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RESUMO

Até recentemente a resisténcia as polimixinas era descrita como resultado de mutacdes
cromossémicas, porem em novembro de 2015, foi relatada a resisténcia plasmidial as
polimixinas mediada pelo gene mcr-1. A técnica de referéncia para determinar a
suscetibilidade as polimixinas é a microdiluicdo em caldo, porém € uma técnica
laboriosa, demorada para liberagdo dos resultados e relativamente cara. Neste
contexto, os objetivos deste trabalho foram investigar a presenca do gene mcr-1 em
isolados de enterobactérias e estabelecer a caracterizacdo molecular dos isolados
positivos para 0 gene mcr-1, bem como avaliar diferentes metodologias para detecgédo
da suscetibilidade as polimixinas frente a bactérias Gram-negativas. Foram avaliados
4778 isolados clinicos, obtidos entre os anos de 2013 e 2018, provenientes de um
estudo de vigilancia para o monitoramento de isolados com sensibilidade reduzida aos
carbapenémicos. A pesquisa do gene mcr-1 foi realizada através de PCR. Para os
isolados positivos para o gene mcr-1 foi realizada a avaliagdo do perfil de
suscetibilidade a diversos antibioticos, e em trés isolados foi avaliada a capacidade de
mobilidade plasmidial, através das técnicas de conjugacéo e transformacdo, bem como
a realizacdo do sequenciamento do genoma total em equipamento Illumina MiSeq.
Diferentes metodologias foram avaliadas para determinar a suscetibilidade as
polimixinas. Dentre elas, o Teste Rapido NP Polimixinas, 0s testes comerciais
Policimbac® e Agar superpolimixinas®, bem como modificagdes do teste de eluicdo
da colistina (CBDE). Dos 4778 isolados clinicos analisados, 5 (0,1%) foram positivos
para 0 gene mcr-1. Dentre os cinco isolados, trés eram E. coli (3431F, 5798F e 6699F)
e dois K. pneumoniae (3111F e 6701F), sendo todos coprodutores de mcr-1 e blaxpec-.
Os cinco isolados apresentaram resisténcia aos antimicrobianos ertapenem,
meropenem, imipenem e ciprofloxacino, sensibilidade a tigeciclina e suscetibilidade
variavel aos aminoglicosideos. Frente a colistina, todos isolados apresentaram baixo
nivel de resisténcia (CIM 4ug/mL), exceto o isolado K. pneumoniae 6701F que foi
sensivel (CIM 0,25 pg/mL). Dos 3 isolados (3431F, 3111F e 5798F) submetidos a

técnica de conjugacdo foi demonstrado que o plasmideo contendo o gene mcr-1 dos



isolados foi transferido por conjugacdo para a cepa receptora E. coli J53. Através do
sequenciamento do genoma pode-se observar que todos os genes mcr-1 estavam
presentes em plasmideo do grupo de incompatibilidade IncX4, sendo que E. coli
3431F pertencia a ST744; E. coli 5798F a ST457 e K. pneumoniae 3111F pertencia a
ST437. O Teste Répido NP Polimixinas apresentou alta sensibilidade (98%) e
especificidade (98%) quando comparado ao método de referéncia (microdiluicdo em
caldo), sendo que 88,7% dos isolados positivaram em menos de 2 horas. Ja os testes
comerciais Policimbac® e Agar Superpolimixinas® obtiveram altos valores de
sensibilidade (98% e 94,1%, respectivamente), porém com baixas especificidades,
77% para o Policimbac® e 75,4% para o Agar Superpolimixinas®. As modificacoes
(CBM, MPT e CSTT) do teste CBDE apresentaram bons valores de sensibilidade
(95,35%, 88,37% e 93,02%, respectivamente) e especificidade (84%, 80% e 88%,
respectivamente) para isolados de Enterobacterales, porém o valor de Erros Muito
Importantes (Very Major Errors — VME — 4,65% para CBM; 11,63% para MPT e
6,98% para CSTT) e Erros Importantes (Major Errors — ME — 16% para CBM; 20%
para MPT e 12% para CSTT) foram menos satisfatorios. Para isolados néo
fermentadores, nenhuma das modificacbes foi considerada aceitavel, porém cabe
mencionar que o numero de isolados foi pequeno para estabelecer uma conclusao
final. Este estudo contribuiu para o conhecimento molecular e epidemiolédgico dos
isolados carreadores do gene mcr-1 no Rio Grande do Sul — Brasil, confirmando que
todos os plasmideos carreando o gene mcr-1 descritos no Brasil pertencem ao grupo de
incompatibilidade plasmidial IncX4, o que indica a alta afinidade entre essa familia
plasmidial e o gene mcr-1 no pais. Além disso, a descoberta de um isolado pertencente
a ST437, a qual é considerada uma ST de alto risco pela elevada prevaléncia associada
ao gene blakec no Brasil é de grande preocupacdo. Ademais, podemos constatar que a
metodologia mais adequada como triagem na deteccdo da resisténcia as polimixinas
seria 0 Teste Rapido NP Polimixinas, o qual dentre as metodologias testadas foi a que
apresentou os melhores resultados, bem como a reducdo no tempo de deteccdo da
resisténcia observada em comparacdo com o teste referéncia.

Palavras-chave: Resisténcia Bacteriana. Polimixinas. mcr-1.



ABSTRACT

Resistance to polymyxins: molecular characterization (focus on the mcr-1 gene)
and evaluation of detection methods
Polymyxin resistance used to be related to chromosomal mutations, but in November
2015, the plasmid transferable polymyxin resistance, mediated by the mcr-1 gene, was
described. The reference method for determining susceptibility profile to polymyxins
is broth microdilution (BMD), however, it is laborious, times consuming and relatively
expensive. The aims of this study were to investigate the presence of mcr-1 gene in
enterobacterial isolates with reduced susceptibility to carbapenems in Rio Grande do
Sul; to characterize to the molecular level the isolates harboring the mcr-1 gene and to
evaluate differents polymyxins susceptibility tests against Gram-negative bacteria. We
screened a total of 4,778 clinical isolates with reduced carbapenem susceptibility
between 2013 and 2018 obtained in a surveillance study. The mcr-1 gene was screened
by PCR reaction. The susceptibility profile to several antibiotics was evaluated for the
mcr-1 positive isolates; three mcr-1 positive isolates were evaluated their plasmid
mobility through conjugation and transformation techniques. These three isolates were
also subjected to whole genome sequencing (WGS) carried out in an Ilumina MiSeq
plataform. Different methods were evaluated to determine susceptibility to
polymyxins: the Rapid Polymyxins NP Test, the Policimbac®, Superpolymyxins®
agar and the modification of the colistin broth disk elution (CBDE). Among the 4,778
clinical isolates analyzed, 5 (0.1%) were positive for the mcr-1 gene: 3 were E. coli
(3431F, 5798F and 6699F) and 2 K. pneumoniae (3111F and 6701F). These 5 isolates
were co-producers of the blaxkec2 gene. All mcr-1 positive isolates were resistant to
ertapenem, meropenem, imipenem and ciprofloxacin; susceptible to tigecycline and
the susceptibility to aminoglycosides was variable. All isolates presented low level
resistance to colistin (MIC 4pg/mL), except the K. pneumoniae 6701F which was
susceptible to colistin (MIC 0.25ug/mL). The mcr-1 carryng plasmids of the three
isolates (3111F, 3431F and 5798F) were successfully transferred to E. coli by

conjugation and analyses of the WGS of these isolates indicated that the mcr-1 gene



was located in an IncX4-type plasmid. E. coli 3431F belonged to ST744, E. coli 5798F
to ST457 and K. pneumoniae 3111F to ST437. The Rapid Polymyxin NP test
presented high sensitivity (98%) and specificity (98%) when compared with the
reference method (BMD), furthermore, for 88.7% of the isolates the results were
obtained within 2 hours. The Policimbac® and Superpolymyxins® agar presented high
sensitivity (98% and 94.1%, respectively) but lower specificity (77% for the
Policimbac® and 75.4% for Superpolymyxins® agar). The modifications (CBM, MPT
and CSTT) of the CBDE test presented a good sensitivity (95.35%, 88.37% and
93.02%, respectively) and specificity (84%, 80% and 88%, respectively) for
Enterobacterales, however the Very Major Errors (VME — 4.65% to CBM; 11.63% to
MPT and 6.98% to CSTT) and Major Errors (ME - 16% to CBM; 20% to MPT and
12% to CSTT) were less satisfactory. None of the CBDE modifications were
considered acceptable for non-fermenting isolates although only a reduced number of
isolates was tested. This study showed that the prevalence of mcr-1 gene is very low
among enterobacterial isolates with reduced susceptibility to carbapenems. Moreover,
it was possible to establish that the plasmids harbouring the mcr-1 gene belong to the
plasmid incompatibility group IncX4, indicating a high affinity between this plasmid
and the mcr-1 gene in the Brazil. The fact that the K. pneumoniae mcr-1 isolate
belonged to the ST437, which is considered a high risk clone associated with blakec
gene in Brazil is of great concern. The test with best performance to be used as
screening to detect of resistance to polymyxins was the Rapid Polymyxin NP test,
which also is a much faster technique in comparison to the reference method.

Keywords: Antibiotic Resistance. Polymyxins. mcr-1.
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1 INTRODUCAO

A resisténcia aos antibidticos é uma importante preocupacdo para a saude da
populacdo em geral, especialmente a resisténcia de bactérias Gram-negativas devido a
sua rapida disseminacdo o que limita as op¢Oes de tratamento, representando uma
ameaca aos antibioticos ja existentes na pratica clinica (GARG et al., 2017). Bactérias
Gram-negativas englobam representantes principalmente da ordem Enterobacterales e
dos géneros Acinetobacter e Pseudomonas. Estas bactérias apresentam como
caracteristica em comum a parede celular, composta por uma fina camada de
peptideoglicano no espaco periplasmatico entre a membrana interna e a membrana
externa, sendo esta ultima composta por fosfolipideos e proteinas (BROWN et al.,
2015).

Os carbapenémicos sdo os antibidticos de escolha para o tratamento de
infecces graves causadas por bacilos Gram-negativos, porém o aumento mundial da
sua utilizacdo na pratica clinica gerou pressdo seletiva a qual teve consideravel
influéncia na disseminacdo de resisténcia aos carbapenémicos (GARG et al., 2017).
Em 2017, a Organizacdo Mundial da Saude (OMS) publicou uma lista global de
prioridades das principais bactérias resistentes aos antibioticos com a finalidade de
orientar a pesquisa, descoberta e desenvolvimento de novos antibidticos para esses
micro-organismos. Dentre as bactérias presentes nesta lista, isolados resistentes aos
carbapenémicos da ordem Enterobacterales e das espécies Pseudomonas aeruginosa e
Acinetobacter baumannii sdo considerados criticos (WHO, 2017). Esses micro-
organismos representam cerca de um terco das infeccdes hospitalares e mais de 40%
em unidades de terapia intensiva, sendo infeccbes de dificil tratamento
(THEURETZBACHER, 2017).

No entanto, 0 aumento da resisténcia aos antibioticos ndo é acompanhada pelo
desenvolvimento de novos antibidticos eficazes, exigindo, muitas vezes, a
reintroducdo de antibidticos antigos que foram abondonados na pratica clinica,
principalmente devido aos seus efeitos adversos. As polimixinas foram reintroduzidas

no uso clinico como valiosas opcdes terapéuticas, através de novas formulagdes e
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regimes de dosagem que reduziram consideravelmente a toxicidade anteriormente
atribuida a essa classe de antimicrobianos. Atualmente as polimixinas sao
consideradas a ultima opcdo de tratamento contra organismos multirresistentes,
particularmente para bactérias produtoras de carbapenemases (MOLINA et al., 2009;
SKOV et al., 2016).

Contudo, a resisténcia as polimixinas vem aumentando mundialmente,
possivelmente devido ao aumento do uso na pratica clinica. Antes de 2015, o0s
mecanismos de resisténcia as polimixinas eram associados apenas a mutacdes
cromossomais, as quais acarretam modificacdo do lipideo A do lipopolissacarideo
(LPS) bacteriano, o qual é o alvo primario das polimixinas. Em 2015, Liu e
colaboradores descreveram pela primeira vez a resisténcia as polimixinas mediada por
um gene mcr-1 com localizacdo plasmidial em isolados de origem humana e animal na
China. Essa resisténcia plasmidial causou grande preocupacdo mundial devido a
possibilidade de transferéncia horizontal e, portanto, elevada disseminagdo. Apds sua
primeira descricdo, o gene mcr-1 e seus variantes foram relatados em diversos paises e
a presenca desse gene foi observada em diversas espécies bacterianas de diferentes
origens (BARON et al., 2016; LIU et al., 2016).

Devido a situacdo atual do aumento da resisténcia as polimixinas, a deteccao
de isolados resistentes a estes antibioticos torna-se cada vez mais crucial para o correto
tratamento. Essa deteccdo exige que os métodos sejam confidveis, baratos, rapidos e
de facil execucdo. Atualmente o teste de referéncia para avaliar a suscetibilidade de
isolados frente as polimixinas é o teste de microdiluicio em caldo, porém é
considerado um teste dificil de ser realizado em laboratorios de rotina devido aos altos
custos e tempo para execucdo. Portanto, diversos testes tém sido relatados como
alternativas ao teste de referéncia como o Teste Répido NP Polimixinas
(NORDMANN et al., 2016a), Policimbac® (PROBAC, 2018), Agar Superpolimixinas
(NORDMANN et al., 2016b), eluicdo da colistina (SIMNER et al., 2018), entre outros.

Considerando que isolados bacterianos produtores de MCR, tanto de origem
animal como de origem humana, ja foram relatados em diversos estados do Brasil e

tendo em vista a importancia das polimixinas no tratamento de infec¢Bes causadas por
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micro-organismos multirresistentes, o levantamento epidemiologico e a caracterizacéo
de isolados produtores de MCR sdo de grande importancia. Além disso, a avalia¢do de
métodos que acarretem na deteccdo confiavel e precoce de isolados resistentes as

polimixinas & imprescindivel para um adequado e rapido manejo do paciente.
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2 OBJETIVOS

2.1 Objetivo Geral

Investigar a presenca do gene mcr-1 em isolados de Enterobacterales e
estabelecer a caracterizacdo molecular dos isolados positivos para o gene mcr-1, bem
como avaliar diferentes testes para deteccdo da resisténcia as polimixinas frente a

bactérias Gram-negativas.

2.2 Objetivos Especificos

1. Avaliar a presenca do gene mcr-1 em isolados clinicos de Enterobacterales;

2. Caracterizar os isolados portadores do gene mcr-1 de acordo com o perfil de
suscetibilidade;

3. Avaliar a capacidade de transferéncia (conjugacdo/transformacédo) de plasmideos
carreadores do gene mcr-1;

4. Avaliar por sequenciamento de nova geracdo o genoma completo dos isolados
produtores do gene mcr-1;

5. Auvaliar o desempenho do teste fenotipico Rapido NP Polimixinas na deteccdo de
resisténcia as polimixinas em bactérias Gram-negativas;

6. Avaliar os testes comerciais Superpolimixinas® agar e Policimbac® frente a
isolados resistentes e sensiveis as polimixinas;

7. Avaliar o teste de microeluicdo da colistina e propor modificacGes no teste.
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3 REVISAO DA LITERATURA

A resisténcia aos antimicrobianos é considerada um grave problema de saude
publica em ambito mundial, dificultando o tratamento de infeccBes causadas por
micro-organismos resistentes. O desenvolvimento da resisténcia bacteriana € um
processo evolutivo normal, porém, é acelerado pela presséo seletiva exercida pelo uso
de antibacterianos. O impacto do aumento da resisténcia ocorre em todos 0S grupos
etarios, tornando o tratamento dificil e com altos custos para a sociedade, tanto em
questdes humanas como econdmicas, resultando em doencas prolongadas e aumento
da mortalidade (LOOKE et al., 2013; WHO 2014).

3.1 Resisténcia aos Carbapenémicos

Para o tratamento de infeccbes causadas por bactérias Gram-negativas,
geralmente, utiliza-se como agentes de primeira linha antimicrobianos da classe dos -
lactamicos, em especial cefalosporinas de amplo espectro (3% e 42 geracdo). No
entanto, tem sido demonstrado o0 aumento da resisténcia a esses antibidticos devido a
producéo de enzimas P-lactamases de espectro estendido (ESBL), as quais conferem
resisténcia & maioria dos B-lactamicos, incluindo cefalosporinas de 3?2 e 42 geracéo e
monobactdmicos, porém mantendo-se sensiveis aos carbapenémicos, cefamicinas e
também aos inibidores de B-lactamases, como clavulanato e tazobactam (ADLER et
al., 2016; LUPO et al., 2013; TSAl et al.; 2011).

Com o aumento da propor¢do de cepas com resisténcia mediada por ESBL, 0s
carbapenémicos tornaram-se 0s antimicrobianos de escolha para o tratamento de
infeccbes graves causadas por Bacilos Gram-negativos (BGN). Porém, seguindo-se ao
crescente uso de carbapenémicos, novos mecanismos de resisténcia a esta classe de
antimicrobianos foram surgindo. Os mecanismos envolvidos na resisténcia podem ser:
modificacdo na permeabilidade da membrana externa (perda de porinas e expressdo de
bombas de efluxo) em combinacdo com a producdo de ESBL ou AmpC e producéo de
B-lactamases que hidrolisam os carbapenémicos, as carbapenemases (HAIDER et al.,
2014; NORDMANN et al., 2009; NORDMANN et al., 2012a).
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O principal mecanismo de resisténcia aos carbapenémicos em BGN, do ponto
de vista clinico, microbioldgico e de satde publica é a producdo de carbapenemases,
sendo reportadas e disseminadas mundialmente, conferindo resisténcia & maioria dos
antimicrobianos [-lactamicos. Os genes codificadores de carbapenemases estdo
normalmente localizados em elemento genético moével, como um plasmideo,
facilitando a transferéncia da resisténcia e a disseminacdo entre 0s pacientes
(QUEENAN; BUSH, 2007; NORDMANN et al., 2009; NORDMANN et al., 2012a;
MOELLERING, 2010).

As enzimas B-lactamases podem ser divididas conforme as classificagdes de
Ambler ou por Bush-Jacoby-Medeiros. A classificacdo de Ambler ¢ a mais simples,
agrupando essas enzimas em quatro classes moleculares (A, B, C e D), levando em
consideragdo a estrutura primaria das enzimas. As classes A, C e D sdo formadas por
enzimas que possuem 0 aminoacido serina no seu sitio ativo e a classe B sdo as
metaloenzimas que contém um ou dois ions zinco no sitio ativo (BUSH; JACOBY,
2010).

A classificagdo por Bush-Jacoby-Medeiros agrupa as enzimas conforme sua
caracteristica funcional relacionando sua estrutura com o espectro de antimicrobianos
hidrolisados e agdo dos inibidores de B-lactamases. Essa classificacdo € mais subjetiva,
¢ muitas B-lactamases tém sido descritas apenas com base na sua sequéncia proteica,
com pouca descricdo funcional, dificultando a utilizacdo dessa classificacdo (BUSH;
JACOBY, 2010).

As carbapenemases da classe A de Ambler (Grupo 2f de Bush & Jacoby) sé@o
muito eficientes na hidrolise de benzilpenicilina e ampicilina e, consequentemente,
elas foram caracterizadas inicialmente como penicilinases. As enzimas mais comuns
da classe A de Ambler sé@o K. pneumoniae carbapenemase (KPC) e Guiana-extended
spectrum (GES), que sdo codificadas por plasmideos (NORDMANN et al., 2011;
WALTHER-RASMUSSEN; HOIBY et al., 2007). A KPC é a enzima clinicamente
mais importante dessa classe em enterobactérias e, atualmente, encontra-se
amplamente disseminada no mundo, sendo a variante KPC-2 mais comumente
identificada (NORDMANN; POIREL, 2014; RIBEIRO et al., 2012).
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As enzimas da classe B de Ambler (grupo 3 de Bush & Jacoby) sdo metalo-f3-
lactamases (MBLs), as quais hidrolisam todos os -lactdmicos e séo inibidas pela acdo
de quelantes, como o acido etilenodiamino tetra acético (EDTA) (QUEENAN; BUSH,
2007). As enzimas mais comumente encontradas em enterobactérias sdo Imipenemase
(IMP), Verona imipenemase (VIM) e New Delhi metalo -lactamase (NDM) ao passo
que as outras enzimas como German imipenemase (GIM) e S&o Paulo imipenemase
(SPM) tém sido relatadas esporadicamente (NORDMANN; POIREL, 2014).

A classe D de Ambler inclui as oxacilinases — OXAs (grupo 2d de Bush &
Jacoby), principalmente identificadas nas enterobactérias K. pneumoniae e E. coli.
(blaoxa-ss iike) € em A. baumannii (blaoxa-23), as quais sdo caracterizadas por apresentar
baixa atividade hidrolitica frente aos carbapenémicos. A prevaléncia real dessa classe
de enzimas pode ser subestimada, devido a grande dificuldade na sua identificacdo in
vitro (NORDMANN et al., 2011).

Existem diversos métodos fenotipicos disponiveis para deteccdo das
carbapenemases, entretanto, o padrdo de referéncia para identificacdo e diferenciacéo
de carbapenemases se baseia em técnicas moleculares como a Reacdo em Cadeia da
Polimerase (PCR) que fornece resultados dentro de 4-6 horas, com excelente
sensibilidade e especificidade. Essa metodologia pode ser seguida por sequenciamento
se necessaria identificacdo precisa da carbapenemase (NORDMANN et al., 2011,
NORDMANN et al., 2012b).

A técnica de PCR em tempo real também permite realizar ensaios multiplex,
fornecendo resultados ainda mais rapidos que a PCR convencional, com excelente
sensibilidade e especificidade. A PCR em tempo real analisada pela técnica de High
Resolution Melting (HRM) realiza a andlise de fragmentos de DNA amplificados,
através da relacdo entre temperatura e extensdo da desnaturacdo do fragmento
amplificado. Realiza-se a determinacdo da temperatura de melting (Tm), que é a
temperatura em que 50% da dupla fita do DNA se dissocia tornando-se fita simples. A
Tm é correlacionada com o tamanho do fragmento e com o contetdo de GC da dupla
fita. Essa determinacdo € possivel pela utilizacdo de um corante fluorescente que se

intercala no DNA dupla fita emitindo fluorescéncia que é detectada pelo equipamento
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e demonstrada em tempo real em forma de graficos com picos na Tm determinada. As
vantagens da tecnologia HRM sé&o baixo custo, elevada sensibilidade permitindo a
deteccdo de fragmentos com apenas 0,1°C de diferenca na Tm e simplicidade na
realizagdo (TONG; GIFFARD, 2012).

3.2 Polimixinas

As polimixinas sdo consideradas as Ultimas alternativas terapéuticas para
tratamento de infecgdes causadas por BGN resistentes aos carbapenémicos. A colistina
(polimixina E) e a polimixina B sdo antibidticos polipeptideos catidnicos pertencentes
a classe das polimixinas. A estrutura basica das polimixinas consiste em uma cadeia
lateral de acido graxo unido a um anel peptidico policatibnico composto por 8-10
aminoéacidos. Polimixina B e colistina diferem apenas por um aminoacido no anel
peptidico, com o aminoacido fenilalanina em polimixina B e 0 aminoacido leucina em
colistina (SADER et al., 2015) (Figura 1).

a) b)
i omY o
\;\/:,.M v/} N"\)/
! :},‘" =0
e T
il H C:}—N%o \ [~
e ey H A\ Lo
7~)'\—'|:_<‘('1 q:\ - H“o'ii :?"LH

Figura 1. Estrutura quimica da colistina (a) e da polimixina B (b).
Fonte: PubChem. Disponivel em https://pubchem.ncbi.nim.nih.gov/.

A administracdo dos dois antibioticos difere, sendo a polimixina B administrada
diretamente como um antibiotico ativo, enquanto a colistina é administrada como um
pro-farmaco inativo, denominado metanossulfonato de colistina (também conhecida
como colistimetato sodico - CMS). O pré-farmaco colistimetato soédico é menos toxico
do que o farmaco ativo (sulfato de colistina), e é convertido em meio aquoso, € in vivo
em fluidos biologicos, para sulfato de colistina e varios compostos metanossulfonados
inativos (POIREL et al., 2017a).


https://pubchem.ncbi.nlm.nih.gov/
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A colistina apresenta estreita janela terapéutica e os principais efeitos adversos
relacionados ao seu uso parenteral sdo neurotoxicidade e nefrotoxicidade. A
neurotoxicidade é dose dependente e pode ser reversivel, podendo causar parestesia
periférica e facial, fraqueza, tonturas, distdrbios visuais, confusdo, ataxia e blogueio
neuromuscular, e até levar a insuficiéncia respiratdria ou apneia. A nefrotoxicidade
também é dose dependente e apresenta como fatores de risco a coadministracdo de
outras drogas nefrotoxicas (anti-inflamatoérios, antibidticos como a vancomicina e
aminoglicosideos) e fatores relacionados ao paciente (idade, sexo masculino,
hipoalbuminemia e hiperbilirrubinemia). A nefrotoxicidade apresenta inicio rapido,
com a maioria dos casos ocorrendo na primeira semana de tratamento. Considerando
que a polimixina B ndo é administrada como um pro-farmaco, é mais rapido atingir a
concentracdo plasmatica desejada no sangue e apresenta menores niveis de
nefrotoxicidade do que a colistina (POIREL et al., 2017a).

A colistina foi descoberta em 1947 a partir de uma bactéria do solo denominada
Paenibacillus polymyxa subsp. colistinus (BENEDICT; LANGLYKKE, 1947) tendo
sua aprovacdo pelo Food and Drug Administration (FDA) - EUA em 1959. Tanto o
sulfato de colistina, como seu pro-farmaco (CMS) foram amplamente utilizados por
décadas para o tratamento de infec¢Bes causadas por bactérias Gram-negativas. Porém,
devido a sua nefrotoxicidade, na década de 1970, o uso clinico das polimixinas foi
reduzido, sendo substituidos por antimicrobianos mais ativos € menos toxicos, como
aminoglicosideos, quinolonas e beta-lactdmicos. Por aproximadamente 20 anos, a
utilizacdo da colistina foi restrita a usos oftalmicos e topicos e também ao uso
sisttmico ou nebulizado para pacientes com fibrose cistica, bem como na
descontaminacdo do trato digestivo e orofaringe. No entanto, com a crescente
prevaléncia de bactérias Gram-negativas multirresistentes, as polimixinas foram
reintroduzidas para uso clinico como valiosas opcdes terapéuticas. Considerando a
escassez de antibidticos novos, as polimixinas sdo atualmente um dos Unicos
antibioticos efetivos contra organismos multirresistentes, particularmente para
bactérias produtoras de carbapenemases (POIREL et al., 2017a; SKOV et al., 2016).
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Ao contrario da utilizacdo na medicina humana, na medicina veterinaria a
colistina foi utilizada extensivamente, e sem interrupcdo, por décadas para o
tratamento e prevencdo de doencas infecciosas causadas por enterobactérias em aves e
porcos e, também, utilizada como promotor de crescimento (IRRGANG et al., 2016;
POIREL et al., 2017a; SKOV et al., 2016). Em novembro de 2016, foi publicada uma
Instrucdo Normativa que proibe, em todo o Brasil, a importacdo e a fabricacdo do
sulfato de colistina, com a finalidade de aditivo zootécnico melhorador de desempenho
na alimentacdo animal. Essa proibicéo foi baseada nas recomendacgdes da OMS devido
ao possivel impacto na saude humana, sendo que outros paises também decidiram
banir a colistina como promotor de crescimento. A colistina continua a ser utilizada
normalmente para o tratamento de enfermidades nos animais como produto de uso
veterinario (BRASIL, 2016; WALSH; WU et al., 2016).

O mecanismo de acdo das polimixinas € através da interacdo com o0s LPS e
fosfolipidios da membrana celular externa de bactérias Gram-negativas. Elas
desestabilizam o LPS através da troca de cations (Ca*? e Mg*?), aumentando a
permeabilidade da membrana bacteriana, levando ao extravasamento do contelido
citoplasmatico e, finalmente, causando morte bacteriana. Apesar de o LPS ser o alvo
inicial, 0 modo exato de acdo das polimixinas ainda ndo esta claro. Outros possiveis
mecanismos de acdo das polimixinas sdo o efeito de endotoxina e a inibicdo de
enzimas vitais da respiracdo, como NADH-quinona oxidoredutase tipo Il [NDH-2].
Durante a lise celular, moléculas de endotoxinas séo liberadas e as polimixinas tém a
capacidade de ligar-se e neutralizar (POIREL et al., 2017a; ZAVASCKI et al., 2007).

3.2.1 Resisténcia as polimixinas

As polimixinas sdo ativas contra a maioria dos membros da ordem
Enterobacterales e apresentam uma atividade significativa contra bactérias Gram-
negativas ndo fermentadoras, como P. aeruginosa e Acinetobacter spp. Algumas
espécies de BGN sdo naturalmente resistentes as polimixinas, incluindo Proteus spp.,
Morganella morganii, Providencia spp., Serratia marcescens, Pseudomonas mallei,

Burkholderia mallei, Chromobacterium spp., Edwardsiella spp., Brucella spp.,
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Legionella spp., Campylobacter spp. e Vibrio cholerae. As polimixinas sdo inativas
contra cocos Gram-negativos, bactérias Gram-positivas e bactérias anaerdbias
(POIREL et al., 2017a; SADER et al., 2015). Acredita-se que 0 mecanismo de
resisténcia intrinseca as polimixinas seja promovido pela expressdo de genes
constitutivos que adicionam moléculas catiébnicas ao LPS bacteriano, levando a
dimuicdo da afinidade das polimixinas em seu local de acdo. Enquanto nas bactérias
Gram-positivas a explicagdo é a falta de membrana celular externa contendo LPS,
sendo que a polimixina ndo consegue se ligar e agir, promovendo a resisténcia
bacteriana (SRINIVAS; RIVARD, 2017).

Através de programas de vigilancia global, a resisténcia as polimixinas em
Enterobacterales (excluindo espécies com resisténcia intrinseca) é em torno de 0,67-
1,6%, com taxas menores em E. coli (0,2-0,6%), taxas moderadas em K. pneumoniae
(1,5-6,8%) e taxas muito mais altas em Enterobacter spp. (13,9-20,1%). Considerando
outros mecanismos de resisténcia associados a resisténcia as polimixinas, como
ESBLs, a porcentagem € de 2,3-5,5% para Enterobacterales (>11,5% sdo K.
pneumoniae); 4,5-16,3% para Enterobacterales resistentes aos carbapenémicos e 6,2—
12,0% para Enterobacterales (14-36,6% sd&o K. pneumoniae) produtoras de
carbapenemase (SHERRY; HOWDEN, 2018).

Até 2015 acreditava-se que 0s Unicos mecanismos de resisténcia as polimixinas
eram mediados por mutagcdes cromossomais. Essas modificacdes cromossomais levam
a modificacdo do lipideo A (componente do LPS bacteriano) através de substitui¢fes
catibnicas, diminuindo a afinidade das polimixinas, similarmente ao que é observado
no mecanismo de resisténcia intrinseca as polimixinas. Diversos genes e operons estdo
envolvidos na modificacdo do lipideo A: (i) mutacBes nos genes responsaveis pela
sintese dos grupos catidnicos e sua adicdo ao LPS (pmrC, pmrE e pmrHFIJKLM); (ii)
mutacbes nos genes reguladores que codificam proteinas envolvidas no sistema
PmrAB em K. pneumoniae, Klebsiella aerogenes e Salmonella enterica (genes pmrA e
pmrB) e no sistema PhoPQ em K. pneumoniae e E. coli (genes phoP e phoQ) e (iii)

mutacdes nos genes reguladores como mgrB em Klebsiella spp., o qual regula o
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sistema PhoPQ e operon crrAB em K. pneumoniae, o qual regula o sistema PmrAB
(YE et al., 2016).

3.2.1.1 Resisténcia plasmidial as polimixinas — gene mcr

Em novembro de 2015, Liu e colaboradores reportaram, pela primeira vez, o
gene denominado mobile colistin resistance (mcr-1) que confere resisténcia a colistina
e é mediado por plasmideos, em isolados bacterianos de animais e humanos de E. coli
e K. pneumoniae provenientes da China. Esta descoberta mudou o cenéario de
resisténcia as polimixinas, devido a possibilidade de transferéncia horizontal desse
gene, tornando-se uma grande preocupacdo para a saude publica. MCR-1 é uma
enzima da familia das fosfoetanolaminas transferases e sua aquisicdo promove a
adicdo de fosfoetanolamina (PEtN) ao lipideo A, similarmente ao que ocorre nas
mutacGes cromossomais, resultando na reducdo da afinidade as polimixinas e
resisténcia (LIU et al., 2016).

Apbs a sua primeira descricdo, o gene mcr-1 foi relatado em diversas regides do
mundo, incluindo paises do continente asiatico, africano, europeu, americano e da
Oceania (ELLEM et al., 2017; IRRGANG et al., 2016; PRIM et al., 2016; YE et al.,
2016). O relato mais antigo do gene mcr-1 é datado nos anos 1980 identificado em
uma amostra oriunda de galinha na China. Em seres humanos, o isolado mais antigo
foi datado em 2008, no Vietnd. Estes achados indicam que o gene mcr-1 tem estado
presente em isolados coletados no passado, porém ainda ndo tinha sido descoberto
(SKOV et al., 2016).

O gene mcr-1 vem sendo relatado em espécies de enterobactérias, em sua
maioria em isolados de E. coli. A ocorréncia em Salmonella spp., Klebsiella spp.,
Shigella spp., Vibrio spp. e Enterobacter spp. também ja foi reportada, porém de
maneira esporadica, sugerindo a ocorréncia da transferéncia interespécie desse gene
(IRRGANG et al., 2016; YE et al., 2016).

O gene mcr tem sido encontrado em bactérias isoladas a partir de diversas
origens. Dentre elas podemos citar os seres humanos e animais como galinhas, porcos

e gado. Estes animais tém sidos considerados reservatorios de E. coli carreando o gene
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mcr-1. Nos seres humanos ja foram identificadas enterobactérias portadoras do gene
mcr-1 oriundas de pacientes com infecgdes, bem como assintomaticos, incluindo
viajantes internacionais. A possivel disseminacdo desse gene de bactérias de origem
animal para bactérias de origem humana é uma séria preocupacao principalmente em
enterobactérias produtoras de carbapenemases (IRRGANG et al., 2016; SKOV et al.,
2016; YE et al., 2016).

Muitos isolados produtores de mcr-1 exibem baixo nivel de resisténcia frente as
polimixinas (Concentracdo Inibitéria Minima [CIM] 4ug/mL), sendo que ja foram
descritos casos de isolados portadores desse gene e sensiveis as polimixinas,
contribuindo, muitas vezes, para uma disseminagao silenciosa, visto que a pesquisa
desse gene é normalmente realizada em isolados resistentes as polimixinas
(FERNANDES et al., 2016a). No estado do Rio Grande do Sul, o gene mcr-1 foi
detectado em 10 isolados de E. coli provenientes de aves. Os isolados apresentaram
valores de CIM de 0,25-2,0ug/mL, sendo considerados sensiveis seqgundo o BrCAST
(Brazilian Committee on Antimicrobial Susceptibility Testing). Surpreendentemente,
estes isolados sdo provenientes de aves ndo expostas a polimixina durante sua vida, de
acordo com relatérios oficiais do uso de antibioticos (LENTZ et al., 2016). Porém, de
acordo com Fernandes e colaboradores, o possivel uso de colistina ao longo da cadeia
de producéo destas aves, ndo pode ser descartado (FERNANDES et al., 2016b).

Até o momento (https://www.ncbi.nlm.nih.gov/genbank/ — 28 de outubro de

2018) séo conhecidas 8 variantes do mcr: mcr-1, mcr-2, mcr-3, mcr-4, mcr-5, mcr-6,
mcr-7 e mcr-8 (Tabela 1). Através do GenBank sabe-se que o0 gene mcr-1 apresenta
pelo menos 13 variantes, encontrados em diversos paises, que diferem do mcr-1 por
apenas um nucleotideo. mcr-1.2 (K. pneumoniae na Italia) (DI PILATO et al., 2016),
mcr-1.3 (E. coli na China) (YANG et al., 2017), mcr-1.4 (E. coli na China), mcr-1.5
(E. coli na Argentina), mcr-1.6 (Salmonella typhimurium na China) (LU et al., 2017),
mcr-1.7 (E. coli na China), mcr-1.8 (E. coli em Brunei) (TIJET et al., 2017), mcr-1.9
(E. coli na China) (LIU et al., 2018), mcr-1.10 (Moraxella spp. na Gra-Bretanha)
(ABUOUN et al., 2017), mcr-1.11 (KY853650.1), mcr-1.12 (LC337668.1) e mcr-1.13
(E. coli na Italia) (ALBA et al., 2018).


https://www.ncbi.nlm.nih.gov/genbank/
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Em junho de 2016 foi relatada na Beélgica a existéncia do gene mcr-2 em
amostras de porcos e novilhos de E. coli resistentes a colistina e que ndo apresentavam
0 gene mcr-1. Essa variante apresenta 1617 pares de bases (pb), sendo 9 pb menor que
mcr-1 (1626 pb) e possui 76,75% de identidade em nivel de nucleotideo com o gene
mcr-1 (XAVIER et al., 2016).

A descoberta do gene mcr-3 foi relatada em junho de 2017 em isolados de E.
coli, K. pneumoniae e Salmonella spp. na Asia e EUA. O gene mcr-3 apresentou 45%
e 47% de identidade em nivel de nucleotideo com mcr-1 e mcr-2, respectivamente.
MCR-3 também mostrou 94,1% a 94,8% de identidade em nivel de aminoacido com
proteinas encontradas em 3 espécies de Aeromonas spp. Além disso, um elemento de
transposon truncado, TnAs2, que foi caracterizado apenas em Aeromonas salmonicida,
foi localizado a montante do gene mcr-3. Estes resultados sugerem que o gene mcr-3
em enterobactérias pode ter sua origem em espécies de Aeromonas (YIN et al., 2017).

A proteina MCR-3 tem apenas 32,5%, 31,7%, 49,0% e 34,7% de identidade em
nivel de aminoacido com as proteinas MCR-1, MCR-2, MCR-4 e MCR-5,
respectivamente, sugerindo que ndo é uma variante recentemente evoluida do MCR-1,
mas sim que possa ser uma classe distinta de enzima (LIU et al., 2017).

O MCR-4 foi descrito em agosto de 2017 em amostra de S. enterica oriunda de
um porco no abate na Italia em 2013, e em cepas de E. coli coletadas durante o
diagnostico rotineiro da diarreia pds-desmame em porcos da Espanha e da Bélgica em
2015 e 2016. Esse gene estd inserido em um plasmideo pequeno, ndo auto-
conjugativo, necessitando para sua mobilizacdo um plasmideo auxiliar, que promove a
conjugacdo (CARATTOLLI etal., 2017).

O gene mcr-5 foi encontrado na Alemanha durante os anos de 2011 a 2013,
oriundo de isolados de S. enterica subsp. enterica serovar Paratyphi B (BOROWIAK
etal., 2017).
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Tabela 1. Variantes do gene mcr disponiveis no banco de dados do GenBank
(atualizado em 28 de outubro de 2018 - https://www.ncbi.nlm.nih.gov/genbank/).

Gene Pais Origem Espécie Referéncia Variantes
mcr-1 China Carne de E.colie Liuetal., 2016 mcr-1.2 —
frango e K. mcr-1.13
porco e pneumoniae
paciente
internado?
mcr-2 Bélgica Porco e E. coli Xavier et al., 2016 mcr-2.2
gado
mcr-3 China Porco E. coli Yinetal., 2017 mcr-3.2-
mcr-3.12
mcr-4 Italia, Porco Salmonella Carattoli et al., 2017 mcr-4.2
Espanha e enterica e E.
Bélgica coli
mcr-5  Alemanha Porco S. enterica Borowiak et al., 2017 mcr-5.3
subsp.
enterica
serovar
Paratyphi B
mcr- Gré- Porco Moraxella sp. AbuQun et al., 2017 -
6P Bretanha
mcr-7 China Frango K. Yang et al., 2018 -
pneumoniae
mcr-8 China Porco, K. Wang, X. et al., 2018
frango e pneumoniae
paciente
internado.

a8Apos sua primeira publicacdo, por Liu e colaboradores, o gene mer-1 foi isolados de diversas origens.
bmcr-2.2 (1617 bp) foi renomeado como mcr-6.

A coocorréncia de diferentes genes de resisténcia a diferentes classes de
antibioticos tem sido relatada em diversas espécies bacterianas. A presenca do gene
mcr-1 tem sido associado com ESBL, tipo CTX-M, SHV e TEM, e/ou cefalosporinase
AmpC, como CMY. Também foi descrita a coocorréncia associada com gene de
resisténcia para quinolonas (qnrS e aac(6’)-Ib-cr) e carbapenemases (blakec, blanom,
blaoxa-4s ¢ blavim). A coexisténcia do gene mcr-1 em um isolado produtor de
carbapenemase, € de grande preocupacado, visto que as polimixinas seriam as opc¢oes
de tratamento de uma infec¢do causada por um micro-organismo produtor de
carbapenemase (DELGADO-BLAS et al., 2016; FALGENHAUER et al., 2016;
FERNANDES et al., 2016a; HASMAN et al.,, 2015, MULVEY et al.,, 2016;
RAPOPORT et al., 2016; SKOV et al., 2016).
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Na literatura ha relatos da presenca do gene mcr-1 em isolados produtores de
NDM, em particular isolados de E. coli de origem animal e humana (BULMAN et al.,
2017; Ll etal., 2018; WANG, R. et al., 2018), bem como em isolado de origem animal
de Cronobacter sakazakii (LIU et al., 2017) e isolado de K. pneumoniae, também de
origem animal (DU et al., 2016). Além disso, a coocorréncia de OXA-48 e mcr-1
(MULVEY et al., 2016) e VIM e mcr-1 (POIREL et al., 2016), ambos de isolados
oriundos do ser humano, tem sido relatado na literatura. Também existem alguns
relatos da coocorréncia de KPC e do gene mcr-1, em particular em isolados de E. coli
(CONCEIQAO-NETO etal., 2017; DALMOLIN et al., 2017; FALGENHAUER et al.,
2016; TACAO et al., 2017; ZHAO et al., 2018) e menos frequentemente em isolados
de K. pneumoniae (AIRES et al., 2017; DALMOLIN et al., 2018a; DI PILATO et al.,
2016).

3.2.1.2 MCR no Brasil

No Brasil, o gene mcr-1 foi primeiramente detectado em isolados de E. coli
provenientes de animais de producdo no sul (estados de Santa Catarina e Parand) e
sudeste (estados de Sdo Paulo e Minas Gerais) do pais. A maioria dos isolados
apresentou coocorréncia de ESBL do tipo CTX-M (FERNANDES et al., 2016a). Em
seres humanos, o primeiro caso de E. coli apresentando o gene mcr-1 ocorreu no
estado do Rio Grande do Norte (FERNANDES et al, 2016c). Apds essas descobertas,
diversos relatos no Brasil foram publicados.

No estado de S&o Paulo foram relatadas treze amostras positivas para 0 gene
mcr-1 oriundas de pinguins migratérios (SELLERA et al., 2017), 8 isolados de E. coli
provenientes de amostras de carne de frango (MONTE et al., 2017; MORENO et al.,
2018), além de 3 isolados de E. coli oriundas de praias publicas (FERNANDES et al.,
2017). Na regido nordeste foi relatado uma amostra de E. coli positiva para o gene
mcr-1 proveniente de gado saudavel (PALMEIRA et al., 2018), bem como E. coli
positiva para o gene mcr-1 proveniente de mangue poluido (SACRAMENTO et al.,
2018). No estado do Rio Grande do Sul foram relatados 10 isolados de E. coli

provenientes de aves (LENTZ et al.,, 2016) e 1 isolado de S. enterica serovar
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Typhimurium oriunda de carne de porco congelada (RAU et al., 2018) positivos para 0
gene mcr-1.

Em seres humanos sabe-se da existéncia de amostras positivas para o gene mcr-
1 no estado de Pernambuco (ROCHA et al., 2017), Espirito Santos (AIRES et al.,
2017; TONINI et al., 2018), Rio de Janeiro (CONCEICAO-NETO et al., 2017), S&o
Paulo (OLIVEIRA et al., 2018; ROSSI et al., 2017), Parand (PILONETTO et al.,
2018) e Rio Grande do Sul (DALMOLIN et al., 2017; DALMOLIN et al., 2018a;
DALMOLIN et al., 2018b; LORENZONI et al., 2018).

3.2.1.3 Contexto genético do gene mcr

O primeiro plasmideo carreador do gene mcr-1 descrito pertence ao grupo de
plasmideos Incl2 (LIU et al., 2016). Estudos posteriores indicaram que 0 gene mcr-1
ndo é restrito apenas a esse grupo plasmidial, sendo encontrado, também em IncX4,
IncHI2, IncF, IncHI1, IncP, IncY, IncFl e IncFIB (HASMAN et al., 2015; POIREL et
al., 2017b). Estes grupos de plasmideos tém sido implicados na disseminacéo global
de outros genes de resisténcia em espécies de enterobactérias, provenientes tanto de
origem humana como de animal (CAMPOS et al., 2016; TSE; YUEN, 2016). A
disseminacdo do gene mcr-1 ndo esta associada a uma linhagem clonal especifica e
nem a um grupo de plasmideos especifico, sendo que esta ampla flexibilidade
molecular facilitaria muito sua disseminacdo (ZURFLUH et al., 2017).

A coexisténcia de dois plasmideos diferentes com o gene mcr no mesmo isolado
bacteriano ja foi relatada e € bastante intrigante. Conforme analise dos
transconjugantes foi sugerida que a coexisténcia de dois plasmideos com o gene mcr
ndo proporciona um efeito aditivo significativo nos valores de CIM e os isolados
encontrados sao capazes de adquirir e manter maltiplos plasmideos de resisténcia sem
perda aparente de aptiddo em relagcdo a capacidade de éxito na colonizagdo e também
em causar infeccdes clinicas em pacientes (LIU et al., 2017; ZURFLUH et al., 2017).

Frequentemente, o gene mcr € identificado em associacdo com a sequéncia de
insercdo ISApl1 na extremidade 5°, sendo que essa sequéncia, seguida pelo gene nikB

seria 0 componente chave na mobilizagcdo do gene mcr. ISApll pertence a familia 1S30
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e foi primeiramente identificada em Actinobacillus pleuropneumoniae, um bacilo
Gram-negativo da familia de Pasteurellaceae, sendo causador de pleuropneumonia
necrética em porcos (FALGENHAUER et al., 2016; PETRILLO et al., 2016; POIREL
etal., 2017b).

Sugere-se que o0 gene mcr-1 tenha sido inicialmente mobilizado por duas cépias
de ISApI1 de um progenitor desconhecido, que ao longo da evolucgéo, este transposon
possa ter perdido uma ou ambas as copias de ISApll, visto que é caracteristica dos
membros da familia 1S30 perder uma cépia da IS por transposi¢do ou por eventos de
recombinacdo ilegitimos. Isto ocasiona um aumento na estabilidade do vetor
plasmidial mcr-1 e facilita a disseminacdo generalizada deste gene. Em algumas
circunstancias o gene mcr-1 pode ser mobilizado por uma Unica cépia upstream em
conjunto com sequéncias incompletas de uma ISApll a downstream. ISApl1l permite a
aquisicdo de mcr-1 em varios tipos de plasmideos, sendo que estes elementos moveis
sdo altamente ativos e presentes em multiplas cdpias no genoma. Esses locais de
insercdo sao notaveis por seu alto contetdo AT (POIREL et al., 2017b; SNESRUD et
al., 2016; SNESRUD et al., 2017; ZURFLUH et al., 2017).

Existem alguns indicios de que o gene mcr tenha origem em isolados
provenientes de animais. A primeira evidéncia seria o fato do gene mcr-1 ser
frequentemente associado a sequéncia de insercdo ISApll, sendo que essa IS foi
originalmente identificada em espécie bacteriana amplamente encontrada em suinos.
Outra evidéncia seria a presenca de coprodutores de resisténcia para antibiéticos
especificos de uso veterinario, como o gene floR, que codifica resisténcia ao
florfenicol. E por fim, a evidéncia da ampla disseminagdo do gene mcr-1 em isolados
de E. coli de origem animal (KIEFFER et al., 2017).

O género Moraxella spp. foi identificado como potencial reservatério de genes
similares ao mcr que poderiam ser mobilizados a partir de seu hospedeiro original para
se tornarem resistentes em espécies clinicamente significativas. Os genes mcr-1 e mcr-
2 apresentam consideravel grau de similaridade com alguns genes cromossGmicos
intrinsecos das espécies de Moraxella. As espécies exatas que deram origem aos genes

mcr-1 e mcr-2 permanecem a serem determinadas. Especula-se que a espécie
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relacionada com o gene mcr-1 seria M. porci, enquanto que a espécie mais
intimamente relacionada ao gene mcr-2 seria M. osloensis (KIEFFER et al., 2017;
POIREL et al., 2017b).

3.2.1.4 Testes fenotipicos para deteccdo da resisténcia as polimixinas

Com o aumento do uso das polimixinas, bem como a sua resisténcia, 0
desenvolvimento de métodos répidos e confidveis para a determinacdo da
suscetibilidade de isolados frente a esses antimicrobianos se faz necessario. A
avaliacdo da suscetibilidade in vitro € repleta de complicac@es, devido principalmente
as propriedades catidnicas, baixa difusdo das polimixinas em &gar e a ocorréncia de
heterorresisténcia as polimixinas em muitas espécies (NORDMANN et al., 2016b;
POIREL et al., 2017b).

Os testes de disco difuséo ou fita de gradiente (Etest, M.I.C.E., etc.) ndo sao
recomendados, visto que a difusdo das polimixinas em &gar é lenta e irregular (LO-
TEM-FOE et al., 2007). Devido a esses problemas, a microdiluicdo em caldo para
determinar a CIM ¢ o teste de referéncia para avaliar a suscetibilidade das polimixinas.
A microdiluicdo em caldo € uma técnica que apresenta elevada reprodutibilidade,
confiabilidade e possibilidade de automacdo. Alguns cuidados com esse teste frente as
polimixinas devem ser tomados. No entanto, a técnica & bastante laboriosa e a
preparacdo manual de solucBes de antibidticos podem levar a erros significativos. E
importante considerar que na técnica de microdiluicdo deve-se utilizar 0 meio de
cultura Mueller Hinton cétion ajustado, bem como o sulfato de colistina, e ndo seu pro-
farmaco, pois este produz valores de CIM errdneos (POIREL et al., 2017a).

Devido as suas propriedades catidnicas, as polimixinas aderem as cargas
negativas das placas de microtitulacdo utilizadas para o teste de microdiluicdo em
caldo, sendo essa adsorcao proporcionalmente maior nas concentragdes mais baixas do
antibiotico (POIREL et al., 2017a). Uma solucdo para prevenir essa aderéncia, é a
adicdo do polissorbato 80 (P-80 ou Tween 80), concentracdo final 0,002%, o qual
torna as CIMs de polimixinas 4 a 8 vezes menor do que aqueles obtidos sem P-80.

Porém, P-80 pode atuar sinergicamente com as polimixinas, consequentemente,
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gerando CIMs artificialmente baixas. Uma vez que o uso do P-80 ainda é questionavel,
a utilizacdo de vidraria € uma alternativa, visto que a fixacdo de colistina no vidro é
menos intensa (SADER et al., 2015).

Ha uma boa correlacéo entre valores de CIM para colistina e para polimixina B,
embora a colistina possa apresentar CIM ligeiramente maior do que a polimixina B
frente a isolados com valores de CIM mais baixos (CIM <2 pg/mL), enquanto a
polimixina B possa apresentar CIM ligeiramente mais altos do que a colistina em
isolados com suscetibilidade diminuida (CIM >4 pug/mL) (SADER et al., 2015).

Como alternativas para avaliar de forma precisa e rapida a suscetibilidade as
polimixinas foi proposto recentemente o Teste R&pido NP polimixinas. Este teste
consiste na deteccdo do crescimento bacteriano na presenca de uma concentragdo
definida de polimixina (polimixina B ou colistina), baseado no metabolismo de
carboidrato (glicose). A formacéo de acido associada ao metabolismo da glicose pode
ser observada através da mudanca de cor de um indicador de pH (vermelho para
amarelo) e os resultados do teste Rapido NP Polimixinas séo lidos a cada hora por até
4 horas. Esse é um teste relevante na decisdo terapéutica, visto que define a
suscetibilidade dos isolados, em contraste com métodos genotipicos, que detectam
apenas o potencial de resisténcia (NORDMANN et al., 2016a).

Outro teste alternativo que pode ser utilizado é o meio Superpolimixina, o qual
é um meio seletivo desenvolvido para deteccdo de qualquer tipo de micro-organismo
Gram-negativo resistente a polimixina. Esse meio foi baseado no meio de eosina
metileno azul (EMB), que € seletivo para bactérias Gram-negativas e a concentracao
6tima de colistina foi estipulada 3,5ug/ml. Em sua composicdo o meio apresenta
daptomicina com a finalidade de evitar o crescimento de bactérias Gram-positivas e
anfotericina B para evitar o crescimento de fungos (NORDMANN et al., 2016b).

Outros produtos comercias tém sido desenvolvidos com o objetivo de avaliar a
suscetibilidade as polimixinas de forma menos laboriosa, dentre eles o sistema de
microdiluicdo Policimbac® (Policimbac® - Probac do Brasil). Este foi desenvolvido
para avaliacdo de CIM de bacilos Gram-negativos frente a polimixina B em painel
comercial com o antibiotico liofilizado (PROBAC, 2018).
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Recentemente foi descrita uma técnica denominada Eluicdo da Colistina, o qual
utiliza material de baixo custo e de facil obtencdo na rotina de laboratério de
microbiologia (discos de antibidticos em substituicdo ao pd), bem como tenta diminuir
a adesdo das polimixinas nas placas de microtitulacdo, utilizando recipientes de vidro
(SIMNER, 2018).
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4 ARTIGOS CIENTIFICOS
Artigo | - Co-ocurrence of mcr-1 and blaxec-2 in a clinical isolate of Escherichia

coli in Brazil.

Artigo publicado no periddico Journal of Antimicrobial Chemoterapy.
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associated with the spread of an IncF plasmid carrying Tn4401d.°
Molecular analyses revealed that E. coli #40336 belonged to the
ST167 phylogroup A, of the ST10 complex, also reported in US hos-
pitals to spread blayec genes.”

To the best of our knowledge, this is the first report of a KPC-
producing  Enterobacteriaceae isolated from filter-feeding
molluscs, and more globally from a food product bought at a retail
market, thereby posing a potential direct threat to public health.
Considering the absence of carbapenem use in animals and the
global epidemiology of blakec plasmids and KPC-producing E. coli
clones, this isolate is most likely of human origin. The mussels
sampled here were grown in an area receiving hospital effluents,
which is consistent with other data on KPC-producing K. pneumo-
niae reported from wastewater in Austria and Brazil.® Together
with the very recent finding of KPC-2 in clinical isolates in
Tunisia,*®** our data also support the spread of KPC-3 in humans
in this country. Such an MDR KPC-producing E. coli strain in M. gallo-
provincialis bought at a retail market suggests that other filter-
feeding mollusc species may be likely to concentrate carbape-
nem-resistant Enterobacteriaceae from the human reservoir. The
question of whether the food chain has a role in transferring MDR
organisms to humans has been raised repeatedly. Here we have
shown that molluscs are likely to be an intermediate step dissemi-
nating carbapenem-hydrolysing B-lactamases most probably
from hospital activities, and these enzymes could further spread
back to the human community through food intake or handling.
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Table 1.. MICs (mg/L) of several antibiotics for E. coli 3431F, transconjugant 3431T1 (IncX4 mcr-1), transconjugant 3431T2 (IncX4 mcr-1 and IncFIB

blakec2) and E. coli J53

Transconjugant 3431FT1

Transconjugant 3431FT2

Antibiotic E.coli3431F (IncX4 mcr-1) (IncX4 mcr-1 and IncFIB blapc-2) E.coli J53
Ertapenem 32 0.002 0.125 0.004
Meropenem 32 0.012 0.125 0.023
Imipenem >32 0.12 0.5 0.12
Ciprofloxacin 4 <0.125 <0.125 <0.125
Amikacin 2 1 1 <0.5
Gentamicin l 0.5 0.5 <0.125
Tigecycline 0.25 0.25 0.25 0.13
Colistin 4 4 2 <0.125

MICs were determined by broth microdilution, except those of ertapenem, imipenem and meropenem, which were determined by Etest.

*“Corresponding author. Tel: 555133598607; Fax: 555133598760;
E-mail: albarth@hcpa.edu.br

Sir,

Polymyxins are the last resort for the treatment of infections
caused by carbapenem-resistant Enterobacteriaceae (CRE).
In November 2015, Liu et al.' described for the first time a colistin
resistance mechanism mediated by a new gene (mcr-1), which
was present in a transferable plasmid. Since then, several reports
have indicated that mcr-1 has silently spread worldwide since
1980.2 Of particular concern is the dissemination of the mcr-1
gene in CRE, potentially leading to pan-drug-resistant isolates.
There are only scattered reports of co-occurrence of blakec and
mcr-1 genes in the same isolate.>* This study evaluates the char-
acteristics of the first clinical isolate of Escherichia coli harbouring
both mcr-1 and blakec.> genes in Latin America.

Among 1883 CRE clinical isolates screened, 1 KPC-2-producing
E. coli was also positive for the mcr-1 gene (isolate 3431F). This iso-
late was obtained from a rectal swab of a patient hospitalized, in
September 2014, at an emergency room of a general hospital in
Porto Alegre city, Rio Grande do Sul, the southernmost Brazilian
state.

The blakpc-/mcr-1-positive clinical isolate carried at least
two distinct plasmids, which were successfully transferred to E.
coli J53 by conjugation. Two transconjugants were further
evaluated: the transconjugant 3431FT1, which carried only one
plasmid and was positive for mcr-1, and the transconjugant
3431FT2, which carried two plasmids and was positive for both
mcr-1 and blagpc-; (Table 1). The 3431F clinical isolate pre-
sented high MICs (>32mg/L) of the carbapenems and low-
level resistance to colistin (MIC 4 mg/L); the transconjugants
3431FT1 and 3431FT2 presented significant increases in the
MIC of colistin in comparison with E. coli J53 and the transcon-
jugant 3431FT2 also presented increased MICs of the carbape-
nems (Table 1).

The assembled WGS of the clinical isolate 3431F produced
67 scaffolds, which resulted in an estimated draft genome

4891834 bpin length, with a G + C content of 50.7% and a total of
4819 genomic features. The in silico analyses of the data indicated
that E. coli 3431F belongs to ST744, an E. coli lineage usually asso-
ciated with resistance genes, including a clinical isolate harbouring
mcr-1 and ESBL genesin Denmark.”

The WGS data confirmed the presence of the blakec-, and mer-1
genes, as well as several other resistance genes, such as genes
encoding aminoglycoside-modifying enzymes [strA, strB and
aph(3')-la], a B-lactamase-encoding gene (blarem-1) and genes
related to resistance to macrolides [mph(A) and erm(42)], pheni-
cols (floR and catA1), sulphonamides (sul2) and tetracycline [tet(A)
and tet(B)].

The in silico analyses also allowed identification of the following
plasmid incompatibility types in the 3431F isolate: IncN, IncFIB,
IncQ1 and IncX4. Detailed analyses indicated that blagec., was
located in the IncFIB plasmid and mcr-1 was located in the IncX4
plasmid. blaec-> was located on a Tn4401 transposon, isoform b.
The scaffold bearing blakec-, was 85492 bp in length and no other
resistance gene was found in this scaffold.

Detailed analysis of the scaffold bearing the mcr-1 gene sug-
gested that it was a complete plasmid (a possible circular mol-
ecule 33511bp in length). For this reason, primers were
designed to close the gaps in this scaffold and PCRs, followed by
Sanger sequencing, confirmed the circular plasmid molecule.
This plasmid, which was termed pMCR1poa (GenBank
MTJV00000000), presented >99% overall identity as compared
with pICBEC72H (GenBank CP015977),° pESTMCR (GenBank
KU743383),” pMCR1.2-IT (GenBank KX236309)° and pMCR1-
IncX4 (GenBank KU761327),% and 96% identity with pAf48
(GenBank KX032520).° pMCR1poa harbours an ISApl1 insertion
and a pap2 gene upstream and downstream of the mcr-1 gene,
respectively, as also observed in other mcr-1-bearing plasmids
described in other countries. ¢~

The IncX4-type plasmid carrying the mcr-1 gene, identified in
this study, was previously described in several isolates carrying
the mcr-1 gene, including a clinical isolate obtained from a hos-
pitalized patient in north-eastern Brazil.® Isolates of E. coli har-
bouring the IncX4-type plasmid containing the mcr-1 gene have
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also been identified in poultry from southern Brazil by our group
(data not shown).

In summary, we report the occurrence of the mcr-1 geneina
blaypc_»-positive E. coli clinical isolate from Brazil. To the best of
our knowledge this is the first report of a clinical isolate with both
genes in Latin America. In addition, our findings underscore the
broad intercontinental distribution of the IncX4 mcr-1-bearing
plasmid. Considering the low prevalence of the mcr-1 gene
among clinical isolates of CRE observed in our study, it seems
that while carbapenem resistance is high, plasmid-mediated co-
listin resistance is still rare and sporadic among CRE clinical
isolates.

Accession number

This Whole Genome Shotgun project has been deposited at DDBJ/ENA/
GenBank under the accession MTJV00000000. The version described in this
paper is version MTJV01000000.
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Polymyxins are considered the last-resort therapy against carbapen-
em-resistant Enterobacteriaceae (CRE). Until recently, only chromo-
somal mutations were associated to resistance to polymyxins but in
November 2015, Liu and colleagues described the transferable colistin
resistance mediated by plasmid (mcr-1 gene) in human, animal and en-
vironmental isolates of Enterobacteriaceae (Liu et al., 2016).

The coexistence of mcr-1 and carbapenem resistance genes is of
great concern, since the treatment options would be seriously compro-
mised (Wangetal.,2017). Although the coexistence of mcr-1 and carba-
penem resistance genes has been described in Enterobacteriaceae, in
particular in Escherichia coli (Dalmolin et al., 2017; Mulvey et al,, 2016;
Zheng et al., 2016), only 2 cases of Klebsiella pneumoniae harboring
mcr-1 and blagpc genes have been described so far (Aires et al., 2017;
Di Pilato et al., 2016). Here we described one case of K. pneumoniae har-
boring both mcr-1 and blakpc-, genes.

We screened 3468 CRE isolates from several hospitals in southern
Brazil recovered between 2013 and 2016 for the mcr-1 gene. We identi-
fied one isolate of K. pneumoniae (isolate 3111F) harboring the mcr-1
gene by PCR using specific primers (Liu et al., 2016); this isolate was
also positive by PCR for the blakpc gene which was confirmed as
blagpc.> by Sanger sequencing. The isolate 3111F was obtained from a

* Corresponding author. Tel.: 4+-55-5133598607; fax: +55-5133598760.
E-mail address: albarth@hcpa.edu.br (A.L Barth).

https://doi.org/10.1016/j.diagmicrobio.2017.09.016
0732-8893/© 2017 Elsevier Inc. All rights reserved.

rectal swab of a patient at an emergence room of a general hospital in
Porto Alegre city in southern Brazil, in July 2014. This patient also pre-
sented an Enterobacter cloacae from a tracheal aspirate which was pos-
itive for the blagpc gene but negative for the mcr-1 gene.

The whole genome of the clinical isolate (3111F) was sequenced by
MiSeq™ platform (Illumina Inc.) and data were analyzed using web-
tools from the Center for Genomic Epidemiology (http://www.
genomicepidemiology.org). Detailed analyses were performed in
Geneious software. The assembled whole genome sequencing (WGS) of
the 3111F isolate produced 60 scaffolds which resulted in an estimated
draft genome of 5,582,745 bp length, with a G + C content of 57.2% and
a total of 5496 features.

The analysis of the WGS data showed that plasmids harboring the
mcr-1 and the blagpc., belonged to an IncX4 group and an IncFIB group,
respectively. To the best of our knowledge, all the plasmids supporting
mcr-1 gene described in Brazil, belonged to the IncX4 family (Aires
et al, 2017; Dalmolin et al., 2017; Sellera et al., 2017) indicating a high af-
finity between this plasmid backbone and the mcr-1 gene in Brazil.

Comparative analyses showed that the plasmid IncX4 harboring
mcr-1 has an ISApl1 insertion and pap2 gene upstream and downstream
the mcr-1 gene, respectively. The plasmid of this study was termed
pPOAMCR-1KP (GenBank NHOE00000000). We compared pPOAMCR-
1KP with pMCR1.2-IT (Di Pilato et al., 2016) and pMCR1poa (Dalmolin
et al,, 2017), which originated from isolates harboring blagpc and mcr-
1 genes, in addition pMCR1poa was isolated in Porto Alegre as well.
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Table 1

Minimal inhibitory concentration (mg/L)" of several antibiotics for K. pneumoniae 3111F,
Transconjugant 3111FT1 (IncX4 mcr-1), Transformant 3111FT2 (IncFIB blagpc.2), E. coli
J53 and E. coli TOP 10.

Antibiotics MIC (mg/L)

3111 F 3111 FT1 (mer-1) 3111 FI2 E. coli E. coli

(blagpc.y 153 TOP 10

Ertapenem 256 <0.5 0.25 <0.5 0.015
Meropenem 256 <0.5 025 <05 0.03
Imipenem 256 <05 2 20.5 0.5
Ciprofloxacin 264 <0.12 <0.12 <012 <012
Amikacin 16 1 <1 <1 <1
Gentamicin 32 0.5 4 <0.12 0.5
Tigecycline 1 0.12 <0.03 012 <0.03
Colistin 4 4 <0.12 <0.12 <0.12
Ceftazidime 128 64 16 0.5 0.5
Cefepime 128 64 32 <1 <1

* MICs were performed by broth microdilution.

Both presented 99% identity as compared with the plasmid described in
this study, except for a 5681 bp insertion in pPOAMCR-1KP, coding for a
transposase sequence.

Other resistance genes related to resistance to aminoglycoside
(aph(3')-la, ac(3)-Ild and ac(6’)Ib-cr), >-lactam (blasyyvi1, blacrx-mis,
blargm-1 and blagxa-1), quinolone (ogxB and ogxA), fosfomycin (fosA),
macrolide (mph(A)), phenicol (catB3), suphonamide (sull), tetracycline
(tet(A) and tet (B)) and trimethoprim (dfrA30) were found by in silico
data analyses.

The in silico analyses showed that the K. pneumoniae belongs to the
sequence type (ST) 437. This ST was observed in many countries such
as Spain, China and Brazil, demonstrating that this ST is disseminated
worldwide (Pereira et al., 2013; Seara et al., 2015).

Conjugation and transformation experiments were performed in
order to confirm the presence of the mcr-1 and the blagpc_, genes in a
plasmidial structure. We were able to obtain one transconjugant carry-
ing only the mcr-1 gene but none single blagpc., carrying plasmid
transconjugant. We could obtain blakpc_, carrying plasmid only by
transformation. This finding is in line with the hypothesis that HicBA
toxin/antitoxin system encoded by IncX4 plasmid could kill IncX4
plasmid-free daughter cells, thereby selecting transconjugants carrying
only mcr-1 gene or both mer-1 and blaypc., genes (Dmowski and Jagura-
Burdzy, 2013) which was also observed in other studies (Aires et al.,
2017; Dalmolin et al., 2017).

The minimal inhibitory concentrations (MICs) of several antibiotics
were evaluated by broth microdilution for the clinical isolate, the
transformant and the transconjugant. The transconjugant (mcr-1 posi-
tive) presented elevated MIC for colistin, ceftazidime and cefepime and
the transformant (blaypc., positive) presented elevated MIC for the carba-
penems, ceftazidime and cefepime - Table 1. Noteworthy, the
transconjugant (mcr-1 positive) was positive for blacrx.y gene, it seems
that this transconjugant carry an extra plasmid conferring resistance to
cephalosporins, which agrees with the genome in silico information.

In Brazil the mcr-1 gene was initially detected in E. coli isolates from
diverse origins (Fernandes et al., 2016; Lentz et al., 2016; Sellera et al.,
2017) and recently E. coli harboring mcr-1 and KPC-2 was also described
(Conceigao-Neto et al,, 2017; Dalmolin et al., 2017). K. pneumoniae iso-
lates carrying both mcr-1 and blagpc genes are still rare in the world
and it was only very recently described in Brazil (Aires et al., 2017).
The mcr-1 in KPC-producing “high-risk” clones such as ST 437 may fos-
ter the dissemination of colistin and carbapenem-resistant isolates de-
termined by the feared mcr-1/ blagpc combination.
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Polymyxins (polymyxin E/colistin and polymyxin B) are considered the last-
resort therapy against carbapenem-resistant Enterobacterales; however, the
resistance of Enterobacterales to polymyxins is increasing worldwide. Until
2015, this resistance was related to chromosomal mutations, but in November
2015, it was described in China the transferable colistin resistance in animals
and humans isolates of E. coli and K. pneumoniae, mediated by the mcr-1
gene (mobile colistin resistance), located in a plasmid. Following the first
description of the mcr-1 gene, it has been reported in several regions of the
world, in different bacterial species, from different sources and others mecr
variants have been described. Moreover, the co-occurence of the mer gene
and other antimicrobial resistance genes was reported. This discovery changed
the scenario of resistance to polymyxins, as this gene could be promptly
disseminated among Gram negative bacilli becoming a major concern for
public health. This review summarizes recent data about the plasmid-borne
mer colistin resistance gene.

Introduction

Antimicrobial resistance is considered as a major public health
threat to human health mainly due to the widespread of carbapenem-
resistant Enterobacterales (CRE) in the last decade. The colistin
(polymyxin E) and polymyxin B belong to the class of polymyxins,
which are considered the last-resort therapy against CRE; however,
the resistance of Enterobacterales to polymyxins is increasing
worldwide*?3. Overall, colistin resistance in Enterobacterales
(excluding species with intrinsic resistance) is around 0.67-1.6%,
with low rates in Escherichia coli (0.2-0.6%), moderate rates
in Klebsiella pneumoniae (1.5-6.8%), and much higher rates in
Enterobacter spp. (13.9-20.1%). Considering other resistance
mechanisms associated with colistin resistance such as ESBLs
the percentage of co-producers is: 2.3-5.5% for Enterobacterales
(>11.5% are K pneumoniae); for carbapenem-non-susceptible
isolates the number is higher: 4.5-16.3% for Enterobacterales
(32% are K pneumoniae) and even higher is the number found for
carbapenemase-producers, 6.2-12.0% for Enterobacterales (14-
36.6% are K. pneumoniae)®*.

As mentioned above, polymyxins are active against most
Enterobacterales and also have significant activity against
nonfermentative Gram-negative bacteria such as Pseudomonas
aeruginosa and Acinetobacter spp. Some Gram-negative species
are naturally resistant to polymyxins: Proteus spp. Morganella
morganii, Providencia spp. Serratia marcescens, Burkholderia
mallei, Burkholderia cepacia complex, Chromobacterium spp.,
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Edwardsiella spp., Brucella, Legionella, Campylobacter
and Vibrio cholerae® Additionally, the polymyxins|are not
active against Gram-negative cocci, Gram-positive and
anaerobic bacteria®®. The natural resistance mechanism
is hypothesized to be promoted by constitutive gene
expression which adds cationic molecules to the LPS,
leading to decreased affinity at the polymyxin site of action
on the LPS, differently in Gram-positive bacteria lack of
an LPS containing outer cell membrane promotes the
resistance’.

The colistin was obtained in 1947 from a soil bacteria
Paenibacillus  polymyxa subsp. colistinus® and has
been cleared to use since 1959 by the Food and Drug
Administration (FDA) for the treatment of infectious
diseases caused by Gram-negative bacteria. However, in
clinical use, colistin proved to be nephrotoxic and their
use has declined from the early 1970s to the early 2000s,
being replaced by more active and less-toxic antibiotics
such as the aminoglycosides, quinolones and beta-lactams.
However, due to increasing prevalence of multiresistant
Gram-negative bacteria, the colistin were re-introduced
into clinical practice as a valuable therapeutic option®®.

Unlike in human medicine, in veterinary medicine,
colistin has been used extensively, and withoutinterruption,
for decades for the treatment and prevention of infectious
diseases by Enterobacterales, as well as growth promoter
in poultry and pigs**°. However, due to the description
of the colistin resistance mediated by a mobile genetic
element and its widespread in animals in China in 2015,
the Ministry of Agriculture of China decided to ban colistin
as a feed additive for animals in 2016. Other countries also
decided to ban colistin as growth animal promoter, due to
the imminent impact on polymyxin resistance in human
health®.

The mechanism of action of polymyxins (colistin and
polymyxin B) occurs by the electrostatic binding of the
molecule tothe lipopolysaccharide (LPS) and phospholipids
in the outer membrane of Gram-negative bacteria. The
polymyxins destabilize the LPS through the exchange of
ions (Ca*? and Mg*?), increasing the permeability of the
bacterial membrane, promoting the extravasation of the
cytoplasmic content and consequent bacterial death.
Despite the fact that the initial target for polymyxin is
the LPS, the exact mode of action of polymyxins is still
not totally clear. There are other possible mechanisms
of action described for polymyxins: the endotoxin effect
(during cell lysis the endotoxin molecule - the lipid A
which is the main component of the LPS) is released and
the polymyxins are able to bind and neutralize it and the
inhibition of respiratory enzymes (type I NADH-quinone
oxidoreductases [NDH-2]) in the bacterial membrane*.

Until 2015, the reports of polymyxin resistance were
all due to chromosomal mutations. These chromosomal

mutations lead to modification of the LPS via cationic
substitution that alter the lipid A, decreasing its affinity
for the polymyxins, similarly to that observed in bacteria
with intrinsic resistance to polymyxins. There are several
mutation in genes and operons which are involved in the
modification of the LPS: (i) mutations in genes (pmrC, pmrE
and pmrHFIJKLM) responsible for synthesis of cationic
groups and their addition to the LPS; (ii) mutations in
regulatory genes that encode proteins involved in the
PmrAB system in K pneumoniae, Enterobacter aerogenes
and Salmonella enterica (pmrA and pmrB genes) and the
PhoPQ system in K pneumoniae and E. coli (phoP and
phoQ genes); (iii) and mutations in the regulators of these
systems as the mgrB gene in Klebsiella spp. (regulates
the PhoPQ system) and crrd4B operon in K pneumoniae
(regulates the PmrAB system)*2.

In November 2015, Liu and colleagues described the
transferable colistin resistance in animals and humans
isolates of E. coli and K pneumoniae recovered in China,
mediated by the mcr-1 gene (mobile colistin resistance).
The mer-1 gene is located in a plasmid and its discovery
changed the scenario of resistance to polymyxins, as
this gene could be promptly disseminated among Gram-
negative bacilli becoming a major concern for public health.
MCR-1 protein is a member of the phosphoethanolamine
transferase family, its acquisition promotes the addition
of phosphoethanolamine (PEtN) to lipid A, similarly to
the chromosomal mutations, resulting in reduction of
polymyxin affinity*.

Epidemiology of Plasmid-mediated Colistin
Resistance

Following the first description of the mer-1 gene, it has
been reported in several regions of the world, including
countries of Asia, Africa, Europe and America*'#!3. Further
studies indicated that bacteria carrying the mecr-1 gene
were identified in the 1980 s in China. The earliest report of
the mer-1 gene among isolates from humans is from 2008
and it was described in a Shigella sonnei from Vietnam.
These findings indicate that mer-1 gene has existed in
Enterobacterales but remained not identified for a long
time®4,

The mcr-1 gene has been reported in several species
of Enterobacterales but mostly in E. coli The occurrence
in Salmonella, Klebsiella, Shigella, Vibrio and Enterobacter
was only sporadically reported, but indicates interspecies
gene transfer®'2,

The mcr-1 gene has been mainly detected in E
coli isolates obtained from animals (livestock, wild
animals and food of animal origin). Farm animals, in
particular pigs and chickens, have been considered as
reservoirs for E. coli isolates carrying the mer-1 gene. In
humans, Enterobacterales carrying the mcr-1 gene have
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been obtained from clinical samples, as well as from
asymptomatic patients, including international travellers.
The possible dissemination of the mer-1 gene from bacteria
obtained from animals to bacteria from humans is a serious
concern, mainly whether this gene could be transferred
into carbapenemase producing Enterobacterales>®*2.

MCR-1 producers may exhibit low level resistance to
colistin or polymyxin B (minimum inhibitory concentration
[MIC] of 4pg/mL) and a few cases of isolates carrying
the mer-1 gene which are susceptible to colistin have
already been described!®!¢, This may contribute to the
silent dissemination of mer-1 gene harbouring isolates.
Other aspects may also play an important role in the
dissemination of the mcr-1 gene: the technical problems
related to the detection of resistance to polymyxins and the
fact that most laboratories only evaluate the susceptibility
profile to polymyxins among carbapenem non-susceptible
isolates®.

One explanation for the reported mer-1 positive but
colistin susceptible isolates was that the gene was truncated
as described in a Shigella sonnei isolate!l’. Interestingly,
the truncated mecr-I gene could be re-activated after
conjugation experiments resulting in a colistin resistant
phenotype’®. Conversely, the report of an E. coli colistin
susceptible and mer-1 positive with an intact gene indicates
that the gene truncation is not the only mechanism related
to the susceptibility to polymyxins among mcr-1 harboring
isolates®.

According to an search assessment of the data at the
GenBank (https://www.ncbinlm.nih.gov/genbank/ - 17%
of June 2018), 13 mcr-1 subgroups were already described
in several countries, differing from mecr-1 by only one
nucleotide: mer-1.2 (K. pneumoniae from Italy)?®, mer-1.3
(E. coli from China)*, mer-1.4 (E. coli from China), mer-1.5
(E. coli from Argentina), mecr-1.6 (Salmonella typhimurium
from China)®** , mer-1.7 (E. coli from China), mer-1.8 (E.
coli from Brunei)®, mer-1.9 (E. coli from China)®, mer-
1.10 (Moraxella spp. from Great Britain)®®, mer-1.11

(KY853650.1), mer-1.12 (LC337668.1) and mer-1.13 (E.
coli from Italy)?.

To date, eight mer variants have been described: mer-1,
mecr-2, mer-3, mer-4, mer-5, mer-6, mer-7 and mer-8 (Table
1). The mer-2 gene is 1,617 bp long, nine bases shorter than
mer-1(1,626bp)andithas 76.7%nucleotideidentity tomcr-
1%7. The mer-3 gene presented 45.0% and 47.0% nucleotide
sequence identity to mer-1 and mer-2, respectively. MCR-
3 also showed 94.1% to 94.8% amino acid identity with
proteins found in three Aeromonas species. Moreover,
a truncated transposon element (TnAs2), which was
characterized only in Aeromonas salmonicida, was located
upstream of mer-3. These findings suggest that mer-3 gene
in Enterobacterales might have originated from Aeromonas
species®™. Unusually, the mcr-4 is inserted in a small and
not self-conjugative plasmid. However, the addition of an
auxiliary plasmid can promote conjugation®.

Co-occurrence of mcr and Other Resistance Genes

There have been reports of co-production of the mer-
1 gene and other resistance genes in several bacterial
species. The presence of the mecr-1 gene has been
associated with ESBLs (CTX-M, SHV and TEM type) and
AmpC cephalosporinase (CMY type). Moreover, there
are descriptions of co-occurrence of the mcr-1 gene and
quinolone resistance genes (qnrS and aac(6=)-Ib-cr)®*>333,

Isolates carrying mcr-1 and carbapenemase resistance
genes have been described in Enterobacterales. Specifically,
the co-production of mer-1 and carbapenem resistance
genes is of great concern, since polymyxins represent the
“last-line” therapeutic option for an infection caused by
a carbapenemase-producing isolate. In the literature the
mcr-1 gene has been found mainly in isolates that produce
the carbapenemase NDM in particular among E. coli isolates
from animal and human origin®3%*’. However, it was also
detected in Cronobacter sakazakii®® from animal origin and
K pneumoniae® from human origin. Only one report about
co-producer OXA-48 carbapenemase and mer-1*° and

Table 1. mcr variants available at the GenBank database (update in July 17, 2018- https://www.ncbi.nlm.nih.gov/genbank/)

Gene Country Origin Species Reference Variants
mer-1 China Retail meat frF)m cl.licken and pig, and E. coli andl 1 mer-1.2 — mer-1.13
inpatients® K. pneumoniae

mer-2 Belgium Pig and bovine E. coli 27 mer-2.2

mer-3 China Pig E. coli 28 mer-3.2-mer-3.12

mer-4 Italy, Spain and Belgium Pig Salmonella enterica and E. cali 29 mer-4.2

mer-5 Germany Faecal content of pigs ‘?nd faecal S. enterica subsp. ent’err'n:a 10 mer-5.2
samples from pigs serovar Paratyphi B

mer-6° Great Britain Faecal contents of healthy pigs Moraxella sp. 25 -

mer-7 China Chickens K. pneumoniae 31 -

mecr-8 China Pig, chicken and inpatient K. pneumaniae 32

*The gene mcr-1 was isolated from several other origin, after its first publication fram Liu et al., 20162

P mcr-2.2 (1617 bp) has been renamed as mcr-6.
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VIM carbapenemase and mer-1** have been related in the
literature, both from human sources. There are a few KPC
and mer-1 co-producers reported, in particular those genes
were identified in E. coli*?#34+454¢ and less frequently in K
pneumoniae isolates%4748,

Genetic Context of the mcr Gene

The first plasmid carrying the mecr-1 gene belonged
to the plasmid incompatibility type Incl2®. Others studies
indicated that mer-1 gene is not restricted to the Incl2
plasmid group and various plasmids may carry the mcr-1
gene including those belonging to the IncX4, InHI2, IncE,
IncHI1, IncY and IncP*+#°, These incompatibility groups of
plasmids have been implicated in the global spread of others
resistance genes among Enterobacterales from human and
animal sources®®*!, As the mer-1 gene is not associated
with a specific incompatibility group of plasmids, it can be
considered that this molecular flexibility promotes global
dissemination of the gene®2.

Noteworthy, there are intriguing descriptions of
coexistence of two mer bearing plasmids in a single
bacterial isolate. Nevertheless, the MIC for colistin of the
isolates presenting more than one mer gene in different
plasmids was not increased®**.

Often the mcr gene is flanked by an insertion sequence
designated ISApI1 and the nikB gene, in this order. It
is suggested that the ISApll is a key component in the
mobilizationofthemergene.ISApl1belongstothelS30 family
and was firstidentified in Actinobacillus pleuropneumoniae,
a Gram-negative bacterium of the Pasteurellaceae family,
causing pig necrotic pleuropneumonia**#*5¢,

Itis also suggested that the mcr-1 gene had been initially
mobilized by two copies of ISApil from an unknown
progenitor. Over the course of evolution, this complex
transposon has lost one or both copies of 1SApl1, since it
is common for 1S30 family member to lose a copy of the
IS element by transposition or illegitimate recombination
events, in order to stabilize the mcr-1 bearing plasmid.
Sometimes the mcr-1 gene can be mobilized by only a
single copy of 1SApl1 upstream the gene in combination
to an incomplete sequence of the 1SApll downstream.
ISApI1 is presents in multiple copies in the genome and
these insertion sequence sites are notable for their high AT
content**525%3¢,

As already mentioned, the mecr-1 gene was originally
described mostly among E coli isolates from animal
sources and this indicates that this gene is of animal origin.
The genetic context of the mer-1 gene reinforces the theory
that the gene was originally from isolates obtained from
animals. The first evidence is that the mcr-1 gene is very
often associated to the insertion sequence ISApll and
this insertion sequence is usually identified in bacteria
of animal origin. Another indicative of the animal origin

and the genetic context of the mer-1 is the presence of
other antibiotic resistance genes specific to veterinary
medicine, such as the floR gene which confers resistance
to florfenicol®”.

Moreover, the Moraxella genus was identified as
potential reservoirs of mer-like genes that might be
mobilized from their original host to become an acquired
resistance mechanism in clinically significant species. The
mer-1 and mcr-2 genes present a significant identity with
intrinsic chromosomal genes of the Moraxella species. The
exact species of the progenitors of mer-1 and mcr-2 genes
remains to be determined, but the most closely-related
variant compared to MCR-1 was identified in Moraxella
porci, while the most closely-related variant of MCR-2 was
identified in Moraxella osloensis®’.

Detection of MCR-Producers

Broth microdilution (BMD) is considered the reference
test for determining the susceptibility profile of polymyxins
regardless the fact that BMD do not establish the underlying
mechanism of resistance®. There are a few phenotypic
tests which are supposedly able to detect MCR producers,
including: the Colistin MAC Test (CMT)*®; Combined Disc
Test (CDT); Colistin MIC Reduction (CMR); Modified Rapid
Polymzxin NP Test (modified-RPNP) and alteration of Zeta
potential tests®®. Nevertheless, the molecular tests are
considered the reference tests for the detection of the mcr
gene; the molecular techniques using sequencing can also
specify the gene variants.

Assays based on colistin MIC reduction in the presence
of dipicolinic acid (DA) or ethylene diamine tetra-acetic
acid (EDTA) have been evaluated to detect mcr-producing
Enterobacterales®®*®’. These tests are based on the fact that
the catalytic domains of the MCR enzymes resemble that
of zinc metalloproteins®. DA or EDTA are able to chelate
zinc (necessary for the enzymatic activity of the PEtN
transferase) and consequently can inhibit the enzymatic
activity of MCR-1 and finally reduce colistin resistance in
MCR-producing strains.

The CMT method is a broth microdilution method, in
which colistin MIC (0.125 to 8.0 pg/mlL) is tested in absence
and in presence of fixed concentration of the DA (900 pg/
mL). If the MIC increases >8-fold, in the presence of DA, the
resultis interpreted as mer-positive while an MIC reduction
of €2-fold is interpreted as mer-negative. The test does not
present satisfactory results with K pneumoniae, probably
due to a reduced permeability to DA and/or the presence of
additional unknown mechanisms. In addition, the authors
tested the effect of DA in increasing colistin susceptibility of
mcr-1 positive isolates, in a disc-diffusion format, however
no significant difference was detected as the inhibition
zones between mer-1-positive and mcr-negative isolates
were very similar®.
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Similarly, Esposito et al (2017)%® evaluated four EDTA-
based assays to detect MCR-1-positive isolates. The CDT
test compare the inhibition zones of colistin (10pg) and
colistin plus EDTA (100mM). An incremental difference
of > 3mm between the colistin impregnated disc and the
colistin-EDTA-impregnated disc was interpreted as MCR-1-
positive. The CDT presented sensitivity and specificity of
96.7% and 89.6%, respectively®®.

The CMR test was designed according to the BMD
method with or without the addition of 80ug/ml EDTA,
into the wells containing 0.06-32pg/ml of colistin. A >
4-fold colistin MIC reduction in EDTA-containing wells
was interpreted as MCR-1-positive. The sensitivity
and specificity of this method was 96.7% and 83.3%,
respectively®®.

The original RPNP test consists of detecting bacterial
growth on a glucose based medium, in the presence of a
defined concentration of colistin. The bacterial growth leads
to acid formation in the medium which alters the pH and this
can be detected visually by a pH indicator color change®?. If
the well containing colistin, change its colour from orange
to yellow, it is considered positive (colistin resistance). The
modified RPNP is based on the incorporation of two extra
wells, one containing 80pg/mL EDTA (without colistin) and
the other one containing 80pg/ml EDTA plus 5pg/ml colistin.
In this case, the MCR-1 positive result is observed when
the colistin containing solution supplemented with EDTA
remained orange (ie., absence of glucose metabolization due
to EDTA inhibition). The sensitivity and specificity of this test
are higher (96.7% and 100.0%, respectively) compared to
CDT and CMR tests®.

Another method for phenotypic detection of mer
producers is the alteration of Zeta potential in the absence
and presence of 80 pg/ml EDTA, which increase the anionic
charges on the surface membrane of MCR-1-positive
isolates. However, according to the authors, this method can
only be used in well-resourced microbiology laboratories®.

Polymerase Chain Reaction (PCR) and Whole Genome
Sequence (WGS) are considered the reference tests to
identify the mer gene from cultured bacteria as well as in
clinical, fecal, environmental and food samples®#¢3. While
PCR can only detect known mer genes, due to specific
primers and probes, the WGS can identify all known or
unknown colistin resistance mechanisms within 2 days®.
Further molecular tests are the commercial microarray
that can simultaneously detect both B-lactamases and
mcr-1/-2 genes, even though those tests are inaccessible to
under-resourced laboratories®.

Conclusion

Considering the importance of polymyxins in human
and veterinary medicine, there is an urgent need to limit the
propagation of mer-1 harboring plasmid. Given the constant

exchange of resistance genes in all microbiomes (animals,
environment and human population), surveillance
programs to monitor the diversity of reservoirs, plasmids
and to evaluate the real dimension of resistance mediated
by the mcr gene are necessary.
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To the Editor—Polymyxins are the last resort for the treatment of
infections caused by multidrug-resistant bacteria, in particular
carbapenem-resistant Enterobacterales (CRE). Resistance to
polymyxins used to be due only to chromosomal mutations, but
in November 2015, Liu et al' described for the first time a colistin
resistance mechanism mediated by a new gene (mcr-1) that was
present in a transferable plasmid. The mcr-1 has already been
described on most continents, being detected in different species
and obtained from several sources, including carbapenemase-
producing clinical isolates.® Infections due to clinical isolates
harboring the mecr-1 and a carbapenem resistance gene is of
particular concern because the treatment options would be ser-
iously compromised.’

The aim of this study was to evaluate the prevalence of car-
bapenemase and mcr-1 genes co-occurring among Enterobacterales
clinical isolates in southem Brazil between April 2013 and
May 2018.

We evaluated the occurrence of the mer-1 gene among 4,778
isolates of Enterobacterales with reduced susceptibility to carba-
penems obtained from an epidemiologic study in several hospitals
in southem Brazil. All isolates were submitted to multiplex real-
time polymerase chain reaction with high-resolution melting
(RT-PCR-HRM) analysis with primers for blawee blanpas
blaox a-as-tike: Plages, blapge, and blaypy and presented positive
results for at least 1 of the carbapenemase gene(s) tested.

The presence of the mcr-1 gene was evaluated by pooling 10
isolates together and submitting them to DNA extraction and
conventional PCR with specific primers for the mcr-1 gene." All
isolates from a pool with mcr-1 positive result were retested
individually by the same conventional PCR to identify the isolate
(s) that presented the gene. The amplicons from the individual
isolates with positive result in the conventional PCR were sub-
mitted to Sanger sequencing and were confirmed as the mcr-1
variant. The minimal inhibitory concentrations (MICs) of several
antibiotics were evaluated using broth microdilution method for
the individual isolates positive for the mcr-1 gene, and the results
were interpreted according to European Committee on Anti-
microbial Susceptibility Testing (EUCAST) guidelines.”

We found only 5 isolates that presented the mcr-1 gene and a
carbapenemase gene. All coharboring isclates presented the mcr-1
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and the blagpc genes. We obtained 2 coharboring isolates
(Klebsiella pnewmoniae 3111F and Escherichia coli 3431F) in 2014,
1 coharboring isolate (E. coli 5798F) in 2016, and the other 2
coharboring isolates (K. pneumoniae 6701F and E. coli 6699F) in
2018. All 5 isolates were recovered from rectal swabs, with
exception of E cwli 6699F, which was recovered from an
ascites fluid.

Moreover, 4 isolates presented low-level resistance to colistin
(4 mg/L), and 1 isolate (K. pneumoniae 6701F) was susceptible to
colistin (0.25 mg/L). All isolates were resistant to ertapenem,
meropenem, imipenem, and ciprofloxacin and were susceptible to
tigecycline. Susceptibility to aminoglycosides was variable, with
most isolates susceptible to gentamicin and intermediate to
amikacin (Table 1).

The prevalence of the mcr-1 gene was very low (0.1%) among
carbapenemase-producing Enterobacterales (CPE) in our study.
This rate is lower than that reported in Portugal, where 6.69% of
the CPE isolates from colonized and infected patients were
positive for the mer-1 gene.® In Belgium, the prevalence reported
was <1% among CRE of human origin” These findings
demonstrate that the prevalence of mcr-1 with carbapenemase
genes is normally very low, although it can differ among
countries.

The mcr-1 gene is usually evaluated only among colistin-
resistant  isolates (MIC>2 mg/L); however, the isolate K
prneumonige 6701F was susceptible to colistin. Some isolates are
mer-1 positive; nonetheless they are colistin susceptible. One
explanation for this is the assumption that the gene might be
truncated in isolates positive for the mcr-1 but susceptible to
colistin, as already described in Shigella sonnei® Interestingly, the
truncated mecr-1 gene could be reactivated after conjugation
experiments, resulting in a colistin resistant phenotype.” However,
a truncated gene is not the only reason to justify the susceptibility;
one study reported an E. coli colistin-susceptible mcr-1 positive
isolate that presented an intact gene.'” Therefore, further studies
are needed to elucidate the reason why the mor-1 gene of the
K. pneumoniae 6701F in this study does not promote resistance to
colistin. In fact, colistin-susceptible mecr-1 isolates may be con-
tributing to a silent spread of the mcr-1 gene, which may be
transferred to multidrug-resistant isolates such as the CPE
described in this study.

In conclusion, the current prevalence of mcr-1 is very low, but
the detection of 2 isolates in 2018 coharboring blayp/mer-1
genes is a warning for a possible increase in the prevalence of
these isolates in the coming years. Considering the association of
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Table 1. Minimal Inhibitory Concentration (MIC)* of Several Antibiotics for Escherichio coli and Klebsiello pneumonioe Coharboring blogee/mcr-1 Genes

Ertapenem 32 16 256 256 128
Meropenem 32 8 256 256 128
Imipenem =32 16 256 256 16
Ciprofloxacin 4 > 64 32 =64 64
Amikacin 2 8 8 16 a
Gentamicin 1 2 4 32 0.5
Tigecycline 0.25 1 0.5 1 0.25
Colistin 4 4 4 4 0.23

*Performed by broth microdilution.

mcr-1 with the broad-spectrum resistance mechanisms (eg,
carbapenemases), this emergence is of great concern.
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Abstract

Two hundred isolates of Enterobacterales were tested by Rapid Polymyxins NP
in the detection of polymyxin resistance when compared to the reference test Broth
Microdilution. The sensitivity and specificity of the NP test were 98% and the results
are faster than the BMD, decreasing from approximately 24 hours to 2 hours.

Keywords: Polymyxins. Susceptibility. Enterobacterales. Rapid Polymyxins NP Test.

Polymyxins (polymyxin B and colistin) are last resort antimicrobial agents for
the treatment of serious infections caused by multidrug resistant Enterobacterales, in

particular carbapenem-resistant Enterobacterales (CRE).!
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The main mechanisms related to acquired polymyxin resistance are associated
to mutations in the regulatory systems that modify the lipopolysaccharide (LPS) of the
bacterial outer membrane, resulting in a reduction in electrostatic interactions between
the polymyxins and the bacterial membrane, triggering the resistance.?® Recently, Liu
et al. (2016) described the first mobile polymyxin resistance mechanism, mediated by
the gene mcr-1 (mobile colistin resistance) located in a plasmid. The MCR-1 protein is
a member of the phosphoethanolamine transferase family which promotes the addition
of phosphoethanolamine to lipid A (lipopolysaccharide component) leading to a
reduction of the the LPS affinity for polymyxins.*

The description of the mcr-1 gene caused a great concern regarding its
dissemination, among polymyxin susceptible Enterobacterales. Regardless of the
resistance mechanism, the dissemination of polymyxin-resistant strains restricts the
therapeutic options, leading to high mortality rates, therefore the development of fast
and reliable methods that allow the detection of polymyxin resistance is needed. The
usual routine microbiology susceptibility tests (disk diffusion and gradient diffusion
test) are not reliable to evaluate the susceptibility to polymyxins. The fact that the only
method considered accurate for the detection of resistance to polymyxins (the broth
microdilution - BMD) is laborious and expensive, is another important reason for the
development of fast and simple methods to detect polymyxin resistance.>”’

Recently Nordmann et al (2016) developed the Rapid Polymyxins NP Test.
This test consists of detecting bacterial growth on glucose, in the presence of a defined
concentration of polymyxin (polymyxin B or colistin). Growth of the bacteria in the
presence of polymyxins will lead to glucose metabolism which will acidify the
medium altering the pH, hence this change can be detected visually by a pH indicator
color change. The final result of the Rapid Polymyxins NP test is obtained in up to 4
hours, although the majority of the resistant isolates present positive results in around
2 hours.’

The aim of this study was to assess the performance of the Rapid Polymyxins
NP test in the detection of polymyxin resistance among isolates of Enterobacterales
from human and animal source when compared to the reference test, the broth

microdilution.
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The Rapid Polymyxins NP test was evaluated with 200 isolates of
Enterobacterales (100 resistant and 100 susceptible to the polymyxins by BMD)
obtained from other surveillance studies between 2011 and 2017 in Southern Brazil.
One hundred and eighty three isolates were from human origin®, 10 were from poultry
slaughterhouse®, 4 from food-producing animals'® and 3 were transconjugants with the
mcr-1 gene!t12,

The resistant species to polymyxins (MICs 4 to >64ug/mL) included: 74
Klebsiella pneumoniae, 4 Enterobacter spp., 4 E. coli and 4 Salmonella spp.
Additionally, isolates with intrinsic resistance to polymyxins (3 Morganella morganii,
1 Proteus mirabilis, 2 Providencia rettgeri and 8 Serratia marcescens) were also
subjected to the test. The polymyxin-susceptible isolates (MICs <0.125 to 2ug/mL)
included: 49 Klebsiella spp., 28 E. coli, 20 Enterobacter spp. and 3 Citrobacter
freundii.

The bacterial DNA was extracted by thermal lysis and detection of the
carbapenemases genes (blaive, blakec, blaces, blanom, blaoxa-ss-iike and blaviv)*® and
the mcr-1 gene* was performed by a Multiplex Real-Time PCR, analyzed by HRM
software.

The Rapid Polymyxins NP test was performed according to Nordmann et al.
(2016b).” The antibiotic solutions (polymyxin B and colistin at 0.2mg/mL) were mixed
with the Rapid Polymyxin NP solution (2.5% of MHB-CA powder, 0.005% of phenol
red indicator and 1% of D (+)-glucose) into sterile glass tubes in a proportion of 1:40.
Given that, the final concentration containing colistin or polymyxin into tubes was
5ug/mL.’

The bacterial inoculum was standardized to obtain a 3.0-3.5 McFarland optical
density (=10° CFU/ mL) in sterile solution of sodium chloride (NaCl) 0.85%. The test
was performed in a 96-well polystyrene plate and for each isolate, 50uL of the
bacterial suspension was inoculated in 3 wells: 1%t well only 150uL of the Rapid
Polymyxin NP solution (free of antibiotics), 2" well 150uL of the Rapid Polymyxin
NP solution with colistin; 3™ well 150uL of the Rapid Polymyxin NP solution with
polymyxin B. The final concentration of bacteria was ~108 CFU/mL in each well, and

the final concentration of colistin sulfate or polymyxin B were 3.75ug/mL.’
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The plate was incubated for up to 4 h at 35°C £ 2°C and the first reading was
made at 15 minutes and then every hour. The test was considered positive (polymyxin
resistance) when the isolate grew in presence of colistin or polymyxin B, changing the
color of the Rapid Polymyxin NP solution containing antibiotic from orange to yellow,
i. e., the same color of the well containing only NP solution. However, the test was
considered negative (polymyxin susceptible) when the isolate did not grow in the
presence of antibiotics and the color of the solution remained orange.’

Enterobacterial isolates with minimal inhibitory concentration (MIC) for
colistin and/or polymyxin B <2 pg/mL were considered susceptible and those with
MIC >2 pg/mL were considered resistant according to Brazilian Committee on
Antimicrobial Susceptibility Testing (BrCAST) guidelines*

From 100 resistant isolates by BMD, a total of 98 presented positive result in
the Rapid Polymyxins NP test and only two isolates, both K. pneumoniae of human
origin, KPC producers, with MIC of 4ug/mL and 32ug/mL by BMD, presented
negative results in the Rapid Polymyxins NP test. Among the 100 susceptible
polymyins isolates by BMD, two E. coli isolates from poultry slaughterhouse presented
positive results in the Rapid Polymyxins NP test; these isolates harbored the mcr-1
gene, and presented MIC of 1ug/mL and 2ug/mL by BMD (Table 1).

In general, the time needed to the test to become positive was 2 hours (n=87),
although 10 isolates turned positive in 1 hour and only 1 isolate needed 3 hours to
become positive. The sensitivity and specificity of the Rapid Polymyxins NP test were
98%.

The Rapid Polymyxins NP test was easy to perform and considerably fast like
other studies.>” Our findings confirm that the test produces results much faster than the
BMD, which can contribute to the rapid identification of polymyxin resistant isolates.
In addition, the test showed excellent sensitivity and specificity, similarly to the results
found by Nordmann et al., (2016b)’, which reported 99.3% and 95.4% of sensitivity
and specificity, respectively. Bakthavatchalam et al. (2017)*° also evaluated the Rapid
Polymyxins NP test and found even higher levels (100%) of sensitivity and specificity.

Poirel (2018)'" found 100% sensitivity for the Rapid Polymyxins NP when it

was performed with polymyxin resistance isolates mediated by plasmid carrying the
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mcr-1 or mcr-2 genes recovered from the environment, animals and human origin. On
the other hand, we evaluated 19 isolates carrying mcr-1 gene from animal and human
origin (11 resistant to polymyxins and 8 susceptible) and the results were in agreement
with the reference method (BMD), however 2 isolates harbouring mcr-1 gene, but
susceptible to polymyxins presented false-positive results.

The Rapid Polymyxins NP reported low sensitivity (25%) for polymyxins
resistance detection in Enterobacter spp., probably due to heteroresistant
phenomenon?8, Unlikely, we did not have problems in detecting the susceptibility of
Enterobacter spp. in our study.

The Rapid Polymyxins NP test showed excellent performance for the detection
of resistant isolates and susceptible enterobacteria for either polymyxin B or colistin,
when compared to the reference method. In fact, the Rapid Polymyxins NP test had no
difference between the two antimicrobials tested. Additionally, the time needed to
obtain the result reduce from approximately 24 hours (BMD test) to around 2 hours
(Rapid Polymyxins NP test), besides, being less laborious. The rapid identification of
polymyxin-resistant isolates may contribute for more precise therapy choices, as well
as the rapid implementation of contact precaution measures, preventing the
development of outbreaks with multidrug-resistant isolates.
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Table 1. Rapid Polymyxins NP Test Results among Enterobacterales isolates

Sensitivity and

Specificity of NP

Susceptibility to Polymyxins Isolates NP Polymyxin Test Polymyxin Test
Resistant™ 74 72 positive result and
2 negative results
K. pneumoniae (37%) 97.3% and 100%
(121 isolates — 60.5%) Susceptible 47 47 negative results
23.5%)
Resistant” 4 4 positive results 100% and 92.86%
E. coli (2%)
(32 isolates — 16%) Susceptible 28 26 negative results
(14%) and
2 positive results
Resistant” 4 4 positive results 100%
Enterobacter spp. (2%)
(24 isolates — 12%) Susceptible 20 20 negative results
(10%)
S. marcescens Resistant® 8 8§ positive results Sensitivity 100%
(8 isolates — 4%0) (4%)
Salmonella spp. Resistant” 4 4 positive results Sensitivity 100%
(4 isolates — 2 %) (2%)
C. freunndii Susceptible 3 3 negative results Specificity 100%
(3 isolates — 1.5%) (1.5%) (100%)
M. morgannii Resistant® 3 3 positive results Sensitivity 100%
(3 isolates — 1.5%) (1.5%) (100%)
K. oxytoca Susceptible 2 2 negative results Specificity 100%
(2 1solates — 1%) (1%) (100%)
P. retigeri Resistant® 2 2 positive results Sensitivity 100%
(2 isolates — 1%) (1%) (100%)
P. mirabilis Resistant® 1 1 positive results Sensitivity 100%
(1 isolates — 0.5%) (0.5%) (100%)

E . . b s . . . .
* Chromossomal resistance mechanism not evaluated; ° Plasmidial Resistance and © Intrinsic resistance.
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Abstract

Polymyxins resistance is an emerging problem and it has been increasing worldwide.
The reference method for determining bacterial susceptibility to polymyxins is the
broth microdilution (BMD); however it is a laborious and time consuming procedure.
For this reason, this study aims to analyze the performance of the Policimbac® and
Superpolymyxin® agar comparing to the BMD. A total of 112 isolates (51 resistant
and 61 susceptible to colistin by BMD) were evaluated. Policimbac® test consists in a
commercial panel with lyophilized Polymyxin B antibiotic and determines the
minimum inhibitory concentration (MIC) of the Gram-negative isolate.
Superpolymyxin medium is a selective medium which was developed for the
screening of colistin resistance Gram-negative bacteria. The sensitivity, specifity,
positive predictive value (PPV) and negative predictive value (NPV) of the
Policimbac® test were 98%, 77%, 78.1 % and 97.9%, respectively, while the
Superpolymyxin® agar presented sensitivity, specifity, PPV and NPV of 94.1%,
75.4%, 76.2 and 93.9%, respectively. Policimbac® test and the Superpolymyxin®
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agar when compared to BMD presented efficient results for polymyxins resistant
isolates, however for polymyxin susceptible isolates the test did not show satisfactory
specificity and PPV results, being necessary to confirm the results of the Policimbac®
test and the Superpolymyxin® agar with BMD method.

Keywords: Polymyxins. Policimbac®. Superpolymyxin® agar.

Introduction

Carbapenems are considered the treatment of choice for serious infections
caused by Gram-negative bacteria. However the increasing use of this class of
antibiotcs worldwide is associated to antibiotic resistance. The polymyxins (polymyxin
B and colistin) are the one of the last resort for the treatment of infections caused by
carbapenem resistant bacteria (Falagas et al., 2005; Lee et al., 2009; Nordmann et al.,
2016a; Rahal, 2008).

Polymyxins resistance is an emerging problem increased by the report of the
transferable colistin resistance mediated by plasmid carrying the mcr-1 gene in human
and animal isolates of Enterobacterales, in November 2015 (Giamarellou, 2016; Liu et
al., 2016). The mcr-1 gene has been described in several countries, including Brazil
(Conceicéo-Neto et al., 2017; Dalmolin et al., 2017).

The reference method for determining bacterial susceptibility to polymyxins is
the broth microdilution (BMD), however it is a laborious technique and time
consuming procedure that requires material not often found in routine laboratory. For
this reason comercial products have been developed to evaluate the susceptibility to
polymyxins (Poirel et al., 2017).

The Policimbac® (Probac do Brasil) evaluates the minimum inhibitory
concentration (MIC) of the Gram-negative isolate in a commercial panel with
lyophilized Polymyxin B.

Another commercial product is the Superpolymyxin medium, which was
developed for the screening of colistin resistance Gram-negative bacteria.
Superpolymyxin medium is a selective medium based on the eosin methylene blue
(EMB) broth, which is selective for Gram-negative bacteria. It was formulated to

prevent contamination by Streptococcus sp. and Staphylococcus sp. (10 pg/mL of the
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daptomycin), fungi (5 pg/mL of the amphotericin B) and to detect Gram-negative
bacteria with a reduced susceptibility to polymyxins (3.5 pug/mL of the colistin)
(Nordmann et al., 2016Db).

Due to the urgent need for reliable tests for the detection of polymyxins
resistance, this study aims to analyze the performance of the Policimbac® and

Superpolymyxin® agar (Plast Labor) comparing to the reference method (BMD).

Materials and Methods
Isolates

To evaluate the performance of the Policimbac® and Superpolymyxins® agar,
we used a total of 112 Gram-negative isolates (50 Klebsiella sp., 18 Enterobacter sp.,
17 Acinetobacter sp., 9 Escherichia coli, 6 Pseudomonas aeruginosa, 6 Serratia
marcescens, 3 Citrobacter freundii, 2 Morganella morganii and 1 Providencia
rettgeri) collected from surveillance studies in southern Brazil, between 2013 and

2016, from animal and human origin (Lentz et al., 2016; Rozales et al., 2014).

Antimicrobial susceptibility testing

To determine MICs for polymyxins, we used the BMD method in cation-
adjusted Mueller-Hinton broth (MHB-CA). The results were intepreted using the
breakpoints of the Brazilian Committee on Antimicrobial Susceptibility Testing
(BrCAST). Enterobacterial isolates with colistin or polymyxin B MICs <2ug/mL were
considered susceptible and with MICs >2ug/mL were considered resistant (BrCAST,
2018).

Policimbac®

Policimbac® (Probac) test consists in a panel of twelve wells, for each isolate to
be tested. Wells from 1 to 10 contain dehydrated cation-adjusted Mueller-Hinton broth
with decreasing concentrations of the lyophilized antibiotic polymyxin B (64 to 0.125
pg/mL). The well 11 was established as the positive control (only bacterial inoculum)

and the well 12 is the negative control (only NacCl).
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Three glass tubes were used for each isolate: Tube 1 contained standardized
enterobacterial inoculum 0.5 McFarland made with fresh overnight bacterial culture
obtained from Mueller-Hinton plates; Tube 2: contained a 100-fold dilutions from the
tube 1 (50uL solution of tube 1 + 4,950 mL of the NaCl 0.9% solution), resulting in a
suspension of the 10 CFU/mL; Tube 3: contained a 10-fold dilution of Tube 2 (500uL
solution of tube 2 + 4,500 mL of the NaCl 0.9% solution), resulting in a suspension of
the 10° CFU/mL (Probac, 2018).

A volume of 100uL from Tube 3 was added to the wells 1 to 11 of the
Policimbac® test panel, which were incubated for 24 hours in ambient air at 35+ 2°C.
After incubation, one drop of revealing solution was added to each well, in order to
better visualize the results. Bacterial growth was indicated when the revealing solution
turned to red after incubation for 20 minutes at 35+2°C. The MIC value was defined as
the lowest antibiotic concentration that inhibit the visible growth of a isolate. MIC for
Polymyxin B <2 pg/mL were considered susceptible and MIC >2 pg/mL were
considered resistant (BrCAST, 2018).

Superpolymyxin® agar

A volume of 10uL of inoculum of 0.5 McFarland (inoculum of 1x108 CFU/mL)
was plated onto the Superpolymyxin® agar (Plast Labor), resulting in a concentration
of the 10° CFU/spot. The plates were incubated for 24 hours at 35° + 2°C. If the
bacterial growth was observed, the isolate was considered resistant to colistin and the
absense of growth indicates susceptible to colistin. When the result was not in
agreemente with the reference method (BMD), the test was repeated with a lower
bacterial inoculum (102 CFU/spot).

Results

A total of 112 isolates, 51 isolates resistant to colistin (MIC from 4 to
>64ug/mL) and 61 susceptible to colistin (MICs <0,125 to 2 pg/mL) by BMD were
evaluated. The resistant isolates included: 9 isolates with intrinsic resistance to

polymyxins (6 S. marcescens, 2 M. morganii and 1 P. rettgeri), 39 isolates which
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belonged to Enterobacterales (31 Klebsiella sp., 7 Enterobacter sp. and 1 E. coli) and
3 non-fermenters (2 Acinetobacter sp. and 1 P. aeruginosa).

Among susceptible isolates, 41 isolates belonged to Enterobacterales (19
Klebsiella sp., 11 Enterobacter sp., 8 E. coli, 3 C. freundii,), 15 Acinetobacter sp. and
5 P. aeruginosa.

All resistant isolates according to the BMD method presented the same profile
in the Policimbac® test, except for one isolate of the Acinetobacter sp., which
presented MIC 4ug/mL in the BMD method and MIC<0,125ug/mL in the
Policimbac® test. The result was considered a false negative of Policimbac® test.

Regarding the susceptible isolates, 47 results of the Policimbac® test were in
agreement with the BMD method. However, 14 isolates (11 Klebsiella sp. and 3
Enterobacter sp.) presented false positive results (false resistance). The MIC values of
these isolates were between <0,125pg/mL to 2ug/mL according to BMD method and
in the Policimbac® test they presented MIC values between 4 to >64ug/mL.

The sensitivity, specifity, positive predictive value (PPV) and negative
predictive value (NPV) of the Policimbac® test were 98%, 77%, 78.1 % and 97.9%,
respectively. The figure 1 shows the correlation between the MICs obtained by the
BMD method and Policimbac® test.

Polymyxins reference MIC (ug/mL) (reference method)

= <0125[ 025 [ 05 | 1 | 2 4 | 8 [ 16 | 32 | 64 | >64 |
< 0,125 1b

3 025 4c )

£ 05 5 5

5 1 5 3 2

S 2 6 5 1 2

> 4 5 1

= 8 3 1 1 1 1

E 16 1 2 2 1 1

2 32 2

O 64 2 1
s >64 1 1 1 5 9 11

Figure 1. Correlation of polymyxins MIC values between Policimbac® test and reference method.

@ MIC identical with MIC by reference method are highlighted in green.

b Red numbers showed the results that presented disagreement in the resistant/susceptible categorical.

¢Black numbers showed the results with categorical agreement, although do not presenting essencial agreement.
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All 112 isolates were also evaluated by the Superpolymyxin® agar and 3
isolates resistant to polymyxins (2 Klebsiella sp. and 1 Acinetobacter sp.) did not grow
in the medium (false negative result), they presented polymyxin MIC 16ug/mL,
8ug/mL and 4pg/mL, respectively.

Among the susceptible isolates by BMD method, 10 Klebsiella sp. isolates, 4
Acinetobacter sp. and 1 Enterobacter sp. grew on the Superpolymyxin® agar (false
positives). Of these, 8 Klebsiella sp. isolates were also considered susceptible by the
Policimbac® test. We repeated the Superpolymyxin® agar test with a lower final
concentration (103 CFU/spot) to the isolates that present discrepant results. From the
15 isolates previously considered to be resistant according to the test, 11 isolates (3 P.
aeruginosa, 4 Acinetobacter spp. and 4 enterobacterial), after the concentration
modification were considered susceptible. Therefore, this methodology may be
considered dependent of the inoculum concentration.

The Superpolymyxin® agar presented sensitivity, specifity, PPV and NPV of
94.1%, 75.4%, 76.2 and 93.9%, respectively.

Discussion

Policimbac® is considered less labourious method to determine polymyxin
susceptibility, since the antibiotic is already distributed on the panel. In addition, the
result observation is simplified by the use of reveling solution. In the literature there
are no studies about the performance of Policimbac®. In our study the major
desagreement occured among 14 susceptible isolates according to the reference
method (BMD) which were considered resistant by the comercial test (low specifity
value — 77%).

The low specifity value of the Policimbac® test can be explained because
polymyxins have the ability to bind to the microtiter plates (Poirel et al., 2017). This
binding may contribute for a possible decreased in antibiotic concentration, resulting
in false resistant result. The plates used for the reference method are also polystyrene,
however the period of time that polymyxins are in contact with the plates is shorter

(around 24 hours) if compared to the plates of the Policimbac® (1-2 months).
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In addition, in Policimbac® protocol there are no homogenization step after
bacterial suspension is added in the wells. Therefore, the polymyxin B may not be
fully resuspended and the concentration may be lower than expected, resulting in false
positive isolates. Another important variable that should be considered is the
temperature of storage of the Policimbac® plates (2 to 8°C). If the plates are not stored
in the right temperature, the antibiotic can be degraded, decreasing its concentration in
each well.

Regarding the Superpolymyxin® agar, this test could be an efficient
methodology for screening resistant polymyxin isolates, since it is easy to perform and
to interpret. In our study, the major desagreement in results were among 15 isolates
considered resistant by Superpolymyxin® agar and susceptible according to reference
method.

Studies evaluating Superpolymyxin® agar showed sensitivity and specifity of
100%, however those studies used different concentrations of the inoculum (Bardet et
al., 2017; Nordmann et al., 2016b). In our study, we evaluated the final concentration
of 1x10% CFU/mL, because it is the standard dilution used in routine laboratory (10pL
of the 0.5 McFarland scale).

Abdul Momim et al (2017) tested Superpolymyxin® agar and reported only 2
false negative results (A. baumannii MIC 8ug/mL and Stenotrophomonas maltophilia
MIC 32 pg/mL). In our study we reported 1 Acinetobacter sp. isolate with false
negative results. We can speculate that this bacterial genus (Acinetobacter) can present

synergism between colistin and daptomycin (Phee et al., 2013).

Conclusion

Policimbac® test and the Superpolymyxin® agar when compared to the
reference method (BMD) are useful for the detection of susceptibility to polymyxins.
Both methods presented efficient results for polymyxins resistant isolates, however for
polymyxin susceptible isolates the tests did not show satisfactory specificity and PPV
results. Thus, it is necessary to confirm the resistance results of the Policimbac® test
and the Superpolymyxin® agar with BMD method, or improve both techniques to

have a better specificity.
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Abstract

The emergence of polymyxin resistant bacteria is a growing concern. The Broth
Microdilution (BMD) is the reference method to evaluate the polymyxins
susceptibility. However the BMD is a laborious test to be performed in routine
laboratories, which requires the pure salts of the antibiotics (of considerable high cost).
A new approach to evaluate the polymyxins susceptibility, the Colistin Broth Disk
Elution (CBDE) test, uses colistin disks as a source of these antibiotics which are
added to Cation -Adjusted Mueller Hinton broth. The aim of this study was to evaluate
the performance of two protocols which used diminished volumes of the reagents of
CBDE: the Colistin Broth Microelution - CBM (final volume of 1mL) and the
Microelution-Plates Test — MPT (final volume of 200uL) in comparison to the BMD
reference method. We also aimed to evaluate the Colistin Susceptibility Test Tube -
CSTT, which uses only one tube containing 5mL of CA-MHB added of 1 colistin disk
(10pg). The tests were performed with 85 Gram-negative isolates collected from
surveillance studies. The CBM, MPT and CSTT tests presented a good Categorical
Agreement (CA), Essential Agreement (EA), sensitivity and specificity to
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Enterobacterales isolates (91.18%, 95.59%, 95.35% and 84%, respectively to CBM,;
85.29%, 98.53%, 88,37% and 80%, respectively to MPT; 91.18%; not applicable,
93.02% and 88%, respectively to CSTT), however the ME and VME were less
satisfactory (16% and 4.65% to CBM; 20% and 11.63% to MPT; 12% and 6.98% to
CSTT). The results for non-fermentative isolates were not satisfactory, with low CA,
EA, sensitivity and specificity (76.47%, 82.35%, 87.5% and 66.67% to CBM; 76.47%,
76.47%, 75% and 77.78% to MPT,; 82.35%, not applicable; 62.5% and 100% to
CSTT) and high ME and VME (33.33% and 12.5% to CBM; 22.22% and 25% to
MPT; 0 and 37.5% to CSTT). In conclusion, the proposed methods, mainly the CSTT,
can be used as screening tests to detect colistin resistante among Enterobacterales as
they are an easy and inexpensive option for the BMD.

Keywords: Antibiotic Resistance. Elution. Colistin.

Introduction

Multi-drug resistant (MDR) microorganisms, in particular the carbapenem
resistant Enterobacterales (CRE), are being increasingly reported in clinical isolates
worldwide. Infections caused by MDR bacteria are difficult to treat and limited
options are available (Jayol et al., 2018; Poirel et al., 2017). For this reason the
polymyxins (Polymyxin B and Polymyxin E or colistin) are antimicrobials considered
the last resource against MDR Gram-negative (Pillonetto et al., 2018).

Until recently, polymyxin resistance was related to chromosomal mutations,
which lead to modification of the bacterial lipopolysaccharide, decreasing the affinity
for the polymyxins. However, in November 2015, Liu and colleagues reported, for the
first time, the transferable colistin resistance mediated by the mcr-1 gene (Liu et al.,
2016). The mcr-1 gene was identified in human, animal and environmental isolates of
Enterobacterales and the great concern is the co-production of the mcr-1 gene with
CRE (Dalmolin et al., 2017) which can lead to pan-drug-resistant isolates.

The increased use of polymyxins in the clinical practice is a growing concern,
as it may play a role in the emergence of polymyxins resistant bacteria (Singhal et al.,
2018). Given the current situation, the need for reliable methods for polymyxins

susceptibility testing is rising.
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Broth microdilution (BMD) is the reference method to establish the minimum
inhibitory concentration (MIC) of polymyxins according to a joint recommendation by
CLSI and EUCAST released in 2016 (Chew et al., 2017). The BMD is, however, a
laborious and costly technique to perform in routine laboratories (Nordmann et al.,
2016). It has to be considered that the BMD method may present non reliable results
due to the adherence of the colistin molecule to the plastic surface of polystyrene
plates (Singhal et al., 2018). Other methods used to evaluate polymyxins susceptibility
such as agar dilution, disk diffusion, and gradient concentration are not recommended
(Chew et al., 2017).

Therefore, the development of reliable techniques for the detection of
polymyxin resistance, with low cost and feasibility is necessary.

In October 2018, Simner and colleagues described the Colistin Broth Disk
Elution (CBDE). This test consists of the evaluation of colistin susceptibility using 4
tubes with a final concentration of 0 (growth control), 1, 2 and 4pg/mL of colistin. The
concentration of colistin is obtained by the addition of colistin disks 10ug (0, 1, 2 and
4 disks, respectively) to the 10mL of the Cation -Adjusted Mueller Hinton broth. After
incubation (16-20 hours) at 35°C the colistin MIC values were read by visual
inspection.

The aim of this study was to evaluate the performance of protocol using
diminished volumes of the CBDE reagents: the Colistin Broth Microelution - CBM
(final volume of 1mL) and the Microelution-Plates Test — MPT (final volume of
200pL) in comparison to the BMD reference method. We also aimed to evaluate the
qualitative test (Colistin Susceptibility Test Tube- CSTT) to determine colistin
susceptibility.

Materials and Methods
Isolates

The tests were performed with 85 Gram-negative rods obtained from
surveillance studies of two different research centers in Brazil (Laboratorio Central do
Parana - LACEN/PR and Laboratorio de Pesquisa em Resisténcia Bacteriana -
LABRESIS/RS), between 2013 and 2017. The isolates used in this study were
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obtained from four Brazilian states: three located in the south (29 isolates from Rio
Grande do Sul, 1 isolate from Santa Catarina and 53 isolates from Parand) and one in
Central-West (2 isolates from Mato Grosso). The isolates were from animal and
human origins and included 68 Enterobacterales (37 Klebsiella sp., 17 Escherichia
coli, 7 Enterobacter sp., 1 Hafnia alvei, 1 Morganella morganii, 1 Providencia
rettgeri, 3 Serratia marcescens and 1 Citrobacter freundii) and 18 non-fermentative
Gram-negative rods (9 Acinetobacter baumannii and 8 Pseudomonas aeruginosa).
Broth Microdilution Method

The susceptibility of colistin was performed by the broth microdilution (BMD)
in Cation-Adjusted Mueller Hinton Broth (CA-MHB). The results were interpreted
using the breakpoints of the Brazilian Committee on Antimicrobial Susceptibility
Testing (BrCAST). Isolates with colistin minimal inhibitory concentration (MIC) <2
png/mL were considered susceptible and with MIC >2ug/mL were considered resistant
(BrCAST, 2018).

Colistin Broth Microelution (CBM) and the Microelution-Plates Test (MPT)

To perform the CBM and MPT tests, 3 tubes with 10mL of CA-MHB were
prepared per isolate and colistin disks (10ug) (Oxoid®) were added as follow: one
tube without disk (growth control), one disk in tube 1, two in tube 2 and four in tube 3
resulting in a final concentration of 0, 1, 2 and 4pg/mL, respectively. Colistin was
allowed to elute from the disks at room temperature for 60 minutes.

The bacterium inoculum was prepared by suspending fresh colonies in sterile
saline and adjusting turbidity to McFarland 0.5 standard (~108CFU/mL). The CA-
MHB solution with colistin eluted was fractionated in tubes (1mL) for the CBM test.
A volume of 5ul of the bacterial suspension was added to each tube containing 1, 2,
4ug/mL of the antibiotics and the growth control. All tubes were gently mixed and
incubated during 16-20 hour at 35°C. The MIC results were determined by visual
inspection of the tubes.

For the MPT test, the CA-MHB solution with eluted colistin was fractionated in
microtiter plates using 200uL in each well in order to obtain the following

concentrations: 0, 1, 2 and 4pg/mL. A volume of 3uL of the bacterium inoculum was
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added in each well containing the antibiotics and the growth control. The tubes were
mixed and incubated for 16-20 hours at 35°C before reading.
Colistin Susceptibility Test Tube (CSTT)

The CSTT was performed with one tube containing 5mL of CA-MHB and 1
colistin disk (10ug) to give a final concentration of 2ug/mL. After 60 minutes of
incubation at room temperature (for colistin disk elution), an aliquot with 25uL of the
bacterium inoculum (108 CFU/mL) was added to the tube. Tubes were incubated for
16-20 hours at 35°C in ambient air and the isolate was considered resistant (MIC
colistin >2ug/mL) when bacterial growth (turbidity) was observed (BrCAST, 2018).
Statistical Analysis

The essential agreement - EA (percentage of isolates with MICs within = 1
dilution of the reference method BMD) and the categorical agreement — CA
(percentage of isolates with the same category result — susceptible/resistant - as
compared to the reference method BMD) were evaluated for CBM, MPT and CSTT
tests and the results were considered acceptable whether CA and EA were >90% (1SO,
2007). Moreover, the Major Errors - ME (resistant by the new methods and susceptible
by the reference method) and Very Major Errors - VME (susceptible by the new
method and resistant by reference method) were evaluated and the results were
considered acceptable whether the VME and ME were <3% defined by the ISO
standards (1SO, 2007).

Results

Among the 85 isolates, 34 were susceptible (MICs <I to 2ug/mL) and 51 were
resistant (MIC from 4 to >32ug/mL) to polymyxins according to the reference
technique. The susceptible isolates included 25 Enterobacterales (10 Klebsiella sp., 9
E. coli, 5 Enterobacter sp. and 1 C. freundii) and 9 non-fermenters (6 P. aeruginosa
and 3 Acinetobacter sp.).

Among the resistant isolates: 43 belonged to Enterobacterales (27 Klebsiella
sp., 8 E. coli, 3 S. marcescens, 2 Enterobacter sp., 1 H. alvei, 1 M. morganii and 1 P.

rettgeri) and 8 were non-fermenters (6 Acinetobacter sp. and 2 P. aeruginosa).
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All 51 resistant isolates according to the BMD method presented the same
profile in the CBM test, except for three isolates; one Klebsiella sp., one H. alvei and
one Acinetobacter sp. which presented MIC 4pg/mL in the BMD method and MIC <1,
2 and 2pg/mL in the CBM test, respectively. Seven susceptible isolates according to
BMD (3 E. coli with MIC 2ug/mL, 2 P. aeruginosa with MIC <lupg/mL, 1 A.
baumannii with MIC <lug/mL and 1 Klebsiella sp. with MIC <lpg/mL) presented
resistance results in the CBM (Table 1).

The MPT test showed fourteen categorical disagreement results: seven resistant
isolates (4 E. coli, 2 Acinetobacter sp. and 1 Klebsiella sp.) according to BMD were
susceptible in the MPT, as well as seven susceptible isolates (4 E. coli, 2 P.
aeruginosa and 1 Klebsiella sp.) according to BMD, were resistant in the MPT (Table
2).

The CSTT test showed nine categorical disagreement results: six isolates (MIC
4ug/mL: 2 E. coli, 2 Acinetobacter sp., 1 Klebsiella sp. and 1 P. aeruginosa) were
resistant according to BMD and susceptible according to CSTT, as well as three
isolates (2 E. coli with MIC 2ug/mL and 1 Klebsiella sp. with MIC <0.5ug/mL) were
susceptible according to BMD and resistant according to CSTT (Table 3).

The CA, EA, VME, ME, Sensitivity and Specificity of the tests were

summarized in Table 4.

Discussion

BMD is the reference method for MIC determination to polymyxins, however
this technique may be troublesome, the polymyxins can adhere to the plastic surface of
polystyrene plates. Moreover, the BMD is laborious, expensive and time consuming
(Poirel et al., 2017; Singhal et al., 2018). The poor performance of disk and gradient
diffusion methods for polymyxins susceptibility tests showed high levels of false
susceptibility and are considered unreliable to evaluate the susceptibility of
polymyxins (Chew et al., 2017; Dafopoulou et al., 2015; Hindler; Humphries, 2014;
Liu et al 2015).

The development of fast and simple methods to detect polymyxin resistance is

necessary. Nordmann et al (2016) developed the Rapid Polymyxins NP Test, which
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consists of detecting polymyxin resistance in Enterobacterales through the bacterial
growth on glucose, in the presence of a defined concentration of polymyxin. When the
growth of the bacteria in the presence of polymyxins (resistance isolate) occurs, it will
acidify the medium which will change the color of the pH indicator. Moreover the
result of the test is obtained in up to 4 hours and this is a major advantage in relation to
the BMD. However, the NP test was not evaluated for bacteria with different
metabolic pathways of those of Enterobacterales, such as non-fermentative rods
(Nordmann et al., 2016). The elution methods evaluated in this study could be used for
non-fermentative bacteria, since these tests do not use the fermentative characteristic
to evaluate the resistance to polymyxins.

The polycationic nature of polymyxins can cause adhesion to a wide range of
materials, including plastics (Karvanen et al., 2017), causing great concern about the
possibility of incorrect MIC results, therefore ways to overcome this adhesion have
been studied (Poirel et al., 2017; Singhal et al., 2018). Among the options to decrease
this adhesion is the use of surfactant however, the Clinical and Laboratory Standards
Institute (CLSI) recommended broth microdilution, without surfactant, as the reference
method for testing colistin, because the surfactant has some antibacterial activity and
may act synergistically with polymyxins (Chew et al., 2018; CLSI, 2018). An
alternative is the use of glass instead of plastic to prevent polymyxins binding (Singhal
et al., 2018). The elution methods CBDE test, sucha as CBM and CSTT were proposed
using glass tubes to avoid polymyxin binding.

The CBM, MPT and CSTT tests presented a good CA, EA, sensitivity and
specificity considering the Enterobacterales, however the ME and VME were less
satisfactory. In fact, the majority of the isolates with discrepant result in the elution
methods presented MIC by BMD near to the breakpoint values (2 and 4pg/mL) to
polymyxins. In fact, the elution methods, in particular the CBM and the CSTT which
presented the highest sensitivity, may be interesting screening tests to evaluate the
susceptibility of Enterobacterales to polymyxins in the routine laboratories.

The results for non-fermentative isolates were not satisfactory, with low CA,
EA, sensitivity and specificity and high ME and VME. This indicates that the elution

methods are not reliable to evaluate the susceptibility to polymyxins although the
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number of non-fermentative isolates evaluated in this study was restricted. In fact, the
small number of non-fermentative isolates is a limitation of our study.

In addition, the concentration of colistin eluted from the disks in the broth
medium was assumed but not confirmed by other analytical method. Colistin
concentrations different than the expected could explain the high ME and VME
values. Therefore, further studies monitoring the polymyxin concentration in the broth
medium post elution are warrantred.

In summary, the elution methods evaluated in this study (CBM, MPT and
CSTT) proved to be easily performed using readily available and affordable supplies
from routine laboratories. Moreover, they could be used as screening test, in particular
the CBM and the CSTT, as only resistant isolates would need further test with the
BMD reference method. The CSTT is the easiest and inexpensive option to perform
the screening of isolates since many laboratories do not have the necessary materials to
performe the BMD.
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Table 1. Polymyxins reference MIC (ug/mL) (reference method) x CBM test

a. Enterobacterales
BMD MIC (ug/mL)

b. Non-fermentative
BMD MIC (ug/mL)

<I 2 4 >4 <I 2 4 >4
<I 15 1 1 <I 1 1
CBM
2 3 2 1 MIC 2 4 1
4 2 4 1 (Mg/mL) 4 2
>4 1 1 3 33 >4 3 5

MIC identical with MIC by standard method highlighted in grey.
Blue numbers showed the results that presented Major Errors (ME).
Red numbers showed the results that presented VVery Major Errors (VME).

MPT MIC
(Hg/mL)

Table 2. Polymyxins reference MIC (ug/mL) (reference method) x MPT test

a. Enterobacterales

BMD MIC (pg/mL)

Non-fermentative
BMD MIC (ug/mL)

<I 2 4 >4 <1 2 4 >4
<1 18 <I 5 1 2
MPT MIC
2 2 5 2 1
(ng/mL)
4 4 3 1 4 1
>4 1 1 33 >4 1 1 5

MIC identical with MIC by standard method highlighted in grey.
Blue numbers showed the results that presented Major Errors (ME).
Red numbers showed the results that presented VVery Major Errors (VME).

Isolates with CA compared with MIC by reference method are highlighted in grey.

a. Enterobacterales

b. Non-fermentative

Table 3. Polymyxins reference MIC (reference method) x CSTT test

BMD MIC BMD MIC
Susceptible | Resistant Susceptible | Resistant
CSTT | Susceptible 22 3 CSTT | Susceptible 9 3
MIC Resistant 3 40 MIC Resistant 0 5

Blue numbers showed the results that presented Major Errors (ME).
Red numbers showed the results that presented VVery Major Errors (VME).
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Table 4. Performance of the elution methods (CBM, MPT and CSTT) in comparison
to the reference method (BMD) for Enterobacterales and non-fermentative isolates.

BMD CBM MPT CSTT
Isolates R S CA and ME and Sensitivity | CAand EA | MEand Sensitivity CA ME and Sensitivity
EA VME and VME and VME and
Specificity Specificity Specificity
Non fermentative 8 9 76.47and | 33.33 and 87.5and 76.47 % 22.22 and 75 and 82.35% 0and 62.5 and

82.35 % 125% 66.67% 25% 77.78% 37.5% 100%

Enterobacterales 43 25 91.18 and 16 and 95.35 and 85.29 and 20 and 88.37 and 91.18 % 12 and 93.02 and
95.59 % 4.65% 84% 98.53% 11.63% 80% 6.98% 88%
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RESULTADOS ADICIONAIS RELACIONADOS AO PROJETO DA TESE

Nosso grupo avaliou 4778 isolados quanto & presenca do gene mcr-1, sendo
encontrados 5 isolados clinicos produtores desse gene: E. coli 3431F, 5798F e 6699F e
K. pneumoniae 5798 F e 6701F. Todos os isolados eram coprodutores da
carbapenemase KPC-2. O perfil de suscetibilidade dos 5 isolados encontra-se no
Artigo IV. Os isolados 3431F, 3111F e 5798F foram analisados através de
sequenciamento do genoma total e através de experimentos de conjugacdo e
transformagdo. Os dados do isolado 3431F encontram-se no Artigo | e do isolado
3111F encontram-se no Artigo II.

Os dados do isolado 5798F ndo foram submetidos a publicacdo e seguem
abaixo: os resultados da conjugacdo demonstraram que o plasmideo contendo o gene
mcr-1, bem como o plasmideo contendo o gene blakpc.2 foram transferidos
concomitantemente por conjugacdo para a cepa receptora E. coli J53. PCR para
identificacdo dos genes mcr-1 e blakec2 foi positiva nos plasmideos dos
transconjugantes confirmando a efetividade do experimento de conjugagdo. A
microdiluicdo em caldo de diversos antibioticos frente a cepa selvagem (5798F), o
transconjugante (5798C) e a cepa doadora (J53) foi realizada. O transconjugante
apresentou aumento consideravel da CIM da colistina e dos carbapenémicos

comparada com a cepa receptora (E. coli J53) (Tabela 1).

Tabela 1. Resultado da CIM da cepa receptora (J53), transconjugante (5798C) e da
cepa selvagem (5798F) frente a diversos antibidticos.

Antibiotico E. coli 5798F Transconjugante 5798C E. coli J53
(Hg/mL) (mcr-1 e blakpc-2) (Hg/mL)
(Hg/mL)
Ertapenem 16 1 <0,5
Imipenem 16 4 <0,5
Meropenem 8 2 <0,5
Ciprofloxacino >64 <0,125 <0,125
Amicacina 8 <l <l
Gentamicina 2 <0.125 <0.125
Tigeciclina 1 0,13 0,13
Colistina 4 4 <0,125
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A partir dos dados obtidos no sequenciamento do genoma total, pode-se inferir
que o isolado 5798F pertence a ST437, a qual também foi relatada nos Estados Unidos
em isolado de origem humana carreando os genes mcr-1 e blactx-m (McGANN et al.,
2016). Através da ferramenta ResFinder foi confirmada a presenca do gene mcr-1,
bem como a presenca do gene aadAl12, blakec-2, sull e sul2, tet(A) e tet(B) e dfrAl.
Através da ferramenta PlasmidFinder e do Programa Geneious podemos inferir que o
grupo de incompatibilidade plasmidial deste isolado € 0 mesmo dos outros isolados

encontrados em nosso grupo: IncX4.
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5 DISCUSSAO GERAL

O primeiro relato do mecanismo de resisténcia plasmidial frente as polimixinas
ocorreu em novembro de 2015, por Liu e colaboradores, na China. O gene responsavel
por esse mecanismo foi denominado mcr-1 e causou grande preocupagdo mundial,
visto que a disseminacao desse gene de resisténcia poderia estar associada a resisténcia
a uma das ultimas classes de antimicrobianos utilizados para tratamento de infec¢des
graves causadas por BGN resistentes aos carbapenémicos (LIU et al., 2016). Em 2016,
no Brasil, a Agéncia Nacional de Vigilancia Sanitaria (ANVISA) publicou um
comunicado de risco orientando para a identificagédo, notificacdo e prevencao do gene
mcr-1 no Brasil, bem como destacou o papel dos laboratérios e das comissdes e
coordenacdes de controle de infeccdo no controle de infecgdes, vigilancia e
monitoramento (ANVISA, 2016).

Diante disso, nosso grupo de pesquisa iniciou um estudo para deteccdo do gene
mcr-1 em enterobactérias com sensibilidade reduzida aos carbapenémicos
provenientes de um estudo de vigilancia prévio (amostragem retrospectiva) e atual
(amostragem prospectiva) que englobava diversas instituicdes de salde do Estado do
Rio Grande do Sul durante os anos de 2013 a 2018. Durante os trés anos de pesquisa,
nosso laboratorio - LABRESIS (Laboratdrio de Pesquisa em Resisténcia Bacteriana)
localizado no Centro de Pesquisa Experimental, no Hospital de Clinicas de Porto
Alegre avaliou 4778 isolados quanto a presenga do gene mcr-1, sendo encontrados 5
isolados clinicos produtores desse gene.

Como mencionado inicialmente, o gene mcr-1 foi descrito pela primeira vez em
2015 e atualmente ha descricdes desse gene tanto em amostras animais, humanas e
ambientais, em todo o mundo, inclusive em varios estados do Brasil (AIRES et al.,
2017; CONCEICAO-NETO et al., 2017; DALMOLIN et al., 2017; PILLONETTO et
al., 2018; ROCHA et al., 2017; ROSSI et al., 2017).

A prevaléncia do gene mcr-1 em bactérias produtoras de carbapenemases
encontrada no nosso estudo foi de 0,1%. Quando comparada com a prevaléncia de
outros estudos pode-se demonstrar que a mesma é normalmente baixa, porém é bem

diversificada de pais para pais. Estudo realizado em Portugal em isolados de
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enterobactérias produtoras de carbapenemase a prevaléncia foi de 6,69% (MENDES et
al., 2018). Estudo realizado na Bélgica apresentou prevaléncia mais proxima a
encontrada em nosso estudo, a qual foi de <1% em enterobactérias resistentes aos
carbapenémicos (ERC) (PRINCIPE et al., 2018).

Dentre os isolados produtores do gene mcr-1, trés isolados eram E. coli (3431F,
5798F e 6699F) e dois isolados eram K. pneumoniae (3111F e 6701F). Todos isolados
foram oriundos de swabs retais, exceto um isolado de E. coli que foi oriundo de fluido
de ascite, demonstrando que esse gene pode estar relacionado a casos de infeccéo e
ndo somente de colonizacdo. Todos os isolados eram coprodutores da carbapenemase
KPC-2. Esse fato da coproducdo é bastante preocupante devido principalmente a
escassez de opcdes de tratamento, visto que micro-organismos produtores de KPC séo
resistentes a todos beta-lactamicos e a outras classes de antimicrobianos o que limita
muito as opcdes de tratamento (WANG et al., 2017).

Quanto ao perfil de suscetibilidade dos isolados produtores de MCR-1, 4
isolados apresentaram baixa resisténcia as polimixinas (4pg/mL) e um isolado de K.
pneumoniae (6701F) apresentou-se sensivel as polimixinas (0,25ug/mL). A presenca
do gene mcr-1 em isolados que ndo apresentam resisténcia as polimixinas é
preocupante, uma vez que, 0 gene é usualmente pesquisado em amostras resistentes as
poliximinas, o que pode ser evidenciado tambeém no comunicado de risco da ANVISA,
que estabelece que laboratorios de microbiologia ao detectarem cepas de E. coli com
CIM >4mg/L, ou seja, apenas amostras resistentes, deve-se informar a Comissédo de
Controle de Infeccdo Hospitalar (CCIH) do servico de saude (ANVISA, 2016).

Isolados produtores de MCR-1, porém sensiveis as polimixinas, tém sido
reportados em alguns estudos e dentre as explica¢bes plausiveis para tal fato, pode-se
citar que o gene mcr-1 possa estar truncado, como descrito em isolado de Shigella
sonnei (PHAM et al., 2016). Porém essa néo seria a Unica raz&o, visto que ha estudos
de isolados de E. coli com o gene mcr-1 intacto, porém ainda sensiveis a colistina
(LIASSINE et al., 2016). Mais estudos envolvendo o isolado 6701F serdo necessarios
para a exata explicacdo da sensibilidade deste isolado. A presenca do gene mcr-1 em
isolados sensiveis as polimixinas podem contribuir para uma silenciosa dissemingédo

do gene mcr-1 através da transferéncia do plasmideo contendo gene mcr-1 para
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bactérias multirresistentes, como por exemplos BGN resistentes aos carbapenémicos
(FERNANDES et al., 2016a).

Os isolados com o gene mcr-1 apresentaram elevada resisténcia aos
carbapenémicos (ertapenem, imipenem e meropenem), devido a presenca
concomitante da enzima KPC-2. Além disso, os isolados portadores do gene mcr-1
foram resistentes a ciprofloxacina e sensiveis a tigeciclina. A suscetibilidade frente aos
aminoglicosideos (amicacina e gentamicina) foi variavel, com predominio de isolados
sensiveis e/ou intermediarios.

No presente estudo, 3 isolados clinicos coprodutores de MCR-1 e KPC-2
(3431F, 3111F e 5798F) foram analisados através de sequenciamento do genoma total
e através de experimentos de conjugacdo e transformacdo. Com os dados obtidos
através do sequenciamento pode-se concluir que os plasmideos que carream 0 gene
mcr-1, nos 3 isolados analisados, sdo do grupo de incompatibilidade plasmidial IncX4.
De acordo com dados obtidos na literatura, 0 gene mcr-1 ndo € restrito a apenas a um
grupo de incompatibilidade plasmidial, sendo que ja foi relatado a associacdo do gene
mcr-1 com grupos de incompatibilidade plasmidial Incl2, InHI2, IncF, IncHI1, IncY e
IncP (HASMAN et al., 2015; LIU et al., 2016; POIREL et al., 2017a). Todos o0s
plasmideos carreando o gene mcr-1 descritos no Brasil pertencem ao grupo de
incompatibilidade plasmidial IncX4 (AIRES et al., 2017; DALMOLIN et al., 2017;
SELLERA et al., 2017), o que indica alta afinidade entre essa familia plasmidial e o
gene mcr-1 no nosso pais.

Os dois isolados sequenciados de E. coli pertencem a ST diferentes. E. coli
3431F pertence a ST744, a qual € uma linhagem normalmente associada com genes de
resisténcia e ja foi relatada essa ST em diversos estudos. Hasman e colaboradores
identificaram essa ST em um isolado clinico na Dinamarca que carreava 0 gene mcr-1
e genes de ESBL (HASMAN et al.,, 2015), bem como Tacao e colaboradores
encontraram a ST744 em isolado de origem humana carreando o gene mcr-1 em
Portugal (TACAO et al.,, 2017). Haenni e colaboradores, bem como Lupo e
colaboradores encontraram na Franca em isolados de origem animal a mesma ST744
(HAENNI et al., 2018; LUPO et al., 2018). Isto demonstra a disseminacdo global de

isolados pertencentes a esta ST. O isolado E. coli 5798F pertence a ST457, a qual
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também foi relatada nos Estados Unidos em isolado de origem humana carreando 0s
genes mcr-1 e blactx-m (MCGANN et al., 2016).

O isolado de K. pneumoniae foi identificado como pertencente a ST437 do
complexo clonal CC258. Esta ST ja foi relatada em muitos paises como Espanha
(SEARA et al., 2015) e Brasil (FEHLBERG et al., 2012; PEREIRA et al., 2013),
carreando outros genes de resisténcia, demonstrando, assim sua disseminacdo mundial.
No Brasil esta ST é considerada de alto risco pela elevada prevaléncia no pais
associada ao gene blakrc (PEREIRA et al., 2013; SEARA et al., 2015).

Os resultados da conjugacdo demonstraram que o plasmideo contendo o gene
mcr-1 dos 3 isolados (E. coli 3431F, K. pneumoniae 3111F e E. coli 5798F) foi
transferido por conjugacéo para a cepa receptora E. coli J53, confirmando que o gene
encontrava-se em um plasmideo. O plasmideo contendo o gene blakec-2 foi obtido por
conjugacdo apenas quando transferido concomitantemente com o plasmideo do gene
mcr-1. Quando apenas o0 plasmideo com o gene blakpc2 foi transferido, ndo foi
possivel obter o transconjugante, sendo necessaria a realizacdo do experimento de
transformacdao para obter o transformante. Este achado também foi observado em outro
estudo (AIRES et al., 2017) e a hipdtese para esse fato é devido ao sistema
toxina/antitoxina HicBA codificado pelo plasmideo IncX4 que destruiria células-filhas
livres do plasmideo IncX4. Assim, selecionaria apenas células bacterianas com o
plasmideo do gene mcr-1 IncX4 ou com ambos os plasmideos dos genes mcr-1 e
blakrc2 (DMOWSKI; JAGURA-BURDZY, 2013).

Para confirmacdo dos experimentos de conjugacdo e transformacédo, foi
realizada PCR confirmando os genes mcr-1 e blakpc-2 presente nos plasmideos dos
transconjugantes e transformantes. Também foi realizada a CIM para diversos
antibioticos através da microdiluicdo em caldo e todos os transconjugantes com o
plasmideo carreando 0 gene mcr-1 obtiveram um aumento consideravel da CIM das
polimixinas comparada com a cepa receptora (E. coli J53). Porém, o transconjugante
com mcr-1 do isolado 3111F, obteve aumento da CIM dos antibioticos ceftazidima e
cefepime comparado com a cepa receptora. Apds investigacdes suspeitou-se que este

transconjugante carreava uma plasmideo extra, o que foi confirmado por PCR e pela
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informac&o in silico do genoma total, sendo positivo para blactx-m, 0 qual confere
resisténcia as cefalosporinas.

No presente estudo, também foram avaliadas metodologias para deteccdo da
resisténcia as polimixinas. O teste de referéncia para determinacédo da suscetibilidade
as polimixinas é o teste de microdiluicdo em caldo, porém é considerado um meétodo
bastante laborioso e que é demorado para a liberacdo do resultado (em torno de 24
horas ap6s isolamento bacteriano), bem com requer materiais que ndo sdo comumente
encontrados na rotina laboratorial (POIREL et al., 2017a). As metodologias de disco
difusdo e gradiente em &gar, largamente utilizadas na rotina laboratorial, ndo sédo
confiaveis para essa finalidade, visto que a difusdo das polimixinas em agar é lenta e
irregular (LO-TEM-FOE et al.,, 2007). Diante disso, metodologias que facilitam a
deteccdo da resisténcia na rotina laboratorial foram testadas. Foram avaliados isolados
Gram-negativos frente as metodologias Teste Rapido NP Polimixinas (200 isolados),
Policimbac® (112 isolados) e Agar Superpolimixinas® (112 isolados). Também foram
avaliados 85 isolados frente as modificacdes do teste de Eluicdo de Discos de Colistina
(CBDE) com a finalidade de diminuir o custo do teste.

O Teste Réapido NP Polimixinas mostrou-se de fécil e rapida realizagdo com
resultados positivos em torno de 2 horas, além disso, esse teste apresentou excelente
sensibilidade e especificidade, tanto para polimixina B quanto para colistina, quando
comparado ao teste de referéncia. Estudos que avaliaram este teste também
encontraram elevada sensibilidade e especificidade do mesmo
(BAKTHAVATCHALAM et al.,, 2017; JAYOL et al.,, 2016; NORDMANN et al.,
2016; YAINOY et al., 2018). Malli e colaboradores (2018) encontraram uma excelente
sensibilidade para o teste, porém uma menor especificidade foi encontrada comparada
aos outros estudos supracitados, indicando que seria considerada uma boa metodologia
para utilizacdo na deteccéo de isolados resistente as polimixinas (MALLI et al., 2018).

Poirel e colaboradores (2018) relataram que a sensibilidade do teste na detecgéo
de isolados resistentes as polimixinas carreando os genes mcr-1 e mcr-2 foi de 100%.
Em nosso estudo, os resultados dos isolados resistentes as polimixinas carreando o
gene mcr-1 foram concordantes com a microdiluicdo em caldo. Porém, dois isolados

sensiveis as polimixinas e carreando o gene mcr-1 apresentaram resultados falso-
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positivos. O Teste Rapido NP Polimixinas apresentou resultados bastante satisfatorios
e poderia contribuir para uma rapida deteccdo da resisténcia as polimixinas e, portanto,
uma implantacao rapida de medidas de prevencdo a fim de evitar um surto em isolados
multirresistentes (POIREL et al., 2018).

Os testes Policimbac® e Agar Superpolimixinas® s3o considerados
metodologias menos laboriosas que o teste de referéncia, porém em nosso estudo
ambos os testes apresentaram baixa especificidade, sendo necesséria a confirmagéo
dos resultados resistentes. Na literatura ndo ha estudos avaliando o teste Policimbac®
para compararmos com nossos resultados. A baixa especificidade deste teste pode
estar relacionada com o tempo de permanéncia das polimixinas em contato com a
placa de poliestireno, e, portanto a ligacdo das mesmas na placa.

Portanto, este fato poderia ocasionar a diminuicdo da concentracdo do
antibiotico, gerando resultados falso-resistentes. Outra explicacdo plausivel para a
baixa especificidade poderia ser a falta de homogeneizagdo apos adicdo da suspenséao
bacteriana, podendo ocasionar a errbnea ressuspensdo ocasionando também, uma
menor concentracdo de antibidtico no pogo.

O Agar Superpolimixinas® foi avaliado em outros estudos (ABDUL MOMIM
et al., 2017; BARDET et al., 2017; JAYOL et al., 2018; NORDMANN et al. 2016b)
apresentando resultados mais satisfatorios dos que os resultados encontrados em nosso
estudo. As concentracdes bacterianas utilizadas por outros pesquisadores foram
diferentes da utilizada em nosso estudo, portanto essa metodologia é considerada
dependente da concentracdo do inoculo microbiano. O protocolo do fabricante ndo
especificava a concentracdo do indculo microbiano que deveria ser utilizada, portanto
avaliamos uma concentracao que facilitaria a utilizacdo na rotina laboratorial (10uL da
escala 0,5 de McFarland — 1x10® UFC/spot), e repetimos os resultados discrepantes
com concentragdes do inoculo menores (1x103 UFC/spot).

Simner e colaboradores (2018) propuseram um teste com abordagem bastante
pratica para avaliagéo do perfil de suscetibilidade de bactérias Gram-negativas frente a
colistina: o teste de eluicdo do disco de colistina. A partir desta nova metodologia,
nosso grupo avaliou algumas modificacbes com a finalidade de reduzir o volume

necessario (de 10 mL do teste original para 1mL — Microeluicdo da Colistina - CBM e
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200uL — Microeluicdo em Placa de Polimixinas - MPT) em cada ensaio, e, portanto o
valor final do teste. Também avaliamos o Tubo teste de Suscetibilidade da Colistina
(CSTT). Quando comparado com o teste referéncia (BMD), nossos resultados para
bactérias da ordem Enterobacterales mostraram que as modificacdes do teste CBDE
apresentaram bons valores de sensibilidade e especificidades, porém o valor de Erros
Muito Importantes (Very Major Errors — VME) e Erros Importantes (Very Errors —
ME) foram menos satisfatérios. Para isolados ndo fermentadores, nenhuma das
modificacOes foi considerada aceitavel, porém cabe mencionar que o numero de
isolados foi pequeno para estabelecer uma conclusao final.

Por fim, nossos resultados contribuem para a compreensdo da epidemiologia
local do gene mcr-1, apontando as principais caracteristicas encontradas nos isolados
que carreavam esse gene. Apesar de atualmente a presenca do gene mcr-1 ndo ser o
principal mecanismo de resisténcia as polimixinas, a descricdo da coocorréncia do
gene mcr-1 e blakec-2, 0 qual é endémico no Brasil, ressalta a importancia da pesquisa
desse gene em funcdo da sua potencial transferéncia para isolados multirresistentes.
Além disso, o estudo avaliou metodologias que poderiam ser utilizadas na rotina
laboratorial para entdo facilitar o trabalho, bem como a liberagdo de resultados

confiaveis.
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6 CONCLUSOES GERAIS

De acordo com 0s objetivos deste estudo, podemos observar como conclusdes
gerais:
- A descrigdo de cinco isolados clinicos (K. pneumoniae 3111F, E. coli 3431F, E. coli
5798F, K. pneumoniae 6701F e E. coli 6699F) coprodutores dos genes mcr-1 e blakrc-
2.
- Os isolados produtores do gene mcr-1 foram analisados quanto ao seu perfil de
suscetibilidade, apresentando baixa resisténcia a colistina (4pg/mL), exceto o isolado
K. pneumoniae 6701F que foi sensivel a colistina (0,25ug/mL) e elevada resisténcia
aos carbapenémicos.
- O plasmideo contendo o gene mcr-1 em todos isolados avaliados (3111F, 3431F e
5798F) pode ser transferido através de conjugacao.
- Os plasmideos que carreiam os genes mcr-1 oriundos dos isolados 3111F, 3431F e
5798F encontram-se no mesmo grupo de incompatibilidade plasmidial (IncX4) e
fazem parte da ST437, ST744 e ST457, respectivamente.
- O teste fenotipico Rapido NP Polimixinas mostrou desempenho excelente para
deteccdo da suscetibilidade tanto da polimixina B como da colistina, quando
comparados ao método de referéncia. Também pode-se observar uma expressiva
reducdo no tempo para obtencao do resultado.
- Tanto o teste Policimbac® quanto o Agar Superpolimixinas® sdo Uteis para detec¢io
de isolados resistentes as polimixinas. Tratando-se de isolados sensiveis, ambos 0s
testes ndo apresentaram alta especificidade e VPP, sendo necessaria a confirmacdo dos
resultados desses isolados ou refinamento das técnicas, a fim de obter melhores
resultados.
- Dentre as modificacOes realizadas na metotodologia de elui¢do da colistina (CBDE),
todas apresentaram valor acima dos aceitaveis de Erros Muito Importantes (Very
Major Errors — VME) e Erros Importantes (Major Errors -ME) em comparagdo com o
teste referéncia. Estes testes poderiam ser utilizados como testes screening,
principalmente o teste CSTT, uma vez que sdo faceis, baratos e utilizam materiais

comumente encontrados em laboratorios. Para isolados ndo fermentadores, nenhuma
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das modificacOes foi considerada aceitavel, porém cabe mencionar que o0 numero de

isolados foi restrito para analise.
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colistina e que ndo apresentavam o gene mcr-1. Dada a constante troca de genes de resisténcia em todos
microbiomas (animais, meio ambiente e populacdo humana), a pesquisa para avaliar a real dimenséo da
resisténcia mediada pelo gene mcr deve ser encorajada, portanto o objetivo deste estudo é realizar uma
andlise molecular de isolados de E.coli de origem animal portadores do gene mcr e sua possivel
disseminacgéao para isolados de origem humana.
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Objetivo da Pesquisa:

Objetivo Primario:

Analise molecular de isolados de E.coli de origem animal portadores do gene mcr e sua possivel
disseminacdo para isolados de origem humana.

Objetivo Secundario:

1. Avaliar por sequenciamento de nova geragédo o genoma completo das amostras de E. coli portadoras do
gene mcr-1;

2. Avaliar a coproducéo dos genes blaCTX-M, blaSHV, blaTEM, blalBC, gnrA, gqnrB, gnrS e das principais
carbapenemases (VIM, KPC, NDM-1, IMP, GES e OXA-48) em isolados de E. coli positivas para mcr-1;
3. Analisar a presenca do gene mcr-2 em isolados de E. coli de aves de produgéo positivas e negativas para
mer-1;

4. Realizar MLST e estabelecer relagcdo entre as STs de E.coli com o gene de mcr-1 obtidas das aves com
as ja descritas na literatura;

5. Avaliar a presenca do gene mcr-1 e mcr-2, retrospectiva e prospectivamente a partir de amostras clinicas;
6. Realizar MLST das amostras clinicas positivas para o gene mcr;

7. Avaliar o desempenho do teste fenotipico rapido de detecgéo de resisténcia as polimixinas em amostras
mcr positivas e negativas;

8. Comparar o ambiente genético do gene mcr oriundo de animais e humanos.

Avaliagao dos Riscos e Beneficios:

Riscos:

O trabalho sera desenvolvido no Laboratério de Pesquisa em Resisténcia Bacteriana (LABRESIS) locado no
Centro de Pesquisa Experimental — CPE, do Hospital de Cinicas de Porto Alegre. Seréo utilizados
procedimentos padronizados de biosseguranca em todas as etapas experimentais, incluindo o uso de luvas
e avental. Materiais contaminados e/ou potencialmente téxicos serdo descartados conforme as regras de
biosseguranga recomendadas para cada caso, garantindo a seguranga dos pesquisadores envolvidos e do
meio-ambiente. O material perfuro-cortante contaminado com materiais biolédgicos sera acondicionado em
caixas de papeldo apropriadas até seu recolhimento e destinagéo final.

Risco de quebra de confidencialidade.

Beneficios:
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1.Colaborar para o avanco e progresso do conhecimento da epidemiologia do gene mcr.
2.Melhor entendimento do contexto genético de isolados com mcr.
Sem beneficios diretos aos participantes, potencial beneficio coletivo.

Comentarios e Consideragdes sobre a Pesquisa:
Projeto bem escrito, com alta relevancia cientifica e metodologia adequada as questdes de pesquisa.

Consideragoes sobre os Termos de apresentacao obrigatoria:
Solicitada dispensa de TCLE e apresentado Termo de Compromisso para Utilizacdo de Amostras Biolégicas
e Informagdes Associadas. O projeto pretende usar amostras de outro projeto previamente consentido.

Recomendagdes:
Nada a recomendar.

Conclusdes ou Pendéncias e Lista de Inadequacgoes:
As pendéncias emitidas para o projeto no parecer 1.759.292 foram adequadamente respondidas pelos
pesquisadores, conforme carta de respostas adicionada em 05/10/2016. Nao apresenta novas pendéncias.

Consideragdes Finais a critério do CEP:

Lembramos que a presente aprovacao (versao projeto de 05/10/2016 e demais documentos que atendem
as solicitagdes do CEP) refere-se apenas aos aspectos éticos e metodoldgicos do projeto. Para que possa
ser realizado o mesmo deve estar cadastrado no sistema WebGPPG em razéo das questdes logisticas e
financeiras.

O projeto somente podera ser iniciado apés aprovacao final da Comissao Cientifica, através do Sistema
WebGPPG.

Qualquer alteracé@o nestes documentos devera ser encaminhada para avaliacdo do CEP.

A comunicacdo de eventos adversos classificados como sérios e inesperados, ocorridos com pacientes
incluidos no centro HCPA, assim como os desvios de protocolo quando envolver diretamente estes
pacientes, devera ser realizada através do Sistema GEO (Gestao Estratégica Operacional) disponivel na
intranet do HCPA.
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Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Qe

Tipo Documento Arquivo Postagem Autor Situagao
Informacdes Basicas | PB_INFORMACOES_BASICAS_DO_P | 05/10/2016 Aceito
do Projeto ROJETO_780897.pdf 16:41:47
Outros resposta_pendencia.docx 05/10/2016 | TANISE Aceito

16:41:34 | VENDRUSCOLO
DALMOLIN
Outros PB_PARECER_CONSUBSTANCIADO_| 05/10/2016 |TANISE Aceito
CEP_504419.pdf 16:39:11 | VENDRUSCOLO
DALMOLIN
Outros Carta_aprovacao_CEUA.pdf 05/10/2016 |TANISE Aceito
16:38:46 | VENDRUSCOLO
DALMOLIN
Projeto Detalhado / |Projeto_CE_HCPA.docx 05/10/2016 | TANISE Aceito
Brochura 16:38:03 |VENDRUSCOLO
Investigador DALMOLIN
Outros FORMULARIO_FUNCAO.pdf 05/10/2016 | TANISE Aceito
11:47:03 |VENDRUSCOLO
DALMOLIN
Folha de Rosto Folha_ROsto.pdf 05/09/2016 |TANISE Aceito
14:42:20 |VENDRUSCOLO
DALMOLIN
Declaracéo de material_biologico.pdf 05/09/2016 |TANISE Aceito
Manuseio Material 12:27:21 | VENDRUSCOLO
Bioldgico / DALMOLIN
Biorepositério /
Biobanco

Situacgao do Parecer:

Aprovado
Necessita Apreciagao da CONEP:
Néo
PORTO ALEGRE, 19 de Outubro de 2016
Assinado por:
José Roberto Goldim
(Coordenador)
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Anexo — 2: Trabalhos publicados em colaboracgédo néo relacionados ao projeto da
tese
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De Lima-Morales D, Avila H, Soldi T, Dalmolin TV, Lutz L, Aquino V, Zavascki
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Clin Microbiol. v. 56, n. 9, pii e00325-18, 2018.
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by mcr-1- harboring Escherichia coli from céancer patient in southern Brazil. Braz J
Infect Dis, v. 22, n. 4, p. 356-357, 2018.
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Anexo — 3: Resumos publicados em congressos
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AREND, L.; BECKER, G. N.; KALLUF, K. L. F.; BARTH, A. L.; PILONETTO, M.

Elution methods to evaluate polymyxins susceptibility. 6° Simpdsio Internacional de

Microbiologia Clinica, Sdo Paulo, 2018.
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isolates of Enterobacteriaceae. 28th European Congress of Clinical Microbiology and
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polymyxins. ASM Microbe, Atlanta, 2018.
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from Brazil. 27th European Congress of Clinical Microbiology and Infectious
Diseases (ECCMID), Viena, 2017.
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