proofs which can be annotated; for this you will need to download Adobe Reader version 9 (or
higher) available free from http://get.adobe.com/reader. Instructions on how to annotate PDF files
will accompany the proofs (also given online). The exact system requirements are given at the Adobe
site: http://www.adobe.com/products/reader/tech-specs.html.

If you do not wish to use the PDF annotations function, you may list the corrections (including
replies to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections
quoting line number. If, for any reason, this is not possible, then mark the corrections and any other
comments (including replies to the Query Form) on a printout of your proof and return by fax, or scan
the pages and e-mail, or by post. Please use this proof only for checking the typesetting, editing,
completeness and correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the Editor. We
will do everything possible to get your article published quickly and accurately. It is important to
ensure that all corrections are sent back to us in one communication: please check carefully before
replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is solely
your responsibility.

The corresponding author, at no cost, will be provided with a PDF file of the article via e-mail
(the PDF file is a watermarked version of the published article and includes a cover sheet with the
journal cover image and a disclaimer outlining the terms and conditions of use). For an extra charge,
paper offprints can be ordered via the offprint order form which is sent once the article is accepted
for publication. Both corresponding and co-authors may order offprints at any time via Elsevier's
WebShop (http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed copies
of multiple articles may use Elsevier WebShop's 'Create Your Own Book' service to collate multiple
articles within a single cover (http://webshop.elsevier.com/myarticleservices/booklets).

AUTHOR INQUIRIES

You can track your submitted article at http://help.elsevier.com/app/answers/detail/a_id/89/p/8045/.
You can track your accepted article at http://www.elsevier.com/trackarticle. You are also welcome to
contact Customer Support via http://support.elsevier.com.

© Copyright 2014 Elsevier | http://www.elsevier.com
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