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Resumo

Maciel, W. G. Epidemiologia molecular de Acinetobacter baumannii resistentes a
carbapenémicos. Dourados/MS: Faculdade de Ciéncias da Saude, Universidade Federal da
Grande Dourados; 2016. 139 p.

Introducdo: Acinetobacter baumannii sdo responséaveis por infeccdes hospitalares e altas
taxas de morbidade e mortalidade de pacientes hospitalizados. Objetivo: Avaliar o perfil
epidemioldgico e molecular de cepas de A. baumannii resistentes a carbapenémicos isoladas
nas Unidades de Terapia Intensiva (UTIs) Neonatal e Adulto de um hospital publico de
Dourados/Mato Grosso do Sul (MS), visando identificar os fatores de risco relacionados a
infeccdo e colonizacdo ocasionadas por este microrganismo. Métodos: A identificacdo
bacteriana foi realizada pelo sistema automatizado Vitek®2 e confirmada por Matrix-
Assisted Laser Desorption lonization Time of Flight Mass Spectrometry (MALDI-TOF MS) e
o perfil de sensibilidade aos antibiéticos foi avaliado através do Vitek®2. A presenca de genes
codificadores de p-lactamases foi avaliada pela Reacdo em Cadeia da Polimerase (PCR). O
perfil clonal e a ancestralidade das cepas foram determinados por Eletroforese em Campo
Elétrico Pulsado (PFGE) e Multilocus Sequence Typing (MLST), respectivamente. Estudos de
caso-controle foram realizados a fim de identificar os fatores de risco envolvidos na aquisigdo
de A. baumannii resistentes a carbapenémicos nas UTIs Neonatal e Adulto. Resultados:
Durante o periodo de setembro de 2013 a setembro de 2015 foram isoladas 59 cepas de A.
baumannii resistentes a carbapenémicos, sendo 18 isoladas de recém-nascidos e 41 isoladas
de pacientes adultos. As cepas apresentaram sensibilidade apenas aos antibiéticos amicacina,
ampicilina-sulbactam, colistina, gentamicina e tigeciclina. Todos os isolados apresentaram a
sequéncia de inser¢do ISAbal a montante do gene blaoxa-23 € 0 gene blaoxasi. As cepas de A.
baumannii foram clonalmente relacionadas e pertenciam ao genétipo ST1, na sua maioria.
Além disso, observou-se um surto ocasionado por A. baumannii resistentes a carbapenémicos
em recém-nascidos. Sindromes respiratorias, prematuridade, exposicdo prévia a antibidticos,
uso de betalactamicos, uso de cefalosporinas e acesso periférico foram considerados fatores
associados a colonizacdo por A. baumannii em recém-nascidos. Na UTI adulto, foi observado
que 34,.6% (n=9) dos pacientes evoluiram ao Obito decorrente de sepse por A. baumannii
pertencentes ao gendtipo ST79. Uso de tubo nasogastrico, hemodialise e uso de
cefalosporinas foram considerados fatores de risco para infec¢do e colonizagdo ocasionadas

por A. baumannii resistentes a carbapenémicos em pacientes adultos. Conclusdo: Os
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resultados obtidos indicam a disseminacdo de cepas de A. baumannii resistentes a
carbapenémicos em UTIs Neonatal e Adulto de um hospital publico de Dourados/MS,
destacando a necessidade do desenvolvimento de estratégias eficazes para o controle e

prevencdo de infeccdes hospitalares.

Palavras-chave: Resisténcia bacteriana, UTI Neonatal, UTI Adulto.
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Abstract

Introduction: Acinetobacter baumannii are related to hospital infections, in addition are
responsible for high rates of morbidity and mortality in hospitalized patients. Aim: This study
evaluates the epidemiological and molecular profile carbapenem-resistant A. baumannii
strains isolated in the neonatal and adult Intensive Care Unit of a public hospital in
Dourados/MS and identify risk factors related to infection and colonization caused by this
microorganism. Methods: Bacterial identification was performed by Vitek®2 automatized
system and confirmed by Matrix-Assisted Laser Desorption lonization Time of Flight Mass
Spectrometry (MALDI-TOF MS) and antimicrobial susceptibilities was performed by
Vitek®2 automatized system. The presence of B-lactamase genes was evaluated by
Polymerase Chain Reaction (PCR). The profile clonal and genetic relationship were
determined by Pulsed Field Gel Electrophoresis (PFGE) and Multilocus Sequence Typing
(MLST), respectively. Case-control studies were conducted to identify risk factors for
acquisition of carbapenem- resistant A. baumannii in the neonatal and adult Intensive Care
Unit (ICU). Results: During September/2013 to September/2015 59 A. baumannii strains
were isolated, 18 strains of newborns and 41 isolated from adult patients. These strains
showed sensitivity only to amikacin, ampicillin-sulbactam, colistin, gentamicin and
tigecycline. The insertion sequence ISAbal upstream blaoxa-23 and blaoxa-s1 genes were
identified in all strains. Carbapenem-resistant strains were clonally related and the
predominant genotype identified was ST1. In addition, an outbreak carbapenem-resistant A.
baumannii has been observed in newborns. Respiratory syndromes, prematurity, prior
exposure to antibiotics, use of beta-lactams, cephalosporins and use of peripheral access were
considered factors associated with the colonization of A. baumannii in newborns. In the adult
ICU, 34.6% (n = 9) of the patients evolved to death due to A. baumannii sepsis belonging to
the ST79 genotype. Use of the nasogastric tube, hemodialysis and use of cephalosporins were
considered risk factors for the infection and colonization of carbapenem-resistant A.
baumannii strains in adult patients. Conclusion: The results indicate the spread of
carbapenem-resistant A. baumannii strains in the neonatal and adult Intensive Care Unit of a
public hospital in Dourados/MS, highlighting the need to develop effective strategies for
control and prevention of nosocomial infections.

Keywords: Bacterial resistance, Neonatal ICU, Adult ICU.
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1. Introducéao

As infeccOes hospitalares sdo responsaveis pelo aumento no tempo de internacéo, altas
taxas de morbidade e mortalidade e altos custos assistenciais, caracterizando um importante
problema de saude publica. Além disso, proporcionam o risco de disseminacdo de
microrganismos resistentes a antibi6ticos nos ambientes nosocomiais (DALTOE, BREIER,
SANTOS, et al., 2014; BRASIL, 2015).

Acinetobacter spp. sdo considerados patdgenos oportunistas na clinica médica, sendo
reconhecidos por sua capacidade de acarretar infeccdes e colonizacdes (PELEG, SEIFERT,
PATERSON, 2008; SCHIMITH BIER, LUIZ, SCHEFFER, et al., 2010; DOI, MURRAY,
PELEG, 2015). Esse patogeno pertence a familia Moraxellaceae (ROSSAU, VAN
LANDSCHOOQT, GILLIS, et al., 1991) e compreende 41 espécies diferentes (EUZEBY,
2016), sendo Acinetobacter baumannii a espécie mais importante clinicamente (PELEG,
SEIFERT, PATERSON, 2008; MOLINA, CISNEROS, FERNANDEZ-CUENCA, et al.,
2010; MARTINS, BARTH, 2013). Sédo responsaveis por diferentes tipos de infec¢bes, como
pneumonias, meningites, infeccBes urindrias, respiratorias e de sitios cirurgicos (de BREIJ,
DIJKSHOORN, LAGENDUWK, et al., 2010; SCHIMITH BIER, LUIZ, SCHEFFER, et al.,
2010; SHENG, LIAO, LAUDERDALE, et al., 2010), acometendo principalmente pacientes
que foram submetidos a procedimentos invasivos, imunocomprometidos e internados em
Unidades de Terapia Intensiva (UTIs) (MARTINS, BARTH, 2013; KUMAR, RANDHAWA,
NIRUPAM, et al., 2014).

O uso generalizado de antibidticos de amplo espectro por periodos prolongados
favorece a presséo seletiva sobre a microbiota hospitalar, contribuindo para o surgimento de
cepas de A. baumannii multirresistentes, restringindo as opc@es terapéuticas na clinica médica
(SHENG, LIAO, LAUDERDALE, et al., 2010). Dentre 0s mecanismos de resisténcia,
destacam-se a reduzida permeabilidade da membrana externa, alteracdo nos sitios de ligacao
dos antibioticos, hiperexpressao de bombas de efluxo e producdao de P-lactamases. Estas
ultimas sdo consideradas uma grande preocupacdo, devido a sua rapida capacidade de
disseminacdo (PELEG, SEIFERT, PATERSON, 2008; MOSTACHIO, LEVIN, RIZEK, et
al., 2012; MARTINS, BARTH, 2013; ABDALHAMID, HASSAN, ITBAILEH, et al., 2014).

Embora algumas enzimas metalo-p-lactamases (MPLs) ja tenham sido descritas, as
oxacilinases (OXAs) codificadas pelo gene blaoxa-iike, S80 as enzimas de maior frequéncia em
cepas de A. baumannii (ABDALHAMID, HASSAN, ITBAILEH, et al., 2014), sendo OXA-
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23, OXA-24, OXA-51 e OXA-58 as mais relatadas (MOSTACHIO, LEVIN, RIZEK, et al.,
2012; KAMOLVIT, SIDJABAT, PATERSON, 2015). No entanto, além dos multiplos
mecanismos de resisténcia, cepas de A. baumannii apresentam uma rapida disseminacéao
devido a sua facil adaptacdo no ambiente e pela associacdo dos genes de resisténcia a
plasmideos, transposons, integrons e sequéncias de inser¢do (HOWARD, O’DONOGHUE,
FEENEY, et al., 2012; TANGA, APISARNTHANARAKB, HSUC, 2014).

No estado do Mato Grosso do Sul (MS) ndo existem relatos sobre 0 monitoramento de
cepas de A. baumannii multirresistentes, desta forma, o objetivo deste estudo foi avaliar o
perfil epidemioldgico e molecular de cepas de A. baumannii resistentes a carbapenémicos
isoladas em Unidades de Terapia Intensiva Neonatal e Adulto de um hospital pablico de
Dourados/MS, visando identificar os fatores de risco relacionados a infeccéo e colonizagédo
ocasionadas por este microrganismo. O desenvolvimento deste trabalho visa auxiliar no
monitoramento da ocorréncia de cepas de A. baumannii resistentes a carbapenémicos,

contribuindo para delinear a amplitude do problema dentro do ambiente hospitalar.
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2. Revisao de literatura

2.1  Infeccéo hospitalar

InfeccBes hospitalares ou InfeccBes Relacionadas & Assisténcia a Salude (IRAS)
constituem um problema publico, sendo reconhecidas como uma das principais causas de
morbidade e mortalidade, estabelecendo para o sistema de saude, altos custos com internacéo
e uso de medicamentos. Além disso, proporcionam um grande impacto clinico, uma vez que
0s pacientes internados estdo expostos a uma ampla variedade de microrganismos
patogénicos, intervindo na seguranca dos pacientes e na qualidade dos servicos de salde
(SYDNOR; PERL, 2011; GARCIA, CESAR, BRAGA, et al., 2013).

O controle das infeccdes nosocomiais se torna de dificil conduta devido as condicGes
gue os proprios pacientes apresentam principalmente os internados em UTIs, 0s quais estdo
sujeitos a prolongados periodos de internacdo, uso de antibidticos de amplo espectro,
realizacdo de procedimentos invasivos, doengas de base, comprometimento do sistema
imunoldgico, contaminacdes cruzadas e infeccbes enddgenas. Os fatores agravantes
associados as UTIs contribuem para o aumento das taxas de infeccdo neste local em relagéo as
demais unidades de internacdo, sendo as infec¢Bes urindrias, respiratérias, de sitios cirdrgicos,
sanguineas, gastrointestinais e de pele as mais frequentes (OLIVEIRA, KOVNER, SILVA,
2010; SYDNOR; PERL, 2011).

Rosenthal e colaboradores (2013) avaliaram a prevaléncia das infeccBes de sitios
cirrgicos em 82 hospitais de 30 paises que participam do International Nosoconial Infection
Control Consortium (INICC), no periodo de janeiro de 2005 a dezembro de 2010, abrangendo
os 4 continentes (América, Asia, Africa e Europa). As maiores taxas de infeccdo de sitios
cirargicos foram a derivacdo ventricular (12, 9%), cirurgia do colon (9, 4%) e cirurgia
pancredtica, figado ou ducto biliar (9, 2%). As cirurgias da tireoide ou da paratireoide (0, 3%)
e parto cesariano (0, 7%) foram consideradas as cirurgias que apresentaram as menores taxas
de infeccdo. Os maiores indices de infeccdo hospitalar foram associados ao uso de
dispositivos invasivos, ao tipo de hospital (publico, académico ou privado) e ao nivel
socioecondémico do pais. Entretanto, em muitos hospitais houve a redugdo de 30 a 70% das
incidéncias de infecgOes a partir da implementagéo de processos de vigilancia e programas de

controle de infecgéo hospitalar.
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Segundo a Organizacdo Mundial da Satude (OMS, 2016), 234 milhdes de pacientes sdo
submetidos a cirurgias por ano, sendo que destes, 1 milhdo morrem em decorréncia de
infeccOes hospitalares e 7 milhdes apresentam complica¢fes no pds-operatorio. Em paises
desenvolvidos, 5 a 15% dos pacientes internados em enfermarias e 50% dos pacientes
internados em UTIs sdo acometidos por algum quadro de infeccdo. Nos paises em
desenvolvimento as taxas podem variar de 75% a 88, 9% nas UTIs Neonatal e Adulto (WHO,
2016), uma vez que estes paises apresentam deficiéncias nos sistemas de cuidados de saude,
agravados ainda mais pelos problemas econdmicos, estrutura hospitalar, superlotacdes e falta
de politicas de controle de infec¢do adequadas (ALLEGRANZI, NEJAD, COMBESCURE, et
al., 2011).

Aproximadamente 4 milhGes de pacientes sdo vulneraveis a adquirir uma infeccao
associada aos cuidados de salde na Europa por ano, sendo que 37 mil mortes estdo
diretamente relacionadas a algum tipo de infeccdo. Outro fator importante, € que
aproximadamente 20 a 30% das infec¢Oes hospitalares sdo consideradas evitaveis a partir da
implementacdo de programas de higiene e controle intensivo dessas (ECDC, 2016).

Nos Estados Unidos, a cada 25 pacientes 1 apresenta algum tipo de infec¢cdo associada
aos cuidados de saude, sendo que 722 mil infeccBes hospitalares foram notificadas no ano de
2011 e 75 mil pacientes morreram durante a internacdo (CDC, 2016). No Brasil, estima-se
que as taxas de infecgcdo hospitalar atinjam de 14 a 19% das internagdes. A cada 100 pacientes
internados, 13 adquirem algum tipo de infeccdo durante o periodo de internacdo e
aproximadamente 100 mil pacientes morrem por ano em decorréncia de quadros infecciosos.
Este risco aumenta ainda mais nas UTIs, onde 30 a 47% dos pacientes adquirem infeccgdes
apos a admissdo nestas unidades (OMS, 2016).

Neste contexto, algumas medidas sdo necessarias em busca do controle de infeccdes
dentro dos ambientes nosocomiais. Restricdo no uso de antibidticos de amplo espectro,
cuidados na higienizacdo de pacientes e alas hospitalares, realizacdo de uma vigilancia clinica
e epidemioldgica e programas de controle de infeccdo hospitalar sdo algumas das medidas que
podem ser utilizadas. A implementacdo destas medidas visa a prevencdo de novos casos de
infeccdo, além de contribuir para 0 aumento do indice de sobrevida e reducdo de gastos com
internacdo e medicamentos (PELEG, SEIFERT, PATERSON, 2008; OLIVEIRA, KOVNER,
SILVA, 2010; SYDNOR, PERL, 2011).
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2.2 Acinetobacter baumannii

A nomenclatura do género Acinetobacter spp. é considerada complexa, uma vez que a
primeira descrigdo deste género ocorreu em 1911, apds o isolamento de um microrganismo
encontrado no solo, nomeado de Micrococcus calcoaceticus por Beijerink, um
microbiologista holandés (BEIJERINK, 1911 apud PELEG; SEIFERT; PATERSON, 2008).
No entanto, com o decorrer das décadas, este género passou por Varias outras classificagdes,
até que em 1971 ocorreu o reconhecimento oficial do género Acinetobacter spp., apds um
estudo publicado por Baumann e colaboradores (1968), enquanto a espécie A. baumannii foi
nomeada apenas em 1986 por Bouvet e Grimont (1986).

Acinetobacter spp. pertence a familia Moraxellaceae (ROSSAU, VAN
LANDSCHOOT, GILLIS, et al. 1991) e compreende cerca de 41 espécies diferentes
(EUZEBY, 2016). A. baumannii é a espécie considerada clinicamente mais importante
(PELEG, SEIFERT, PATERSON, 2008; MOLINA, CISNEROS, FERNANDEZ-CUENCA,
et al., 2010; MARTINS, BARTH, 2013) (figura 1), porém, outras espécies relacionadas a
casos de infeccdo ja foram descritas na literatura, como Acinetobacter calcoaceticus (WEI,
HSU, LIN, et al., 2014), Acinetobacter Iwoffii (KAMOLVIT, SIDJABAT, PATERSON,
2015), Acinetobacter pitti, Acinetobacter nosocomialis (RODRIGUEZ, NASTRO, DABOS,
et al., 2014), Acinetobacter johnsonii (ZONG, ZHANG, 2013), Acinetobacter haemolyticus
(FUNAHASHI, TANABE, MAKI, et al., 2013), Acinetobacter junii (ZHOU, GUAN, YANG,
et al., 2012) e Acinetobacter radioresistente (HIGGINS, ZANDER, SEIFERT, 2012).

Figura 1. Acinetobacter baumannii observado por microscopia eletrénica de varredura. Figura A (ampliacdo de
1, 546x) e figura B (ampliagdo de 12, 739x). Adaptado de CDC (2005).

A. baumannii apresenta fatores que facilitam a colonizagdo de pacientes em ambientes
hospitalares (Ql, SCHEETZ, MALCZYNSKI, 2009). Mecanismos presentes na membrana
externa como lipopolissacarideo (LPS), vesiculas e proteinas, bem como, a presenca da


http://www.ncbi.nlm.nih.gov/pubmed/?term=Rodr%C3%ADguez%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=25576416
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rodr%C3%ADguez%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=25576416
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dabos%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25576416
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dabos%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25576416
http://es.wikipedia.org/w/index.php?title=Acinetobacter_junii&action=edit&redlink=1
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capsula polissacaridica, fosfolipases e sistemas de captacdo de ferro sdo considerados
importantes fatores de viruléncia deste patdgeno (GIAMARELLOU, ANTONIADOU,
KANELLAKOPOULOU, 2008; MCCONNELL, ACTIS, PACHON, 2013) (tabela 1).

Tabela 1. Fatores de viruléncia envolvidos na patogenicidade de Acinetobacter baumannii.

Fatores de viruléncia (gene) Patogenicidade Estudos

OmpA (OmpA) Inducdo da apoptose nas células hospedeiras, GADDY, etal., 2009
aderéncia e invasdo das células epiteliais,
formacéo de biofilme, motilidade superficial.

Lipopolissacarideo (IpsB) Evasdo da resposta imune e desencadeamento LUKE, et al., 2010
da resposta inflamatoria do hospedeiro.

Capsula polissacaridica (ptk e epsA)  Evasdo da resposta imune do hospedeiro e RUSSO, etal., 2010
protecdo contra dessecacao.

Fosfolipase D Disseminacgéo bacteriana, sobrevivéncia JACOBS, et al., 2010
bacteriana in vivo.

Penicillin-binding protein (pbpG) Biosintese do peptideoglicano, estabilidade RUSSO, et al. 2009
celular.

Outer membrane vesicles (OMVs) Entrega do fator de viruléncia ao citoplasma da JIN, et al., 2011
célula do hospedeiro, transferéncia de material
genético entre células bacterianas.

Sistemas de captacdo de ferro Fornecimento de ferro necessario para persistir GADDY, etal., 2012

(acinetobactin) no hospedeiro, causa apoptose celular.

Adaptado de Mcconnell e colaboradores (2013).

O estudo de Smith e colaboradores (2007), mostra que a cepa de A. baumannii (ATCC
17978) possui cromossomo circular, o qual contém 3.976.746 pares de base (pb), sendo
composto por dois plasmideos identificados como pAB1 (13.404 pb) e pAB2 (11.520 pb)
(figura 2). Em comparagdo com a sequéncia da cepa ndo patogénica de Acinetobacter baylyi
foi observado que A. baumannii ndo possuia dois importantes genes envolvidos na captacdo
de DNA exdgeno, os genes comP e comA, no entanto possuia outros genes como COmMEA,
comEC, pilQ, comE e pilF, relacionados a incorporacdio de DNA exdgeno. Estas
caracteristicas fazem de A. baumannii um importante microrganismo patogénico (LIN, LAN,
2014).

A. baumannii possui diversas ilhas de patogenicidade (PAl-pathogenicity islands),
locais em que se encontram genes responsaveis pela resisténcia a antibidticos, viruléncia,
resisténcia a metais pesados, absorcdo e metabolismo de ferro, genes fimbriais, biogénese do
envelope celular, bem como, genes envolvidos no metabolismo de lipideos, absorcdo de
aminoacidos e processamento e degradacdo de xenobidticos. De modo geral, as ilhas de
patogenicidade sdo segmentos de DNA inseridos nos cromossomos de bactérias patogénicas.
Apresentam como caracteristicas um ou mais genes de viruléncia, com tamanho de 10 a 200

kb e geralmente possuem um conteddo de guanina mais citosina (G + C entre 39-47%)
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diferente do restante do genoma bacteriano, estdo normalmente associadas aos genes do RNA
transportador (RNAt) e associadas a elementos genéticos moéveis (SCHMIDT, HENSEL,
2004; WEI, HSU, LIN, et al., 2014).
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Figura 2. Mapa do genoma de Acinetobacter baumannii. O circulo externo mostra os genes diferenciados por
cores atribuidos pelo COG (clusters ou orthologous groups). O circulo azul representa a porcentagem média de
G+C. As caixas em verde indicam supostas ilhas exdgenas; as amarelas indicam ilhas gendmicas putativas; as
vermelhas e laranjas indicam ilhas genémicas ja confirmadas envolvidas na patogenicidade de A. baumannii.
Adaptado de Smith e colaboradores (2007).

2.3  Importancia clinica de infec¢des e colonizacBes ocasionadas por Acinetobacter

baumannii

A. baumannii € considerado um importante patégeno nosocomial (HENIG, WEBER,
HOSHEN, et al., 2015), envolvido em diversos casos de infeccdo e colonizacdo, o que
dificulta o tratamento de pacientes, considerados importantes veiculos para a transmissdo
horizontal e disseminacdo de cepas multirresistentes nos ambientes hospitalares (Ql,
SCHEETZ, MALCZYNSKI, 2009; ARVANITI, LATHYRIS, RUIMY, et al., 2012).

As manifestacdes clinicas mais comuns ocasionadas por A. baumannii sdo pneumonia
hospitalar associada principalmente ao uso de ventilagdo mecanica, infecgbes da corrente
sanguinea, infec¢bes urinarias, bacteremias associadas ao uso de dispositivos por longa
permanéncia, bem como, meningites, infeccdes oculares, intra-abdominais, de sitios
cirurgicos, do trato respiratorio e trato gastrointestinal (SHENG, LIAO, LAUDERDALE, et
al., 2010; AL-ANAZI, AL-JASSER, 2014; NONAKA, NAGAE, OMAE, et al., 2014; DOI,

MURRAY, PELEG, 2015). Permanece facilmente nos ambientes hospitalares, uma vez que é
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considerado colonizador habitual da pele, feridas, trato respiratorio e trato gastrointestinal de
pacientes, além de colonizar aparelhos e dispositivos hospitalares, demonstrando a sua
facilidade em interagir com diferentes tipos de superficies (figura 3) (GIAMARELLOU,
ANTONIADOU, KANELLAKOPOULOU, 2008; POUR, DUSANE, DHAKEPHALKAR, et
al., 2011; ENKELKAMP, STROEHER, HASSAN, et al., 2014).

A ‘ B

Figura 3. Formac&o de biofilme por Acinetobacter baumannii. A - células aderidas a superficie de vidro coradas
com acridina laranja 0, 02% analisada por epifluorescéncia. B — formag&o de biofilme e adesdo de A. baumannii
a superficie de cateter urinario analisado por microscopia eletrbnica de varredura. Adaptado de Pour e
colaboradores (2011).

Avaliando o contexto clinico, a ANVISA (Agéncia Nacional de Vigilancia Sanitaria)
publicou um relatdrio sobre as infeccdes primarias da corrente sanguinea relacionadas ao uso
de cateter venoso central (CVC) em UTIs adulto, pediatrica e neonatal de todas as regides
brasileiras durante o ano de 2014. Aproximadamente 19.941 infecgdes relacionadas ao uso de
CVC foram notificadas nas UTIs adulto, sendo 2.960 (12, 9%) ocasionadas por Acinetobacter
spp. e destes, 2.346 (79, 3%) foram resistentes aos carbapenémicos. Nas UTIs pediatricas,
Acinetobacter spp. foi responsavel por 131 (5, 6%) das 2.682 notificacdes de infeccdo, sendo
que das 131 cepas isoladas, 57 (43, 5%) apresentaram resisténcia aos carbapenémicos.
Enquanto que nas UTIs neonatais, Acinetobacter spp. ocasionou 223 (3, 2%) das 11.241
infeccdes notificadas, e destas 223 cepas isoladas, 74 (33, 2%) foram consideradas resistentes
aos carbapenémicos. As taxas de resisténcia aos carbapenémicos encontradas nas UTIs
distribuidas nas 5 regiGes brasileiras sdo mostradas na tabela 2, onde € possivel verificar que a
regido Centro-Oeste apresentou taxas elevadas de isolamento de Acinetobacter spp.
resistentes aos carbapenémicos isolados nas UTIs adulto e pediatrica (BRASIL, 2015). Estes
dados sugerem uma maior atencdo para a realizacdo de estudos e avaliagdo das medidas
propostas para o controle de infec¢des hospitalares e resisténcia bacteriana em nossa regiao.

O estudo de vigilancia SCOPE Brasileiro (Surveillance and Control of Pathogens of
Epidemiological Importance) avaliou os dados de infeccdo da corrente sanguinea de 16

hospitais brasileiros no periodo de 2007 a 2010, totalizando 2.447 pacientes integrantes deste
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estudo. A partir dos resultados obtidos foi possivel observar que Acinetobacter spp. foi
isolado em 12, 5% dos pacientes que apresentavam o quadro de infec¢do, bem como em 15,
2% dos pacientes internados nas UTIs e em 10% dos pacientes que apresentavam infeccdes da
corrente sanguinea internados em outras alas hospitalares, como centro cirdrgico (13, 9%),
pediatria (15, 5%), neurocirurgia (14, 1%), pediatria hematologia/oncologia (11, 7%) e
cirurgia cardiotorécica (12, 8%). O tempo médio de internacdo para o inicio das infec¢fes da
corrente sanguinea por este patdgeno foi de 22 dias, ao passo que a mortalidade dos pacientes
internados nas UTlIs foi de 65, 5%. Os niveis de resisténcia das cepas de Acinetobacter spp.
isoladas foram de 55, 9% para imipenem, meropenem (56, 4%), ceftazidima (70%), cefepime
(77, 7%), ciprofloxacin (73, 4%), gentamicina (51, 8%), ampicilina-sulbactam (34, 7%) e 75,
7% para piperacilina/tazobactam. Dos 112 isolados resistentes aos carbapenémicos, 75, 9%
apresentaram o gene blaoxa-2s (MARRA, CAMARGO, PIGNATARI, et al., 2012).

O estudo SENTRY Antimicrobial Surveillance Program realizado entre 2008 e 2010
avaliou a prevaléncia de cepas de Acinetobacter spp. e outros bacilos Gram-negativos
isolados em centros médicos latino-americanos (Argentina, Brasil, Chile e México). Neste
periodo, 5.704 bacilos gram-negativos foram isolados, sendo 845 classificados como
Acinetobacter spp. Este microrganismo foi responsavel por 7, 2% das 6.035 infec¢cbes da
corrente sanguinea, 7% dos 1.442 quadros de pneumonia e 9, 9% das 1531 infeccBes de pele e
tecidos moles, mantendo-se entre os 5 patdégenos mais isolados durante o periodo do estudo.
O perfil de resisténcia foi avaliado em 845 cepas de Acinetobacter spp., as quais apresentaram
resisténcia frente a todos os antibidticos testados: imipenem (67, 8%), meropenem (66, 1%),
ceftriaxona (55, 6%), ceftazidima (81, 7%), cefepima (76, 6%), ciprofloxacina (87, 2%),
amicacina (62, 6%), gentamicina (53, 3%), tobramicina (43, 4%), piperacilina/tazobactam
(86, 3%) e colistina (1, 2%). As oxacilinases encontradas nesse estudo foram OXA-23 e
OXA-24 na Argentina, OXA-23 no Brasil, OXA-58 no Chile e OXA-24 no México (GALES,
CASTANHEIRA, JONES, et al., 2012).
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Tabela 2. Taxa de infeccGes relacionadas ao uso de cateter venoso central ocasionadas por Acinetobacter spp. resistentes aos carbapenémicos nas Unidades de Terapia

Intensiva adulto, pediatrica e neonatal no ano de 2014 de acordo com a regido geografica brasileira.

UTIs neonatal

N UTlIs adulto UTIs pediatrica
er;?II;Zs InfeccBes Acinetobacter Resistentes aos InfeccBes Acinetobacter  Resistentes aos InfeccBes Acinetobacter  Resistentes aos
notificadas spp. carbapenémicos | notificadas spp. carbapenémicos | notificadas spp. carbapenémicos

Centro-Oeste 1.994 189 (9, 5%) 156 (82, 5%) 238 8 (3, 4%) 4 (50, 0%) 703 21 (3, 0%) 4 (19%)
Sudeste 13.670 1.971 (14, 4%)  1.611 (81, 7%) 1.462 87 (6, 0%) 42 (48, 3%) 4.127 117 (2, 8%) 42 (35, 9%)
sul 2.649 234 (8, 8%) 182 (77, 8%) 282 12 (4, 3%) 1 (8, 3%) 716 9 (1, 3%) 1 (11, 1%)
Nordeste 3.536 479 (13, 5%) 338 (70, 6%) 295 20 (6, 8 %) 10 (50, 0%) 890 26 (2, 9%) 1 (3, 8%),
Norte 1.140 87 (7, 6%) 59 (67, 8%) 83 4 (4, 8%) 0 (0%) 466 50 (10, 7%) 26 (52%)
Total 19.941 2.960 (12,9%)  2.346 (79, 3%) 2.682 131 (5, 6%) 57 (43, 5%) 11.241 223 (3, 2%) 74 (33, 2%)

Adaptado de (BRASIL, 2015).
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2.4  Fatores de risco relacionados as infeccbes e colonizagbes ocasionadas por

Acinetobacter baumannii

Fatores de risco relacionados a aquisicdo de A. baumannii multirresistentes estdo
envolvidos diretamente com o aumento da susceptibilidade de pacientes internados
desenvolverem algum tipo de quadro infeccioso, resisténcia bacteriana e consequentemente,
casos de mortalidade nos ambientes nosocomiais. A investigacdo dos fatores de risco
envolvidos em casos de infeccdes e colonizagBes ocasionadas por A. baumannii contribui para
a prevencao e controle da resisténcia bacteriana, desta forma, diversos estudos passaram a ser
relatados, a fim de contribuir para o controle deste patdgeno nos ambientes nosocomiais,
principalmente nas UTIs adulto, pediatrica e neonatal (HENIG, WEBER, HOSHEN, et al.,
2015) (tabela 3 e 4).

Nas UTlIs adulto varios sdo os fatores envolvidos na aquisi¢cdo de infec¢des e coloni-
zagOes ocasionadas por A. baumannii. Fatores como procedimentos invasivos, uso de ventila-
¢cdo mecanica, cateter venoso central e cateter urinario >6 dias, dreno, tubo endotraqueal, tra-
gueostomia, tubo de gastrostomia, tempo de permanéncia hospitalar entre 3 e 7 dias na UTI,
hospitalizacOes recorrentes, transferéncia de outro hospital, uso de corticoides, quimioterapia,
uso prévio de antibidticos, transplante de 6rgaos, doencas crénicas, bacteremias recentes, tu-
mor, doencas hematoldgicas, faléncia respiratoria e cardiovascular e quadro de pneumonia séo
indicados como de risco para a aquisicdo deste patdgeno nas UTIs adulto. Alguns estudos
associam estes fatores com o desenvolvimento de quadros de pneumonia, infec¢bes da corren-
te sanguinea e quadros de bacteremias (ROCHA, VILELA, CEZARIO, et al., 2008; NUT-
MAN, GLICK, TEMKIN, et al., 2014; CHUSRI, SILPAPOJAKUL, MCNEIL, et al., 2015;
HENIG, WEBER, HOSHEN, et al., 2015).

Recém-nascidos sdo considerados susceptiveis para o desenvolvimento de infeccdes e
colonizagdes por A. baumannii, principalmente quadros de infeccdo da corrente sanguinea ou
respiratdria, pneumonia, bacteremias e sepse nas UTIs neonatais. Diversos estudos relatam
como fatores de risco em neonatos, infeccdo materna, prematuridade, peso ao nascer <2500
gramas, internacdo anterior, permanéncia na UTI >3 dias, sindromes respiratdrias, doencas
hematoldgicas, neutropenia >3 dias, lesdo cerebral traumatica, transfusdo sanguinea,
procedimento cirdrgico, alimentacdo parental, reintubacdo, ventilagdo mecénica, uso de
cateter venoso central, cateter umbilical e uso prévio de antibiéticos (VON DOLINGER DE
BRITO, OLIVEIRA, ABDALLAH, et al., 2005; ZARRILLI, DI POPOLO, BAGATTINI, et
al., 2012; THATRIMONTRICHAI, APISARNTHANARAK, CHANVITAN, et al., 2013,
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KUMAR, RANDHAWA, NIRUPAM, et al., 2014, REDDY, MORROW, MARGENT,
2015).

A prevaléncia de casos de infeccdo e colonizacdo ocasionadas por A. baumannii sdo
maiores em UTIs, como ocorre nas UTIs adulto (HENIG, WEBER, HOSHEN, et al., 2015),
uma vez que neste local concentram-se pacientes clinicos ou cirurgicos mais graves, além
disso, apresentam um sistema imunolégico comprometido decorrente de outras comorbidades,
estado nutricional alterado, internacdo prolongada, além de serem submetidos a
procedimentos invasivos, uso de drogas imunossupressoras e antibidticos de amplo espectro.
Pacientes idosos sdo considerados ainda mais susceptiveis, pois apresentam deficiéncia
imunolégica (OLIVEIRA, KOVNER, SILVA, et al., 2010; MARTINS, BARTH, 2013).

Recém-nascidos sdo também considerados susceptiveis para o desenvolvimento de
infeccdes e colonizagBes por A. baumannii. Diversos estudos relatam varios fatores de risco
em UTIs neonatais, uma vez que neonatos apresentam o sistema imunoldgico em maturacao,
barreiras da pele e mucosas sdo ineficientes as intervencdes terapéuticas, como 0 uso de
dispositivos invasivos, antibidticos de amplo espectro, uso de imunossupressores e
corticoides. O quadro dos recém-nascidos se agrava ainda mais quando Sdo neonatos
prematuros (<28 semanas) e de baixo peso (<2.500 gramas), que devido as suas condigdes
apresentam uma longa permanéncia no hospital (DAS, SINGH, PAL, et al.,, 2011,
ROMANELLIA, ANCHIETA, MOURAO, et al., 2013; WEI, HSU, LIN, et al., 2014).


http://www.ncbi.nlm.nih.gov/pubmed/?term=Reddy%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25833097
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Tabela 3. Fatores de risco associados a infec¢do e colonizagdo ocasionadas por Acinetobacter baumannii em Unidades de Terapia Intensiva adulto.

Periodo do

No. de

Estudos Local do estudo estudo pacientes Casos Controles
JANG, et al., 2009 Taiwan 1997-2006 154 77 p,auentes com infeccdo da corrente |77 pa}mentes com infeccdo da corrente
sanguinea por AB. sanguinea sem AB.
YE, etal., 2010 Alemanha 2001-2005 209 49 pacientes com MDRAB. 160 pacientes com CSAB.
ZR(%%:HA, etal., Brasil 2005-2006 275 84 pacientes com PAVM. 191 sem PAVM.
46 pacientes com pneumonia e cultura de 83 pacientes com pneumonia e cultura de
BROTFAIN, etal, Israel 2005-2011 129 escarro positiva para MDRAB 72 hs ap6s o escarro positiva para MDRAB 72 hs apos
2016 e . o inicio de VM, sem desenvolver
inicio de VM e quadro de bacteremia. .
bacteremia.
. 302 pacientes com infec¢Bes ocasionadas por | 369 pacientes com infeccdes ocasionadas
ELLIS, etal., 2015 Estados Unidos 2006-2012 671 MDRAB. por CSAB.
HENIG, et al., 2015 Israel 2007-2012 2380 1190 pacientes com CRAB. 1190 pacientes sem AB.
JUNG, etal., 2010 Coréia do Sul 2008-2009 200 ;g? A%amentes com bacteremias ocasionada 92 pacientes sem apresentar bacteremias.
NUTMAN, et al., i 83 pacientes com bacteremias que morreram | 89 pacientes com bacteremias que
2014 Israel 2008-2011 172 dentro de 14 dias. sobreviveram mais de 14 dias.
CHUSRI, et al., Tailandia 2010-2011 394 139 pacientes com CRAB. 197 pacientes sem AB e 58 pacientes com
2015 CSAB.
. . 24 pacientes com pneumonia por outros
TSAKIRIDOU, et . ) 22 pacientes com pneumonia por AB| . . .
al., 2014 Greécia 2010-2012 193 associada a VM. microrganismos assougda a VM e 147
pacientes sem pneumonia.
%?SHNIEH’ etal, Libano 2012-2013 257 40 pacientes com AB. 217 pacientes sem AB.
GUO, et al., 2016 China 2012-2015 87 64 pacientes com infeccdo da corrente | 23 pacientes com infeccdo da corrente

sanguinea por MDRAB.

sanguinea por CSAB.
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AB - A. baumannii; MDRAB - A. baumannii multirresistente; PAVM - pneumonia associada a ventilagdo mecénica; VM - ventilagdo mecénica; CRAB - A. baumannii
resistentes a carbapenémicos; CSAB -A. baumannii sensiveis a carbapenémicos, hs — horas.
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Tabela 4. Fatores de risco associados a infecgdo e colonizagdo ocasionadas por Acinetobacter baumannii em Unidades de Terapia Intensiva pediatrica e neonatal.

Periodo do

No. de

Estudos Local do estudo estudo pacientes Casos Controles
VON DOLINGER 11 pacientes com quadros infecciosos |22 pacientes sem quadros infecciosos
de BRITO, etal., Brasil 2001-2002 33 P g p g
2005 ocasionados por AB. ocasionados por AB.
DENG, et al., 2011 China 2002-2008 349 117 pacientes com PAVM por AB. 232 pacientes sem PAVM por AB.
HSU CHU LIEN 74 pacientes sem bacteremias e 137
etal ’201 4’ ’ Taiwan 2004-2010 248 37 pacientes com bacteremia por AB. pacientes com bacteremia por E. coli ou
B Klebsiella spp.

:IUESQNICH’ et Tailandia 2005-2010 176 91 pacientes com bacteremia por CRAB. 85 pacientes com bacteremia por CSAB.
?O?EOGLU’ etal., Turquia 2006-2007 192 64 pacientes com sepse por AB. ’338 pacientes com amostras de sangue sem
De OLIVEIRA . i 47 pacientes com quadros infecciosos |54 pacientes sem quadros infecciosos
COSTA, et al. 2015 Brasil 2009-2012 101 ocasionados por BGN. ocasionados por BGN.

. . 25 pacientes com pneumonia sem
THATRIMONTRI Tailandia 2009-2014 101 63 pacientes com pneumonia por CRAB e 13 crescimento bacteriano ou ocasionada por
CHAL, et al., 2013 por CSAB. . )

outros microrganismos.

REDDY, et al., Africa do Sul 2010 388 194 pament(_es com cql;ura de sangue ou |194 pamente_s com cultu_ra de sangue ou
2015 amostra respiratoria positiva para AB. amostra respiratoria negativa para AB.
;’:‘SRILLI’ etal., Italia 2010-2011 161 22 pacientes com AB. 139 pacientes sem AB nas primeiras 48hs.
TRAN, et al., 2015 Vietnd 2010-2011 2555 69 pacientes com sepse ocasionada por AB. 2486 pacientes sem quadro de sepse.
KUMAR, et al., c o i 33 pacientes com infeccdo da corrente |32 pacientes com infecgdo da corrente
2014 India 2010-2012 65 sanguinea por CRAB. sanguinea por CSAB.
WEI, et al., 2014 Taiwan 2010-2013 59 12 mortes por sepse ocasionada por MDRAB. 47 mortes por sepse ocasionada por outros

microrganismos.
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AB - A. baumannii; PAVM - pneumonia associada a ventilagdo mecénica; CRAB - A. baumannii resistentes a carbapenémicos; CSAB -A. baumannii sensiveis a
carbapenémicos; BGN - Bacilo Gram-Negativo; MDRAB - A. baumannii multirresistente; E. coli — Escherichia coli.
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2.5 Mecanismos de resisténcia de Acinetobacter baumannii aos betalactamicos

O aumento na prevaléncia de infec¢des ocasionadas por bactérias multirresistentes em
ambientes hospitalares tem emergido rapidamente a nivel mundial (SANTANA, VIANA,
SANTIAGO, et al., 2014). A resisténcia bacteriana desenvolve-se como uma consequéncia
natural relacionada a habilidade dos microrganismos se adaptarem a presséo seletiva exercida
pelo uso generalizado de diversas classes antimicrobianas por periodos prolongados,
favorecendo desta forma, a selecdo de microrganismos multidroga resistentes (MDR) ou até
pandroga resistentes (PDR) (NEONAKIS, SPANDIDOS, PETINAKI, 2011; PORTUGAL,
2014). Estima-se que 500 mil a 1 milhdo de mortes ocorram no mundo em decorréncia de
infeccbes ocasionadas por microrganismos multirresistentes. O uso de antibidticos nos
ambientes hospitalares chegou a 40% na Ultima década, sendo que a estimativa para 2050 ¢ de
10 milhdes de mortes decorrentes de microrganismos MDR (AMIB, 2015).

Varias espécies bacterianas tém sido relatadas na clinica medica apresentando um
perfil de resisténcia frente a diferentes tratamentos antimicrobianos (PORTUGAL, 2014). As
bactérias gram-negativas normalmente envolvidas em infeccBes hospitalares séo
Pseudomonas aeruginosa, Proteus mirabilis, Klebsiella pneumoniae, Escherichia coli,
Enterobacter cloacae, Serratia marcescens. No entanto, cepas de A. baumannii tém assumido
um importante papel como patdgenos oportunistas e de importancia clinica na
multirresisténcia e quadros de morbidade e mortalidade (PELEG, SEIFERT, PATERSON,
2008; SCHIMITH BIER, LUIZ, SCHEFFER, et al., 2010; MARTINS, BARTH, 2013).

Os mecanismos de resisténcia aos antibidticos podem ser de origem intrinseca ou
adquirida. A resisténcia intrinseca ocorre sem uma exposicao prévia a um antibiético, ou seja,
é uma caracteristica da espécie bacteriana (DAVIES, DAVIES, 2010). Em A. baumannii pode
ocorrer a partir da expresséo de genes blaampc € blaoxa-s1. A cefalosporinase cromossomal
AmpC confere baixos niveis de resisténcia a ampicilina, no entanto, quando ha a presenca das
sequéncias de insercdo ISAbal ou ISAbal25, esta enzima passa a expressar resisténcia a
cefalotina, piperacilina, cefotaxima e ceftazidima. Enquanto que o gene blaoxa-s1 hidrolisa
fracamente as classes dos antibidticos penicilinas e carbapenémicos, mas quando mediado por
ISAbal, os niveis de resisténcia sdo aumentados (TIAN, ADAMS-HADUCH, TARACILA, et
al., 2011; LOPES, AMYES, 2012).

J& a resisténcia adquirida resulta de uma alterag&o fisioldgica ou estrutural na bactéria
e ocorre quando o microrganismo sofre pressao seletiva a determinado antibiotico, ocorrendo

a selecdo de cepas resistentes (PORTUGAL, 2014). Pode ocorrer por mutacdo num loci do
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cromossomo ou por transferéncia horizontal de genes (transducdo, transformacdo e
conjugacdo) (TANGA, APISARNTHANARAKB, HSUC, 2014). Dentre os mecanismos de
resisténcia aos antibioticos B-lactamicos, destaca-se a reduzida permeabilidade da membrana
externa, alteracdo nos sitios de ligacdo dos antibidticos, hiperexpressao de bombas de efluxo e
inativacdo estrutural do antibidtico pela producdo de enzimas beta-lactamases (PELEG,
SEIFERT, PATERSON, 2008, MOSTACHIO, LEVIN, RIZEK, et al, 2012;
ABDALHAMID, HASSAN, ITBAILEH, et al., 2014). Estes mecanismos sao demonstrados

na figura 4.
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Figura 4. Desenho esquematico demonstrando os principais mecanismos de resisténcia bacteriana em
Acinetobacter baumannii. 1. A perda ou diminuicdo da expressdo dos genes codificadores de OMPs ocasiona a
modificacdo na permeabilidade da membrana celular externa. 2. As bombas de efluxo, presentes também na
membrana externa, atuam juntamente com a reducdo da permeabilidade da membrana, expulsando o antibiético
para fora da célula bacteriana. 3. Penicillin binding proteins, localizadas na membrana citoplasmatica, sofrem
mutacdes, impedindo ou modificando a ligagdo dos antibidticos no alvo bacteriano. 4. No espago periplasmatico,
situam-se as PB-lactamases, responsaveis pela hidrélise dos anéis betalactamicos, inativando os antibioticos.
Enzimas modificadoras de antibiéticos, muta¢es ribossomais e na estrutura lipopolissacaridica sdo também
responsaveis pela resisténcia bacteriana. A. baumannii pode abrigar integrons e transposons no cromossomo ou
plasmideos, o que auxilia na facil disseminacdo da resisténcia bacteriana. Adaptado de Encyclopedia Britannica
(2016).

Em microrganismos gram-negativos, a membrana externa €& composta por
fosfolipideos, lipopolisacarideos e Outer Membrane Proteins (OMPS), conhecidas como
porinas, proteinas que formam canais de agua no Seu interior e sdo responsaveis pelo
transporte de moléculas hidrofilicas de baixo peso molecular e pequenos metabolitos, como
acucares, aminodcidos e ions através da bicamada lipidica da membrana externa e extrusdo de
produtos ndo utilizados pela célula bacteriana. A perda ou diminuigdo da expressdo de genes
codificadores de OMPs em resposta a presenca de antibioticos causa a reducdo da
permeabilidade da membrana ou até impermeabilidade da mesma a compostos hidrofobicos,
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como antibioticos B-lactamicos, principalmente carbapenémicos. Desta forma, ndo havendo a
entrada da molécula de antibidtico na célula, ndo ocorre morte celular bacteriana (ABBOTT,
CERQUEIRA, BHUIYAN, et al, 2013; DOIl, MURRAY, PELEG, 2015). Porinas
denominadas CarO (29-kDa) (CATEL-FERREIRA, COADOU, MOLLE, et al., 2011), bem
como, a producdo diminuida de OMPs 33-36-kDa (TOMAS, BECEIRO, PEREZ, VELASCO,
et al., 2005), OmpW (22-kDa) (BOU, CERVERO, DOMINGUEZ, 2000) e OprD (43-kDa)
(DUPONT, PAGES, LAFITTE, et al., 2005) presentes em cepas de A. baumannii tém sido
associadas a resisténcia aos carbapenémicos. OmpA também tem sido relacionada a niveis de
resisténcia frente ao antibiético aztreonam, participando da extrusdo deste composto a partir
do espaco periplasmaético associada as familias de efluxo Major Superfamily Facilitator
(MFS) e Resistance Nodulation Division (RND) (SMANI, FABREGA, ROCA, et al., 2014).

O sistema de efluxo funciona devido a atuacdo de OMPs e estruturas denominadas
bombas de efluxo, também presentes na membrana celular bacteriana. Esse sistema €
responsavel pelo transporte de compostos organicos toxicos do meio intracelular para 0 meio
extracelular da célula. Portanto, quando ocorre a diminuicdo da permeabilidade da membrana
externa e os sistemas de efluxo estdo presentes, o antibiotico tem dificuldade para penetrar
através da membrana externa, sendo expulso para fora do citoplasma da célula bacteriana
(TORTORA, FUNKE, CASE, 2005). De modo geral, as bombas de efluxo séo divididas em 6
categorias, ATP Binding Cassette (ABC), Drug Metabolite Transporter (DMT), Major
Superfamily Facilitator (MFS), a qual contém os sistemas de efluxo TetA, TetB e CmlA e
AmvA, Multidrug and Toxic Compound Exporters (MATE), composta pelo sistema de efluxo
AbeM, Small Multidrug Resistance (SMR), que possui o sistema de efluxo AbeS e Resistance
Nodulation Division (RND) formada pelo sistema de efluxo AdeABC, AdeFGH e AdelJK
(OPAZO, MELLA, DOMINGUEZ, 2009; COYNE, COURVALIN, PERICHON, 2011; LIN,
LAN, 2014). Apesar da diversidade de bombas de efluxo responsaveis pela resisténcia aos
antibidticos, como ja citado anteriormente, os sistemas de efluxo AdeABC e AdelJK (familia
RND) estdo presentes em A. baumannii conferindo resisténcia aos B-lactamicos, assim como
o sistema de efluxo AmvA pode participar da resisténcia aos carbapenémicos e cefalosporinas
(DAMIER-PIOLLE, MAGNET, BREMONT, et al., 2008; RAJAMOHAN, SRINIVASAN,
GEBREYES, 2010; COYNE, COURVALIN, PERICHON, 2011).

Outro mecanismo responsavel pela resisténcia bacteriana é a alteracdo nos sitios de
ligagdo dos antibidticos, este tipo de resisténcia ocorre por mutagdo nos genes cromossomais,
0s quais codificam enzimas com diminuicdo ou auséncia de afinidade para o antibiotico em

questdo, sendo assim, o0 antibidtico ndo reconhece o alvo de ligacdo presente na célula
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bacteriana e ndo se liga a0 mesmo (TORTORA, FUNKE, CASE, 2005). Outro mecanismo
relacionado a modificacdo da ligacdo dos antibidticos, sdo as enzimas Penicillin Binding
Proteins (PBPs), localizadas na membrana plasmatica, envolvidas na sintese do
peptidoglicano, componente da parede celular bacteriana. Estas enzimas podem sofrer
mutacdes, o que impedem ou modificam a ligacdo dos antibidticos (TORTORA, FUNKE,
CASE, 2005). PBPs como PBP1a, PBP1b, PBP2, PBP3, PBP5/6, BPP6b, PBP7/8 (CAYO,
RODRIGUEZ, ESPINAL, et al., 2011; VASHIST, TIWARI, DAS, et al., 2011) ja foram
descritas em isolados de A. baumannii, mostrando a diversidade e complexidade dessas
enzimas na resisténcia aos antibidticos, principalmente aos carbapenémicos (VASHIST,
TIWARI, DAS, et al., 2011).

2.5.1 Producéo de betalactamases

A producdo de P-lactamases é considerada a forma mais frequente de resisténcia
bacteriana aos antibioticos B-lactdmicos. Sdo responsaveis por hidrolisarem a ligacdo amida
do anel P-lactdmico, inativando assim, seu efeito antibacteriano (PELEG, SEIFERT,
PATERSON, 2008; BUSH, JACOBY, 2010). As p-lactamases sdo sintetizadas em
guantidades abundantes, além disso, 0s genes que codificam essas enzimas sao transferidos de
modo relativamente facil, uma vez que podem ser transferidos por elementos genéticos
maoveis como plasmideos, integrons e transposons, ja que estes elementos sdo responsaveis
pela disseminagdo horizontal destas enzimas entre cepas de diferentes e mesma espécies
(DOI, MURRAY, PELEG, 2015). Sao secretadas no espaco periplasmatico, onde atuam em
conjunto com a barreira da permeabilidade da parede celular externa (TORTORA, FUNKE,
CASE, 2005), ocasionando niveis de resisténcia clinicamente significativos. No entanto, a
quantidade de enzima produzida, a habilidade dessa enzima em hidrolisar os B-lactamicos e a
velocidade com que o antibidtico penetra na célula sdo fatores que influenciardo no grau de
resisténcia do microrganismo produtor de p-lactamases (DALMARCO, BLATT,
CORDOVA, 2006).

As p-lactamases podem ser classificadas conforme Ambler (1980), baseado nas
sequéncias nucleotidicas e de aminoacidos presentes nas estruturas das enzimas, dividindo-as
em grupos A, B, C e D. Enzimas pertencentes aos grupos A, C e D agem por um mecanismo

baseado em residuos de serina cataliticamente ativos para inativacdo da droga, enquanto as da
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classe B requerem zinco para sua atividade catalitica. Podem ser classificadas ainda,
conforme Bush e Jacob (2010), que se basearam na estrutura molecular, propriedades
bioquimicas e sequéncias nucleotidicas combinadas com as caracteristicas funcionais e
estruturais das enzimas, as quais sao divididas nos grupos 1, 2, 3 e 4.

Extended Spectrum p-lactamases (ESPLs) sdo pertencentes a classe A de Ambler
(1980) e ao grupo 2be de Bush e Jacob (2010). Séo responsaveis por hidrolisarem penicilinas,
cefalosporinas de amplo espectro e monobactamicos, podendo ser inibidas por inibidores de
B-lactamases, como o é&cido clavulanico, sulbactam e tazobactam (SOUSA JUNIOR,
FERREIRA, 2004; BUSH, JACOBY, 2010). Como os genes que codificam as ESPLs
geralmente estdo localizados em plasmideos, podem apresentar resisténcia a outras classes de
antibioticos (SOUSA JUNIOR, FERREIRA, 2004). As ESPLs diferem-se entre si por
substituicdes na sequéncia de aminoacidos (1 a 7). As substituicbes mais importantes sdo as
mutacdes que conferem amplo espectro a estas enzimas. Com a evolugdo dos mecanismos de
resisténcia, houve um aumento significativo no numero de variantes desta classe enzimatica,
chegando a 370 variantes (DALMARCO, BLATT, CORDOVA, 2006). Estudos relatam a
resisténcia em cepas de A. baumannii decorrente destas enzimas, como TEM-1 (KRIZOVA,
POIREL, NORDMANN, et al, 2013), TEM-92 (ENDIMIANI, LUZZARO,
MIGLIAVACCA, et al., 2007), SHV-5 (NAAS, NAMDARI, REGLIER-POUPET, et al.,
2007), CTX-M-2 (NAGANO, NAGANO, CORDEVANT, et al., 2004), CTX-M-15
(POTRON, MUNOZ-PRICE, NORDMANN, et al., 2011), PER-1 (JEONG, BAE, KWON, et
al., 2005), PER-2 (PASTERAN, RAPOPORT, PETRONI, et al., 2006), PER-7 (BONNIN,
POTRON, POIREL, etal., 2011), VEB-1 (NAAS, COIGNARD, CARBONNE, et al., 2006).

Carbapenemases pertencentes a classe A de Ambler (1980) e ao grupo 2f de Bush e
Jacob (2010) sdo consideradas uma das familias enzimaticas mais versateis dentre as f-
lactamases, uma vez que é capaz de hidrolisar a maioria dos antibiéticos -lactamicos, como
carbapenémicos, penicilinas, cefalosporinas e monobactamicos, além de serem resistentes a
alguns inibidores de B-lactamases comerciais (QUEENAN, BUSH, 2007). Enzimas como
KPC-2, KPC-3 KPC-4 e KPC-10 (ROBLEDO, AQUINO, SANTE, et al., 2010), bem como,
GES-11, GES-12, GES-14 (BOGAERTS, NAAS, EL GARCH, et al., 2010) ja foram
descritas em A. baumannii.

Metalo B-lactamases (MPBLs) tém sido frequentemente associadas a resisténcia de
cepas de A. baumannii. Sdo pertencentes a classe B de Ambler (1980) e ao grupo 3a de Bush
e Jacob (2010). Contribuem para a resisténcia frente as penicilinas, cefalosporinas e

carbapenémicos, ndo hidrolisam os monobactamicos e ndo sao inibidas por inibidores de [3-
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lactamases, como &cido clavulénico, sulbactam e tazobactam. Enzimas Imipenemase (IMP),
Verona Imipenemase (VIM), S&o Paulo Metallo-B-lactamase (SPM), German Imipenemase
(GIM), Seul Imipenemase (SIM) e New Delhi Metallo- g-lactamase (NDM) compde este
grupo (MENDES, CASTANHEIRA, CARLOS, et al., 2006). As MBLs sdo codificadas por
cassetes génicos localizados no cromossomo ou no plasmideo bacteriano. No entanto, com
excecdo da enzima SPM-1, a qual é classificada como uma enzima cromossomal, as demais
MRLs adquiridas sdo codificadas por genes localizados em integrons de classe 1 (MENDES,
CASTANHEIRA, CARLOS, et al., 2006). Enzimas VIM-1 (IKONOMIDIS, NTOKOU,
MANIATIS, et al., 2008), VIM-2, VIM-3, VIM-11 (LEE, PENG, HSU, 2008), IMP-1
(TOGNIM, GALES, PENTEADO, et al, 2006), IMP-2 (NIRANJAN, SINGH,
MANCHANDA, et al., 2013), IMP-10 (CAYO, RODRIGUES-COSTA, MATOS, et al.,
2015), SIM-1 (LEE, YUM, YONG, et al., 2005), NDM-1 (CHEN, ZHOU, JIANG et al.,
2011) ja foram relatadas na literatura conferindo resisténcia a cepas clinicas de A. baumannii.

A classe C de Ambler (1980), pertencente ao grupo 1 de Bush e Jacob (2010) é
representada pelas cefalosporinases cromossomais (AmpC). O gene que codifica a f-
lactamase do tipo AmpC pode estar localizado tanto no cromossomo quanto no plasmideo
bacteriano. Na auséncia dos antibidticos B-lactamicos, AmpC é produzida em niveis baixos,
no entanto, na presenca de cefoxitina e, principalmente imipenem, essas enzimas passam a ser
produzidas em grandes quantidades, no entanto, carbapenémicos e cefalosporinas de quarta
geracdo ndo sdo hidrolisados por essa enzima, mas apresentam resisténcia aos inibidores de
beta-lactamases, como o &cido clavulanico, tazobactam e sulbactam (CORVEC, CAROFF,
ESPAZE, et al., 2003; BUSH, JACOBY, 2010). As AmpCs podem ser classificadas como
enzimas plasmidiais, podendo ser induziveis, ou seja, as enzimas sdo produzidas em
guantidades basais na auséncia de betalactamicos e em grandes quantidades quando eles estédo
presentes. Estas enzimas ja foram descritas em espécies bacterianas como K. pneumoniae,
Salmonella spp., P. mirabilis e E. coli (PHILIPPON, ARLET, JACOBY, 2002). Em A.
baumannii, ja houve um relato de uma AmpC plasmidial identificada como DHA na China
(YIN, HOU, XU, et al., 2008). Ainda dentre estas enzimas, podemos encontrar AmpCs
cromossomais, presentes em A. baumannii, que sdo enzimas intrinsecas desta espécie
bacteriana e ndo induziveis, uma vez que 0 gene ampR estd ausente neste microrganismo,
sendo a enzima AmpC expressa em niveis basais, no entanto, esta enzima é capaz de
hidrolisar penicilinas e cefalosporinas de amplo espectro quando o elemento de insercédo
ISAbal ou ISAbal25 estdo inseridos a montante do gene blaampc. (PHILIPPON, ARLET,
JACOBY, 2002; CORVEC, CAROFF, ESPAZE, et al., 2003; BUSH, JACOBY, 2010). Foi
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proposto uma nomenclatura diferenciada para as AmpCs encontradas em A. baumannii,
identificadas como Acinetobacter-derived cefalosporinases (ADCs) (PHILIPPON, ARLET,
JACOBY, 2002). Algumas ADCs ja foram descritas em A. baumannii, como ADC-33
(RODRIGUEZ-MARTINEZ, NORDMANN, RONCO, et al., 2010) e ADC-56 (TIAN,
ADAMS-HADUCH, BOGDANOVICH, et al., 2011).

2.5.2 Carbapenemases da classe D ou oxacilinases

As oxacilinases pertencem a classe D de Ambler (1980) e ao grupo 2 df de Bush e
Jacob (2010), sdo codificadas pelo gene blaoxaiike € Normalmente apresentam hidrolise frente
aos carbapenémicos, penicilinas e cefalosporinas (hidrolisa fracamente as de terceira e quarta
geracdo) (BUSH, JACOBY, 2010). Oxacilinases tém sido reportadas frequentemente em
cepas clinicas de A. baumannii associadas a surtos hospitalares (MEDEIROS, LINCOPAN,
2013). Podem ser identificadas como CHDLs (Carbapenem-Hydrolysing Class D [-
lactamase), designadas assim, por serem as carbapenemases mais frequentes em A.
baumannii. Estdo divididas em cinco subgrupos nomeados como OXA-23, OXA-24, OXA-
51, OXA-58 e OXA-143 (MOSTACHIO, LEVIN, RIZEK, et al., 2012; KAMOLVIT,
SIDJABAT, PATERSON, 2015), podendo apresentar de 40 a 80% de similaridade dentre os
grupos enzimaticos (QUEENAN, BUSH, 2007). Podem estar localizadas no cromossomo ou
em plasmideos bacterianos, exceto o subgrupo OXA-143, considerada uma enzima
plasmidial. De modo geral, estes grupos enziméaticos podem ser encontrados em outras
espécies bacterianas, como A. junii, A. radioresistens, A. pittii, P. mirabilis, K. pneumoniae,
P. aeruginosa, E. coli (EVANS, AMYES, 2014). Apresentam baixos niveis de resisténcia
frente aos carbapenémicos, no entanto, a presenca de sequéncias de insercdo (IS), promovem
0 aumento da expresséo e a disseminacdo das oxacilinases, com excec¢do das enzimas OXA-
24 e OXA-143 (WANG, YAN, HOU, et al., 2014).

A primeira descricdo de uma cepa produtora de A. baumannii foi reportada na Escocia
em 1985 (LYON, 1985). O gene blaoxa-23 possui 19 variantes, as quais ja foram detectadas
em plasmideos e cromossomos, associados a elementos genéticos como transposons e
sequéncias de inser¢do. Enzimas OXA-23 (MOSQUEDA, ESPINAL, COSGAYA, et al.,
2013) e algumas das suas variantes, OXA-27 (AFZAL-SHAH, WOODFORD, LIVERMORE,
2001) e OXA-133 (MENDES, 2009) (Tabela 5) ja foram descritas na literatura, no entanto, a



Revisdo de literatura 40

presenca de enzimas OXA-23 é considerada mais comum em A. baumannii (EVANS,
AMYES, 2014).

O subgrupo OXA-24 (também chamado OXA-40) compreende enzimas codificadas
por genes de localizacdo cromossomal ou plasmidial e sdo menos disseminadas que OXA-23
(EVANS, AMYES, 2014). Sua primeira descri¢cdo ocorreu em 2000, na Espanha. Enzimas do
subgrupo OXA-24/40 (MEDEIRQOS, LINCOPAN, 2013), OXA-25, OXA-26 (AFZAL-
SHAH, WOODFORD, LIVERMORE, 2001) e OXA-72 (LU, DOUMITH, LIVERMORE, et
al., 2009) (Tabela 5) sdo exemplos de variantes ja encontradas em cepas clinicas de A.
baumannii.

A enzima OXA-51 possui 95 variantes e confere resisténcia aos carbapenémicos
somente quando associado a elementos de insercdo, localizados a montante do gene, agindo
como forte promotor (EVANS, AMYES, 2014; KAMOLVIT, SIDJABAT, PATERSON,
2015). O gene blaoxa-s: ja foi utilizado como um marcador genético para a identificagdo da
espécie A. baumannii, pois era considerado um gene intrinseco desta espécie
(ABDALHAMID, HASSAN, ITBAILEH, et al., 2014; KAMOLVIT, SIDJABAT,
PATERSON, 2015), no entanto, esta enzima ja foi localizada em um plasmideo (LEE, KUO,
CHIANG, et al., 2012), mudando o contexto de ser uma enzima intrinseca de A. baumannii.
Diversos estudos ja relataram a presenca das variantes OXA-51 (HIGGINS, PEREZ-
LLARENA, ZANDER et al., 2013) encontradas em A. baumannii, como OXA-64, OXA-65,
OXA-66, OXA-68, OXA-70, OXA-71 (BROWN, AMYES, 2005), OXA-69 (HERITIER,
POIREL, FOURNIER, et al., 2005), OXA-76 (BOGAERTS, NAAS, WYBO, et al., 2006),
OXA-79, OXA80 (EVANS, BROWN, HAMOUDA, et al., 2007), OXA-88, OXA-91, OXA-
93, OXA-94, OXA-95 (KOH, SNG, WANG, et al., 2007), OXA-104, OXA-106, OXA-112
(EVANS, BROWN, HAMOUDA, et al., 2007).

O subgrupo OXA-58 inclui as 4 variantes OXA-58, OXA-96, OXA-97, OXA-164.
Apesar de ser relatada, € considerada menos prevalente em comparacdo com as enzimas
OXA-23 e OXA-24 (MEDEIROS, LINCOPAN, 2013; EVANS, AMYES, 2014). O primeiro
relato da enzima OXA-58 produzida por A. baumannii ocorreu na Franca em 2003
(MARQUE, POIREL, HERITIER, et al., 2005). Variantes de OXA-58 (MENDES, 2009),
como OXA-96 (KOH, SNG, WANG, et al., 2007) e OXA-97 (POIREL, MANSOUR,
BOUALLEGUE, et al., 2008) j& foram descritas.

A enzima OXA-143 (OXA-143, OXA-182, OXA-231, OXA-253, OXA-255) possui
atividade contra penicilinas e carbapenémicos. Esta enzima foi descrita por Higgins e

colaboradores (2009), recuperada de uma cepa clinica de A. baumannii isolada em um
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hospital brasileiro. Apresentam resisténcia aos carbapenémicos, demonstrando altos valores
de Concentracdo Inibitéria Minima (CIM) frente a estas drogas. Assim como ocorre com
outras enzimas OXAs, o subgrupo OXA-143, confere resisténcia aos carbapenémicos em
maiores niveis, quando associadas a outros mecanismos de resisténcia (EVANS, AMYES,
2014).

Além das CHDLs, ha relatos de OXAs ESBLs, como OXA-10, OXA-13, OXA-14,
OXA-28 dentre outras, ja encontradas em cepas de P. aeruginosa. Estas enzimas conferem
resisténcia a classe da ceftazidima, no entanto, ha poucos estudos epidemioldgicos sobre estas
enzimas, e até 0 momento sdo poucos os relatos. E ainda, a enzima OXA-48 e mais 11
variantes, que tem se tornado uma preocupacdo emergente, devido aos altos niveis de
resisténcia que apresenta frente aos carbapenémicos, como imipenem e meropenem. Estas
enzimas ja foram relatadas em cepas de K. pneumoniae, em outras enterobactérias e A.
baumannii (EVANS, AMYES, 2014).

2.6 Mecanismos envolvidos na resisténcia de Acinetobacter baumannii aos demais

antibioticos

A resisténcia aos aminoglicosideos por A. baumannii é mediada principalmente por
enzimas modificadoras de aminoglicosideos (AMEs), como acetiltransferases (AAC),
adeniltransferases (ANT) e fosfotransferases (APH), sendo que as enzimas AAC sdo
responsaveis por modificarem o grupo amino, enquanto as enzimas ANT e APH atuam no
grupo hidroxila, quebrando as ligagdes e inativando a molécula do antibiético (LIN, LAN,
2014). Estudos ja relataram a presenca destas enzimas sendo responsaveis pela resisténcia aos
aminoglicosideos ocasionada por A. baumannii, como AAC (aacCl, aacC2) (NEMEC,
DOLZANI, BRISSE, et al., 2004), AAC (aacA4) (CHO, MOON, JIN, et al., 2009), ANT
(aadB) (NEMEC, DOLZANI, BRISSE, et al., 2004), ANT (aadAl) (CHO, MOON, JIN, et
al., 2009), APH (aphAl) (GALLEGO, TOWNER, 2001). Outro mecanismo de resisténcia
frente a estas drogas € a producdo de metilases (armA, rmtA, rmtB, rmtC, rmtD) que atuam de
modo a diminuir a afinidade dos aminoglicosideos as subunidades ribossémicas 30S
(BAKOUR, ALSHARAPY, TOUATI, 2014). Os genes que codificam estas enzimas podem
ser transferidos entre espécies bacterianas diferentes atraves de plasmideos, transposons ou
integrons de classe 1 (LIN, LAN, 2014). A expressdo de bombas de efluxo também esta

associada a resisténcia aos aminoglicosideos. Sistemas de efluxo como AdeABC (MAGNET,
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COURVALIN, LAMBERT, 2001), AdelJK (DAMIER-PIOLLE, MAGNET, BREMONT, et
al., 2008), AmvA (RAJAMOHAN, SRINIVASAN, GEBREYES, 2010) e AbeM (COYNE,
COURVALIN, PERICHON, 2011) ja foram descritos em A. baumannii.

A resisténcia frente ao antibiotico tigeciclina por A. baumannii se da pela expressao
das bombas de efluxo AdeFGH, AdeABC, AdelJK, que quando em superexpressdo podem
conferir sensibilidade diminuida a esta droga (COYNE, COURVALIN, PERICHON, 2011).
No caso da classe das tetraciclinas, A. baumannii apresenta a expressao das bombas de efluxo
identificadas como TetA e TetB, que além das tetraciclinas sdo responsaveis por ocasionarem
resisténcia as minociclinas (RIBERA, RUIZ, VILA, 2003), bem como, os sistemas de efluxo
AdeABC (MAGNET, COURVALIN, LAMBERT, 2001), AdelJK (DAMIER-PIOLLE,
MAGNET, BREMONT, et al., 2008), CmIA e AdeFGH, que quando superexpressos
contribuem para a sensibilidade diminuida deste antibiotico (COYNE, ROSENFELD,
LAMBERT, et al., 2010). O gene tetM também tem sido relatado como causa de resisténcia
em cepas de A. baumannii (RIBERA, RUIZ, VILA, 2003).

A resisténcia a classe das polimixinas parece estar associada as modificagdes no
lipideo A, um componente essencial dos lipopolissacarideos, presentes na membrana externa
da célula bacteriana. Os genes pmrA, pmrB, IpxA, IpxC e IpxD (MOFFATT, HARPER,
HARRISON, et al., 2010) estdo relacionados com a modificacdo do lipidio A, fazendo com
que ocorra deficiéncia na producdo do LPS, desta forma o antibidtico perde a capacidade de
se ligar nos alvos bacterianos e ndo ocorre morte celular (VANEGAS-MUNERA,
RONCANCIO-VILLAMIL, QUICENO, et al., 2014).

A resisténcia ocasionada por cepas de A. baumannii as fluoroguinolonas pode ser
mediada por bombas de efluxo, como AdeABC (MAGNET, COURVALIN, LAMBERT,
2001), AdeFGH (COYNE, ROSENFELD, LAMBERT, et al., 2010), AdelJK (DAMIER-
PIOLLE, MAGNET, BREMONT, et al., 2008), AbeM (COYNE, COURVALIN,
PERICHON, 2011) e AmvA (RAJAMOHAN, SRINIVASAN, GEBREYES, 2010), enquanto
que o sistema de efluxo AbeS apresenta baixos niveis de resisténcia frente a esta droga, no
entanto a presenca dos genes gyrA e parC contribuem para a resisténcia a esta classe de
antibidticos (SRINIVASAN, RAJAMOHAN, GEBREYES, 2009).

A. baumannii apresenta resisténcia ao antibiotico cloranfenicol, decorrente da
expressdo dos sistemas de efluxo AdeABC, AdeFGH, AdelJK (MAGNET, COURVALIN,
LAMBERT, 2001; COYNE, COURVALIN, PERICHON, 2011), CmlA e Craa
(Chloramphenicol Resistance Acinetobacter), considerada uma bomba de efluxo intrinseca de
A. baumannii (VANEGAS-MUNERA, RONCANCIO-VILLAMIL, QUICENO, et al., 2014).
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Os sistemas de efluxo AbeM e AbeS conferem baixos niveis de resisténcia ao cloranfenicol
(COYNE, COURVALIN, PERICHON, 2011), no entanto, a presenca da membrana externa
OmpA pode participar na extrusdo desta droga através da membrana externa em conjunto com
os sistemas de efluxo das familias MFS ou RND (SMANI, FABREGA, ROCA, et al., 2014).

Tabela 5. Resumo dos mecanismos de resisténcia bacteriana em A. baumannii.

Antibidticos Mecanismos de resisténcia Proteinas/enzimas
B-lactdmicos B-lactamases
Classe A-ESBLs CTX-M, SHV, TEM, PER, VEB
Classe A-Carbapenemases GES, KPC
Classe B-Metalo B-lactamases VIM, IMP, SIM, NDM
Classe C-Cefalosporinase AmpC
Classe D-Oxacilinases OXA-23 e suas variantes

OXA-24/40 e suas variantes
OXA 51 e suas variantes
OXA-58 e suas variantes
OXA-143 e suas variantes

OMPs CarO (29-kDa), OprD (22-kDa), OmpA
33-36-kDa, OprD (43-kDa)
Bombas de efluxo RND — AdeABC,
Alteracdo no sitio de ligacdo PBPs
Aminoglicosideos AMEs AAC — AAC (aacC1, aacC2, aacA4)

ANT - ANT (aadB, aadAl)
APH - APH (aphAl)

Alteragdo no sitio de ligagéo 16S rRNA metilase - armA, rmtA, rmtB, rmtC, rmtD
Bombas de efluxo RND - AdeABC, AdelJK
MFS — AmvA
MATE — AbeM
Tetraciclinas, Bombas de efluxo especificas MFS - TetA, TetB
Glicilciclinas RND - AdeABC, AdelJK, AdeFGH
MFS — CmlA
Alteracao no sitio de ligacdo tetM
Fluoroquinolonas, Alteracdo no sitio de ligacdo gyrA, parC
Quinolonas
Bombas de efluxo RND — AdeABC, AdeFGH, AdelJK
MATE - AbeM
MFS — AmvA
Cloranfenicol Bombas de efluxo RND - AdeABC, AdelJK, AdeFGH
MFS - CmIA
CraA
Polimixinas Sistema regulatério duplo pmrA, pmrB
Lipopolissacarideo Ipx/a/c/d

ESPL: Extended-Spectrum p-lactamase; TEM: Temoniera; SHV: Sulfthydryl Variable; CTX-M: Cefotaxime
hydrolyzing capabilities; GES: Guiana Extended-Spectrum; PER: Pseudomonas Extended Resistant; VEB:
Vietnam Extended-Spectrum p-lactamase; KPC: Klebsiella pneumoniae carbapenemase; VIM: Verona
Imipenemase; IMP: Imipenemase; SIM: Seoul Imipenemase; NDM: New Deli Metallo-g-lactamase; AmpC:
Ampicillin class C p-lactamase; OXA: Oxacillinase; RND: Resistance-Nodulation-Division; Ade: A. baumannii
multidrug-resistant efflux pump; TetA: Tetracycline resistant Acinetobacter; CmlA: Chloramphenicol resistance
Acinetobacter; MdfA: Multidrug facilitator; CraA: Chloramphenicol resistance Acinetobacter; Amva: A.
baumannii methyl viologen and antimicrobial resistance protein; AbeM: A. baumannii efflux pump of MATE
family; AbeS: A. baumannii efflux pump of SMR family; AME: Aminoglycoside-Modifying Enzyme; AAC:
Aminoglycoside acetyltransferases; ANT: Aminoglycoside adenyltransferases; APH: Aminoglycoside
phosphotransferases; ArmA: Armillaria mellea; CarO: Carbapenem-associated Outer Membrane Protein; OMP:
Outer Membrane Protein; PBP: Penicillin Binding Protein; gyrA/parC: DNA gyrase/partitioning of the nucleoid
partition. Adaptado de Lin e colaborador (2014).
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2.7  Elementos genéticos mdveis

Além dos multiplos mecanismos de resisténcia, cepas de A. baumannii apresentam
uma rapida disseminacdo dentro dos ambientes hospitalares devido a facil aquisicdo de genes
de resisténcia ocasionada por elementos genéticos moveis, como plasmideos, sequéncias de
insercdo, transposons e integrons, 0s quais sdo propagados através da transferéncia horizontal
de genes (TANGA, APISARNTHANARAKRB, HSUC, et al., 2014).

Blackwell e colaboradores (2016) demostraram em seu estudo a presenca do
plasmideo identificado como R1215, que carrega genes que conferem resisténcia a
gentamicina,  estreptomicina, canamicina, neomicina, ampicilina, cloranfenicol,
sulfametoxazol e tetraciclina em um clone de A. baumannii. Ainda neste contexto, vérias
classes de integrons tém sido descritas, sendo a classe 1 considerada a mais comum entre as
bactérias gram-negativas (MIRNEJAD, MOSTOFI, MASJEDIAN, 2013). As classes de
integrons 1 e 2 ja foram descritas na literatura, sendo encontradas em cepas clinicas de A.
baumannii (PLOY, DENIS, COURVALIN, et al., 2000; MIRNEJAD, MOSTOFI,
MASJEDIAN, 2013, NAJAR PEERAYEH, KARMOSTAJI, 2015; AZIZI, SHAKIBAIE,
BADMASTI, et al., 2016).

Nigro (2015) relata em seu estudo a presenca dos transposons Tn2006 e Tn2008 em
cepas de A. baumannii produtores de blaoxa-2s (NIGRO, 2015), enquanto Wang e
colaboradores (2014) relatam além dos transposons ja citados no estudo anterior, 0
transposons Tn2007 em cepas clinicas de A. baumannii também produtores de blaoxa-2s.

O aumento no nivel de resisténcia pelas enzimas OXA carbapenemases em cepas de A.
baumannii pode ocorrer pela presenca das sequéncias de insercdo, as quais funcionam como
fortes promotores que desempenham um importante papel na expressdo dos genes de
resisténcia aos antibioticos, principalmente carbapenémicos (ZHONG, XU, WU, et al., 2012;
KAMOLVIT, SIDJABAT, PATERSON, 2015). Diferentes sequéncias de inser¢do tém sido
identificadas em cepas de A. baumannii (ISAba - Insertion Sequence Acinetobacter
baumannii), como no estudo de Khorsi e colaboradores (2015) que mostrou a associagdo do
gene blaoxa-23 com as sequéncias ISAbal e ISAba4 (KHORSI, MESSAI, HAMIDI, et al.,
2015; CHATTERJEE, DATTA, ROY, et al., 2016). O gene blaoxa-s1 também esta associado
a elementos de insercdo, que contribuem para 0 aumento da resisténcia aos carbapenémicos,
como as sequéncias 1ISAbal e ISAba9 (FIGUEIREDO, POIREL, 2009). As sequéncias de
insercdo ISAbal, ISAba2, ISAba3 e ISAbal8 também sdo relatadas a montante do gene
blaoxa-ss (POIREL, NORDMANN, 2006; CHATTERJEE, DATTA, ROY, et al., 2016; SUN,
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LIU, CHEN, et al., 2016). Outros estudos também relatam a presenca de sequéncias de
insercdo & montante do gene blaampc, Uma vez que, as enzimas codificadas por este gene sdo
expressas em baixos niveis ndo afetando o perfil de suscetibilidade de antibioticos como
ampicilina, cefalotina, piperacilina, cefotaxima, ceftazidima e cefepima, no entanto, as
sequéncias de insercdo 1SAbal e ISAbal25 conferem o aumento da resisténcia a estas drogas
(TIAN, ADAMS-HADUCH, TARACILA, et al., 2011; LOPES, AMYES, 2012) (figura 5).
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Figura 5. Representacdo das diferentes estruturas genéticas que abrigam o gene blaoxa-2s em Acinetobacter
baumannii. A. Tn2006 apresentando duas cépias do elemento ISAbal upstream blaoxa-23. B. Tn2008 contendo
uma copia do elemento ISAbal flanqueando o gene blaoxa-23. C. Tn2007 com apenas uma copia do elemento
ISAbad upstream blaoxa-2s. D. Sequéncia de insercdo ISAbal upstream blaoxa-2s. Os limites dos diferentes
transposons séo indicados pelos sitios de duplicagdo gerados provavelmente pelo mecanismo de transposicéo:
Tn2006 (GTCATTTAA) e Tn2007 (TAATATA). Open Reading Frame (ORFs 1, 2 e 3) e genes de fungdo
desconhecida sdo indicados. Os genes da ATPase e tnpA sdo responsadveis por codificarem transposases
putativas. O local de inser¢do da sequéncia ISAbal é indicado pelo sublinhado duplo (CTCTTTT). DEAD, gene
que codifica a helicase putativa DEAD (Asp-Glu-Ala-Asp). DNAmethyl, DNA metilase. Adaptado de Mugnier e
colaboradores (2010).
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2.8 Epidemiologia molecular de Acinetobacter baumannii

A tipagem molecular de A. baumannii associada aos estudos epidemioldgicos sdo
considerados de suma importancia, uma vez que proporcionam o entendimento da
epidemiologia dos surtos, a identificacdo das transmissdes cruzadas, além de auxiliar no
monitoramento e no controle de infec¢Bes hospitalares (KITCHEL, RASHEED, PATEL, et
al., 2009). Desta forma, diversos métodos tém sido utilizados na epidemiologia molecular de
A. baumannii e na analise dos mecanismos envolvidos na resisténcia deste microrganismo
frente aos antibidticos (KAMOLVIT, SIDJABAT, PATERSON, 2015).

Na Dinamarca em 2013, 8 cepas clinicas de A. baumannii foram isoladas. A andlise
genética por PFGE mostrou a presenca de 4 clusters, enquanto o MLST (Plataforma Pasteur)
identificou os Sequence Type (ST1), complexo clonal (CC1), ST2 (CC2) e ST158
(HAMMERUM, HANSEN, SKOV, et al., 2014), semelhante aos dados obtidos na Franca,
entre 2010 e 2011, em que 110 cepas clinicas de A. baumannii foram isoladas. A partir da
técnica de PFGE foi possivel verificar a presenca de 30 clusters. A analise por MLST
demonstrou que as cepas apresentavam 11 STs, relatados como ST115, ST2 (CC2), ST1,
ST20 e ST125 pertencentes ao CC1, ST25, ST85, ST107, ST79, ST108 e ST10 (JEANNOT,
DIANCOURT, VAUX, et al., 2014).

Um estudo realizado na China durante o periodo de 2007 a 2009, avaliou 57 cepas de
A. baumannii resistentes aos carbapenémicos e positivas para 0s genes blaoxa-23/ISAbal e
blaoxas1. Os 57 isolados foram classificados nos grupos clonais A e B. A técnica de MLST
(Plataforma Pasteur) identificou os ST75 e ST137 (DAI, HUANG, SUN, et al., 2013).
Enquanto entre 2010 e 2011, 59 cepas de A. baumannii produtores de blaoxa-23 foram isoladas
em um outro hospital chinés. Quinze das 59 cepas foram distribuidas em 5 perfis clonais (A-
E) por PFGE. A andlise das sequéncias dos diferentes clones permitiu a identificacdo dos
transposons Tn2006, Tn2007 e Tn2008 (WANG, YAN, HOU, et al., 2014).

Na Arabia Saudita, entre 2012 e 2014, foram isoladas 107 cepas clinicas de A.
baumannii. A analise por MLST (Plataforma Pasteur) resultou na presenca dos ST195,
ST557, ST 208, ST499, ST218, ST231, ST222 e ST286. Todos, exceto 0 ST231 pertencem ao
CC2 (ALYAMANI, KHIYAMI, BOOQ, et al., 2015). Ja nos Estados Unidos nos anos de
2008 e 2009, 65 cepas de A. baumannii produtores de blaoxa-s1/ISAbal foram isolados de
diferentes hospitais. O perfil clonal tracado pela técnica de PFGE indicou a presenca de 24
clusters, enquanto que o MLST (Plataforma Pasteur) identificou os ST1, ST2, ST77, ST79,
ST123, ST124, e 0s CC1 e CC2 (ADAMS-HADUCH, ONUOHA, BOGDANOVICH, et al.,
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2011). Entre 2007 e 2012, 149 cepas de A. baumannii foram isoladas em diferentes hospitais
do Egito, as quais apresentaram 54 clusters obtidos pela técnica de PFGE, sendo que 5 clones
foram predominantes (A-E). A andlise por MLST (Plataforma Pasteur) apresentou os ST763,
ST777, ST369, ST762 e ST229 (BOCANEGRA-IBARIAS, PENA-LOPEZ, CAMACHO-
ORTIZ, et al., 2015).

Um total de 94 cepas de A. baumannii foram isoladas de diferentes hospitais na Africa
do Sul, durante o0 ano de 2008. A analise por PFGE agrupou os isolados em 4 clusters e a
analise por MLST ((Plataforma Pasteur) em cincos STs (ST106, ST258, ST339, ST502,
ST758, ST848), em que destes, ST258 e ST758 correspondem ao clone internacional I,
ST502 e ST848 ao clone internacional Il (LOWINGS, EHLERS, DREYER, et al., 2015). Na
india, 100 cepas clinicas de A. baumannii foram isoladas em 2013. Foi observado um alto
grau de variabilidade genética (53 padrées), sendo que apenas 18 cepas apresentaram 100%
de similaridade a partir da técnica de RAPD. Os resultados obtidos por MLST (Plataforma
Pasteur) identificaram as ST110, ST103, ST108, ST194, ST14, ST146, ST69, ST188, ST386,
ST387, ST388, ST389, ST390 e ST391 (RYNGA, SHARIFF, DEB, 2015).

Um estudo realizado no Rio de Janeiro entre 2006 e 2007 identificou 96 cepas de A.
baumannii produtores de blaoxa-23. O perfil clonal destas cepas foi avaliado por PFGE e foi
observado 4 perfis diferentes (A-D). Com base nos padrbes de PFGE, foi observado que dois
dos gendtipos estavam presentes nos 8 hospitais da cidade, o que sugere a disseminacdo dos
isolados entre estes ambientes, provavelmente devido a transferéncia de pacientes entre os
hospitais ou através dos profissionais de salde que atuam em mais de um hospital
(CARVALHO, CARVALHO-ASSEF, PEIRANO, et al., 2009). Outro estudo também no Rio
de Janeiro avaliou 177 cepas de A. baumannii isoladas entre 2007 e 2008. Todas as cepas
apresentavam o gene blaoxa-s1 e blaoxa-23. Foi realizado RAPD, o que identificou 28 perfis
clonais, sendo os perfis B e E correspondentes ao complexo clonal (113/79) e perfil A
(CC104/15). Ja os resultados obtidos pelo PFGE, apresentou 5 grupos clonais (A-E). A partir
do MLST (Plataforma Pasteur), foram identificados os ST79, ST156, ST15, ST25 e ST160
(MARTINS, MARTINS, DE FREITAS, et al., 2013), sendo o ST156 descrito anteriormente
no Rio de Janeiro, ST25 ja encontrado na Grécia, Turquia, Italia, Singapura, Arabia Saudita,
Estados Unidos, Coldmbia e Iraque e 0 ST160 ja descrito no Brasil (MLST, Pasteur, 2016).

No Sul do Brasil, 585 cepas de A. baumannii multirresistentes foram isoladas de 12
hospitais entre 2007 a 2008. A analise do perfil clonal por REP-PCR e PFGE, mostrou a
presenca de 8 tipos clonais, sendo os clones identificados como 3, 4 e 11 os mais frequentes,
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presentes em 5 hospitais (MARTINS KUCHENBECKER, PILGER, et al., 2012). No
Sudeste brasileiro, foi relatado o isolamento de uma cepa de A. baumannii em 2009, a qual
apresentou 0s genes blaoxa-23 e blaoxasi. A analise por MLST (Plataforma Pasteur) indicou
que a cepa pertencia ao ST15/CC15 (CHAGAS, SILVEIRA, ALBANO, et al., 2015).

Este estudo confere com um anterior, que divulgou os dois principais complexos
clonais indicados como CC15 e CC79, encontrados em cepas de A. baumannii
multirresistentes abrigando o gene blaoxa23. O CC15 ja foi descrito em nove estados
brasileiros, sendo Alagoas, Distrito Federal, Espirito Santo, Goias, Minas Gerais, Rio de
Janeiro, Rio Grande do Norte, Santa Catarina e Mato Grosso do Sul (CHAGAS,
CARVALHO, DE OLIVEIRA SANTOS, et al., 2014). Além disso ST15 ja foi descrito em
outros paises como Argentina e Turquia, bem como, o ST79 descrito nos Estados Unidos,
Canada e Espanha (MLST, Pasteur, 2016).



Considerac0es finais 49

3. Considerac6es finais da revisao de literatura

O crescente aumento das taxas de infeccGes hospitalares associadas a resisténcia
antimicrobiana por A. baumannii tornou-se um grande desafio a satde publica. A. baumannii
apresenta diversos mecanismos de resisténcia frente aos antibioticos, no entanto, a hidrélise
por enzimas OXAs carbapenemases e metalo B-lactamases € considerada 0 mecanismo mais
prevalente nesta espécie e representa um dos mais importantes problemas de resisténcia
bacteriana encontrada nas cepas de interesse clinico, uma vez que conferem resisténcia a
maioria dos antibidticos beta-lactdmicos, diminuindo, desta forma, as opcOes terapéuticas.
Outro fator que contribui para 0 aumento e disseminacgdo da resisténcia por A. baumannii é a
presenca de elementos genéticos moveis, como as sequéncias de inser¢do ISAbal a montante
dos genes oxacilinases. O monitoramento da ocorréncia de cepas de A. baumannii de interesse
clinico contribui para delinear a amplitude do problema, bem como para determinar 0s

mecanismos de resisténcia bacteriana dentro das UTIs neonatal, pediatrica e adulto.
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4 Objetivos

4.1 Obijetivo geral

Avaliar o perfil epidemiologico e molecular de cepas de A. baumannii resistentes a
carbapenémicos isoladas nas Unidades de Terapia Intensiva Neonatal e Adulto de um hospital
publico de Dourados/MS, visando identificar os fatores de risco relacionados a infecgéo e

colonizagdo ocasionadas por este microrganismo.

4.2 Objetivos especificos

o Identificar cepas de A. baumannii de amostras clinicas de pacientes internados em
Unidades de Terapia Intensiva Neonatal e Adulto em um hospital publico de Dourados/Mato

Grosso do Sul;

o Avaliar o perfil de resisténcia antimicrobiana e determinar a Concentracdo Inibitoria
Minima (MIC);

o Avaliar a producdo de carbapenemases;

o Avaliar a relacdo genética e ancestralidade das cepas de A. baumannii atraves do

PFGE e MLST, respectivamente;
o Avaliar os fatores de risco associados as coloniza¢fes ocasionadas por A. baumannii
na UTI Neonatal;

o Avaliar os fatores de risco associados as infec¢fes e colonizacdes ocasionadas por A.

baumannii na UTI Adulto.
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5. Metodologia Geral

Tsolamento de dcinefobacter baumannii Setembro/2013 a Setembro/2015
| | | | | l ]
Identificacao Perﬁ_l_de ' Coleta de dados Analise
bacteriana sensibilidade PCR PFGE MLST . -
bacteriana clinicos estatistica
| I | | | | |
Sistema Sistema Betalactamases® Genes - Plataforma / 5
automatizado automatizado IS4Bal® ? Apal Pasteur © RedCap SAS (P= 0.05)
Vitel2 Vitek2
| |
MALDITOF MS Microdiluicio em
caldo - carbapenémicos

Comité de Etica [— Projeto aprovado junto ao CEP da Universidade Federal da Grande Dourados (no. 877. 292/2014)

Financiamento [~ Projeto financiado por CNPq (no. 480949/2013-1) e FUNDECT/MS (no. 0212/12 e 0077/12)

Figura 6. Metodologia geral do estudo. PCR — Polymerase Chain Reaction; PFGE — Pulsed Field Gel Electrophoresis; MLST — Multilocus Sequence Typing; MALDI-TOF
MS - Matrix Assisted Laser Desorption lonization Time-of-Flight Mass Spectrometry, Apa - Acetobacter pasteurianus (enzima de restricdo); RedCap - Research Electronic
Data Capture; SAS - Statistical Analysis System; CEP — Comité de Etica em Pesquisa; CNPq - Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico;
FUNDECT/MS - Fundag&o de Apoio ao Desenvolvimento do Ensino, Ciéncia e Tecnologia do Estado do Mato Grosso do Sul. a. Genes das betalactamases: blakpc.2, blaimp-1,
blaviv-1, blanpm-1, blaoxa-23, blaoxa-24, blaoxa-as, blaoxa-s1, blaoxa-ss; b. Sequéncia de inser¢do ISAbal; c. Genes MLST Acinetobacter baumannii: cpn60, fusA, gltA, pyrG,

recA, rplB, rpoB.
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ABSTRACT

Acinetobacter baumannii has been associated with high rates of infection and
colonization in Neonatal Intensive Care Units (NICU). We describe an outbreak caused by
carbapenem-resistant A. baumannii (CRAB) isolated from newborns. Twenty-one CRAB
were isolated from newborns and presented ISAbal upstream blaoxa-2z and blaoxa-s1 genes.
Nineteen CRAB were clonally related and sequence type 1 (ST1) was predominant. All
newborns were premature and were administered beta-lactam and peripheral access. The
prevalence of CRAB in NICU shows the importance of infection control measure

implementation and use of stricter antibiotic policies.

Keywords: Colonization, multi-drug resistant, carbapenem, NICU.

INTRODUCTION

Acinetobacter baumannii is an opportunistic bacterial pathogen responsible for serious
hospital infections and contributes to higher mortality and morbidity rates. The global
emergence of carbapenem-resistant A. baumannii (CRAB) increases the prevalence of
nosocomial infections and is becoming a major concern among neonatal and paediatrics units.
Premature birth and low weight contribute to colonization and infection by A. baumannii. The
newborns innate defence mechanisms are inefficient against therapeutic interventions such as
the use of invasive devices and antimicrobial broad-spectrum. *

A. baumannii have several resistance mechanisms, including the low permeability of
the outer membrane, alteration in antibiotic binding sites, overexpression of efflux pumps and
production of carbapenemase enzymes. Metallo p-lactamase (IMP, VIM) and oxacillinases
(OXA-23, OXA-24, OXA-51 and OXA-58) are more frequent in A. baumannii, since the

carbapenemase encoding genes generally reside on transposons and integrons carried by
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conjugative plasmids, increasing potential to spread. ? This study describes the molecular
characteristics and risk associated with colonization by CRAB isolated from newborns and

the control measures implemented to contain the outbreak.

MATERIAL AND METHODS
Case-control study

Case-control study was conducted in the Neonatal Intensive Care Unit (NICU) and
Neonatal Intermediate Unit (NIU). Newborns hospitalized between September 2013 and
September 2015 at a public hospital located in the city of Dourados, Mato Grosso do Sul (a
Central-Western Brazilian state) were included in this study. A case was defined as a newborn
colonized by carbapenem-resistant A. baumannii and control were newborn presenting
carbapenem-sensitive A. baumannii. For each case, one control was selected in the same study

period, matched by age, clinical manifestation and hospital ward.

Bacterial isolates

The CRAB were obtained from 3 newborns collected from catheter tip and 18 rectal
swabs. Colonization was defined as the isolation of strains without clinical manifestation of
infection. ® The study was conducted with the approval of the Research Ethics Committee

from the Universidade Federal da Grande Dourados (no. 877.292/2014).

Bacterial identification, susceptibility testing and phenotypic assays

Bacterial species were identified using the Vitek®2 (bioMérieux, Hazelwood, MO) and
matrix-assisted laser desorption ionization time of flight mass spectrometry (MALDI-TOF
MS). 4 Antimicrobial susceptibility profile was determined by Vitek®2 and interpreted

according to the Clinical and Laboratory Standards Institute (CLSI/2016) guidelines. For
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tigecycline, European Committee on Antimicrobial Susceptibility Testing (EUCAST/2016)

was used.

Polymerase Chain Reaction amplification

Screening for the presence of carbapenemases was performed by ertapenem hydrolysis
using MALDI-TOF MS.*Presence of B-lactamase genes (blamvp-1, blanowm-1, blaviv-1, blakec-2,
blaoxa-23, blaoxa-24, blaoxa-as, blaoxa-s1, blaoxa-ss) and ISAbal insert element was evaluated

by PCR followed by sequencing. °

Molecular typing

Genetic relationship was determined by pulsed-field gel electrophoresis (PFGE). The
restriction patterns were analyzed using the BioNumerics software v. 3.0 (Applied Maths,
Sint-Martens-Latem, Belgium). Percentage similarity between firgerprints was scored by the
Dice coefficient. ® Sequence Typing (ST) was performed by Multilocus Sequence Typing
(MLST). DNA sequences were compared with MLST page Institut Pasteur, France to obtain

the corresponding alleles and the ST number.

Statistical analysis

All clinical data were entered into a Research Electronic Data Capture (Redcap)
database and SAS v.9.2 (SAS Institute, Cary, NC, USA), and analysed by univariate and
multivariate models. Dichotomized and categorical data were analysed with the chi-squared
test or Fisher’s exact test. For continuous variables, the t-test or analysis of variance
(ANOVA) was used. Bivariate analyses were performed to verify the associations between
dependent and independent variables, and those achieving a pre-specified level of significance

(P <0.05) were included in the multivariable analysis.
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RESULTS AND DISCUSSION

A total of 21 CRAB were isolated from colonization sites. The newborns hospitalized
were admitted in NICU and NIU with ages ranging from 2 to 13 days and remaining
hospitalized from 6 to 61 days following admission. All newborns were considered premature
(<37 weeks) and fifteen had low birthweight (<2500g) (Table I). In this study, newborns
colonized by CRAB were exposed to previous use of extended-spectrum beta-lactam (100%),
aminoglycosides (83.3%) and cephalosporins (72.2%). These results are in agreement with
previously reported findings that showed prior antimicrobial exposure contributed to the
dissemination of carbapenem-resistant isolates in hospitalized patients. ’

In the univariate analysis, CRAB colonization was associated with respiratory
syndromes, prematurity, peripheral access, previous exposure to antibiotics, use of beta-
lactam and cephalosporins. There is a strong relationship between the variables, since all
newborns were premature and used beta-lactam and peripheral access. Thus, no statistically
significant results were observed in the multivariate analysis. During hospitalization, four
patients who are colonized developed infection, however with the treatment they were
recovery (Table 1). The analysis of data outcomes showed that 19.1% (n = 4) and 4.7% (n=1)
of cases and controls died, respectively. The cause of death in cases could not be attributed to
CRAB, but might be related to unfavourable clinical conditions, such as gastroschisis,
neonatal anoxia, respiratory complications, congenital syphilis and heart diseases.

All A. baumannii were resistant to imipenem (MIC50 > 8 mg/L™?), meropenem
(MIC50 > 8 mg / L), ceftazidime (MIC50 > 32 mg / L), ceftriaxone (MIC50 > 32 mg / LY,
cefepime (MIC50 > 16 mg / L), gentamicin (MIC50 > 16 mg / LY), ciprofloxacin (MIC50 >
4 mg / L), ampicillin/sulbactam (MIC50 > 16 mg / L'Y), piperacillin/tazobactam (MIC50 >
128 mg / L), (n =7) amikacin (MIC50 > 32 mg / L) and (n = 16) tigecycline (MIC50 > 8

mg / LY. The CRAB were susceptible only to colistin (MICso < 2 mg/L?), (n = 11) to
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amikacin (MICso < 16 mg/L™?) and (n = 2) tigecycline (MICso < 2 mg/L™). All strains were
identified as carbapenemase producers by MALDI-TOF MS and sequencing confirmed the
presence of ISAbal upstream blaoxa23 and blaoxas: genes. Thus, increased levels of
resistance to carbapenems were very likely caused by ISAbal upstream blaoxa-23 genes. 2

PFGE analysis identified that 90.47% of isolates (n = 19) with 100% similarity (cluster
C) (Figure 1) were colonizing newborns admitted to NICU and NIU. Newborns hospitalized
in NICU are transferred to NIU to continue treatment when clinical conditions improve. Thus,
contact between patients, hands or contaminated medical equipment may have contributed to
the dissemination of the clonal isolate. The impossibility of identifying a common source in
an environmental reservoir is the major limitation of this study.

MLST typing showed the most prevalent ST1 associated with the international clone I.
In Latin America, OXA-23-producing A. baumannii strains have also been reported as
belonging to ST1, 8 ST25 ® and ST79. & 19 Interestingly, in our study, only one isolate was
closely related to ST79 and ST25. The description of the ST25 in this hospital can become
emerging in our state, since this ST was reported in Bolivia, °a country that borders the state
of Mato Grosso do Sul, which until the moment had not been described the presence of ST25.

Following the initial detection of this outbreak for CRAB, infection control measures
have been implemented, as surveillance cultures from all neonates hospitalized for more than
48 hours in different wards or health institutions; single use of medical equipment; isolation
of patients who had a positive culture for CRAB; environmental cleaning of all surfaces
including walls, floors, ceilings, windows, furniture and medical equipment. After the
implementation of these measures, there was a reduction in the incidence of A. baumannii
with this resistance profile. In summary, these results highlight the importance of the active
search for CRAB in newborns and importance of infection control measures to prevent

transmission of clones among patients.
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Patient

Gestational

Birth

Clinical

Date of

Date of

Hospital

Length

Place prior to

Type

identification age, sex?  weight® isolates® admission isolation unit of stay¢ Admission birth Treatment Outcome
AMI(18mg), CEP(50mg),
1* 35, M 1850  Swab  09/17/2013 09/23/2013  NICU 21 ocC c PNCEZ5ma)13 Recovery
2 32,W 1082 Swab _ 09/14/2013 09/23/2013 __ NIU 54 oC N AMI(18mg), PNC(25mg)/11 Recovery
3 34, M 1608  Swab  09/23/2013 09/30/2013  NICU 4 oc N CAR(20mg), CEP(50m), Death
' PNC(25mg)/20
4* 27, W 1036 Swab  10/13/2013 10/21/2013 _ NICU 12 oC N AMI(15mg), PNC(25000U1)/1 Death
5 32, W 1780 Cai?;‘er 10/13/2013  10/21/2013  NICU 28 oc C AMI(15mg), PNC(25mg)/10  Recovery
CAR(40mg), CEP(50mg),
6 3L, W 1664  Swab  11/09/2013 11/11/2013  NIU 17 oc N PNCOSMEYI3 Recovery
7 3L W 1470  Swab  11/07/2013 11/12/2013 _ NICU 26 oC N AMI(18mg), PNC(25mg)/9 Recovery
AMI(18mg), CEP(50mg),
g* 3L,M 1790  Swab  11/07/2013 11/12/2013  NICU 19 ocC c PNCEZ5ma)12 Recovery
9 35, M 2630 Swab  11/09/2013 11/12/2013 __ NIU 6 AH N AMI(18mg), PNC(25mg)/5 Recovery
10 33, M 2608 Swab 11/09/2013  11/12/2013 NIU 7 oC N AMI(18mg), PNC(25mg)/8 Recovery
1% 31, W 698  Swab  11/13/2013 11/19/2013  NICU 61 oc C AMI(18mg), CAR(20m), Recovery
: CEP(50mg), PNC(25mg)/18
AMI(18mg), CAR(20mg),
12 29, W 1294  Swab  11/15/2013 11/19/2013  NICU 59 oc c CEP(50mG). PNC(25may/15 Death
AMI(18mg), CEP(50mg),
13 29, M 1320 Swab  11/15/2013 11/19/2013  NICU 59 oc c PNCE5maYAL Recovery
14 36, M 3192 Cai'i‘ster 12/04/2013  12/16/2013  NICU 16 AH c CEP(50mg), PNC(25mg)/10  Recovery
15 36, W 3120 Swab  01/04/2014 01/07/2014 _ NIU 9 oC C CEP(50mg), PNC(25mg)/9 Recovery
16 3L,W 1650  Swab _ 01/06/2014 01/11/2014 _ NIU 26 oC C AMI(18mg), PNC(25mg)/7 Death
17 32, M 1830  Swab  01/08/2014 01/15/2014 _ NIU 23 AH N CEP(50mg), PNC(25mg)/8 Recovery
AMI(18mg), CAR(20mg),
18 33, M 1990  Swab  01/06/2014 01/16/2014  NICU 49 ocC c CEP(50mD), PNC(Zsma)i21 Recovery
Catheter AMI(18mg), CEP(50mg),
19 30, M 1180 ip | 0L/20/2014 020042014 NIU 52 AH N PNC(25mE)/19 Recovery
AMI(18mg), CAR(20mg),
20 34, F 964  Swab  01/25/2014 02/05/2014  NIU 47 ocC c CEP(50mG). PNC(25may/18 Recovery
21 32,M 1724 Swab  04/20/2014 04/26/2014  NIU 10 oc N AMI(18mg), CER(50mg). Recovery

PNC(25mg)/8

193  2Age in days. °Birth weight in grams. °Rectal swab

. YLength of stay in days. *Treatment (dosage and days of therapy). W, woman; M, man. NICU,
194 Neonatal Intensive Care Unit; NIU, Neonatal Intermediate Unit. OC, Obstetric Center; AH, Another Hospital. C, Cesarean; N, Normal. *Patients
195 who developed infection during hospitalization. AMI, Aminoglycoside; CAR, Carbapenems; CEP, Cephalosporins; PNC, Penicill.
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Figure 1. Dendrogram displaying the genetic relatedness of 21 CRAB isolated from newborns during an outbreak in NICU and NIU. The 19

isolates containing 100% similarity are grouped in cluster C (PFGE) and ST1 (MLST).
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Table I1. Factors associated with carbapenem-resistant Acinetobacter baumannii isolates.

Control patients (n =
Risk factor Case patients (n = 21) 21) Univariate analysis

Short paper 84

OR (95% CI) P
Age (days) 1.00+0 1.85+1.93
Neonate weight
AGA 11 (52.38) 13 (61.9) 1.47 (0.43-5.04) 0.53
SGA 10 (47.62) 8 (38.09) 1.47 (0.43-5.04) 0.53
Comorbidities
Congenic cardiopathies 7 (33.33) 3(14.29) 3 (0.65-13.74) 0.15
Icterus 6 (28.57) 3(14.29) 2.4 (0.51-11.26) 0.26
Respiratory syndromes 13 (61.9) 6 (28.57) 4.06 (1.11-14.80) 0.03
Hospitalization
Low weight 17 (80.95) 13 (61.90) 2.61(0.64-10.61) 0.17
Prematurity (GA<37 weeks) 21 (100) 12 (57.14) 32.68 (1.74-610) <0.01
Gemini 4 (19.05) 4 (19.05) 1(0.21-4.66) 1.00
Previous hospitalization 4 (19.05) 9 (42.86) 0.31 (0.07-1.26) 0.09
Surgical procedure 1(4.76) 2 (9.52) 0.47 (0.03-5.67) 0.55
Use of antimicrobials
Previous exposure 21 (100) 17 (80.95) 11.05 (0.55-219.68) 0.03
Aminoglycosides 17 (80.95) 12 (57.14) 3.18 (0.79-12.80) 0.09
Beta-lactam 21 (100) 16 (76.19) 14.33 (0.73-278.06) 0.02
Carbapenens 7(33.33) 6 (28.57) 1.25(0.33-4.63) 0.74
Cephalosporins 14 (66.67) 7 (33.33) 4 (1.10-14.43) 0.03
Presence of device
Peripheral access 21 (100) 14 (66.67) 0.66 (0.49-0.90) 0.01
ETT 15 (71.42) 9 (42.86) 3.33 (0.92-12.01) 0.06
CVA 7 (33.33) 4 (19.04) 2.12 (0.51-8.77) 0.29
Probes 2 (9.52) 1(4.76) 2.10 (0.17-25.17) 0.55

OR — Odds ratio; Cl — Confidence interval. In bold, variables with level of significance (P <0.05).
GA, gestational age; ETT, endotracheal tube; CVA, central venous access.
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ABSTRACT

Acinetobacter baumannii are opportunistic pathogens related to important cases of
nosocomial infections. Risk factors associated with OXA-23-producing A. baumannii strains
were investigated in this case-control study from September 2013 to September 2015.
Bacterial identification and antimicrobial susceptibility were performed by Vitek®2 and
confirmed by matrix-assisted laser desorption ionization time of flight mass spectrometry
(MALDI-TOF MS). The presence of B-lactamase genes was analyzed by polymerase chain
reaction (PCR) and sequencing. Genetic relatedness among strains was determined by pulsed
field gel electrophoresis (PFGE) and multilocus sequence typing (MLST). This study
included 82 patients. A nasogastric tube, hemodialysis and use of cephalosporins were
associated with OXA-23-producing A. baumannii. Forty-one OXA-23-producing A.
baumannii strains were isolated from adult patients. These strains showed sensitivity only to
amikacin, gentamicin, tigecycline and colistin and presented ISAbal upstream blaoxa-23 and
blaoxas1 genes. Twelve-six OXA-23-producing A. baumannii strains were clonally related
and patients infected with the genetic profile ST79 had a higher mortality rate (34.6%). OXA-
23-producing A. baumannii strains have been associated with several healthcare-related risk
factors and high mortality rates in ICUs.

Keywords: Oxacillinase, multi-drug resistant, ICU.

INTRODUCTION

The emergence of carbapenem-resistant Acinetobacter baumannii has been reported in
many countries and has become a matter of great concern. * They cause numerous diseases,
are hard to treat and have the potential to spread within health care facilities. Infections with

these organisms are associated with high rates of morbidity and mortality. 2
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The dissemination of A. baumannii that harbor carbapenemase-encoding genes pose a
significant threat to the control and treatment management of nosocomial infections and have
been associated with hospital outbreaks in various geographic regions. ® In addition, the rates
of carbapenem resistance among A. baumannii have dramatically increased. Among the
resistance mechanisms, production of carbapenemase OXA-23, OXA-24, OXA-51 and OXA-
58 are the more prevalent in A. baumannii strains, associated with genetic elements, such as
insert sequences, integrons, transposons and plasmids. #° Several outbreaks of carbapenem-
resistant A. baumannii bacteria have occurred, ¢ making them an international clinical and
public health concern. 3

In Brazil, the first description of OXA-23-producing A. baumannii occurred in the
Southern region of the country in 2003, in addiction, high rates of resistance to carbapenems
have been reported in Brazilian hospitals related to the clonal dissemination of OXA-23-
producing A. baumannii, becoming a problem mainly in ICUs. & ° The presence of ISAbal
upstream blaoxa-23 is associated with increased expression of resistance to carbapenems,
which has made it even more difficult to control the spread of this microorganism in hospital
environments. °

Although many studies have reported on the drug resistance profile of A. baumannii
worldwide, ! there is limited information regarding the epidemiology of carbapenem-resistant
A. baumannii in Brazil. A case-control and molecular study were performed in a public
hospital in a Central-West Brazilian state, to identify the risk factors associated with OXA-23-
producing A. baumannii strains in an Adult Intensive Care Unit (ICU). Understanding the risk
factors associated with carbapenem-resistant A. baumannii in healthcare facilities may be

important for targeting interventions and reducing hospital transmission.
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MATERIAL AND METHODS
Case-control study

To identify risk factors, a case-control study was conducted in the an adult ICU.
Patients hospitalized between September 2013 and September 2015 in a public hospital
located in the city of Dourados, Mato Grosso do Sul (a Central-West Brazilian state), were
included in this study. A case was defined as a patient infected or colonized by OXA-23-
producing A. baumannii strains and control were patients without the isolation of A.
baumannii in the first 48 hours after admission. ® For each case, one control was selected from
patients admitted within the study period matched by age, clinical manifestation and hospital
ward. All medical, nursing and microbiological records of patients hospitalized were
reviewed. Clinical records from inpatients were reviewed and the following data were
recorded: demographics; medical history and co-morbid conditions; location prior to
admission; ward of admission; hospital course (duration and ward location); invasive
procedures (device use and surgery) receiving of mechanical ventilation; treatment with
immunosuppressant drugs; antibiotic exposure history; source of infection (blood, urinary
tract, wound, respiratory source or other) and outcome (recovery/death).

The comorbidities included diabetes mellitus, cardiovascular disease, renal failure,
respiratory failure, chronic obstructive pulmonary disease, alcoholism, tabagism, neoplasia,
neurological disease, sepsis, substance abuse, HIV infection, decubitus ulcers, active cancer
and hypertension were evaluated. Both the individual and cumulative numbers of co-morbid
conditions were evaluated. All antibiotics administered for > 24 hours during the current
hospitalization were recorded. The information collected included the drug name, start date,
dose, route of administration, dosing frequency and total duration of use. Both individual and

cumulative antibiotic exposures were evaluated.
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Bacterial isolates

The OXA-23-producing A. baumannii strains during the study period were obtained
from 41 adults patients, collected on different days and infection sites. Colonization was
defined as the isolation of strains without clinical manifestation of infection. Clinical infection
was defined by medical diagnosis according to clinical criteria (sepsis, fever, changes in
frequency or color of secretions, or new radiological findings) associated with the decision to
initiate antibiotic therapy, as well as isolation of one OXA-23-producing A. baumannii strains.
10 The study was conducted with the approval of the Research Ethics Committee from the

Universidade Federal da Grande Dourados (no. 877.292/2014).

Bacterial identification, susceptibility testing and phenotypic assays

Bacterial species were identified using the Vitek®2 (bioMérieux, Hazelwood, MO) and
confirmed by matrix-assisted laser desorption ionization time of flight mass spectrometry
(MALDI-TOF MS), using a Microflex LT spectrometer (Bruker Daltonics, MA, USA), as
previously described. * The minimal inhibitory concentrations (MICs) of antimicrobials was
determined by Vitek®2 for imipenem, meropenem, ceftazidime, ceftriaxone, cefepime,
gentamicin, ciprofloxacin, colistin, tigecycline, ampicillin/sulbactam and
piperacillin/tazobactam. Susceptibility results were interpreted according to the Clinical and
Laboratory Standards Institute (CLSI/2016) guidelines. 2 As for tigecycline it was interpreted
by the European Committee on Antimicrobial Susceptibility Testing (EUCAST/2016)
guidelines. ** Preliminary screening for the presence of carbapenemases was performed by
ertapenem (2 and 4 hours) hydrolysis using MALDI-TOF MS. * Carbapenem hydrolysis was
considered positive if the ertapenem intact-molecule mass peak (475 m/z) and that of its

monosodium salt (497 m/z) disappeared completely. 14 15
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PCR amplification

The presence of B-lactamase genes (blaivpe-1, blanom-1, blavim-1, blakec-2, blaoxa-23,
blaoxa-24, blaoxa-as, blaoxa-s1, blaoxass) o " and ISAbal insert element °® was evaluated by
polymerase chain reaction (PCR) and followed by sequencing using specific primers, as
previously described. ® The DNA sequences and their derived protein sequences were
analyzed using the Lasergene Software Package (DNASTAR) and compared with the

sequences deposited in GenBank.

Molecular typing by pulsed-field gel electrophoresis (PFGE)

The genetic relationship among the OXA-23-producing A. baumannii strains was
determined by PFGE. Genomic DNA was digested using the restriction enzyme Apal (New
England BiolLabs, Ipswich, MA, USA). The restriction patterns were analyzed using the
BioNumerics software v. 3.0 (Applied Maths, Sint-Martens-Latem, Belgium). Percentage
similarity between firgerprints was scored by the Dice coefficient. 1° The unweighted pair
group method with arithmetic mean and a 1.5% tolerance limit was used to reconstruct a
dendrogram and cluster analyses were performed using the algorithms available within the

BioNumerics software package v. 6.0 (Applied Maths, Sint-Martens-Latem, Belgium).

Multilocus Sequence Typing (MLST)

To determine the Sequence Typing (ST) of 41 OXA-23-producing A. baumannii
strains, MLST technique was performed. Each sample was subjected to amplification and
partial sequencing of the seven standard genes for the genus Acinetobacter spp. (cpn60, fusA,
gltA, pyrG, recA, rpIB and rpoB) using primers as described previously. 2° DNA sequences
obtained were analyzed using the program Lasergene Software Package (DNAStar, Madison,

USA) and then the sequences were deposited together by isolated evaluated directly in the
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MLST page Institut Pasteur, France in order to obtain the corresponding alleles and

consequently, the ST number. 202

Statistical analysis

All clinical data were deposited in the Research Electronic Data Capture (Redcap)
database and the statistical analysis was performed by SAS v. 9.2 (SAS Institute), using the
univariate and multivariate models. Dichotomized and categorical data were analyzed with
the chi-square test or Fisher’s exact test. For continuous variables, the t-test or ANOVA was
used. Bivariate analyses were performed to verify the associations between the dependent and
independent variables, and those achieving a pre-specified level of significance (P<0.05).

Logistic regression analysis was used to estimate the crude and adjusted odds ratios.

RESULTS
Patients of the study

The patients were hospitalized in ICUs and their ages ranged from 24-87 years and
58.5% (n = 24) were men. Prior to isolation of OXA-23-producing A. baumannii, all patients
had received antimicrobial regimens, which included penicillin, third or fourth generation
cephalosporins, aminoglycosides, fluoroquinolones, amikacin, tigecycline, piperacillin-
tazobactam, trimethoprim, carbapenems and polymyxins. A total of 41 OXA-23-producing A.
baumannii strains were recovered from 41 patients between 1 and 95 days following
admission. Out of these, 92.6% (n = 38) had a history of the previous hospitalization in the
same facilities or in other hospitals. The remaining patients had no history of previous
hospitalization and were admitted directly into the ICU from the emergency room.

Among 41 OXA-23-producing A. baumannii strains, 26.8% (n=11) were from

colonization sites and 73.2% (n=30) were obtained from infection. Out of the identified
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strains, 56.1% (n = 23) were isolated from tracheal aspirates, 26.8% (n = 11) swabs, 7.3% (n
= 3) from wounds, 4.9% (n = 2) blood and 4.9% (n = 2) urine (Figure 1). The case-control
study was performed in 82 patients (41 cases and 41 controls) and there were no significant
differences (P > 0.05) among cases and controls in regards to baseline demographics. In the
multivariable analysis, OXA-23-producing A. baumannii strains were associated with
nasogastric tubes, hemodialysis and use of cephalosporins (Table 1). The analysis of data on
patient outcomes revealed that OXA-23-producing A. baumannii patients had a higher
mortality rate compared to controls, being 34.1% (n=14) and 24.3% (n=10), respectively, (P =
0.5). The other deaths were due to renal, cardiovascular, pulmonary, neoplastic and cancer

diseases.

Susceptibility testing

All 41 (100%) OXA-23-producing A. baumannii strains were resistant to imipenem
(MICso > 8 mg/Lt), meropenem (MICso > 8 mg/L™?), ceftazidime (MICso > 32 mg/L™?),
ceftriaxone (MICso > 32 mg/L?), cefepime (MICso > 16 mg/L?), gentamicin (MICso > 16
mg/L™Y), ciprofloxacin (MICso > 4 mg/Lt), ampicillin/sulbactam (MICso > 16 mg/L?),
piperacillin/tazobactam (MICso > 128 mg/L%), of 41 strains 90.2% (n = 37) were resistant to
gentamicin (MICso> 8 mg/L1), 43.9% (n = 18) to tigecycline (MICso > 4 mg/L) and 34.1%
(n = 14) to amikacin (MICso > 32 mg/LY). All strains showed sensibility to colistin (MICso <

2 mg/Lh), of 41 strains 65.9% (n = 27) amikacin (MICso < 16 mg/LY), 56.1% (n =23)

tigecycline (MICso <2 mg/Lt) and 9.8% (n = 4) gentamicin (MICso < 4 mg/L™).

Molecular testing, PFGE and MLST analysis
The 41 OXA-23-producing A. baumannii strains were classified as carbapenemase

producers by MALDI-TOF MS and presented hydrolysis after 4 hours of incubation. PCR
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amplification and sequencing showed that the ISAbal upstream blaoxa-23 and blaoxa-s1 genes
were present in all carbapenem-resistant strains. The presence of blaivpe-1, blanom-1, blavim-1,
blakpc-2, blaoxa-24, blaoxa-4s and blaoxa-ss genes was not detected. PFGE analysis of 41 OXA-
23-producing A. baumannii strains identified 46.3% (n = 19) with more than 80.06%
similarity, as shown in the dendrogram (Fig. 1, cluster E). ST79 was the genetic profile
predominant with 63.4% (n = 26) strains in MLST (Fig. 1, clusters E and F). Out of the 26
strains, 84.6% (n = 22) were isolated from infections sites. Analysis of the data revealed that
patients infected or colonized with this predominant clonal type had a higher mortality rate,

being 34.6% (n=9) (P < 0.01) compared to patients infected with other strains.

DISCUSSION

OXA-23-producing A. baumannii strains have been increasingly reported worldwide,
8 22 3ffecting severely ill patients. In addition, this pathogen is associated with high morbidity
and mortality rates. 8 Infected and colonized patients represent reservoirs for horizontal
transmission and spread of multidrug resistance A. baumannii, especially in ICUs. 2 During
the study period, 30 patients were infected and 11 colonized by OXA-23 A. baumannii in the
adult ICU, once high rates of infection and colonization caused by A. baumannii are reported
in ICUs. ®

Among the patients, 46.3% (n = 19) have age > 60 years, presented multiple
comorbidities as diabetes, hypertension, chronic diseases and sepsis (Table 1), besides they
were submitted to invasive procedures as mechanical ventilation, previous surgery, use of
central venous catheter, use of urinary catheter and nasogastric tube (Table 1) and 65.8% (n =
27) patients have prolonged hospitalization time (>15 days). All patients were exposed to
antimicrobial treatments included penicillin, third or fourth generation cephalosporins,

aminoglycosides, fluoroquinolones, amikacin, tigecycline, piperacillin-tazobactam,



222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

Manuscrito em elaboragdo 94

trimethoprim, carbapenems and polymyxins, however, 78% (n = 32) patients had
antimicrobial treatment >7 days. In our study, 92.6% (n = 38) patients had a history of the
previous hospitalization, however, this factor was not statistical. These data reinforce the
importance of factors such as age, comorbidities, invasive procedures, prolonged
hospitalization and prolonged exposure to various antimicrobial classes may have influenced
the rates of resistance and dissemination of OXA-23-producing A. baumannii in the adult
UCI, as already reported in other studies.®> 22> Once that these factors in hospitalized patients
contributed to the dissemination of multidrug-resistant strains ° and constitute a therapeutic
problem, affecting the clinical outcome.®

Assessment of the factors that predict carbapenem resistance by multivariable analysis
demonstrated that nasogastric tube, hemodialysis and cephalosporins users were associated
with OXA-23-producing A. baumannii. These risk factors may be related to the ability of A.
baumannii colonize various surfaces and medical devices, with the conditions of patients as
comorbidity and invasive procedures, as well as the use of broad spectrum antibiotics.

The nasogastric tube has been described like as a risk factor for acquiring carbapenem
resistant A. baumannii in hospitalized patients 2" and hemodialysis for the acquisition of
imipenem resistant A. baumannii infections. 2° Antibiotic exposures are frequently reported
risk factor for multidrug resistance A. baumannii. 2 In our study, 82.9% (n = 34) of the
patients had exposure to carbapenems, however, the use cephalosporins increased the risk
factor to had OXA-23-producing A. baumannii. %

The carbapenem resistance may occur due to the decrease in membrane permeability,
the presence of efflux pumps, changes in the antibiotic binding site. > However, carbapenem-
hydrolysing class D B-lactamases (CHDLs) as OXA-23, OXA-24, OXA-51 and OXA-58 are
the main mechanism of carbapenem resistance in A. baumannii. & 22 In our study, all

carbapenem-resistant A. baumannii strains showed blaoxa-23 gene and blaoxa-s1 and 1SAbal
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insertion sequence upstream blaoxa-23. This insertion sequence is considered a strong
promoter and cloud been increased resistance levels of carbapenems.? 8 22

PFGE analysis of 41 OXA-23-producing A. baumannii identified 7 clusters (A-G),
however, 46.3% (n=19) with more than 80.06% similarity (cluster E) was predominant in this
study. MLST typing showed that ST1 (CC1),3° ST15 (CC15), ST25 (CC25) 822 and ST79
(CC79), & °were the predominant genotypes identified in this study. The ST1 correspond to
international clone | and along with the ST15 and ST79 are the genotypes of OXA-23-
producing A. baumannii most reported in Brazilian hospitals, ® ® and ST25 has already been
reported in Brazilian regions such as Midwest, Southeast and North. 8 ° The description of the
ST25 could be associated with the boundary of the Mato Grosso do Sul state makes the
Bolivia, where it A. baumannii strains presenting this genotype were reported. 2 In the study,
the presence of ST25 was associated with 100% morbidity of patients.

The patients infected or colonized with predominant clonal type ST79 had a higher
mortality rate 34.6% (P < 0.01) caused by OXA-23-producing A. baumannii compared to
patients infected with other genotypes of A. baumannii, which reinforces the clonal
dissemination of OXA-23-producing A. baumannii strains in the ICUs. ° Furthermore, the
MLST has different genetic patterns, which demonstrates the easily of A. baumannii acquire
resistance and shows the importance of having effective control measures to restrict its spread
in nosocomial environments. 8

Our findings showed that the acquisition of OXA-23-producing A. baumannii was
associated with several healthcare related risk factors and high mortality rates in ICUs. In
addition, the higher mortality rate of patients was caused by the ST79 genotype. With the
emergence of infection and colonization by OXA-23-producing A. baumannii, these results

show the importance of reinforcing hospital infection control measures, particularly with
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patients transferred from other hospitals. Thus the spread of OXA-23-producing A. baumannii

strains with the profiles presented in our study do not emerge.
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Variables Case patients (n = 41) Control patients (n =41) Univariable analysis Multivariable analysis
OR (95% CI) P OR (95% CI) P
Age (years) 63. 84+15.42 61.74+15.14
Comorbidities
Diabetes 16 (39.02) 8(19.51) 2.64 (0.97-7.14) 0.05
Alcoholism 8 (19.51) 6 (14.63) 1.41 (0.44-4.51) 0.55
Hypertension 24 (58.53) 21 (51.22) 1.3 (0.56-3.21) 0.50
Ulcers 6 (14.63) 3(7.32) 2.17 (0.50-9.35) 0.28
Pulmonary disease 2 (4.88) 8 (19.51) 0.21 (0.04-1.06) 0.04
Chronic heart failure 6 (14.63) 8(19.51) 0.70 (0.22-2.25) 0.55
Chronic renal failure 14 (34.15) 8 (19.51) 2.13 (0.78-5.85) 0.13
Chronic respiratory failure 12 (29.27) 16 (39.02) 0.64 (0.25-1.62) 0.35
Cancer 5 (12.20) 3(7.32) 1.75 (0.39-7.90) 0.45
Substance misuse 10 (24.39) 10 (24.39) 1(0.36-2.74) 1.00
Neurological disease 12 (29.27) 5 (12.20) 2.97 (0.94-9.43) 0.05
Neoplasias 8(19.51) 3(7.32) 3.07 (0.75-12.53) 0.10
HIV infection 2(4.88) 1(2.43) 2.05(0.17-23.54) 0.55
Sepsis 23 (56.10) 12 (29.27) 3.08 (1.23-7.69) 0.01
Risk factor
Mechanical ventilation 33 (80.49) 32 (78.05) 1.16 (0.39-3.38) 0.78
Previous surgery 28 (68.29) 19 (46.34) 2.49 (1.01-6.13) 0.04
Central venous catheter 29 (70.73) 27 (65.85) 1.25 (0.49-3.18) 0.63
Urinary catheter 28 (68.29) 29 (70.73) 0.89 (0.34-2.28) 0.81
Use of imunosuppressive 5 (12.19) 1(2.43) 5.55 (0.61-49.82) 0.08
Hemodialisysis 10 (24.39) 3(7.32) 4.08 (1.03-16.15) 0.03 4.87 (1.07-22.05) 0.03
Nasogastric tube 23 (56.10) 10 (24.39) 3.96 (1.54-10.16) 0.00 4.66 (1.59-13.66) <0.01
Chest drainage 7 (17.07) 5 (12.20) 1.48 (0.42-5.12) 0.53
Previous hospital admission 38 (92.68) 34 (82.93) 2.60 (0.62-10.89) 0.17
Use of antimicrobials
Previous exposure 41 (100) 39 (95.12) 5.25 (0.24-112.87) 0.15
Aminoglicosydes 27 (65.85) 20 (48.78) 2.02 (0.83-4.92) 0.11
Beta-lactam 20 (48.78) 12 (29.27) 2.30 (0.92-5.71) 0.07
Carbapenens 34 (82.93) 31 (75.61) 1.56 (0.53-4.62) 0.41
Cephalosporins 10 (24.39) 26 (63.41) 0.18 (0.07-0.48) 0.00 6.01 (2.04-17.69) <0.01
Polymyxins 18 (43.90) 11 (26.83) 2.13(0.84-5.38) 0.10
Quinolones 5 (12.20) 9 (21.95) 0.49 (0.14-1.62) 0.24

OR — Odds ratio; Cl — Confidence interval. HIV, Human immunodeficiency virus.
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Figure 1. Dendrogram displaying the genetic relatedness of 41 OXA-23-producing A. baumannii strains recovered in a Brazilian teaching hospi-

tal, based on PFGE data and MLST content. Asterisks indicate the colonizing strains. ICU, Intensive Care Unit.
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9 Consideracoes finais do estudo

Os resultados obtidos neste estudo indicam a disseminagéo de cepas de A. baumannii
resistentes a carbapenémicos isoladas de pacientes internados em UTIs Neonatal e Adulto de
um hospital pablico de Dourados/MS. Os estudos de caso-controle realizados nestas UTIs
demonstraram que a colonizagdo por A. baumannii resistentes a carbapenémicos em neonatos
estava associada a sindromes respiratorias, prematuridade, exposicdo prévia a antibidticos,
uso de betalactamicos, uso de cefalosporinas e acesso periférico. Enquanto que na UTI adulto,
outros fatores foram indicados como de risco para o desenvolvimento de infeccbes e
colonizagdes, como o0 uso de tubo nasogéastrico, hemodialise e uso de cefalosporinas. A
divergéncia entre os fatores encontrados nestas duas UTIs se da pela diferenca entre os dois
grupos estudados, uma vez que neonatos apresentam sistema imunoldgico, comorbidades,
tratamento e procedimentos invasivos bem distintos quando comparados com 0s pacientes
adultos.

Durante o periodo do estudo, foi possivel observar que as 59 cepas de A. baumannii
apresentaram um indice de resisténcia alta aos antibidticos testados, bem como, todas as cepas
apresentaram a sequéncia de insercdo 1ISAbal a montante do gene blaoxa-23 € 0 gene blaoxa-si.
Foi observado um surto ocasionado por A. baumannii resistentes a carbapenémicos na UTI
neonatal, enquanto que na UTI adulto pode-se observar uma alta diversidade genética. O
estudo da ancestralidade deste isolados identificou os genétipos ST1 (CC1), ST15 (CC15),
ST25 e ST79 (CC79), correspondendo aos grupos clonais disseminados mundialmente. No
entanto, a frequéncia do gendtipo ST1 foi prevalente em ambas UTIs, além disso, na UTI
adulto, foi observado que 34,6% (n=9) dos pacientes evoluiram ao 6bito decorrente de sepse
por A. baumannii pertencentes ao genotipo ST79.

A presenca do ST25 no estado do Mato Grosso do Sul ainda ndo havia sido relatada na
literatura, mas pode estar ocorrendo devido o estado fazer divisa com a Bolivia, pais em que
ja foi descrita a presenca deste gendétipo. Estes dados indicam que a deteccdo precoce, bem
como a elaboragdo de medidas de controle adequadas, sdo de extrema importancia para a

reducdo da infeccdo hospitalar.
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FUNDACAO UNIVERSIDADE
FEDERAL DA GRANDE W"“'
DOURADOS/UFGD-MS

Continuacéo do Parecer: 877.292

infecciosos. Acredita-se que estes estudos possam contribuir para tragar medidas de contencéo adequadas
bem como para evitar futuros surtos de infecgdo dentro do ambiente hospitalar, contribuindo desta forma
com acdes de vigilancia em salde e consequentemente reduzindo os gastos do Sistema Unico de Saude
com internacdes provenientes destes

problemas.ao ambiente hospitalar sobre a aquisicdo destes agentes infecciosos. Acredita-se que estes
estudos possam contribuir para tracar medidas de contengfdo adequadas bem como para evitar futuros
surtos de infecgédo dentro do ambiente hospitalar, contribuindo desta forma com ag¢des de vigilancia em
salde e consequentemente reduzindo os gastos do Sistema Unico de Saude com internagdes provenientes
destes problemas.

Objetivo da Pesquisa:

Estudar a ocorréncia de Enterobactérias produtoras de carbapenemase (KPC) isoladas de pacientes
atendidos no Hospital Universitario de Dourados, visando identificar os fatores de riscos associados a
aquisicdo de infec¢gdes causadas por estas bactérias.

Avaliacao dos Riscos e Beneficios:

Quanto aos beneficios parece ser uma proposta que possibilitara auxiliar agcdes de vigildncia em saude. A
avaliacao dos riscos inerentes a coleta das amostras dos pacientes € inexistente. No entanto, a pesquisa é
retrospectiva, uma vez que o material ja foi coletado em procedimento padrao da instituicdo em que sera
realizada a pesquisa, o que torna suficiente a avalia¢gdo ora apresentada no protocolo.

Comentarios e Consideragoes sobre a Pesquisa:

O tema é relevante e os resultados da pesquisa podem contribuir com agdes de vigildncia em saude no HU.
A pesquisadora realizou adendo no protocolo (embora sem documento de encaminhamento) que
corresponde ao aumento no numero de participantes na pesquisa. O aumento seria de 300 participantes

mudanc¢a no n de 200 para 500 participantes).

Consideracoes sobre os Termos de apresentacao obrigatoria:
Descreve suficientemente o procedimento para obtencédo do TCLE, além de versdo reformulada do TLE
(TCLE 12.11.2014).

Recomendagoes:

Conclusdes ou Pendéncias e Lista de Inadequagdes:
Os pesquisadores descreveram detalhadamente o procedimento para obtenc&do dos TCLEs de forma a
documentar, caso a caso, a impossibilidade da sua obtencao. No tocante a esse ponto, o

Enderego: Rua Melvin Jones, 940
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protocolo esta conforme as exigéncias pregadas pela Res CNS 466/2012 para a dispensa do TCLE.

Situagdo do Parecer:
Aprovado

Necessita Apreciacao da CONEP:
Nao

Consideracgoes Finais a critério do CEP:

DOURADOS, 19 de Novembro de 2014

Assinado por:
Paulo Roberto dos Santos Ferreira

(Coordenador)
Enderego: Rua Melvin Jones, 940
Bairro: Jardim América CEP: 79.803-010
UF: MS Municipio: DOURADOS
Telefone: (67)3410-2853 E-mail: cep@ufgd.edu.br
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Anexo B. Termo de Consentimento Livre e Esclarecido

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE)

O (a) Senhor (a) esta sendo convidado (a) a participar, como volmtino, de uma pesquisa com nome de
“Caracterizacio e epidemiclogia molecular de bacténas gram-megativas produtoras de beta-lactamases
isoladas de pacientes internados em hospitais de Dourados/ M5, Esta pesquisa tem come objetive estudar
as bactérias resistentes a varos amtibidticos iscladas de pacientes internados em hospitais de
Dourades/MS. Apds ler com atengio este documento e ser esclarecido (a) sobre as informagdes a seguir,
e portanto, no caso aceite participar do estudo, assine ao final deste documento, que esti em duas vias.
Uma delas € sua e a outra & do pesquisador responsavel. Em case de recusa voce nio sera penalizado (a)
de forma alguma.

INFORMACOES IMPORTANTES QUE VOCE PRECISA SABER SOBRE A
PESQUISA:

+ Titolo da pesquisa: “Caracterizacio e epidemuologia molecular de bactérias gram-negativas
produtoras de beta-lactamases isoladas de pacientes internados em hospitais de DouradosM5™.

= Justifica-se a realizacio desta pesquisa pela importincia do estudo de bacténas resistentes a
antibioticos para o restabelecimento da saide do paciente bem como para o controle da
disseminacio destas bactérias no hospital, buscando evitar noves casos de infecgdo.

+  Objetivos da pesquisa: Identificar bacténias resistentes a diversos antibidticos isoladas de pacientes
mmternados em hospitais de Dourados/MS; estudar a resisténcia destas bacténas a vanos
antibigticos; identificar a presenca de genes de resisténcia; identificar os fatores de msco
relacionados as infecodes causadas pelas bactérias resistentes.

+ A pesquisa se baseia na identificacBo do perfil de resisténcia das bacténias 4 virnos antibidticos,
identificacdo do geme responsavel por esta resisténcia, estudo do perfil genético e analise dos
fatores de nisco envelvidos na agquisigio de infecgbes por essas bacténas resistentes.

+ A participacio do paciente consiste em ler o tetmo de consentimento, caso concorde participar do
estudo, assine o termo, liberando o pesquisador a revisar os dados do sen promtuino. O
pesquisador que ird aplicar o TCLE serd um alumo de pés-graduacio envolvido neste projeto o
qual ird explicar ao paciente do que se trata a pesquisa com linguagem acessivel ao mesmo.

+ s dados dos prontuaries dos pacientes serfo utilizados unicamente para esta pesquisa, sendo que
a pesquisadora se compromete a manter sigilo absoluto dos dados pesscais dos participantes,
sendo que os mesmos serdo recodificados de maneira a mimmizar os scos de exposicio dos
participantes.

+ As bacténias serdo isoladas de amostras clinicas de pacientes internados em hospitais de
DouradosMS. As amostras clinicas sfo coletadas apenas e estntamente pelo corpo meédico de
cada hospital e encaminhadas ao laboratérnio de microbiologia dos hospitais, onde serdo isoladas
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as bactérias. ESTE PROCEDIMENTO DE COLETA DE AMOSTRA CLINICA E
ISOLAMENTO BACTERIANO FAZ PARTE DA FOTINA DE CADA HOSPITAL e independe
da pesquisa proposta aqui.

As bacténias isoladas nos laboratérios dos hospitais serfo encamuinhadas ao Laboratorio de
Pesquisa em Ciéneias da Saade da UFGD. Portanto, o pesquisador nfiio estard envolvide na
coleta das amostras dos pacientes, apenas com a revisio dos pronmiries e aplicacio do
TCLE.

O pesquisador garante total sigilo e anonimato que assegure a privacidade dos participantes
guanto aos dados coletados dos prontuirios.

As despesas com a pesquisa sio de responsabilidade do pesquisador.

Nio havera nenhum tipe de pagamento ou grabificacio financeira pela sua participacio na
pesquisa.

O periodo de realizagio da pesquisa sera de dezembro de 2013 a maio de 2016.

E garantida ao sujeito a liberdade de ndo aceitagfio, bem como de retirar o consentimento. sem
qualquer prejuizo ou dane moral ou continidade do acompanhamento médico.

Os resultados da pesquisa irfio contribuir para o conhecimento de casos de infecgdes causadas por
bactérias resistentes a viaros antibiticos, ajudando no controle de bactérias resistentes nos
hospitais envelvidos no estudo e melhoria na qualidade da assisténcia aos pacientes internados nas
nstituigdes hospitalares.

Em case de divida o (a) Semhor (a) podera procurar o Comité de Etica em Pesquiza da
Universidade Federal da Gramde Dourados localizade na Fua Melvin Jomes, 940 - Jardim
América, Dourados-MS ou pelo telefone (67) 3410-2053, ou ainda procurar o pesquisador
responsavel, Dra. Simone Simicnatto, que se encontra na Universidade Federal da Grande
Dourades (UFGD) - Rodovia Dourados - Ttabum, Km 12 - Cidade Universitiria ou pelo telefone
3410-2323.

Nome do pesquisador responsiavel

Assinatura do pesquisador responsavel
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CONSENTIMENTO PARA A PARTICIPACAOQ DA PESQUISA

Eu, . portador (a) do RG/CPF
i residente no endeTecn

n® \ CEP

. Bairro , concordo

em participar como voluntario do estude “Caracterizacio e epidemiologia melecular de bacténias gram-
negativas produtoras de beta-lactamases isoladas de pacientes internados em hospitais de Dourados/MS™,
sob a responsabilidade da Profa. Dra. Simene Simionatto. Declaro que fin devidamente informado (a) e
esclarecide pelo  pesquisador . sobre a pesquisa, os
procedimentos envelvides, e a importincia da minha participagio. Foi me garantido que posse desistir da
pesquisa a qualquer momento, sem qualguer penalidade ou intermipcio do men acompanhamento!

assisténcia/ tratamente meédico. Lembrando que este documento estd em duas vias, uma ficard com o
Senhor (a) e outra com o pesquisador responsdvel.
Local e data:

Nome do sujeito ou responsavel

Assinatura do sujeito ou responsivel

Dra. Simone Simionatto

Umniversidade Federal da Grande Dourados, Faculdade de Ciéncias da Saade.
Fodowvia Dourados Italhum Em 12, 79804-970 - Dourados, MS - Brasil - Caixa-Postal: 322,

Telefone: (67) 3410-2225

Declaro que entendi os objetivos, nscos e beneficios de minha participagiio na pesquisa e concordo em
participar.

Nome Completo
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Anexo C. Questionario para a avaliagdo dos prontudrios das Unidades de Terapia

Intensiva Neonatal e Adulto

Confidential

Acinetobacter Banco

Mdmera do Questionario
Record ID

Banco:

Epidemiologia molecufar de Acinetobacter
Page 1 of 5

[0 Meanatal
O Adulto

1) Identificacdo do paciente:

RN de (nome da mae):
Mome:
Iniciais do Paciente:

Sexo:

Data de nascimento:
|dade (dias):
Idade (anos):

Peso ao nascer:

Racafcor:

Paciente

Andlise genética:

[ 1 - Feminina
[ 2 - Masculina

{em gramas)

[J1-Branco
[ 2 - Negro
[0 3 - Pardo
[ 4 - Indigena

[J1-Caso
[0 2 - Controle

[ blakpPC-2

O blalMP-1

O blaviM-1

O blanDM-1

O blaOXA-23-like
O blaDXA-24-like
O blaDXA-51-like
O bla0OXA-58-like

2) Dados hospitalares e variaveis epidemiologicas:

Mimero do prontuario:
Hospital:

Convénio:

Data da internacao:
Data da alta:

Local antes da admissado:

[0 1 - Residéncia
[0 2 - Instituicdo de salde

wew.project-redcap.org 'ﬂEDCElp’



Confidential

Motivo da internacao:

Motivo da internacao:
Cardiopatia Congénita. Qual?
Qutras. Qual?

Procedéncia:

ANEexos

Page 2 of 5

O 1 - Prematuridade (IG= 37 semanas)

0 2 - Gemelaridade

[ 3 - Baixo peso ao nascer (P< 2500q)

(] 4 - Muito baixo peso ao nascer (P= 1500g)
[ 5§ - Extremo baixo peso ao nascer (P< 1000g)
[ 6 - Hipoglicemnia

[ 7 - Andxia neonatal

[ 8 - Sindrome da Membrana Hialina {SMH)
O 9 - Sindrome da Aspiracdo Meconial (SAM)
(1 10 - Cardiopatia congénita

O 11 - Qutras

[ 12 - Broncodisplasia Pulmonar (BDP)

[ 13 - Pneumonia Neonatal

[ 14 - Infeccdo Meonatal

[ 15 - Sepse Neanatal

0 16 - Apneia

[ 17 - Ictericia

[ 18 - Gastrosguise

(1 19 - Mal formacdo genética

O 1 - Centro QObstétrica HU

0 2 - Alsjamenta Conjunta HU
O 3-uclHU

O 4 - Instituico externa ao HU

Caso tenha vindo de outra instituicao de saude:

Nome da instituicdo:

Tempo de internacdo:

Data da saida:

(em dias.)

Houve transferéncia do paciente entre as unidades hospitalares?

1} Unidade de Origem

1) Tempa {unidade de origem)

1} Unidade Desting

1) Tempa (unidade desting)

2) Unidade de Origem
2) Tempo (unidade de origem)

2) Unidade Desting

2} Tempa (unidade desting)

(em dias)

{em dias)

{em dias)

{em dias)

wonw.project-redcap.org QEDCEIFi
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Confidential

Tempo de internagao:

Evolucdo do caso:

Fatores de risco matemos:

Co-morbidades:

Fatores de risco:

Idade materna:

Idade Gestacional (em semanas):

Realizou Pré- Natal?

Anexos 112

Page 3 of 5

1 - até 30 dias

2 -30 a 60 dias
3-60 a 90 dias

4 - 90 a 180 dias

5 - mais de 180 dias

O OOOoO.O

m
1 - Alta hospitalar

[ 2 - Transferéncia hospitalar
0 3 - Obito

[ 4 - Gbito por outras causas

[J 1 - DHEG (Doenca Hipertensiva Especifica da
Gestacao

[0 2-HAS

O3-i1cc

[] 4 - DMG (Diabetes Mellitus Gestacional)

O5-DM

[ & - ITU {Infeccdo do Trato Urinario)

[ 7 - DPP {Descolamento Prematuro de Placenta)

[ 8 - Oligodramnio

O % - Polidramnio

[J 10 - Bolsa Rota (rotura prematura de membranas)

[ 11 - sifilis

[ 12 - Rubeola

[ 13 - Toxoplasmose

O 14 - CMmv

[ 15 - HIV

[ 16 - Hepatite

[J 17 - Herpes

[ 1 - Diabetes

[0 2 - Aleaolismo

[0 3-Has

[ 4 - Uleera de decibito

[1 5 - Doenca pulmonar obstrutiva crinica
[ 6 - Insuficiéncia cardiaca

O 7 - Insuficiéncia renal

[ 8 - Dependente quimico

[ 9 - Insuficiéncia respiratoria

[ 10 - Cancer

[ 11 - Tabagisma

[ 12 - Comprometimento neuraldgico
[ 13 - Deenca neurametabdlica

[ 14 - Neoplasias

[ 15 - Deencas hematolagicas

[ 16 - Transplante de Srgdos

[ 17 - Edema pulmonar

[ 18 - Infeccdo par HIV

[ 19 - Sepse

- Ventilacdo mecanica

- Procedimenta cirlrgico
CVC (cateter venaso central)
Cateter urindrio

Uso de imunossupressores
Hemaodislise

Uso de antibidticos

Sonda nasogastrica

[ 9 - Drenagem tordcica

[ 10 - Didlise peritoneal

[ 11 - Drenagem abdominal

1
2
3
4
5
[
7
8

OOoOoooood

[ 1-Naa
2-5Sim

mmsriectresconos AREDCap



Confidential

Quantas consultas?

Tipa de parto:

Classificacdo do neanato quanto ao peso:

Fatores de risco extrinsecos:

Tempo (data inicio e término) - TOT

Tempo (data inicio e término) - CRAFP nasal

Tempo (data inicio e término) - AVP

Tempo (data inicio e término) - AVC

Tempo (data inicio e término) - Cateter umbilical

Tempo (data inicio e término) - Sonda vesical

Tempo (data inicio e término) - SNG

Tempo (data inicio e término) - SNE

Tempo (data inicio e término) - DVP

Qutra? Quais?
Tempo (data inicio e término) - Qutro?

Tipo de Leito:

Procedimento cirdrgico:

Em caso de procedimentn, relatar qual o tipo de
procedimenta:

Local da cirurgia

Anexos 113

Page 4 of 5

- Cesaren
- Normal

P

- MG (adequade para idade gestacional)
- PIG (pequenc para idade gestacional)
- GIG (grande para idade gestacional)

Lab P =

1-TOT

2 - CPAP nasal
3-AVP

4-AVC

§ - Cateter umbilical
6 - Sonda vesical

OOo0O0o odo od

[ 10 - Outros?

(em dias)

{em dias)

{em dias)

{em dias)

{em dias)

(em dias)

(em dias)

(em dias)

(em dias)

[ 1 - Incubadora

[ 2 - Berco aquecida
[ 3 - Berco simples
a1
Oz

wew.project-redcap.org *EDCEIP



Confidential

Fonte de Infeccao:

ANEexos

Page 5 of &

[ 1 - 5ecrecaa traqueal
[ 2 - Sangue

[ 3 - Ferida

[ 4 - Ponta de Cateter
15 - Swab nasal

[ 6 - Swab retal

[ 7 - Urina
[ 8- Fezes
O 9 - Qutros
Quais?
Colonizacdo por Acinetobacter spp.: [d1-5Sim
[0 2 - Nao
Qual micro-organismo (espécie Acinetobacter)? [ A. baumannii
[ A calcoaceticus
O A Iwoffii
[0 A. johnsonii
[ A. haemolyticus
O A junii
Data de Isolamento
Exposicdo prévia a antimicrobianos:
Exposicdo O ves
[ No
Medicamenta: [ Aminoglicosideos

[ B-lactamicos/b-lactamase inibidares
[0 Carbapenémicos

[ Cefalosporinas

[ Palimixinas

[ Quinalonas

waw projectrescapors AREDCaA P
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Anexo D. Short paper aceito na Revista Brasileira de Medicina Tropical

Identification of SPM-1-producing Pseudomonas aeruginosa in the Central-West region

of Brazil: a case study

Running title: Maciel WG - SPM-producing Pseudomonas aeruginosa: a case study.

Wirlaine Glauce Macielltl, Kesia Esther da Silvalt, José Victor Bortolotto Bampill,
Graciela Mendonca dos Santos Betl?:[2, Ana Carolina Ramos(®l, Ana Cristina Gales[®! and

Simone Simionattol!!

[1]. Laboratério de Pesquisa em Ciéncias da Saude, Universidade Federal da Grande
Dourados, Dourados, MS, Brasil. [2]. Hospital Universitario de Dourados, Universidade
Federal da Grande Dourados, Dourados, MS, Brasil. [3]. Laboratério ALERTA, Disciplina
de Infectologia, Departamento de Medicina, Universidade Federal de S&o Paulo, S&o

Paulo, SP, Brasil.

Corresponding author: Simone Simionatto. Laboratério de Pesquisa em Ciéncias da
Saude/Universidade Federal da Grande Dourados, Rodovia Dourados - Itahum, km 12,
Cidade Universitaria, CEP: 79804970, Dourados, Mato Grosso do Sul, Brazil.

Phone: 55 67 3410 2225; Fax: 55 67 3410 2256

e-mail: simonesimionatto@ufgd.edu.br.
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Abstract

Metallo-beta-lactamase production is an important mechanism for carbapenem
resistance of Pseudomonas aeruginosa, which represents an emerging public health
challenge. We report the case of a patient admitted to an intensive care unit, with sepsis
caused by multidrug-resistant Sdo Paulo Metallo-beta-lactamase-1-producing P. aeruginosa.
This is the first case of infection by this pathogenic strain in the State of Mato Grosso do Sul,
Brazil. Thus, infection control measures are required for preventing future spread and

outbreaks.

Keywords: Pseudomonas aeruginosa. Metallo-beta-lactamase. SPM.
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INTRODUCTION

Pseudomonas aeruginosa is a leading cause of nosocomial infections, particularly in
intensive care units (ICUs). The prevalence of carbapenem resistance in these bacteria has
been increasing worldwide, especially in Brazil®. The high frequency of genetic mutations
that confer antibiotic resistance to these pathogens is a major concern in hospitals worldwide.
The detection of multiple antimicrobial resistance determinants in these microorganisms is
increasing. The production of metallo beta-lactamase (MBL) by P. aeruginosa strains is
considered one of the most important factors conferring resistance to p-lactam antibiotics,
including carbapenems®.

Several types of MBL have been identified among P. aeruginosa strains. Production of
Sdo Paulo metallo-betalactamase (SPM) has been associated with broad-spectrum B-lactam
resistance, including carbapenem resistance, and has been identified as the predominant MBL
in Brazil® ©®), SPM-1 was first detected and reported in 2001 in S&o Paulo, Brazil®. Since
then, SPM-1-producing P. aeruginosa strains have been reported in different regions of
Brazil® ®. However, data are lacking regarding the clinical features of SPM-1-related drug
resistance in the Central Western Brazilian State of Mato Grosso do Sul. Here, we report a
multidrug-resistant P. aeruginosa strain producing SPM-1, which was isolated from a patient
hospitalized in the ICU of a teaching hospital in the City of Dourados, Mato Grosso do Sul.
The rapid identification of multidrug resistance is essential to prevent the spread of these

microorganisms in hospitals, and to establish adequate therapies against this infection®.

CASE REPORT
In November 2014, a 57-year-old man was admitted to the ICU of a teaching hospital
in the City of Dourados, Mato Grosso do Sul, a Central Western Brazilian state. The patient

had been hospitalized for 6 days in another health facility where, owing to Fournier gangrene,
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he underwent a colostomy procedure and surgical debridement. The patient was admitted to
our institution because of hemiplegia on the left side, which was caused by a previous stroke.
He also displayed a low level of consciousness (Glasgow coma score of 6) and had a history
of hypertension and diabetes. He was sedated and placed on mechanical ventilation via
tracheostomy. On the day of admission, he underwent dialysis because of acute renal failure
with suspicion of integument and urinary sepsis, which presented as lower limb edema and
the discreet presence of debridement in the expansion region of the scrotum. He underwent
procedures to introduce several invasive devices such as a central venous catheters, colostomy
bag and urethral.

After 34 days of hospitalization, P. aeruginosa was isolated from urine culture
samples. Intravenous treatment, which included teicoplanin (600 mg) once a day and
meropenem (1.000 mg) twice a day, was administered for 26 days. On the 21% and 39" days
of hospitalization, the patient experienced cardiopulmonary arrest without electrical activity
or pulse; however, the medical staff managed to revive him. After 49 days of hospitalization,
his condition had progressively worsened and P. aeruginosa was isolated from another urine
sample. New antibiotic therapy was started with meropenem (500 mg) and tigecycline (50
mg) twice a day for 19 days. On the 60" day, the patient collapsed and experienced two heart
attacks that progressed to death. The cause of death was reported as cardiorespiratory arrest
aggravated by sepsis.

The P. aeruginosa strains were identified using the automated microbial testing system
VITEK® 2 (bioMérieux, Marcy-1'Etoile, France) and confirmed by performing matrix-
assisted laser desorption/ionization time of flight mass spectrometry (MALDI-TOF MS) using
a Microflex LT spectrometer (Bruker Daltonics, Billerica, MA, USA)®. The minimal
inhibitory concentrations (MICs) were determined using broth microdilution according to the

Clinical and Laboratory Standards Institute (CLSI) guidelines, except for tigecycline MICs,
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which were interpreted using the Food and Drug Administration guidelines®. P. aeruginosa
showed sensitivity only to polymyxin B (MICso 0.5 pg/mL), colistin (MICso 4 pg/mL) and
tigecycline (MICso 0.5 pg/mL). Two P. aeruginosa strains isolated had the same antimicrobial
resistance profile.

Preliminary screening for the presence of carbapenemases was performed using the
modified Hodge test according to CLSI guidelines”” and by ertapenem hydrolysis using
MALDI-TOF MS®. The presence of genes encoding p-lactamase (blavp-1, blaxpc-2, blanpm-1,
blaviv-1, blaoxa-4s, blaces-1 and blaspm-1) was detected using polymerase chain reaction
(PCR), followed by sequencing using specific primers as previously described®. The blaspm-1
gene was present in the multidrug-resistant P. aeruginosa strains. The predicted protein
sequence was analyzed using the Lasergene Software Package (DNASTAR, Madison, WI,
USA) and compared to the sequences deposited in GenBank. The presence of blamp-1,

blanpwm-1, blavim-1, blaoxa-4g and blages-1 could not be confirmed.

Ethicals considerastions

This study was conducted with the approval of the Research Ethics Committee from
the Universidade Federal da Grande Dourados (no. 877.292/2014) and in accordance with the
Helsinki Declaration of 1964, as revised in 1975, 1983, 1989, 1996, and 2000. The patient

involved in the study provided written informed consent prior to participation.

DISCUSSION

The spread of carbapenemase-producing P. aeruginosa strains is alarming, because
this species is a main source of hospital-acquired infections in critically ill patients, and is
known for its ability to transfer drug resistance genes®. The dissemination of carbapenemase-

producing strains is of great concern to public health services in Brazil. Several outbreaks and
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sporadic cases of SPM-1-producing strains, which spread rapidly, have been reported in
Brazil*9®, However, to our knowledge, there have been no reports of SPM-1-producing P.
aeruginosa strains in the State of Mato Grosso do Sul. Here, we report a case of a patient who
died from uncontrolled infection complicated by sepsis and a urinary tract infection, which
was originally caused by a multidrug-resistant SPM-1- producing P. aeruginosa strain. The
patient had not traveled to any other state in which these pathogens have been previously
reported. However, he was exposed to risk factors associated with acquisition of MPL-
producing bacteria, such as an ICU stay, extended hospitalization, history of comorbidity and
the use of invasive devices® V. This patient was not colonized at admission. His clinical
history showed previous hospitalizations and surgical procedures before our initial culture
was collected. However, this study was not able to identify the introduction of this strain into
our hospital. Phenotypic test results were concordant with the detection of carbapenemase,
and PCR and deoxyribonucleic acid (DNA) sequencing confirmed SPM-1- producing P.
aeruginosa.

The patient died after administration of two different antimicrobial therapies. The
initial treatment consisted of a combination of teicoplanin and meropenem. However, this
inappropriate therapy may have contributed to the worsening of his clinical condition and the
evolution of sepsis. In vitro test results suggested that polymyxin B and colistin represent
alternative therapies. Although these drugs may be associated with severe nephrotoxicity and
there is a paucity of data on clinical outcomes, they are still used as the last therapeutic choice
against P. aeruginosa infections*?,

In this study, we confirmed the presence of SPM-1- producing P. aeruginosa in Mato
Grosso do Sul, a Central Western Brazilian state. This report highlights the potential
emergence of these strains, and demonstrates the need for strategies to improve infection

control measures that prevent an increase in these nosocomial infections. The rapid
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identification of resistance profiles of carbapenemase-producing strains is crucial for timely

implementation of appropriate antimicrobial therapy.

Conflict of Interest

The authors declare that there are no conflicts of interest.

Financial support

This work was partially supported by the Conselho Nacional de Desenvolvimento Cientifico e
Tecnoldgico (CNPq Grant 480949/2013-1) and the Fundacdo de Apoio ao Desenvolvimento do Ensino, Ciéncia
e Tecnologia do Estado do Mato Grosso do Sul (FUNDECT Grant 05/2011 and 04/2012). W.G.M. and K.E.S.
received a scholarship from Coordenagdo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES). A.C.G. is

a researcher from the CNPq, Ministry of Science and Technology, Brazil (Process number: 307816/2009-5).

REFERENCES
1. Hong DJ, Bae IK, Jang IH, Jeong SH, Kang HK, Lee K. Epidemiology and characteristics
of metallo-B- lactamase-producing Pseudomonas aeruginosa. Infec Chemother. 2015; 47: 81-

97.

2. Silva LV, Galdino ACM, Nunes APF, Santos KRN, Moreira BN, Cacci LC, et al. Virulence
attributes in Brazilian clinical isolates of Pseudomonas aeruginosa. Int J Med Microbiol.

2014; 304: 990-1000.

3. Costa LMA, Fleming MECK, Paula GR, Teixeira LA, Mondino PJJ, Mondino SSB, et al.
Production of metallo-B-lactamase among Pseudomonas aeruginosa strains isolated in the

State of Sergipe, Brazil. Rev Soc Bras Med Trop. 2015; 48:212-215.

4. Labarca JA, Salles MJC, Seas C, Guzméan-Blanco M. Carbapenem resistance
in Pseudomonas aeruginosa and Acinetobacter baumannii in the nosocomial setting in Latin

America. Crit Rev Microbio. 2016; 42:276-292.



172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

Anexos 122

5. Pobiega M, Maciag J, Chmielarczyk A, Romaniszyn D, Pormoska-Wesolowska M,
Ziolwski G, et al. Molecular characterization of carbapenem-resistant Pseudomonas
aeruginosa strains isolated from patients with urinary tract infections in Southern Poland.

Diagn Microbiol Infec Dis. 2015; 83: 295-297.

6. Fehlberg LCC, Nogueira KS, Silva RC, Nicolleti AG, Palmeiro JK, Gales AC, et al.
Detection of PER-2-producing Enterobacter cloacae in a Brazilian liver transplantation unit.

Antimicrob Agents Chemother. 2014; 58: 1831-1832.

7. Clinical and Laboratory Standards Institute. CLSI M100-S26. Performance Standards for
Antimicrobial Susceptibility Testing - Twenty-Sixth Informational Supplement. CLSI

document M100-S26. Wayne, PA: Clinical and Laboratory Standards Institute, 2016.

8. Pankey GA. Tigecycline. J Antimicrob Chemother. 2005; 56: 470-480.

9. Rizek C, Fu L, dos Santos LC, Leite G, Ramos J, Rossi F, et al. Characterization of
carbapenem-resistant Pseudomonas aeruginosa clinical isolates, carrying multiple
genes coding for this antibiotic resistance. Ann Clin Microbiol and Antimicrob. 2014; 13:

43.

10. Picdo RC, Poirel L, Gales AC, Nordmann P. Diversity of beta-lactamases produced by
ceftazidime-resistant Pseudomonas aeruginosa isolates causing bloodstream infections in

Brazil. Antimicrob Agents Chemother. 2009; 53: 3908-3913.

11. Jager P, Chirwa P, Naidoo S, Perovic O, Thomas J. Nosocomial outbreak of New Delhi
Metallo-p-Lactamase-1-producing Gram-negative bacteria in South Africa: a case-control

study. Plos One. 2015; 10:4.

12. Abdeiraouf K, Braggs KH, Yin T, Truong LD, Hu M, Tam VH. Characterization of


http://www.ncbi.nlm.nih.gov/pubmed/?term=Picão%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=19596871
http://www.ncbi.nlm.nih.gov/pubmed/?term=Poirel%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19596871
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gales%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=19596871
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nordmann%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19596871
http://www.ncbi.nlm.nih.gov/pubmed/19596871
http://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Jager%20P%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chirwa%20T%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Naidoo%20S%5Bauth%5D

Anexos 123

194  polymyxin B-induced nephrotoxicity: implications for dosing regimen design. Antimicrob

195  Agents Chemother. 2012; 56: 4625-4629.



ANEexos

Anexo E. Normas da Revista Brasileira de Medicina Tropical

120772016 Rev. Soc. Bras. Med. Trop. - Instructions o authors
AP, Revista da Socledade Brasileira INSTRUCTIONS TO AUTHORS
i § deMadicina Tropical
Towrmd of che Brozifon Society - m .
of Trapeal Medickae L w
* Manuscriot tvpes
ISSN 0037-8682 printed version * Manuscript preparation
ISSN 1678-9849 online version » Mapuscript lavout
» Workflow

Scope

Review policy

The Revista da Sociedade Brasileira de Medicina Tropical is an
official journal of the Brazilian Society of Tropical Medicine. It is a
multidisciplinary, open-access journal {(Creative Commons License -
CC-BY - hito://creativecommeons,org/licenses/bv/4.0/) that publishes
original research related to tropical diseases, preventive medicine,
public health, infectious diseases, and related matters on a bimonthly
basis. Publication preference will be given to articles reporting original
observations or research. The journal has a peer-review system for
evaluating submitted articles. The Revista da Sociedade Brasileira
de Medicina Tropical is published in English.

Manuscripts submitted for publication in the Revista da Sociedade
Brasileira de Medicina Tropicalare imitially evaluated by the
administrative staff to ensure compliance with journal guidelines.
Those manuscripts that meet the basic requirements will then be sent
to at least two reviewers for evaluation through a peer review system.
The journal editors will use the reviewers' detailed reports to decide
whether to accept a submitted paper. If there iz a difference of opinion
amongst the reviewers, the manuscript will be sent to a third reviewer
to validate a final editorial decision, in accordance with the submission
workflow of the Revista da Sociedade Brasileira de Medicina
Tropical (available online at

The editorial office can be contacted at the following address:
Revista da Sociedade Brasileira de Medicina Tropical
Av. Getudlio Guarita s/n

P.O. Box 118

Zip code: 38001-970

Uberaba, Minas Gerais, Brazil

Telephone: 55-34-3318-5287

Fax: 55-34-3318-5279

e-mail: sbmt@rsbmt uftm.edu.br

There is no fee for submission and evaluation articles.

Manuscript types

The journal invites the following types of manuscripts for
consideration: Major Articles, Review and Mini-Review Articles,
Editorials, Short Communications, Case Reports, Technical Reports,
Images in Infectious Diseases, Letters and Special Numbers.

Major Articles: Major arbicle manuscripts must report original
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research not previously published or in consideration for publication
elsewhere. Major articles have a 3,500-word limit (excluding the
abstract, title and references). Manuscripts must include a structured
abstract of no more than 250 words, organized using the following
headings: Introduction, Methods, Results, and Conclusions. The
manuscript text should be orgamized using the following headings:
Title, Runming Title, Structured Abstract, Keywords (up to five words),
Manuscript Text (Introduction, Methods, Results, Discussion), Conflict
of Interest Statement, References List and Figures Titles/Legends. A
total of five illustrations (tables and figures) are allowed.

Review Articles: Review articles should present a critical review of
recent trends and progress in the study of infectious diseases, rather
than a mere literature review; such articles are usually written at the
direct request of the editor. Review articles have a 3,500-word limit
(excluding the abstract, title and references) and should be
accompanied by a non-structured abstract of up to 250 words; Five
illustrations (tables and figures) are allowed. The Revista da
Sociedade Brasileira de Medicina Tropical also publishes mini-
reviews. These articles have a 3,000-word imit {excluding the
abstract, title and references) and must be accompanied by a non-
structured abstract of up to 200 words; mini-reviews may contain up to
three illustrations (tables and figures). The manuscript should be
organized using the following headings: Title, Running Title, Abstract
(non-structured), Manuscript Text, Conflict of Interest Statement,
References List and Figures Titles/Legends.

Editorials: Editonal pieces are usually written on invitation, bearing in
mind the scope of the journal and its preferred topics; they have a
1,500-word limit, without abstract and keywords, may use cne
illustration (table or figure), and should have 10 references or fewer.

Short Communications: Short Communication manuscripts should be
reports on exciting new results of research or investigabion occurring
within the scope of the journal. Such articles have a 2,000-word limit;
they should have a structured abstract of no more than 100 words
(with the subheadings Introduction, Methods, Results, and Conclusions)
and may include up to 15 references. Up to three illustrations (tables
and figures) are allowed. Up to three keywords are allowed. The body
of the manuscript should not be divided into topics or subheadings. A
Conflicts of Interest Statement must be included.

Case Reports: Case reports must be brief reports of up to 1,500
words, with a maximum of three illustrations (tables and figures), up
to 12 references, and a non-structured abstract of up to 100 words.
The body of the manuscript should be divided according to the
following headings: Introduction, Case Report, Discussion, References
and Figures titleflegend.

Technical Reports: Technical reports should be concise reports on the
results and recommendations of a meeting of experts. Such reports
may be also considered if they are formatted as an editorial.

Images in Infectious Diseases: An “Images in Infectious Diseases”
submission must include up to three photographs of the best quality
possible. Only three authors and three references are allowed. The
maximum length of such an article is 250 words (excluding title and
references), with an emphasis on figure description. The themes should
involve some clinical lesson and provide appropriate illustrations and
figure descriptions to clanfy that lesson.

Letters: Readers are encouraged to write about any topic related to
infectious diseases and tropical medicine that fits with the scope of the
journal. Letters should be no longer than 1,200 words, without abstract
and keywords, with only one illustration (table or figure), and may
discuss matenial previously printed in the journal and cite up to 12
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Special Numbers: Proposals for supplemental materials must be
made in writing to the Editor and/or Guest Editor. They will be
evaluated on the suitability of a topic, program organization, or
production according to the scope of the journal.

Manuscript preparation

Authors are advised to read these instructions carefully and follow
them closely to ensure the timely and efficient review and publication
of their manuscript. The Editors reserve the right to return manuscripts
that do not adhere to these guidelines.

Online submission system: All manuscripts to be considered for
publication in the Revista da Sociedade Brasileira de Medicina
Tropicalshould be submitted in electronic form wia the online
submission system at hitp:/‘mc04. manuscripteentral.com/rsbmi-scielo
or http:/Ywww,scielo. br/rsbmt. The author must choose one manuscript
category from the "Manuscript types” menu: Major Articles, Editorials,
Review Articles, Mini-Review, Short Communications, Case Reports,
Technical Reports, Images in Infectious Diseases, Letters, Authors
Reply or Other {(when a submission does not fit in any other category).
Authors and co-authors are entirely responsible for the contents of the
manuscript.

Cover Letter: a) It must contain a statement to ensure that the
proposed manuscript describes original research and is not published
or under consideration by ancther scientific journal. The cover letter
must also state that the data/results of the manuscript are not
plagiarized. b) The letter must be signed by all authors and, when
strictly impossible, the first and the last author may sign by proxy for
the other co-authors. c) In the Cover Letter, the authors must include a
declaration of their acknowledament that the manuscript, after
submission, may not have the order or the number of authors altered
without providing any justification and/or information to Revista da
Sociedade Brasileira de Medicina Tropical. d) The authors must
declare that they agree, if the manuscript is accepted for publication,
to the transfer of all copyrights to Revista da Sociedade Brasileira
de Medicina Tropical.

Authors" contribution: The authors must include, in a separate
document, a statement of authorship responsibility, specifying the
contribution of each author to the study.

Pre-Submission Language Editing: All manuscripts submitted to the
Revista da Sociedade Brasileira de Medicina Tropical / Journal of the
Brazilian Society of Tropical Medicine must be in English. It is highly
recommended that the authors use a professional Epglish

editing and/or franslation service prior to submission. However,
engaging in language editing does not guarantee that the manuscript
will be accepted for publication.

Manuscript layout

The manuscript should be prepared using standard word processing
software and should use Times New Roman size 12 font with double
spacing throughout the text, figure tile/legends, and references, with
margins of at least 3 cm. Divide the manuscript into the following
sections: Cover Letter {addressed to the Editor-in Chief), Title Page,
Manuscript Title, Running title, Abstract, Keywords, Manuscript Text,
Conflict of Interest statement, Acknowledgments, Financial Support,
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References and Figure Title/Legends. Cover Letter, Title Page,
Acknowledgments and Financial Support must be included in a
separated document. Acknowledgments and Financial Support
information can be included in the Title Page document. Abbreviations
should be used sparingly.

Title Page: The title page should include the authors® names in direct
order and without abbreviations, along with institutional affiliations
(e.q. each author’s department, institution, city, state, and country).
The complete address of the corresponding author must be specified,
including telephone and fax numbers and e-mail address. Financial
Support and Acknowledgments could be included in Title page too. The
number of authors and co-authors per paper should be limited to eight,
except for multicenter studies.

Potential reviewers: Authors are asked to provide names and
contact information (e.g., e-mail and Institutional Affiliation) for three
potential unbiased reviewers, preferably from a different institution or
region than the authors.

Title: The title should be as concise, clear and, informative as
possible. It should not contain abbreviations and should not exceed 200
characters, including spaces.

Runmning Title: The running title may include up to 50 characters.

Structured Abstract: The structured abstract should summarize the
results cbtained and the major conclusions in such a way that a reader
not already familiar with the particular topic of the paper can
understand the implications of the article. The abstract should not
exceed 250 words (100 words in the case of short communications)
and must be structured according to the following

headings: Introduction, Methods, Results, and Conclusions.
Abbreviations should be avoided.

Keywords: Three to five important keywords should be listed in
English immediately below the structured abstract.

Introduction: The article's introduction should be brief, setting out the
purposes for which the study has been performed. Any relevant
previous studies should be cited only when essential.

Methods: The methods used in the study should be reported in
sufficient detail that readers and reviewers can understand precisely
what has been done; any description should be thorough enocugh to
allow repetition or replication by others. Standard technigues only need
to be referenced; detailed descriptions are not required.

Ethics: When reporting on experiments on human beings, indicate
whether the procedures followed were in accordance with the ethical
standards of the responsible committee on human experimentation
(institutional, regional, or national) and in keeping with the Helsinki
Declaration of 1964, as revised in 1975, 1983, 1989, 1996, and 2000.
When reporting on experiments on amimals, indicate whether a national
research council’s guide for animal experimentation or any law on the
care and use of laboratory animals was complied with and the approval
number must be sent to the journal.

Clinical trials: In the case of clinical trials, the manuscript should he
accompanied by the number and agency of register of the relevant
clinical trial (REBEC platform). This requirement is in accordance with
guidelines set by BIREME/OPAS/OMS and the International Committee
of Medical Journal Editors (www.icmije.org) and the Workshop ICTPR.

Results: The results section should be a concise and impersonal
account of the new information revealed by the study or research in
question. Avoid repeating in the text the data presented in any tables
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or illustrations.

Discussion: The discussion section should directly relate to the study
being reported. Do not include a general review of the topic and keep
the discussion concise and relevant.

Acknowledgments: Any acknowledgments should be short, concise,
and restricted to those that are absolutely necessary. In case of
sponsoring institubions, do not use acronyms.

Conflict of Interest: All authors should disclose any type of conflict
of interest during the development of the study.

Financial Support: List all the financial support received from
agencies, institubions, and other organizations that funded the research
in whole or in part.

References: References should be numbered consecutively as they
appear in the text. List all authors when there are up to six. For seven
or more authors, list the first six, followed by "et al.” Type the
reference list on a separate page at the end of the manuscript, using
double spacing.

Numbered references to personal communications, unpublished data,
or manuscripts either "in preparation” or “submitted for publication”
should not be listed among the references. If essential, such material
can be incorporated at the appropnate place in the text in accordance
with the following examples: (AB Figueiredo: Personal Communication,
1980); (CD Dias, EF Oliveira: Unpublished Data). In-text citations
should be indicated using the appropriate reference numbers as
superscripts to the corresponding word, using parentheses and no
commas (e.g. WDI'H{L}I (2) {3}': Ufe{aaj (42) (44) (45) (46) (47) (48) (49)
(50) )

The references at the end of the manuscript should follow the system
used in the uniform requirements for manuscripts submitted to
biomedical journals (for more information, please see:

http:/fwww.nlm.nih.gov/citingmedicine).

The titles of any journals referenced should be abbreviated according
to the style used in the Index Medicus (for more information, please
see: hifpo//www.ncbi.nlm.nib.gov/sites/entrez?
db=iournals&TabCmd=Limits).

The following are sample references:

1. Articles citation in general: Authors, Article title
(original language), Periodical name, year,
Issue/Volume, articles pages.

Russell FO, Coppell AL, Davenport AP. In vitro enzymatic
processing of radiclabelled big ET-1 in human kidney as a
food ingredient. Biochem Pharmaccol 1998; 55:697-701.

2. Book chapter: Authors’ book chapter, Chapter title,
Editors, Book name, Edititon, City, Publisher, Year
and chapter pages.

Porter RJ, Meldrum BS. Antiepileptic drugs. In: Katzung BG,
editor. Basic and clinical pharmacoclogy. 6 ed. Norwalk
(CM): Appeleton and Lange; 1995. p. 361-380.

3.Book: Book authors, Book name, edition, City,
Editor and Year.

Blenkinsopp A, Paxton P. Symptoms in the pharmacy: a
quide to the management of common illness. 3rd a4,
Oxford: Blackwell Science; 1998,

hittpc'farwer sciedo brirevistasirsbmibfiinsrue. hirm btz



Anexos 129

12072016 Rewv. Soc. Bras. Med. Trop. - Instrections o authors

4. Dissertation/Thesis: Author, Title, Book Type
(Dissertation or Thesis), Place of Publication,
Publisher, Date, Total number of pages.

Cosendey MAE. Anadlise da implantacdo do programa
farmadcia basica: um estudo multicéntrico em cinco estados
do Brasil. [Doctor "= Thesis]. [Rio de Janeiro]: Escola
Macional de Saide Publica. Fundacao Oswaldo Cruz; 2000.
358 p.

Figures: All illustrations should be submitted as separate files and
named using only the figure number (example: Figure 1; Figure 2). All
figures should be numbered using Arabic numerals and cited
consecutively in the text.

Title and Legends: Any titles and legends should be typed at the end
of the manuscript with double spacing.

Dimensions: The dimensions of any necessary illustrations and figures
should not exceed 18 cm wide by 23 cm high. Correct specifications for
each figure format are as follows:

» Photographs: must be submitted in high-resolution TIFF
format. Venify that any photograph was taken at a minimum
resolution of 600 dpi—preferably between 900 and 1200 dpi—and
prepared using an image editing program (e.g., Adobe
Photoshop, Corel Photo Paint, etc.).

« Graphics: should be created using Microsoft Excel and saved
using the original extension (.xls).

» Maps and Illustrations: should be professionally vectorized
{drawn) in high resolution by using CorelDraw or Adobe
Illustrator software.

+ Images: should be produced using statistics software and
converted to Excel format (.xls) or, if the program allows, to FDF
format.

Tables: Any necessary tables should be typed with single spacing,
include a short descriptive title (positioned above the table), and
submitted as separate files. Legends for each table should appear at
the bottom of the same page as the table. All tables should be
numbered using Arabic numerals and cited consecutively in the text.
Tables should not have vertical rules, and horizontal rules should be
kept to @ minimum. Tables should be a maximum of 18 cm wide by 23
cm high, using Times New Roman, size 9 font.

Submission Process: All manuscripts should be submitted online at
http:/'mc04 manuscriptcentral.com/rshmt-scielg and must follow the
instructions at the top of each screen. From this date on, the peer
review process will also take place completely online.

0On Resubmissions and Revisions: The journal differentiates
between: a) manuscripts that have been rejected and b) manuscripts
that will undergo further consideration after any requested changes
have been made.

Resubmissions: If you have received a letter of rejection and wish
the Editors to reconsider their decision, you may resubmit your work.
In this case, your file will be considered a new submission and you will
receive a new manuscript number.

Revision: If the peer reviewers recommend revising your manuscript,
please send it for a second analysis and review, forwarding the revised
manuscript with the same manuscript number as the original.

After Acceptance: Once a paper is accepted for publication, the
publication process includes the following steps:

a) A copyright assignment form, provided by the journal's
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Secretary signed by the authors must be returned to the journal.
b) Proofs will be sent to the corresponding author to be carefully
checked for typesetting accuracy. Changes or additions to the
edited manuscript cannot be allowed at this stage of the editing
process. The corrected proofs should be returned to the journal
within four days after their receipt by the corresponding author.
c¢) Accepted articles will appear in the printed issues of the
journal in the order that they were submitted, revised, and
accepted.

d) Any accepted articles that have not yet appeared in print will
be made available online while they await publication in the
printed version.

Reprints: The journal provides free POF files of published articles to
authors via e-mail.

Page Charges: There will be no page charges for publication in the
journal.

All materials must be translated into English prior to submission of the
manuscript. The authors are solely responsible for selecting, hiring,
and paying for any necessary translation services. The Revista da
Sociedade Brasileira de Medicina Tropical does not provide any
kind of translation services. Costs for publication of color images are
responsibility of the authors.

SUBMISSION WORKFLOW OF THE REVISTA DA SOCIEDADE
BRASILEIRA DE MEDICINA TROPICAL

The Revista da Sociedade Brasileira de Medicina Tropical is an
official journal of the Brazilian Society of Tropical Medicine. Itis a
multidisciplinary, open-access journal that publishes ocnriginal research
related to tropical diseases, preventive medicine, public health,
infectious diseases, and related matters on a bimonthly basis. The
journal has a peer-review system for evaluating submitted articles. all
manuscripts to be considered for publication in the Revista da
Sociedade Brasileira de Medicina Tropical should be submitted in
electronic form wia the online submission system at
(http://mc04.manuscriptcentral.com/rsbmt-scielo).

Journal's review policy {workflow):

1. All manuscripts submitted for publication in the Revista da
Sociedade Brasileira de Medicina Tropical are initially evaluated
by the journal's administrative staff to ensure that the text
adheres to the journal's rules.

2. Manuscripts that meet the standards of the journal are evaluated
by the Editor or Associate Editors to determine whether they fit
with the scope and editorial policy of the journal. The
administrative staff then sends these manuscripts to the Editor-
in-Chief.

3. The Editor-in-Chief assigns each manuscript to an Associate
Editor or assigns reviewers for the manuscripts.

4, Each submitted paper is sent to at least two reviewers for a
double-blind peer review culminating in an evaluation and
comprehensive written report. The Editors use these reports to
decide whether to accept the paper. If there iz a difference of
opinion amongst the reviewers, the manuscript will be sent to a
third reviewer to help support a final decision by the journal's
editorial staff.

5. Reviewer comments (Free Form Review) are forwarded to the
corresponding author (principal contact for editorial
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correspondence); the corresponding author must answer any
queries made.

. The authors must respond to the queries and return a revised

version of the manuscript. The revised version is then sent back
to reviewers, who provide a final, reasoned report on the
manuscript.

. After the final analysis by the reviewers, the corrected version of

the manuscript is sent to reviewers specializing in quantitative
methods for analysis. Any suggestions will be sent to the authors
to be addressed and a corrected version should be resubmitted to
the reviewers in quantitative methods for reassessment.

. Reviewers" scores of the manuscript and the authors’ responses

are analyzed by the Associate Editor and/or Editor-in-Chief.

. The Editor-in-Chief makes the final decision on accepting the

manuscript for publication.

The final editorial decision (acceptance or rejection) is sent to
the authors.

The editorial process begins after the manuscript's official
acceptance. First, the accepted manuscript is sent for English
editing and a full review.

. The English review results and edited document are sent to the

authors for analysis; the authors must state whether they accept
the edited version.

Mext, the layout process begins. The journal will communicate
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Anexo F. Normas da Revista Journal of Hospital Infection

g Introduction

About the Journal

The Journal of Hospital Infection (JHI) is the editorially independent scientific publication of the Healthcare Infection Society (HIS).
The aim of the Journal is to publish high quality research and information relating to infection prevention and control that is relevant to
an international audience

Scope of the Journal

JHIwelcomes submissions that relate to all aspects of infection prevention and control in healthcare settings. This includes
submissions that:
= provide new insight into the epidemiology, surveillance, or prevention and control of healthcare-associated infections and
antimicrobial resistance in healthcare settings;
provide new insight into cleaning, disinfection and decontamination;
provide new insight into the design of healthcare premises;
describe novel aspects of outbreaks of infection;
throw light on techniques for effective antimicrobial stewardship;
describe novel techniques (laboratory-based or point of care) for the detection ofinfection or antimicrobial resistance in the
healthcare setting, particularly if these can be used to facilitate infection prevention and control;
« improve understanding of the motivations of safe healthcare behaviour, or describe techniques for achieving behavioural and
cultural change;
» improve understanding of the use of IT systems in infection surveillance and prevention and control.

. s e 8

We also welcome submissions that relate to national policies or guidelines, especially where the subject matter is of international
relevance.

Although our readership is predominantly clinical, we are also pleased to received basic science submissions that have clinical
relevance.

Article types
The Journal invites articles of the following types:

Full length, original research articles

This is the usual format for publishing original research.

The word limit is 4000 words of text, which includes the structured summary of up to 250 words, text, acknowledgements and
references. Each figure and/or table counts as 200 words towards the total. JHI accepts electronic supplementary material to support
and enhance your scientific research.

Short reports

This format is ideal for reporting smaller original research studies.

The format is the same as for a full length, original research arficle, except that the summary of up to 100 words should be
unstructured.

The word limit is 2000 words of text, with no more than two figures or tables and a maximum of ten references.

Reviews

We welcome general reviews that summarize the current understanding and research on a topic, and systematic reviews that provide
a thorough critical assessment of current evidence.

Authors of systematic reviews and meta-analyses are encouraged to present these according to the PRISMA guidelines for
systematic reviews and meta-analyses (I"! www.prisma-statement org/). Before you start work on a review we do advise that you
check with our office that the topic of your review is suitable and that there are no similar reviews in progress.

For general reviews, an unstructured summary of up to 250 words is required; for systematic reviews, please provide a structured
summary of up to 250 words.

The word limit is 5000 words of text, and up to 150 references. Authors of suitable review articles may be required to provide a few
questions and answers for Continuing Professional Development (CPD).

Commentaries

hitp:/Awww journalofhospitalinfection.com/content/authorinfo
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Commentaries are by invitation only. These are intended to provide background and context for published articles, and are usually
written by an editor or referee. The word limitis 700 words, and a maximum of 10 references. No summary, tables or figures are
allowed.

Editorials

Editorials are by invitation only. These provide a broad overview of topics that are relevant to infection prevention and control, but are
less detailed than a review article. Word and reference limits will be agreed with the Editor at the time of invitation. Readers are
welcome to submit suggestions for editorial subject matter to our office.

Opinions

Opinions are by invitation only. These provide the authors viewpoint on widespread concepts and methods. Authors can comment on
the strengths and weaknesses of an approach in a constructive and evidence based form. The word limitis 700 words and a
maximum of 10 references. No summary, tables or figures are allowed. Readers are welcome 1o suggest subject matter for opinions to
our office.

MNational or society guidelines
We encourage authors to contact the office as soon as possible during guideline development to discuss a publishing strategy for
their Guidelines.

Letter to the Editor

Letters should contain up to 800 words of text and no more than eight references. Letters should not contain structural headings ora
summary.

We welcome letters relating to, or responding to, recently published items in the journal. Where appropriate, these will be shown to
the authors of the original article, who will be invited to respond. We also welcome comrespondence relating to general observations
about infection prevention and control practice. We will only publish reports of research as a letter where the findings are important or
radical enough to merit the earliest possible publication

Outbreak reports

We welcome these, but there should be something new about them, e.g. caused by a novel organism, associated with a new source
or identified or controlled using novel methods

Contact information and Queries

Authors may send queries to the Editorial Office

These maybe forwarded to an appropriate person.

If you have completed your manuscript please submit it for consideration rather than contacting the office to enquire whether itis likely
to be acceptable

Nichola Atherton

Editorial coordinator
Email: jhi@his.org.uk
Tel.:+44 (0)207 125 0822

g Before You Begin

Ethics in publishing

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Human and animal rights

If the work involves the use of human subjects, the author should ensure that the work described has been carried outin accordance
with The Code of Ethics of the World Medical Association (Declaration of Helsinki) for experiments invelving humans; Uniform

Reguirements for manuscripts submitted to Biomedical journals. Authors should include a statementin the manuscript that informed
consent was obtained for experimentation with human subjects. The privacy rights of human subjects must always be observed

All animal experiments should comply with the ARRIVE guidelines and should be carried out in accordance with the UK. Animals
(Scientific Procedures) Act, 1986 and associated guidelines, EU Directive 2010/63/EU for animal experiments, or the National
Institutes of Health guide for the care and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors
should clearly indicate in the manuscript that such guidelines have been followed.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or organizations that could inappropriately
influence (bias) their work. Examples of potential confiicts of interest include employment, consultancies, stock ownership, honoraria,
paid expert testimony, patent applicationsfregistrations, and grants or other funding. If there are no conflicts of interest then please
state this: 'Conflicts of interest: none’. More information.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except in the form of an abstractor as
part of a published lecture or academic thesis or as an electronic preprint, see "Multiple, redundant or concurrent publication® section
of our ethics policy for more information), 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 camed out, and that, if accepted, it will not be
published elsewhere in the same form, in English or in any other language, including electronically without the written consent of the
copyright-holder. To verify originality, your article may be checked by the originality detection service CrossCheck

Contributors
Each author is required to declare his or her individual conftribution to the article: all authors must have materially participated in the
research and/or article preparation, so roles for all authors should be described. The statement that all authors have approved the

final article should be true and included in the disclosure.

The JHI requires a hand signed signature from every individual author listed confirming that they have read and agree to the final
draft before submission. Signatures created on a computer cannot be accepted.

Authorship

All authors should have made substantial contributions to all of the following: (1) the conception and design of the study, or acquisition
of data, or analysis and interpretation of data, (2) drafting the article or revising it critically for important intellectual content, (3) final
approval of the version to be submitted.

Changes to authorship

This policy concems the addition, deletion, or rearrangement of author names in the authorship of accepted manuscripts:
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Before the accepfed manuscriptis 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. (The details of the Joumal Manager will be supplied to the comresponding author once a
paper has been accepted_ ) 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 rearangement. 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 commesponding author will be forwarded by the Journal
Manager to the comresponding 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 manuscriptin an online issue is suspended until
authorship has been agreed.

Affer 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.

Reporting clinical trials

Randomized controlled trials should be presented according to the CONSORT guidelines. At manuscript submission, authors must
provide the CONSORT checklist accompanied by a flow diagram that illustrates the progress of patients through the trial, including
recruitment, enrollment, randomization, withdrawal and completion, and a detailed description of the randomization procedure. The
CONSORT checklist and template flow diagram are available online_

Registration of clinical trials

Registration in a public frials regisfry is a condition for publication of clinical trials in this journal in accordance with International
Commiitee of Medical Joumal Editors recommendations. Trials must register at or before the onset of patient enrolment. The clinical
trial registration number should be included atthe end of the abstract of the article. A clinical trial is defined as any research study that
prospectively assigns human participants or groups of humans to one or more health-related interventions to evaluate the effects of
health outcomes. Health-related interventions include any intervention used to modify a biomedical or health-related outcome (for
example drugs, surgical procedures, devices, behavioural treatments, dietary interventions, and process-of-care changes). Health
outcomes include any biomedical or health-related measures obtained in patients or participants, including pharmacokinetic
measures and adverse events. Purely observational studies (those in which the assignment of the medical intervention is not at the
discretion of the investigator) will not require registration.

Copyright

Upon acceptance of an article, authors will be asked to complete a "Joumnal Publishing Agreement’ (see more information on this). An
e-mail will be sent to the cormmesponding author confirming receipt of the manuscript together with a "Journal Publishing Agreement’
form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal 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. If excerpts from other copyrighted works are included, the author(s) must obtain written
pemission from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for use by authors in these
cases.

For open access articles: Upon acceptance of an article, authors will be asked to complete an ‘Exclusive License Agreement’ (nore
information). Permitted third party reuse of open access articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More information

Elsevier supporis responsible sharing
Find out how you can share your research published in Elsevier journals.
Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or 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
be stated_

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply with their funder's open access
policies. Some funding bodies will reimburse the author for the Open Access Publication Fee. Details of existing agreements are
available online.

After acceptance, open access papers will be published under a noncommercial license. For authors requiring a commercial CC BY
license, you can apply after your manuscriptis accepted for publication.

Open access

This journal offers authors a choice in publishing their research:

Open access

= Articles are freely available to both subscribers and the wider public with permitted reuse.

= An open access publication fee is payable by authors or on their behalf, e_g. by their research funder or institution.

Subscription

= Articles are made available to subscribers as well as developing countries and patient groups through our universal access
programs.

= No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same peer review criteria and acceptance standards.
For open access articles, permitted third party (rejuse is defined by the following Creative Commons user licenses:

Creafive Commons Aftribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective work (such as an anthology), as
long as they credit the author(s) and provided they do not alter or modify the article.

The open access publication fee for this joumnal is USD 3000, excluding taxes. Learn more about Elsevier's pricing policy: [ '
hitp /iwww elsevier.com/openaccessp q.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of green open access options available. We
recommend authors see our green open gaccess page for further information. Authors can also self-archive their manuscripts
immediately and enable public access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during submission, peer review and in
editor-author communications. Embargo period: For subscription articles, an appropriate amount of time is needed for joumals to
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deliver value to subscribing customers before an article becomes freely available to the public. This is the embargo period and it
begins from the date the article is formally published online in its final and fully citable form.

This journal has an embargo period of 12 months.
Language {usage and editing services)

The language of the JHI is British English.

Please adjust your spell checker if necessary. British spellings include diarrhoea, Haemophilus, haematology, paediatrics, leucocyte,
leukaemia, bacteraemia, sulphonamides, aetiology. Please note the journal uses UK 'z' spelling (e _g., colonizes) and meticillin not
methicillin.

Always write in plain English - many of our readers will not be native English speakers. Please be careful to use terminologies that
will be understandable internationally, for example when descnbing the organisation of your hospital or healthcare system. Please be
careful not to use jargon which will not be interationally understood.

Authors who feel their English language manuscript may require editing to eliminate possible grammatical or spelling errors and to
conform to correct scientific English may wish to use the English Language Editing service available from Elsevier's WebShop (I '
hitp /webshop elsevier. com/languageediting/) or visit our customer support site http/support.elsevier.com) for more information.
Informed and i d il

Studies on patients or volunteers require ethics commitiee 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 Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals. 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 matenials (including all illustrations and videos) must be removed before submission.

Submission

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 nofification of the Editor's decision and requests for revision,
is sent by e-mail_

Please submityour article via [ ! htto//jhi. edmgr.com

A mobile telephone number and e-mail address must be provided to aid processing of manuscripts.

g Preparation

Peer review and editorial process
Your submission will be received by the Editonial office.

Papers that are submitted without all Author's hand signed signatures or with references or other features that do not comply with the
instructions to authors will be returned to their authors and will not be considered for publication until they have been corrected and
resubmitted.

You will receive an acknowledgement by email containing your unique reference number; which should be used in all further
communications, once it is being considered for publication.

All newly submitted papers are first considered by the Editorial team.

Around half of all submissions are rejected at this stage. The main reasons for papers being rejected at this stage are that the subject
material does not fall within the scope of the JHI, or the findings are not sufficiently novel to merit publication in an international
journal. We aim to return a decision to the authors on these papers within ¥ days, and will always provide a reason why we have
rejected the paper.

The remaining papers are sent out for single blind peer review.

Accepted articles will be published online before appearing in the printed journal. These Pre-print online versions are citable by the
digital object identifier (DOI).

Use of word processing software

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 nota 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). 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 artiwork.

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

Article sfructure

It is the authors responsibility to put the manuscriptinto the required format before submission. Papers submitted that do not comply
with these instructions will be returned to the author and not considered for publication until they have been resubmitted.

Text

Depending on the article type the following headings must be used You may also use subheadings to break up the text, but footnotes
should be avoided. All pages of your manuscript should be numbered consecutively in the following order: tile page, text, references,
tables, figures, legends.

Introduction

Include a brief statement outlining the purpose and context of your paper but leave discussion for the Discussion section.

Methods
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You can include preliminary resulis in the Methods section if necessary.
Results

This should be a statement of Results, without discussion of their significance or relationship to those of others. You can present this
information in text or in figures or tables, but not both_

Discussion
Include any weaknesses or limitations of your study here but do notintroduce any new results_
Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which may stand alone or form a subsection ofa
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
A1; Fig A1, etc.

Essential title page information

You should show the article title, names of all authors (but not their degrees) and the name of the institution or department where the
work was done, as well as the name, address, telephone and email address of the author to whom the proofs and correspondence
should be sent if accepted. A running fitle not exceeding 40 characters and spaces should also be provided on the title page

Structured summary

The summary should explain brefly what was done, what was observed and what was concluded. Please note that this is arguably
the most important part of the entire paper and will be the first, and perhaps the only, part of your paper that is read.

Summaries should be structured, with the following sub-headings: Background, Aim, Methods, Findings and Conclusion_
Summaries must not exceed 250 words. MEDLINE/PubMed has a maximum limit of 250 words for published summaries; anything
past 250 words is truncated resulting in the loss of the concluding portion of your summary.

Keywords

Please provide up to 6 keywords from your summary and list them immediately after the summary. You should use British spelling and
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 Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of the article. Such abbreviations that
are unavoidable in the abstract must be defined at their first mention there, as well as in the footnote. Ensure consistency of
abbreviations throughout the article.

Acknowledgements

You should acknowledge any help received in carrying out the work, including supply of bacterial strains, permission to study
patients, phage or biotyping of strains, language or writing help. Acknowledgements should appear in a separate section before the
references.

Numbers and measurements

Write out numbers one to nine unless they are measurements (e.g. 5 mL). Spell out numbers greater than 9 if they begin a sentence,
or when clarity requires it. Numbers above and including 10 000 have a space, nota comma. A decimal point is preceded by a
number or cypher, e.g. '0.5". Decimal points in columns should be aligned vertically.

Measurements may be expressed in Sl or non-metric units. Use 10 mL/h rather than -1 or per. When referring to microbial
concenirations use expressions such as '"10x’, not 'x log10". When refermring to changes in microbial concentration, use expressions
such as reduced by a factor of 10x', not reduced by x log10"; "a log10 reduction factor of x’ may also be used._

Bacterial nomenclature

Organisms should be referred to by their scientific names according to the binomial system. When first mentioned the name should be
speltin full and written in italics. Afterwards the genus should be abbreviated to its initial letter, e.g. 'S. aureus' not 'Staph. aureus’. if
abbreviation is likely to cause confusion or render the intended meaning unclear spell out the names of microbes in full.

When the genus alone is used as a noun or adjective, use lower case roman not underlined, e.g_'organisms were staphylococci' and
'acinetobacter infection'. If the genus is specifically referred to, use italics, e g_ "'organisms of the genus Sfaphylococcus'. For genus in
plural, use lower case roman e._g. 'salmonellae’; plurals may be anglicized e.g.'salmonellas’. For trivial names, use lower case roman
e.g. 'meningococcus’.

Statistics

Include P values and confidence intervals where appropriate. The name and version of any statistical computer package should be
written outin full.

Drugs
These should be referred to by their approved generic names. Do not use the proprietary name, as this may vary beiween countries.
Date format

Dates should be written in full with superscript "th", e g. 20th September 2001 . Otherwise, use European Date Format, i e. 20/9/2001,
not 9/20/2001.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word processors can build footnotes
into the text, and this feature may be used. Otherwise, please indicate the position of footnotes in the text and list the footnotes
themselves separately at the end ofthe article. Do not include footnotes in the Reference list.

Additional points fo note

Use two carriage returns to end headings and paragraphs.

Type text without end of line hyphenation, except for compound words.

Do not use the lower case letter 'I" (el) for "1" (one) or 'O" for '0". (They have different typesetting values.)
Be consistent with punctuation and only insert a single space between words.
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= Please include a list of any special characters you have had to use, e.g. Greek letters used in mathematical equations

The Editor retains the customary right to make changes in style and language without consultation to ensure accuracy, clarity and
comprehension to our wide readership.

Formaltting of funding sources
List funding sources in this standard way to facilitate compliance fo funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers oo, yyyy]; the Bill & Melinda Gates
Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When funding is from a block grant or
other resources available to a university, college, or other research institution, submit the name of the institute or organization that
provided the funding.

If no funding has been provided for the research, please include the following sentence:
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Artwork

Electronic artwork

General points

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

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

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

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

» Use a logical naming convention for your artwork files.

» Provide captions to illustrations separately.

= Size the illustrations close to the desired dimensions of the published version.

* Submit each illustration as a separate file.

A detailed guide on elecironic ariwork is available.

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

Formalis

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:

» 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;

* Supply files that are too low in resolution;

= Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure thatartwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or MS Office files) and with the comect
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 online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations are
reproduced in color in the printed version. For color reproeduction 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 online only. Eurther information
on the preparation of electronic artwork.

lMustration services

Elsevier's WebShop offers lllustration Services to authors preparing to submit a manuscript but concerned about the quality of the
images accompanying their article. El: ier's expertill ors 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.

Figures

lllustrations should be in finished form suitable for reproduction. Photographs should have strong contrast and be tnmmed to exclude
unnecessary background . Figure details should be easily discriminated at the final size. Colour photographs will be considered only if
essential.

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.

All illustrations are to be numbered with arabic numerals as Figures 1, 2, 3 etc. without abbreviation, in the order of their first mention
in the text.

A short explicit legend must be provided for each figure. All such legends should be listed together in the final section of the
manuscript.

Tables

Tables should be numbered in Roman numerals (e.g. Table lllI). Each table should be on a separate sheet after the references and
should include a tile which makes the meaning clear without reference to the text. Use - for 'no ocbservation’, or 'not measured'.

References
In the text, consecufively number your references in the order in which they are first mentioned, and identify them by superscript
arabic numerals after punctuation, e.g. "as noted by Smith_ ' References are better placed at the end of sentences so that they don't

break up the flow.

Quoted references should be listed in numerical (not alphabetical) order at the end of the article. References cited in tables orin
figure legends should be numbered sequentially according to the first mention in the text of the particular table or illustration. Please
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ensure that every reference cited in the text is also present in the reference list (and vice versa).

Any references cited in the abstract must be given in full. 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 comrect. Please note that incomrect surnames, journal/book titles, publication year and pagination may prevent link
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