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Resumo

Acinetobacter baumannii ¢ um importante patdgeno oportunista comumente associado a
infeccdes nosocomiais, especialmente em pacientes hospitalizados em unidades de
tratamento intensivo (UTIs). Este organismo ¢ reconhecido por sua capacidade de
sobreviver em condi¢des adversas no ambiente por periodos prolongados, bem como de
facilmente adquirir resisténcia a drogas antimicrobianas. Atualmente, a crescente
resisténcia antimicrobiana de 4. baumannii tem constituido um grande desafio para a
comunidade médica, uma vez que existem poucas opgdes efetivas para o tratamento de
infeccdes causadas por este microrganismo. O objetivo deste estudo foi avaliar a
presenca de A. baumannii no ambiente de uma UTI e caracterizar a resisténcia a drogas
antimicrobianas dos isolados obtidos, bem como de isolados de pacientes internados na
UTI do mesmo hospital no qual as amostras ambientais foram coletadas. Para tanto, 886
amostras ambientais e de luvas foram coletadas de uma UTI do Hospital Sdo Lucas,
Porto Alegre, Brasil, e 46 isolados clinicos foram obtidos no Laboratério do mesmo
hospital. Apds a identificacdo dos isolados como A. baumannii através de PCR
utilizando como alvos os genes rDNA 16S e blapxa.s1, foram determinadas a resisténcia
a 20 drogas antimicrobianas previstas pelo CLSI e a producdo de metalo-beta-
lactamases em isolados com suscetibilidade reduzida aos carbapenémicos. Também foi
avaliada a presenca de integrons e dos genes blaoxa-2s € blapp através de PCR. A.
baumannii foi identificado em 9,6% das amostras ambientais e de luvas coletadas.
Obteve-se um alto percentual de isolados multirresistentes (MDR), assim como foram
detectadas alta taxas de suscetibilidade reduzida aos carbapenémicos. Todos os 89
isolados que apresentaram integrons foram MDR. Dentre os isolados com
suscetibilidade reduzida aos carbapenémicos, todos apresentaram o gene blaoxa-23, €
41,4% nao-clinicos e 54% clinicos carrearam o gene blapp. Alta resisténcia a
polimixina B foi detectada, principalmente em isolados nao-clinicos. Embora alta
prevaléncia de resisténcia antimicrobiana tenha sido encontrada em isolados clinicos e
nao clinicos, os Ultimos constituem grande preocupagdo, pois podem indicar o ambiente

hospitalar como um reservatorio de 4. baumannii MDR.

Palavras-chave: Acinetobacter baumannii; Resisténcia antimicrobiana; B-lactamases;

Infecgdes hospitalares; Carbapenémicos



Abstract

Acinetobacter baumannii is an important opportunistic pathogen commonly associated
with nosocomial infections, especially in patients hospitalized in intensive care units
(ICUs). This microorganism is renowned for its ability to survive under adverse
conditions in the environment for extended periods, as well as to rapidly acquire
resistance to antimicrobial drugs. Nowadays, the increasing antimicrobial resistance of
A. baumannii has been a great challenge for the medical community, since there are few
effective options for the treatment of infections caused by this organism. The aim of this
study was to evaluate the presence of the A. baumannii from an ICU environment and to
characterize the antimicrobial drug resistance of the isolates obtained, as well as of the
isolates from patients in ICU of the same hospital in which it was collected
environmental samples. For this, 886 environmental and gloves samples were collected
from an ICU of Sao Lucas Hospital, Porto Alegre, Brazil, and 46 clinical isolates were
obtained from the Laboratory of the same hospital. After the identification of the
isolates as 4. baumannii by PCR using as target 16S rDNA and blaoxa-si genes, the
resistance to 20 antimicrobial drugs and the production of metallo-beta-lactamases were
evaluated in isolates presenting carbapenem reduced susceptibility. Also, it was
evaluated the presence of integrons and blapxar; and blapp genes by PCR. A.
baumannii was identified in 9.6% of environmental and glove samples collected. High
percentage of multiresistant (MDR) isolates was found, as well as it was detected high
rates of reduced susceptibility to carbapenems. All 89 isolates integron positive were
MDR. Between isolates with reduced susceptibility to carbapenems, all presented
blapxa-»3, and 41.4% non-clinical and 54% clinical carried the blapp. High resistance to
polymyxin B was detected, mainly in non-clinical isolates. Although high prevalence
has been found in clinical and non-clinical isolates, the latter constitute a great concern,
because they can indicate the hospital environment as a reservoir of MDR A.

baumannii.

Keywords: Acinetobacter baumannii; Antimicrobial drug resistance; [-lactamases;

Hospital infections; Carbapenems
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1.1 Introducao

Acinetobacter spp. comecaram a ser significativamente reconhecidas como
patdgenos nosocomiais durante a década de 1970. Nos primeiros estudos in vitro
relacionados a essas bactérias, a maior parte dos isolados clinicos apresentava um perfil
suscetivel aos antimicrobianos comumente utilizados, consequentemente, as infec¢oes
ocasionadas por esses organismos eram relativamente faceis de serem tratadas (1).
Porém, relatos de isolados clinicos de Acinetobacter spp. multirresistentes (MDR) tém
sido cada vez mais frequentes durante as duas ultimas décadas como consequéncia do
uso indiscriminado de agentes antimicrobianos de amplo espectro em hospitais de todo

o mundo (2).

Bactérias do género Acinetobacter sao cocobacilos Gram negativos usualmente
dispostos em pares, nao-fermentadores, aerdbios estritos, ndo pigmentados no
crescimento em agar sangue, imoveis, catalase positivos, oxidase negativos (3) e
produtores de um lipopolissacarideo com alta toxicidade (4). Aproximadamente 30%
das cepas de Acinetobacter também produzem um exopolissacarideo, que ¢ um
importante fator de viruléncia responsavel pela prote¢do da bactéria contra as defesas do
hospedeiro, sendo implicado em infecgdes letais em camundongos e em citotoxicidade

para células fagociticas (4,5).

O género Acinetobacter ¢ classificado, com base na similaridade de sequéncias
de DNA, em 32 “espécies gendmicas”, das quais 17 sdo nomeadas e as demais referidas
como numeros (6,7). Acinetobacter baumannii, Acinetobacter calcoaceticus ¢ as
genospécies ndo nomeadas 3 e 13TU (Tjernberg and Ursing) sdo muito similares
geneticamente e de dificil distincdo fenotipica, sendo agrupadas no complexo A.
baumannii-A. calcoaceticus (4,6-9). Este grupo representa as espécies de Acinetobacter
mais comumente associadas com infec¢cdes nosocomiais, representando 75% das
Acinetobacter spp. isoladas de espécimes clinicos (10), sendo, além disso, descrito

como carreador de resisténcia a multiplas drogas antimicrobianas (11).

O A. baumannii ¢ um patdgeno oportunista comumente envolvido em infecgdes
nosocomiais, como bacteremias, pneumonia associada a ventilacdo mecanica, sepse,
infeccdes de feridas, infec¢do do trato urindrio e meningite pds-neurocirurgia,
principalmente em pacientes internados em Centros de Tratamento Intensivo (CTIs)

(8,12-19). Este patogeno ¢ responsavel por cerca de 80% das infec¢des relatadas
patog p p
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causadas por Acinetobacter spp. (17,18). De acordo com dados divulgados pelo
Programa de Vigilancia Antimicrobiana SENTRY, dentre as trés espécies de
Acinetobacter isoladas com maior frequéncia na América Latina, o 4. baumannii
representou 75% (20). O A. baumannii tem sido responsavel por surtos em Unidades de
Tratamento Intensivo (UTIs) brasileiras desde 1996 (21) e tornou-se particularmente
importante no Brasil devido a sua prevaléncia e aos seus padrdes de resisténcia (21). De
acordo com o Meropenem Yearly Susceptibility Test Information Collection (MYSTIC),
0 A. baumannii foi o segundo patdégeno mais prevalente em pacientes hospitalizados de
sete UTIs em quatro cidades brasileiras e apresentou elevada taxa de resisténcia a todos
os antimicrobianos testados (22).

O A. baumannii tem sido isolado do solo, 4gua, animais ¢ humanos, podendo ser
habitante normal da pele de seres humanos na comunidade. Além disso, estes
microrganismos sd3o comumente isolados em hospitais, onde se disseminam entre os
pacientes e no ambiente, sendo frequentemente isolados do trato respiratorio de
pacientes hospitalizados (23,24). O A. baumannii ¢ resistente a diferentes condig¢des
adversas do ambiente e, durante os surtos, tem sido recuperado de varios locais em que
0s pacientes se encontram, tais como camas, moveis e equipamentos hospitalares (25).
O tempo de sobrevivéncia do A. baumanii ¢ maior quando a bactéria esta suspensa em
sangue ou soro quando comparado com a imersdo em agua destilada (26), sendo
relatado como persistente por mais de 5 meses em objetos hospitalares (17,23,27). Estes
microrganismos podem se disseminar pelo ar, em curtas distancias por goticulas de agua
e em escamacgdes da pele de pacientes que estdo colonizados (28), mas o modo mais
comum de transmissdao ¢ através das maos dos trabalhadores dos hospitais (8). A
identificacdo desta bactéria pode ser realizada através de provas bioquimicas basicas,
como a deteccdo de hemolise em agar sangue de carneiro, reducao de nitrato a nitrito,
utilizacao de citrato de sédio e outras fontes de carbono, crescimento em caldo BHI a
44°C, coloragdo de Gram, resisténcia a penicilina, prova da catalase, atividade da
urease, hidrolise da gelatina, fermentacdao de glicose, lactose e/ou sacarose e teste da
oxidase (3,29,30). Uma alternativa para a caracterizacdo bioquimica deste
microrganismo ¢ a utilizagdo de sistemas comerciais semi-automatizados, como API
20NE, VITEK 2, Phoenix ¢ MicroScan Walkaway. Técnicas moleculares, como AFLP,
analise da sequéncia da regido intergénica 16S-23S rDNA, detec¢dao dos genes gyrB e
blapxa-s1 através da PCR também tém sido utilizadas para a identificacdo de A.

baumannii (13,31-37).
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Pacientes imunodeprimidos, apresentando sérias doencas concomitantes, e
pacientes sujeitos a procedimentos invasivos e tratados com drogas antibacterianas de
amplo espectro tém sido acometidos por cepas de 4. baumannii MDR (38), tendo sido
relatadas em hospitais na Europa, Estados Unidos, China, Hong Kong, Cor¢ia, Japao,
Brasil, Argentina, Taiwan, bem como em outras areas do mundo (39-41). A emergéncia
do A. baumanii MDR tem sido atribuida a sua rdpida capacidade de adquirir
determinantes de resisténcia, pois ¢ bastante suscetivel a transmissao génica horizontal,
pertencendo a uma categoria de bactérias Gram negativas que sdao naturalmente
transforméveis (42,43). Além disso, muitas vezes, este microrganismo carreia integrons
(44-48), sendo os integrons de classe 1, 2 e 3 envolvidos na conferéncia de resisténcia
antimicrobiana (49,50). Embora uma estratégia de vigilancia ativa nao tenha sido
amplamente aplicada para A. baumannii MDR, estima-se que esse microrganismo seja
responsavel por 2 a 10% de todas as infecgdes bacterianas causadas por Gram negativos
em UTIs na Europa e nos Estados Unidos (18). Os dados de um estudo de vigilancia da
Sociedade Britanica para a Quimioterapia Antimicrobiana (BSAC) ilustraram um
aumento na resisténcia antimicrobiana do A. baumanii desde 2002, com mais de 30%
dos isolados de bacteremia em 2005 sendo resistentes a gentamicina e a
piperacilina/tazobactam (51). Entretanto, este mesmo estudo identificou baixas taxas de
resisténcia ao imipenem, ndo excedendo a 6%. No programa de vigilancia
antimicrobiana SENTRY Asia-Pacifico, dados obtidos entre 2001 e 2004 mostraram
26% de resisténcia ao imipenem, 48% a ceftazidima, 45% a ciprofloxacina e 41% a
ampicilina/sulbactam. No programa SENTRY América Latina, as taxas de resisténcia

para o mesmo periodo foram 14%, 68%, 65% e 48%, respectivamente (52).

Devido a maior incidéncia de bacilos Gram negativos resistentes a
cefalosporinas de amplo espectro ocorrer em ambiente hospitalar, tém sido utilizados os
carbapenémicos (53), uma vez que esses agentes sao importantes opgdes terapéuticas
utilizadas no tratamento de infecgdes nosocomiais devido a sua elevada afinidade pelas
proteinas ligadoras de penicilina do tipo 2 (PBP2), estabilidade a muitas beta-
lactamases, incluindo as beta-lactamases de espectro estendido (ESBL) e as
cromossomicas (AmpC), e excelente permeabilidade através da membrana externa
bacteriana (54). No entanto, recentemente, em um isolado clinico de A. baumannii
suscetivel aos carbapenémicos e produtor de ESBL, uma grande ilha de resisténcia

antimicrobiana com mais de 40 genes de resisténcia foi identificada, demonstrando a
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plasticidade genética do A. baumannii, o que proporciona a esta bactéria a capacidade
de se beneficiar de uma variedade de mecanismos de resisténcia quando a pressdo

seletiva ¢ constante, como ocorre em um ambiente hospitalar (23).

A utilizagdo excessiva dos carbapenémicos no tratamento de pacientes
hospitalizados gera uma pressao seletiva sobre a microbiota nosocomial, favorecendo a
selecdo de subpopulacdes de microrganismos com sensibilidade diminuida ou resistente
a essas drogas. Desta forma, o A. baumannii tem se tornado cada vez mais resistente aos
carbapenémicos, restando poucas opgdes de tratamento para infecgdes causadas por esse
microrganismo (41,55). Dados reportados indicam que dentre os isolados de
Acinetobacter spp. causadores de infecgdes na América Latina, 15,8 a 17% s@o
resistentes aos carbapenémicos (52). Em um estudo com isolados brasileiros de
microrganismos do complexo 4. baumannii-A. calcoaceticus, observou-se que 25 a
45% foram resistentes aos carbapenémicos (19), enquanto outro estudo brasileiro, que
avaliou somente A. baumannii, reportou que 15% a 25% apresentaram resisténcia aos
carbapenémicos (CRAB) (41). Em Porto Alegre, o primeiro isolado CRAB foi
identificado em 2004, sendo, subsequentemente, reportado em departamentos de satde
locais um surto sem precedentes envolvendo dezesseis hospitais e mais de quinhentos

casos entre 2004 e 2008 (56).

A resisténcia aos carbapenémicos pode dever-se a diferentes mecanismos:
produgdo de beta-lactamases; diminui¢do da permeabilidade de membranas externas,
provavelmente devido a perda ou modificagdo das porinas; altera¢do da afinidade de
proteinas ligadoras de penicilina (PBPs) e, raramente, pela hiper-expressao de bombas
de efluxo (57-59). No entanto, a principal forma de resisténcia aos carbapenémicos ¢
mediada pela expressdo de beta-lactamases, tais como metalo-beta-lactamases (MBL) e,
principalmente, oxacilinases (60-63).

As beta-lactamases tém sido divididas em quatro classes (A, B, C e D), de
acordo com a classificacdo de Ambler, que se baseia nas sequéncias de nucleotideos e
de aminodcidos destas enzimas. As beta-lactamases pertencentes as classes A, C e D sdo
serina beta-lactamases, enquanto as pertencentes a classe B sao metalo-beta-lactamases,
que contém um ou dois zincos no sitio ativo (64).

Dentre as diferentes beta-lactamases da classe A de Ambler, a enzima VEB-1,
codificada pelo gene blavgp.;, ¢ considerada emergente por sua presenca ter sido

reportada em muitos organismos Gram negativos de diferentes partes do mundo na
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ultima década (65,66). O blaygp.; constitui, muitas vezes, parte de um cassete génico
presente em um integron de classe 1 (67,68), que foi detectado em cepas de A4.
baumannii isoladas na Franca e na Argentina (66,67). A enzima KPC, codificada pelo
gene blaxpc, foi detectada primeiramente em isolados de Klebsiella pneumoniae (69), e,
recentemente, foi detectada em isolados clinicos de Acinetobacter spp. em Porto Rico
(70). Esta observacdo aumenta a importancia clinica desses microrganismos, uma vez
que as carbapenemases KPC hidrolisam todas as classes de beta-lactamicos (71).

As enzimas pertencentes a classe C de Ambler sdo cefalosporinases codificadas
em cromossomos de muitas Enterobacteriaceae € em alguns outros organismos (72). Os
representantes deste grupo sdo divididos em: subclasse 1, formada por AmpC, P99,
ACT-1, CMY-2, FOX-1 e MIR-1, e subclasse le, formada por GC1 e CMY-37 (73). A
enzima AmpC ¢ a cefalosporinase mais reportada em Acinetobacter spp., tendo sido
descritas mais de 25 variedades dessa beta-lactamase com >94% de similaridade na
sequéncia de proteinas (72,74)

As MBLs sdo carbapenemases importantes clinicamente ¢ foram detectadas no
mundo todo, mas com maior prevaléncia no sudeste da Asia e Europa (75,76). Estas
beta-lactamases hidrolisam todos os beta-lactamicos comercialmente disponiveis, sendo
a unica exce¢do o monobactam, aztreonam (77). Essas enzimas sdo inibidas pelo acido
etilenodiaminotetracético (EDTA) ou por compostos derivados do &cido tiolatico, nao
sendo comumente inibidas por inibidores de serino-beta-lactamases disponiveis
comercialmente, como o sulbactam, tazobactam e acido clavulanico (78).

As MBLs sdo produzidas intrinsecamente por alguns microrganismos, como
Bacillus cereus (79), Chryseobacterium meningosepticum (80), Stenotrophomonas
maltophilia (81-83), Chryseobacterium indologenes, Legionella gormanii, Caulobacter
crescentus (84) e Aeromonas spp. (85-87). Entretanto, desde o inicio da década de 1990,
genes que codificam MPL tém sido descritos em microrganismos clinicamente
importantes, como Acinetobacter spp., Pseudomonas spp. € membros da familia
Enterobacteriaceae (88). Os genes que codificam para as MBLs foram encontrados
inseridos em elementos genéticos moveis, fazendo com que essas enzimas passassem a
ser conhecidas como MBLs moéveis ou adquiridas. Atualmente, sdo conhecidas nove
subclasses de MBL adquiridas: IMP (imipenemase) (89), VIM (Verona imipenemase)
(90), SPM (Sao Paulo metalo-beta-lactamase) (91), GIM (German imipenemase) (92),
SIM-1 (Seoul imipenemase) (93), NDM-1 (New Delhi metalo-beta-lactamase) (94),
AIM-1 (Australia imipenemase) (95), KHM-1 (Kyorin Hospital metalo-beta-lactamase)
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(96) e DIM-1 (Dutch imipenemase) (97). A maioria dos genes que codifica enzimas tipo
IMP, VIM, GIM, NDM, DIM ¢ encontrada como cassetes nos integrons de classe 1
(94,97-101) Porém, os genes da MPBL tipo IMP também podem ser encontrados em
integrons de classe 2 e 3 (60,102,103).

Dentre os tipos de MPBLs adquiridas, as de maior importancia para a
disseminagdo epidemiolodgica e relevancia clinica sdo as enzimas IMP, VIM, SPM e
NDM, especialmente a NDM-1, que constitui preocupacao devido a sua tendéncia a
disseminagdo intercontinental. Os outros tipos de MBLs adquiridas, SIM-1, GIM-1,
AIM-1, KHM-1 e DIM-1, tém uma menor taxa de disseminacdo e impacto clinico
quando comparadas a esta tltima (76).

Durante muitos anos, a ocorréncia de isolados produtores de IMP-1, a primeira
MBL adquirida reportada, oriunda de um isolado clinico de Serratia marcescens no
Japao (89), permaneceu restrita ao seu pais de origem. Entretanto, posteriormente, a
IMP-1, bem como outras imipemenases, foram detectadas em diferentes
microrganismos como Acinetobacter spp., P. aeruginosa e K. pneumoniae isolados de
diferentes regides geograficas (98,100,104-111). A maior prevaléncia de MBL tipo IMP
na América Latina ¢ encontrada no Brasil e na Argentina, onde existe uma alta
ocorréncia de isolados de Acinetobacter spp. multirresistentes (60,112). O primeiro 4.
baumannii brasileiro produtor de MPBL do tipo IMP foi isolado de uma paciente
internada no Hospital Sao Paulo (113). Posteriormente, uma P. aeruginosa com
resisténcia a todos os beta-lactamicos, inclusive imipenem e meropenem, foi isolada no
Hospital de Base de Brasilia, em 2002, e apresentava uma nova variante de IMP,
designada IMP-16 (114). Existem, até¢ entdo descritas, 24 variantes de IMP, sendo que
em A. baumannii as MBL do tipo IMP reportadas sao IMP-1, IMP-2, IMP-4, IMP-5,
IMP-6, IMP-8 e IMP-11 (115,116).

Relatos de oxacilinases pertencentes a classe D de Ambler t€ém aumentado em A.
baumannii (73,117). Todas as beta-lactamases da classe D hidrolisam significantemente
amino- e carboxipenicilinas (117) e podem aumentar a resisténcia aos carbapenémicos
em A. baumannii (118). Essas oxacilinases usualmente nao sdo inibidas por acido
clavulanico, tazobactam e sulbactam, entretanto sua atividade pode ser inibida in vitro
por cloreto de sodio, propriedade ndo demonstrada pelas outras classes de beta-
lactamases, tornando-a util para sua identificagao (117).

As carbapenemases da classe D possuem 150 variantes descritas até o momento,

sendo a mais diversa entre as quatro classes de beta-lactamases (117). Essas enzimas
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sdo subdivididas em quatro tipos: estreito espectro (NS-OXAs), amplo espectro (ES-
OXAs), hidrolizantes de carbapenémicos (CHDLs), todas adquiridas; e uma de
ocorréncia natural (117). Os genes que codificam para essas enzimas estao
principalmente associados com integrons de classe 1, sequéncias de inser¢dao e
transposons (117).

As NS-OXAs nido estdo muito relacionadas com isolados de A. baumannii,
porém existem relatos deste microrganismo apresentando as enzimas OXA-3, OXA-20
e OXA-37 na Colombia, Franca e Italia, e na Espanha, respectivamente (15,119-123).
As ES-OXAs, at¢ o momento, foram identificadas principalmente em P. aeruginosa
(117).

A maioria das CHDLs descritas estd presente em A. baumannii (117). A
primeira oxacilinase adquirida com atividade de carbapenemase foi detectada em um
isolado de A. baumannii proveniente da Escoécia, em 1985, denominada OXA-23
(também conhecida como Ari-1) (124). A OXA-23 tem atividade hidrolitica moderada
contra carbapenémicos e aumenta a resisténcia a estas drogas em A. baumannii (118).
Surtos causados por Acinetobacter produtor de OXA-23 tém sido reportados em varias
regides do mundo (125-128), inclusive no Brasil, onde foi reportado um surto de A.
baumannii resistente aos carbapenémicos e produtor de OXA-23 em dois hospitais de
Curitiba, correspondendo ao primeiro relato da presenga de oxacilinase adquirida no
pais (126). Em Porto Alegre, a primeira descri¢ao de 4. baumanii produtor de OXA-23
ocorreu em 2009 (63). E, em um estudo recente, um grupo de pesquisadores desta
mesma cidade reportou a presenca de trés isolados de A. baumannii coletados de aguas
residuais de diferentes Hospitais, os quais foram positivos para o gene blapxa.23 like €
apresentaram perda de suscetibilidade a todos os antimicrobianos testados (129).

As oxacilinases sao divididas em oito subgrupos, dos quais quatro foram
identificados em A. baumannii: OXA-23 like (OXA-23, OXA-27 e OXA-49); OXA-24
like (OXA-25, OXA-26, OXA-40); OXA-58 (variantes OXA-96 e OXA-97) e OXA-51
like (118,130,131), sendo que os trés primeiros correspondem a CHDLs (117). Outros
grupos menores de CHDLs foram identificados, como OXA-72 e a recentemente
descrita OXA-143, a qual foi identificada em um isolado clinico brasileiro de A.
baumannii (117,132).

Dentre as beta-lactamases de classe D de ocorréncia natural, foram descritas a
OXA-51 e OXA-69, ambas presentes em A. baumannii, constituindo o subgrupo OXA-

51/0XA-69, que apresenta fraca similaridade com outras oxacilinases conhecidas (117).

18



Os genes que codificam as beta-lactamases blaoxa.s1 like estdo presentes no
cromossomo em todos os isolados de A. baumannii e ndo contribuem significantemente
para os padrdes de resisténcia natural observados em A. baumannii. Genes codificando
variantes de OXA-51/0XA-69 (OXA-64, OXA-65, OXA-66, OXA-68, OXA-70, OXA-
71, OXA-78, OXA-79, OXA-80, OXA-82, OXA-83, OXA-92, OXA-98, OXA-106,
OXA-107, OXA-108, OXA-109, OXA-110, OXA-111 e OXA-112) (61,133) foram
identificados a partir de uma grande colecao de isolados de 4. baumannii de varias areas
geograficas (61,134), inclusive entre 4. baumannii resistentes aos carbapenémicos
(133,135,136). Estudos recentes descreveram que as sequéncias de inser¢ao ISAbal e
ISAba9 podem estar localizadas upstream ao gene blapxa-silike em isolados de A.
baumannii resistentes aos carbepenémicos, potencializando a expressao de OXA-51 ou
OXA-51/0XA-69 like, diminuindo, assim, a suscetibilidade a ceftazidima e aos
carbapanémicos (137-139). Como estes genes sdo aparentemente ubiquos e restritos ao
A. baumannii, tem sido utilizada a identificacdo desta espécie baseando-se na detecgdo
do blaoxa-si-like (136).

Diante da resisténcia do A. baumannii aos carbapenémicos, a polimixina,
embora apresente alta toxicidade, tem sido a droga de escolha para o tratamento de
isolados resistentes aos carbapenémicos (140). Atualmente, amostras de A. baumannii
MDR sensiveis apenas a polimixina B tém sido isoladas pelos laboratorios de
microbiologia clinica na maior parte dos hospitais brasileiros e do mundo (141-144). No
entanto, ja tem sido relatada a resisténcia de Acinetobacter spp., inclusive A. baumannii,
as polimixinas (141,145-148). Além da polimixina, a tigeciclina ¢ um dos poucos
antimicrobianos que possui atividade contra 4. baumannii MDR, sendo utilizada tanto
como monoterapia quanto como terapia combinada com imipenem e/ou colistina
(149,150). Essa droga possui boa atividade bacteriostitica para amostras de A.
baumannii, incluindo aquelas que sdo resistentes ao imipenem (10,151). Porém, ja
existem relatos de amostras de 4. baumannii MDR resistentes também a tigeciclina
(146,152,153). Um grupo de pesquisadores reportou recentemente, o aparecimento de
amostras de 4. baumannii extremamente resistentes (denominadas XDR), isolados de
pacientes internados em UTIs de um Centro Médico. Estas amostras mostraram-se
resistentes a todas as drogas antimicrobianas testadas, incluindo polimixina B, colistina
e tigeciclina (146). Nestas situacdes, a terapia combinada de antimicrobianos parece ser

a alternativa mais apropriada para o combate de 4. baumannii MDR. Combinagdes
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sugeridas incluem imipenem e amicacina, colistina e rifampina, polimixina B e

rifampicina, e a associa¢do de imipenem, rifampina e colistina (8,144).
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1.2 Objetivos

1.2.1 Objetivo Geral

Este trabalho teve como objetivo detectar e determinar a resisténcia a drogas

antimicrobianas de isolados nosocomiais de A. baumannii.

1.2.2 Objetivos Especificos

1.2.2.1 Isolar e identificar A. baumannii a partir de amostras ambientais e das luvas
dos profissionais que trabalham na UTI Geral Adulto do Hospital Sdo Lucas da
PUCRS através de métodos fenotipicos e genotipicos;

1.2.2.2 Determinar a resisténcia a drogas antimicrobianas de 4. baumannii isolados
de ambiente e de luvas, bem como de isolados clinicos obtidos no laboratorio do
mesmo hospital, através da técnica de difusdo de discos em agar;

1.2.2.3 Determinar a concentragdo inibitoéria minima para o imipenem e polimixina
B em isolados de A. baumannii;

1.2.2.4 Caracterizar isolados de 4. baumannii quanto a produg¢do de metalo-beta-
lactamases através da técnica de aproximacao de disco;

1.2.2.5 Detectar o gene blapp nos isolados clinicos e ndo clinicos de 4. baumannii;
1.2.2.6 Detectar o gene blapxar; em isolados de A. baumannii resistentes aos
carbapenémicos;

1.2.2.7 Detectar a presenga de integrons das classes 1, 2 e 3 através da PCR em

isolados de A. baumannii.
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Capitulo 2

2.1 Artigo Cientifico

Detection and antimicrobial resistance determination of Acinetobacter

baumannii nosocomial isolates

Artigo cientifico submetido ao Journal of Infection, publicado pela Elsevier

Fator de impacto: 3.805
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Summary

Objectives: The aim of this study was to evaluate the presence of A. baumannii in an
ICU environment and to characterize the antimicrobial drug resistance of the clinical

and non-clinical isolates obtained.

Methods: 886 non-clinical samples were collected from an ICU. Antimicrobial
resistance was determined in 4. baumannii nosocomial isolates identified by PCR using
16S rDNA and blaoxa.s1 genes as targets. The presence of integrons, blapxa.n3 and

blanp was evaluated by PCR.

Results: A. baumannii was isolated in 9.6% of samples collected from an ICU
environment, and 46 clinical isolates were sent by the laboratory of the same hospital.
The majority of isolates was MDR, and all isolates harboring integrons were MDR.
High rates of resistance to carbapenems were detected in both clinical and non-clinical
isolates. Among isolates with reduced susceptibility to carbapenems, all presented
blaoxan3, and 41.4% non-clinical and 54% clinical isolates carried the blapnp. The
resistance to polymyxin B was detected in 19.6% and 24.7% non-clinical and clinical

isolates, respectively.

Conclusion: All A. baumannii isolates presented high resistance rates to the drugs
tested. However, the resistance in the non-clinical isolates is of great concern because it

can indicate the hospital environment as possible reservoir of resistant A. baumannii.

KEYWORDS: Acinetobacter baumannii; Antimicrobial drug resistance; f-lactamases;

Hospital infections; Carbapenems
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Introduction

Acinetobacter baumannii is an important opportunistic pathogen commonly associated
with nosocomial infections, especially in patients hospitalized in intensive care units
(ICUs). This pathogen is renowned for its ability to survive in the environment in dry
conditions for prolonged periods, and can spread through air, water droplets over short
distances, skin scaling of colonized patients (1), and the hands of workers in hospitals,

which is the most common mode of transmission (2).

The treatment of infections caused by 4. baumannii is difficult to be performed
due to the multidrug-resistance (MDR) observed in many strains of this species (3). The
emergence of MDR A. baumannii has been attributed to its ability to rapidly acquire
resistance determinants, being very susceptible to horizontal gene transfer (4,5). Indeed,
this pathogen may carry class 1, 2 and 3 integrons containing antimicrobial resistance
genes (6,7), explaining, at least partially, its rapid positive response to antibiotic
selective pressure. In this sense, carbapenems have been widely used to treat MDR A.
baumannii infections (8,9), but isolates resistant to this drug have been described
worldwide (10-16). Carbapenems resistance is mainly derived from [-lactamase
production (17-20), but it is also found due to loss of permeability of the external
membranes, change in the affinity of penicillin binding proteins (PBPs), and, rarely, by
the overexpression of efflux pumps (21-23). Among metallo-f-lactamases (MBL), the
imipenemase (IMP) is of great importance to epidemiologic dissemination and clinical
relevance (24). The oxacillinases, Ambler class D p-lactamases, have been widely
reported in A. baumannii (25,26), mainly the acquired OXA-23, OXA-24/40 and OXA-

58, and OXA-51, the last one being intrinsically located in the chromosome (27-29).
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The OXA-23, an important representative of this group, has been associated with
various infection outbreaks in different parts of the world (30), and the OXA-51 does
not seem to contribute substantially to the standards of carbapenem resistance observed
in A. baumannii (25), although this gene has been used as a target to identify A.

baumannii by PCR (31-35).

The treatment of carbapenem resistant A. baumannii infections has been
performed with polymyxins (36), since MDR A. baumannii sensitive only to polymyxin
B has been isolated worldwide (37-40). However, polymyxins resistant 4. baumannii

isolates have already been reported (14,37,41-43).

Therefore, the aim of this study was to evaluate the presence of the A. baumannii
from an ICU environment and to characterize the antimicrobial resistance of the isolates
obtained, as well as of the isolates from patients in ICU of the same hospital in which

environmental samples were collected.

Materials and methods

Bacterial strains

From March to November 2010, a total of 886 samples were collected from a
nosocomial environment (n=858) and from gloves (n=28) of the healthcare workers of
an adult ICU of a 603-bed university hospital in Porto Alegre, a city located in Southern
Brazil. Floor samples (n=33) were collected with a “drag swab” soaked in 0.1% saline
peptone; the gloves were collected and transported in sterilized plastic bag, and the

remaining samples were collected with a swab soaked in 0.1% saline peptone. The

27



Department of Microbiology of the Clinical Pathology Laboratory of the hospital sent

46 strains of A. baumannii from clinical specimens isolated in the same period.

Isolation and identification

The swabs collected from the hospital environment were introduced in 3 mL of BHI
broth (Himedia) and incubated at a 150-rpm agitation at 37°C for 24 h according to
Baumann (44), and spread on MacConckey agar (Oxoid). An aliquot of 5 mL of
nutrient broth was added to the internal part of each glove, homogenized and incubated
for 5 min at room temperature. After, an aliquot of 100 uL was spread on blood agar
(Himedia) and incubated at 37°C for 24h. An aliquot of 100 uL of saline solution
obtained from the floor sample was spread on blood agar and incubated at 37°C for 24h.
The colonies were preliminary screened by morphology and accordingly with the results
were submitted to the characterization by oxidase test (Laborclin) and triple sugar iron
(TSI) test (Oxoid). All tests were standardized using the reference culture 4. baumannii

ATCC 19606.

Isolates presenting a biochemical profile compatible with a presumptive
identification of Acinetobacter spp. were submitted to DNA extraction using guanidine
isothiocyanate according to Rademaker and De Brujin (45). The purified DNA was used
as template for the PCR using the 16S rDNA (46) and blaoxa-si genes as targets to
identify Acinetobacter spp. and A. baumannii, respectively. The primers targeting the
oxacilinase OXA-51 were designed in this study to amplify a fragment of 347 bp
specific for A. baumannii (5°GACGGGCAAAAAAGGCTAY and
5’GGGTCTACATCCCATCCC3’). The PCR amplifications were performed in a final

volume of 25 pL containing 1 pL of target DNA, 0.2 mM of each deoxynucleoside
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triphosphate (ANTP), 2.5 uL of 10X PCR buffer (Invitrogen), 1.5 mM of MgCl,, 0.2 U
of Tag DNA polymerase (Invitrogen) and 20 pmol of each primer. The amplification
conditions used were: initial denaturation of 95°C by 5 min, followed by 35 cycles of
denaturation at 95°C for 1 min, annealing at 51°C for 1 min and extension at 72°C for 1
min and 30 s, with a final extension at 72°C for 10 min. In order to determine the
specificity of the designed primers to blapxa-si, 9 isolates identified presumptively as
Acinetobacter spp. by biochemical tests were used. These strains and A. baumannii
ATCC 19606 were analyzed by PCR in parallel to the biochemical identification with
API 20 NE system. Also, two amplification products from OXA-51 were purified with
ammonium acetate and submitted to sequencing in an ABI 3130 XL Genetic Analyzer
(Applied Biosystems, Lincoln Centre Drive Foster City, USA) automated DNA

sequencer.

Antimicrobial susceptibility testing

The antimicrobial resistance was performed according to the CLSI guidelines (47) to the
disk diffusion technique to all A. baumannii isolates. The antimicrobials tested were:
amikacin (AMI), ampicillin-sulbactam (AMS), aztreonam (ATM), cefepime (CPM),
cefotaxime (CTX), ceftazidime (CAZ), ceftriaxone (CRO), ciprofloxacin (CIP),
doxycycline (DX), gentamicin (GEN), imipenem (IPM), Ilevofloxacin (LVX),
meropenem (MEM), minocycline (MIN), piperacillin-tazobactam (PTZ), trimethoprim-
sulfamethoxazole (COT), tetracycline (TET), ticarcillin-clavulanic acid (TCC), and
tobramycin (TOB). MDR was defined as the absence of susceptibility to three or more

classes of antimicrobials (48-53).
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The susceptibility to polymyxin B of all 4. baumannii isolates was determined
by minimum inhibitory concentration (MIC) using microdilution test and interpreted
according to the CLSI guidelines (54). The resistance to imipenem in carbapenem
resistant isolates in disk diffusion test was also evaluated by the determination of MIC.
Disk diffusion test and MIC determination were performed using the reference cultures
Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853 as quality

control.
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Metallo-B-lactamase phenotypic detection

A disc-approximation test (55) using imipenem (Sensifar) and ceftazidime (Sensifar) as
substrates and EDTA (Nuclear) as inhibitor was employed to detect MBL production. P.

aeruginosa IMP-1 positive was used as control.

Detection of antimicrobial resistance determinants

The presence of the genes blapp and blapxa-23, which belong to Ambler class B and D
carbapenemases, respectively, was evaluated by PCR in isolates that showed reduced
susceptibility to carbapenems. Previously described primers (56) were used to detect
blapxa-23, and the primer pair targeting the MPBL IMP was designed in this study
(5’AGATACTGAAAAGTTAGTC3® and  5S"TTGRAACWACCAGTTTTGC3"),
amplifying a fragment of 424 bp. These primers were used to identify IMP, since they
are able to amplify fragments from several IMPs (IMP-1, IMP-2, IMP-4, IMP-5, IMP-6,
IMP-7, IMP-8, IMP-10, IMP-11, IMP-15, IMP-16, IMP-18, IMP-19, IMP-20, IMP-21,
IMP-22, IMP-24, IMP-25, IMP-26, IMP-27 and IMP-29). The class 1, 2 and 3 integrons
were detected by PCR using a degenerate primer pair to detect genes from integrases

intI1, intl2 and intl3 (57).

PCR amplifications were carried out in 25 uL volumes containing 1 pL of target
DNA, 0.2 mM of each dNTP, 2.5 uL of 10X PCR buffer (Invitrogen), 0.2 U of Tag
DNA polymerase (Invitrogen) and 20 pmol of each primer. The MgCl, concentration
and the amplification conditions to detect blapxa-»3 and integrons were used according
to previously described (56,57). The same conditions were used to amplify the blapp
gene, except for altering MgCl, to 2 mM, the annealing temperature to 47°C, and the

number of cycles to 30. The amplifications were carried out in a MiniCycler™ (MJ
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Research) and the amplification products were analyzed by electrophoresis in agarose
gels stained with 0.5 pg/mL ethidium bromide and visualized under UV radiation. Two
amplification products from integrons and one from OXA-23 were purified and
sequenced as described above. Searches and alignments for the nucleotide sequences

were performed with the BLAST program (http://www.ncbi.nlm.nih.gov/BLAST).

Statistical analysis

Data were analyzed and compared by y” test or Fisher’s exact test, as appropriate. A p
value <0.05 was considered statistically significant. When necessary, the data were
analyzed and compared by Kappa coefficient test, using an Odds Ratio (OR) with 95%
of confidence intervals (95% CI). To analyze the difference of resistance in all drugs
tested within each source (non-clinical or clinical), the drugs were grouped in four
clusters based on resistance rates (0-25%, 25%-50%, 50-75%, and 75%-100%) and

evaluated by Friedman or Cochran tests.
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Results

A. baumannii was detected in 9.6% (85) of the 886 samples collected from the hospital
ICU environment and gloves, referred as non-clinical isolates. Regarding the A.
baumannii positive samples, 4.7% (4) were isolated from floor and 2.3% (2) from
gloves. Other strains (79) were isolated mainly from bed sides (23.5%), bidet (10.6%),
and supplying balloon (9.4%). However, it was possible to isolate this microorganism in
many other places of ICU rooms, such as monitor of mechanical ventilator, valves (of
oxygen, air, and vacuum), infusion pump, door handles, stethoscope, purge, door, mask
of ventilation, table for nursing staff support, chair, food delivery car, car of
instruments, car for patient care, biological waste, pressure gauge, feeding table, heart
rate monitor, staff clipboard (for information about patients), surface of the medical

preparation car and serum support apparatus.

All 85 non-clinical and 46 clinical isolates biochemically compatible with
Acinetobacter spp. were positives in 16S rDNA and blapxa-s1 PCR tests (Fig. 1). The
isolates used to standardize the blapxa.s; detection that harbored this gene were also
identified as A. baumannii in the API 20 NE system. Moreover, the analysis of two
blapxa-s1 amplification product sequences showed at least 98% of similarity with other

A. baumannii OXA-51 sequences deposited in GenBank.

Antimicrobial susceptibility of 4. baumannii isolates to 19 antimicrobial agents
is summarized in Table 1. The reduced susceptibility rates, i.e., resistance or
intermediate resistance in the disk-diffusion test, to the majority of the drugs tested
showed no difference between clinical and non-clinical isolates (p>0.05), with the
exceptions of ceftazidime and amikacin. Furthermore, both groups of isolates showed

the highest resistance rates to the same five drugs (aztreonam, ceftriaxone, cefotaxime,
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cefepime and ticarcillin-clavulanic acid), as well as the lowest resistance rates to

doxycycline and minocycline (Table 1).

The analyses of reduced susceptibility rates in all drugs tested within each
source isolates (non-clinical or clinical) are shown in Table 2, and both analyses showed
significant differences (p<0.0001) between all clusters. The results indicate a great
similarity between the non-clinical and clinical clusters, with the exceptions of
tetracycline (non-clinical and clinical isolates were grouped in cluster II and cluster I,
respectively), levofloxacin and ceftazidime (both grouped in cluster III among non-
clinical isolates, and grouped in cluster IV among clinical isolates). However, the non-
clinical isolates were resistant to more antimicrobial classes than clinical isolates

(»<0.05).

In this study, 98.8% (84) non-clinical and 97.8% (45) clinical isolates were
found as MDR. Only one strain isolated from floor was susceptible to all drugs tested.
From the non-clinical isolates, 50 different resistance profiles were obtained, whereas
33 were obtained from clinical isolates. The most common profiles found between all
isolates included the resistance to at least 14 drugs, being the most prevalent profile
(11.8%) among non-clinical isolates characterized by the reduced susceptibility to the
following 17 drugs: TCC-IPM-LVX-MEM-CAZ-TET-TOB-CTX-CIP-AMI-CRO-
CPM-PTZ-ATM-GEN-AMS-COT. From the clinical isolates, there were two more
prevalent profiles (10.9% each one), one of them presenting reduced susceptibility to
the same drugs found in the predominant profile of non-clinical isolates, except for
tetracycline; the other prevalent profile presented two differences (absence of resistance

to amikacin and tetracycline).
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High reduced susceptibility rates to carbapenems were detected in 82.3% (70) of
non-clinical and 80.4% (37) of clinical isolates by disk diffusion and MIC determination
to imipenem, and no difference was found between the rates of reduced susceptibility to

imipenem and meropenem in the two groups of isolates (»p>0.05).

MBL production was evaluated in all carbapenems resistant isolates. In the non-
clinical group, 41.4% of isolates were MBL producers, being 18.6% positives for
ceftazidime, 15.7% for imipenem and 7.1% for both. Among the clinical isolates, 51.3%
were MBL producers, being 10.8% positives for ceftazidime, 29.7% for imipenem and
10.8% for both. No difference (p>0.05) between non-clinical and clinical isolates was

found analyzing the data obtained by the two tests or by each substrate.

The presence of blapp gene was detected in 41.4% (29) and 54% (20) of non-
clinical and clinical isolates presenting reduced susceptibility to carbapenems,
respectively (Table 3). Also, it was detected blapp gene in 5 non-clinical and 3 clinical
carbapenems susceptible isolates. There was no significant difference in the presence of
this target gene between the two groups of isolates (»p>0.05). Among the 49 isolates
carrying blapp, 73.5% (36) showed to be MBL producers when tested with at least one
substrate, whereas the proportion reduced to 61.2% (30) when using only imipenem.
The analysis by Kappa coefficient considering the presence of blapnp as gold standard
demonstrated that this gene was consistently associated with ML production.
Coexistence of blapp and integrons was detected in 26.7% (35) strains. A total of
67.1% (57) non-clinical and 69.6% (32) clinical isolates showed to harbor intl integrase
genes, and all 89 isolates harboring integrons were MDR. Sequencing of two int/
amplicons identified both as intl2. All A. baumannii isolates resistant to carbapenems

harbored blapxa-23 gene (Table 3).
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The resistance to polymyxin B found in non-clinical isolates (19.6%) was not
significantly different (p=0.6523) from that observed in clinical isolates (24.7%).
Among the clinical 4. baumannii isolates, 71.7% (33) were from patients treated with
polymyxin B and 9.1% (3) of them showed resistance to this drug. It was observed
significant association between treatment with polymyxin B and death, but there was no

association between resistance to this drug and mortality.

Discussion

A. baumannii 1s an emerging pathogen that causes several nosocomial infections.
Its ability to survive many months in the hospital environment and to readily acquire
antimicrobial resistance has driven these bacteria to become an important concern for
the medical community (2,9,58). In this study, we evaluated the presence of this
microorganism in the ICU environment, as well as the status of antimicrobial resistance
of the isolates, comparing to clinical isolates obtained in the same period and hospital.
Therefore, a total of 886 samples were collected from environment and gloves of the
ICU, and 9.6% of samples showed 4. baumannii, which is an occurrence similar to
those found by the majority of studies performed in ICU environments (59-62). The
environmental isolates were recovered from different places of ICU rooms, including
floor, as already reported (19,58,59,63,64). However, bed side was the most
contaminated place, which indicates it as a probable environmental reservoir of A.

baumannii in ICU.

Additionally to the ICU environment, the hands of healthcare workers are an
important way of transmission of different pathogens (65-67), acting as a source of

cross-infection and re-infection. Thus, in this study the inner side of gloves used by the
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workers of the ICU was analyzed as an indicator of hand contamination, finding 7.4%
of gloves contaminated with 4. baumannii, while Young et al. did not find this
microorganism in 50 gloves using a similar sampling method (68). The results described
here present the occurrence of a large number of the ICU staff gloves contaminated with
A. baumannii, even when comparing with other authors that investigated directly in
hands using a similar number of samples (69). These results were unexpected, since the
analysis of gloves is thought to underestimate the real prevalence of bacterial presence
in hands. Giidiiciioglu et al. (70) also showed high levels of occurrence of A. baumannii
in gloves and hands, although the number of samples analyzed was significantly lower.
It is also important to note that, as only internal part of gloves were sampled, we cannot
evaluate the possible carriage of 4. baumannii through the gloves, but it is possible to

infer that this can occur as we found A. baumannii at different places of ICU.

The specific identification of A. baumannii was performed with a protocol
developed in this study. Some authors had used the blapxa.si gene as target to identify
A. baumannii by PCR (31-35); however, a study has recently described the blaoxa-si
gene in a clinical isolate of Acinetobacter 13TU with close identity of DNA sequence in
the target region used in the previous studies (71-73). Therefore, to improve the A.
baumannii detection, we designed a new primers pair to identify this pathogen,
targeting another region of the blapxa.si gene, resulting in the specific detection of this
microorganism. Phenotypically, blapxasi has been associated with carbapenem
resistance when there are ISAbal and ISAba9 located upstream to this gene (33,74,75).
So, although the presence of this gene can be associated with carbapenem resistance, we
cannot assign the carbapenem resistance of the isolates found in this study to blapxa-si

because it was not evaluated the presence of these IS upstream to this gene.
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All A. baumannii isolated from the environment, gloves and clinical samples
from this study were analyzed with regard to susceptibility to antimicrobials, and the
results indicated a great similarity between the non-clinical and clinical clusters,
showing the importance of ICU environment as a reservoir of A. baumannii, which must
be observed with considerable concern. The clinical and non-clinical isolates showed a
high rate of antimicrobial multiresistance, especially when compared to other studies
performed with clinical isolates that used the same criteria to define MDR (11,49-
53,76), but we did not find any isolate presenting extensive drug resistance (XDR). The
analysis of antimicrobial resistance of Acinetobacter spp. isolated from wastewater in
the same hospital where we obtained our isolates showed only 21% of isolates as MDR
(77). This discrepancy can be assigned to the difference in the source of isolates, in the
period of time of the sampling (samples were collected 4 to 5 years before the sampling
of this study), the definition of MDR adopted, and the species of Acinetobacter, since

only 65% of the isolates from wastewater were A. baumannii.

The majority of non-clinical and clinical isolates showed to carry integrase
genes, and all isolates harboring integrons were MDR, whereas the remaining 41 MDR
integrons negative isolates probably possess the reduced susceptibility to the tested
drugs mediated by resistance determinants not carried out by integrons. Many gene
cassettes encoding resistance to a wide range of antibiotics had been associated to
integrons (78-83), including acquired carbapenem resistance, which is the drug of
choice for the treatment of 4. baumannii infections. In this study, 80.9% of integron
positive strains showed reduced susceptibility to carbapenems. Carbapenem resistance
has become a great concern for the treatment of serious Acinetobacter infections. In our
study, low susceptibility rates to carbapenems were detected, which has also been

described by other authors both in clinical and non-clinical isolates; however, the other
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analyses of ICU environment used a lower number of samples or had a lower
prevalence of A. baumannii than those presented in this study

(11,12,14,19,42,63,64,81,84,85).

The main carbapenem resistance mechanism in A. baumannii is acquired
carbapenemase production of the class D carbapenemases, including OXA-23, or the
IMP, VIM and SIM type metallo-B-lactamases (18,21). All A. baumannii isolates
resistant to carbapenems showed to harbor the blapxa.»3 gene, which has also been
found by other authors in all isolates evaluated (85-89). This result also corroborates
Ferreira et al. (77) results that found blapxa.n3 gene in carbapenem resistant A.
baumannii isolated from wastewater of the same hospital analyzed in this study. Such
widespread prevalence can be due to horizontal transfer of blapxa-3, since it has been
also identified on plasmids (90), but it has not been associated with integrons (46). On
the other hand, the blapp has been detected in integrons (82), and, although we did not
analyze the presence of blapp in integrons, 71.4% of our blapsp positive isolates also
present integrons. Analyzing the two carbapemen resistance determinants investigated
in this study, we found that 45.8% of the isolates with reduced susceptibility to
carbapenem presented both blapp and blapxa-23, what was also reported only, to date,

by Koh et al., and in just 0.9% carbapenem resistant 4. baumannii isolates (91).

The presence of blayp in A. baumannii isolates have been reported worldwide
(3,92-96), and the prevalence of this metallo-pB-lactamase is discrepant among reports.
In our study, the blapnp gene was detected in 41.4% and 54% of non-clinical and clinical
isolates presenting reduced susceptibility to carbapenems, rates similar to those were
reported by other authors in clinical isolates (3,84). However, the majority of the studies
that evaluated the presence of blapp described a low prevalence of the imipenemases

encoded by this gene (11,62-64,81,94-96). blapp was also detected in five non-clinical
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and three clinical carbapenems susceptible isolates that were resistant to cephalosporin
and/or penicillins, probably due to a broad substrate specificity of these imipenemases

(24).

Among the isolates carrying blapp, 73.5% were MPL producers when tested
with at least one substrate, presenting a good correlation between the tests; however,
false negatives results were found. Overall, the disc approximation test, even using both
substrates and both inhibitors, raised contradictory results and presented limited

reproducibility (77,97-99), not being an accurate way to determine MBL production.

In recent years, clinical isolates of A. baumannii resistant to polymyxin B have
been described; however the rates of resistance showed some variation among the
studies (14,41-43). The rates observed in this study were similar to those already
described, but the presence of A. baumannii resistant to polymyxin B in the
environment in similar levels of the clinical isolates raises great concern, since the
environment can be a source of contamination by 4. baumannii resistant to the drug of

last choice for treatment of infections caused by this microorganism.

Furthermore, our results indicate the possibility of minocycline and doxycycline
to be therapeutic options to treatment of CRAB infections, even those caused by
polymyxin B resistant isolates. Similar results had already been described by other
authors that found minocycline and doxycycline as effective antimicrobial drugs against
Acinetobacter spp., since 80% to 90% of analyzed isolates were susceptible to this
antibiotic (100-102). Moreover, minocycline has been used successfully for the
treatment of wound infections and ventilator-associated pneumonia caused by MDR 4.

baumannii (103,104).
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Our data show that the isolates present high resistance against the antimicrobial
drugs tested. Additionally, they can carry resistance genes that probably are harbored in
mobile genetic elements, especially integrons, what may facilitate horizontal transfer.
These findings in non-clinical isolates are of great concern because they denote the ICU
environment as a possible major reservoir of 4. baumannii and the source for hospital

generated infections with this microorganism.
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Table 1 Reduced susceptibility rates of non-clinical and clinical 4. baumannii isolates to
all tested drugs.

Non-clinical isolates (n = 85) Clinical isolates (n = 46)
Reduced susceptibility (%)

Antimicrobial drug

MIN 8 (9.4)° 2(4.3)°
TCC 76 (89.4) 43 (93.5)"
IPM 68 (80)° 37 (80.4)"
LVX 62 (72.9)° 39 (84.8)"
MEM 70 (82.3)° 36 (78.3)"
CAZ 45 (52.9) 35(76.1)°
TET 34 (40) 10 (21.7)°
DX 5(5.9)° 0 (0)*
TOB 55 (64.7)" 28 (60.9)°
CTX 79 (92.9)° 45 (97.8)"
CIP 76 (89.4) 41 (89.1)"
AMI 62 (72.9)° 23 (50)°
CRO 82 (96.5)* 45 (97.3)"
CPM 77 (90.6)° 44 (95.6)"
PTZ 73 (85.9)° 40 (86.9)°
ATM 81 (95.3)° 46 (100)*
GEN 61 (71.8)° 32 (69.6)"
AMS 62 (72.9) 29 (63)°
COT 74 (87.1)° 36 (78.3)"

Different superscripts in the same line indicate significantly different values by Y test (»<0.05).

MIN, minocycline; TCC, ticarcillin-clavulanic acid; IPM, imipenem; LVX, levofloxacin; MEM,
meropenem; CAZ, ceftazidime; TET, tetracycline; DX, doxycycline; TOB, tobramycin, CTX,
cefotaxime; CIP, ciprofloxacin; AMI, amikacin; CRO, ceftriaxone; CPM, cefepime; PTZ, piperacillin-
tazobactam; ATM, aztreonam; GEN, gentamicin; AMS, ampicillin-sulbactam; COT, trimethoprim-
sulfamethoxazole.
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Table 2 Clustering of drugs according to the reduced susceptibility rates for each A.

baumannii source.

Cluster Non-clinical isolates Clinical isolates

1(0-25%) MIN; DX TET; MIN; DX

11 (25-50%) TET -

111 (50-75%) TOB; LVX; GEN; CAZ; AMS; AMI TOB; GEN; AMS; AMI

IV (75-100%) TCC; PTZ; MEM,; IPM; CTX; CRO; CPM; TCC; PTZ; MEM,; LVX; IPM; CTX; CRO;
COT; CIP; ATM CPM; COT; CIP; CAZ; ATM

MIN, minocycline; TCC, ticarcillin-clavulanic acid; IPM, imipenem; LVX, levofloxacin; MEM,
meropenem; CAZ, ceftazidime; TET, tetracycline; DX, doxycycline; TOB, tobramycin; CTX,
cefotaxime; CIP, ciprofloxacin, AMI, amikacin, CRO, ceftriaxone; CPM, cefepime; PTZ, piperacillin-
tazobactam; ATM, aztreonam; GEN, gentamicin; AMS, ampicillin-sulbactam; COT, trimethoprim-

sulfamethoxazole.
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Table 3 Presence of blaoxa23 € blapp genes in imipenem resistant A. baumannii

isolates at different minimum inhibitory concentration (MIC).

MIC imipenem (pg/mL)
Target gene 8 16 32 64 Total
blaoxas 7 61 32 7 107*
blapp 3 32 12 2 49

*This value also corresponds to all isolates that presented reduced susceptibility
to carbapenems.
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1 Kbp

500 bp

Figure 1 - Electrophoresis of amplicons using 16S rDNA (lane 2, 400 bp), blaoxa-si
(lane 3, 347 bp), intl (lane 4, 491 bp), blanp (lane 5, 424 bp) and blapxa-23 (lane 6,

1065 bp) as target on 1.0% agarose gel stained with ethidium bromide. 100 bp

molecular mass marker (Ludwig Biotecnologia) (lane 1 and 7).
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Capitulo 3

Consideracoes Finais
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3.1 Consideracoes finais

A determinacdo da presenga de A. baumannii no ambiente hospitalar ¢ de
extrema importancia, ja& que este microrganismo ¢ o agente causal de infec¢des
oportunistas em pacientes internados, especialmente em UTIs, tendo sido associado a

diversos surtos no Brasil € no mundo (21,25,48,154-156).

A identificacdo presuntiva de 4. baumannii nas amostras ambientais e de luvas
foi realizada através de testes fenotipicos. Posteriormente, todos os isolados, clinicos e
nao clinicos, foram confirmados como A. baumannii através de PCR, tendo como alvos
os genes 16S rDNA e blapxa.s1. Para a realizacdo da PCR tendo como alvo o gene
blapxa-s1, de ocorréncia natural em A. baumannii, foi desenhado um par de
oligonucleotideos iniciadores especifico para esta espécie, uma vez que o par de
oligonucleotideos iniciadores amplamente utilizado por outros autores (157-159)
mostrou-se inespecifico para a deteccdo deste microrganismo, detectando também

Acinetobacter 13TU (159).

Através da utilizacdo do protocolo de deteccdo especifica de A. baumannii
desenvolvido neste estudo, foram identificados 85 (9,6%) isolados de 4. baumannii em
um total de 886 amostras ambientais e luvas coletadas da UTI. A ocorréncia encontrada
¢ semelhante as relatadas pela maior parte dos estudos realizados em ambiente de UTIs
(48,160-162). As camas dos leitos, amostradas a partir de suas laterais, incluindo grades
de protecdo e botdes para ajustar altura e posi¢ao dos pacientes, foi o local onde ocorreu
0 maior niumero (23,5%) de isolamentos de A. baumannii. Porém, A. baumannii também
foi detectado em diversos outros locais, at¢ mesmo onde o isolamento deste
microrganismo seria menos esperado, como ¢ o caso das mesas de entrega de refeigdes

e de preparo de medicagdes, além de ter sido isolado da parte interna das luvas dos
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técnicos de enfermagem, mostrando a ampla disseminacgao deste microrganismo na UTI

avaliada.

A caracterizacdo da resisténcia antimicrobiana em isolados de A. baumannii
realizada neste estudo mostrou um grande niimero de isolados clinicos e ndo clinicos
apresentando suscetibilidade reduzida a varios antimicrobianos testados, obtendo-se
98,5% de isolados MDR; entretanto, nao foi detectado nenhum isolado de 4. baumannii
XDR. Também foi observado que as taxas de suscetibilidade reduzida detectadas nos
isolados ndo clinicos foram muito similares aquelas apresentadas pelos isolados
clinicos, demonstrando a importancia do ambiente de uma UTI como um reservatério
de patdgenos clinicamente importantes que apresentam resisténcia a diversas drogas
antimicrobianas, incluindo algumas importantes opc¢des para o tratamento de infecgdes

causadas por A. baumannii.

Muitos genes de resisténcia a drogas antimicrobianas podem ser carreados por
integrons contendo elementos genéticos moveis (116,155,163-166). Desta forma, neste
estudo foi verificada a presenga de integrons utilizando os genes da integrase como
alvos, tendo sido detectados em 67,9% dos isolados clinicos e nao-clinicos. Dois
isolados positivos para infl foram escolhidos aleatoriamente e submetidos ao
sequenciamento. Ambos foram identificados como carreadores de integron classe 2, que
nao ¢ a classe de integrons predominante entre 4. baumannii, mas ja foi demonstrada
ser altamente prevalente neste microrganismo no estudo de Ramirez et al. (102).
Entretanto, muitos estudos reportam que os integrons de classe 1 sdo os mais frequentes
em A. baumannii MDR (46-48,122,166-168). Assim, a identificacdo da classe de
integrons carreados pelos demais isolados de A. baumanni avaliados neste estudo serao

posteriormente determinadas.
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Os carbapenémicos sdo as drogas de escolha para o tratamento de infecgdes
causadas por A. baumannii, porém o aumento do nimero de relatos a respeito da
crescente suscetibilidade reduzida desta bactéria a estes antimicrobianos (41,55,56),
com os quais este estudo corroborou, tem se tornado uma grande preocupagdo na
comunidade médica. Desta forma, com o objetivo de elucidar possiveis mecanismos
responsaveis pela resisténcia aos carbapenémicos nos isolados avaliados, inicialmente
dois determinantes de resisténcia foram investigados, blaoxa-23 € blanp. O gene blapxa.
23 foi detectado em todos os isolados que apresentaram suscetibilidade reduzida aos
carbapenémicos, o que ja havia sido relatado por outros autores, mostrando a alta

prevaléncia desta oxacilinase (119,126,169-171).

O blayp, que codifica para uma ML, ndo foi tdo prevalente entre os isolados
quanto o blapxa-23, mas 45,8% dos isolados apresentaram este gene em comparagdo
com o que foi relatado em muitos estudos que se propuseram a investigar a presenca
desta imipinemase (127,162,166,172-176). Além disso, pdde-se observar, que
obtivemos uma boa correlagdo entre os isolados positivos para o gene blapvp € o teste de
aproximagdo de discos para detectar a producdo de MBL. Entretanto, esta correlagdo
positiva foi possivel somente quando analisamos os resultados obtidos com os dois
substratos e inibidores conjuntamente, o que nos levou a questionar a precisdo,
reprodutibilidade e confiabilidade proporcionadas por estes testes, o que ja foi levantado

por outros autores (129,177-179).

A coexisténcia de blapp € integrons foi detectada em 26,7%, o que poderia ser
esperado, uma vez que a maioria dos genes que codifica para imipinemases ¢
encontrada em cassetes inseridos em integrons, especialmente de classe 1 (60,94,98-

103,117). Além disto, foi observada a coexisténcia de blapp € blaoxa-23, 0 que ja havia
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sido relatado apenas em um trabalho, mas em um numero bastante menor de isolados

(180).

Além destes dois mecanismos, € possivel que os isolados de 4. baumannii
avaliados neste estudo pudessem ter a suscetibilidade reduzida a carbapenémicos
mediada por blapxa-s;, no entanto ainda ndo podemos afirmar isto porque nao foi
verificada a presenga das sequéncias de insercdo necessdrias para o aumento de sua

expressao e consequente resisténcia a este grupo de drogas (137-139).

O tratamento de infecgdes causadas por CRAB tem sido realizado com
polimixinas, polimixina B ou colistina, dependendo da disponibilidade destas drogas em
cada pais (140,181). Entretanto, ja vem sendo relatada a existéncia de resisténcia a estes
antimicrobianos, mas n3o na mesma amplitude observada nos carbapenémicos (145-
148). Neste estudo, foram encontrados altos indices de resisténcia a esta droga,
especialmente em isolados ndo-clinicos, porém mesmo em isolados clinicos foi
detectado um percentual maior de resisténcia comparado a outros estudos. Este dado
leva a uma grande preocupacdo, pois as opg¢des terap€uticas para o tratamento de
infec¢des causadas por A. baumannii estdo cada vez mais escassas. Porém, drogas
pertencentes ao grupo das tetraciclinas, principalmente minociclina e doxiciclina,
poderiam ser consideradas para o tratamento de infec¢des tendo como agentes
etiologicos os isolados de A. baumannii resistentes a polimixina B avaliados neste
trabalho. Tal observagdao também foi relatada por outros autores em relacdo a

Acinetobacter spp. (156,182,183).

Os dados encontrados neste estudo mostram que os isolados apresentaram altas
taxas de resisténcia contra os antimicrobianos testados. Além disso, eles podem carrear

genes de resisténcia que provavelmente estdo presentes em elementos genéticos moveis,
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tais como integrons, podendo ser transferidos para outros microrganismos. A resisténcia
observada em isolados nao-clinicos ¢ especialmente preocupante, pois indica o
ambiente da UTI como importante reservatorio de A. baumannii MDR. A obtengao
destes dados também proporcionou ao Servigo de Controle de Infecgdes do hospital
avaliado a implementagao de medidas de controle mais adequadas visando contornar os

problemas detectados.
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