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Avaliação in vitro da polimixina B associada à vancomicina contra isolados de 

Acinetobacter baumannii produtores de carbapenemases 

 

RESUMO 

 

No presente estudo in vitro, avaliou-se o efeito da combinação de polimixina B e vancomicina  

contra seis isolados clínicos de Acinetobacter baumannii pertencentes a seis clones diferentes, 

sendo três sensíveis e três resistentes à polimixina B. A resistência à polimixina B foi  

investigada também  pela pesquisa do gene mcr-1 e pelo teste de frequência de mutantes. A 

Concentração Inibitória Mínima (MIC) de vancomicina foi avaliada por microdiluição em 

caldo. O efeito sinérgico da combinação polimixina B-vancomicina foi determinado pelos 

métodos de checkerboard, time-kill, disco difusão e Etest. No ensaio de checkerboard, todos 

os isolados de A. baumannii resistentes à polimixina B apresentaram efeito sinérgico (Índice 

de Fração Inibitória- FICI ≤ 0,5), houve também uma redução das MICs de polimixina B em 

todos os isolados testados com uma alteração da categoria de resistente para sensível em dois 

isolados resistentes à polimixina B. No ensaio de time-kill, observou-se atividade bactericida 

em dois isolados resistentes e um sensível à polimixina B (redução de 3 log10 na contagem de 

viáveis em 24h). Nenhum antagonismo foi detectado pelos métodos testados. 

Surpreendentemente, o ensaio de time-kill demonstrou que a combinação polimixina B-

vancomicina apresentou efeito bactericida após 24h contra isolados com alta taxa de mutantes 

para polimixina B, sugerindo que essa combinação pode bloquear a hipermutação de alguns 

isolados. Todos os isolados resistentes à polimixina B também mostraram sinergismo no teste 

de disco difusão e diminuição da MIC de vancomicina pelo método Etest. Os resultados 

sugerem que a combinação polimixina B-vancomicina tem potencial terapêutico contra 

infecções causadas por A. baumannii resistente à polimixina B. Estudos clínicos 

complementares devem ser  realizados para o uso dessa combinação na prática médica. 

 

Palavras-chave: Acinetobacter baumannii; polimixina B; vancomicina; combinação 

antimicrobiana 

 

 

 

 



 
 

In-vitro evaluation of polymyxin B associated with vancomycin against isolates 

of  Acinetobacter baumannii producing carbapenemases  

 

ABSTRACT 

 

 

In the present in-vitro study, the effect of combination of polymyxin B and vancomycin was 

assessed against six Acinetobacter baumannii clinical isolates belonging to six different 

clusters (three polymyxin B-susceptible and three polymyxin B-resistant). Additionally, 

polymyxin B-resistance was investigated with mcr-1 gene amplification and mutant frequency 

assay. Vancomycin minimum inhibitory concentration (MIC) was assessed by broth 

microdilution. The synergistic effect of the polymyxin B-vancomycin combination was 

determined with the checkerboard, time-kill, disk-diffusion and Etest assays. In the 

checkerboard assay, all polymyxin B-resistant isolates showed a synergistic effect (FICI ≤ 

0.5). A reduction in polymyxin B-MICs was observed in all isolates tested, with two 

polymyxin B-resistant isolates changing category from resistant to susceptible. In the time-kill 

assay, bactericidal activity was observed in two polymyxin B -resistant and one polymyxin B 

-susceptible isolate (3 log10 reduction in colony count after 24h). No antagonism was detected 

by the checkerboard, time-kill, disk-diffusion or Etest assay. Unexpectedly, the time-kill assay 

demonstrated that the polymyxin B-vancomycin combination had a bactericidal effect at 24h 

against isolates with a high mutant rate for polymyxin B, suggesting that this combination 

may block the hypermutation of some isolates. All polymyxin B-resistant isolates also 

showed synergism in the disk-diffusion test, and a significant decrease in vancomycin MICs 

in the Etest assay. The findings suggest that the polymyxin B-vancomycin combination has a 

potential therapeutic effect, especially against infections caused by polymyxin B-resistant A. 

baumannii. Additional clinical studies to evaluate the use of this combination in medical 

practice are warranted. 

 

Keywords: Acinetobacter baumannii; polymyxin B; vancomycin; antimicrobial combination 
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CAPÍTULO I 

INTRODUÇÃO 

 

O gênero Acinetobacter é constituido por bactérias Gram negativas cocobacilares, 

pertencentes à família Moraxellaceae, não fermentadoras da glicose, catalase positiva, 

oxidase negativa e aeróbias estritas (BERGOGNE-BEREZIN, TOWNER, 1996). Com alta 

prevalência na natureza é facilmente encontrado no solo, água e animais, também é frequente 

comensal da pele e orofaringe em seres humanos (TOWNER, 2009).  

Acinetobacter baumannii é a principal espécie do gênero possuindo alta prevalência 

nas infecções hospitalares (JOSHI, LITAKE, 2013). Esse microrganismo tem sido associado a 

surtos no ambiente hospitalar e, isso se deve especialmente à sua resistência à dessecação, 

podendo sobreviver em superfícies inanimadas por longos períodos. (DOI et al., 2015; 

WEBER et al., 2015).  

A. baumannii é um agente causador de infecções sanguíneas, urinárias, feridas, 

pneumonia associada à ventilação mecânica e meningites. Infecções adquiridas na 

comunidade como pneumonias agudas; também estão relacionadas a A. baumannii em 

indivíduos que apresentam fatores de risco (alcoolismo crônico ou doenças bronco-

pulmonares), evoluindo com frequência para choque séptico com taxas de mortalidade entre 

40 e 60% (PELEG et al., 2008; ANTUNES et al., 2014).  

A prevalência mundial de A. baumannii multirresistente (MDR) e com ampla 

resistência (XDR) tem aumentado e gerado grande preocupação (BARIN e al., 2013; 

O’HARA et al., 2013). Há vários mecanismos de resistência descritos em A. baumannii  como 

a hiperexpressão de bombas de efluxo, a alteração das proteínas ligadoras de penicilina 

(PBPs), mudança da permeabilidade da membranda externa e a produção de enzimas 

merecendo destaque a produção de β-lactamases (POURNARAS et al., 2008).  

As β-lactamases da classe D de Ambler, oxacilinases (OXA), estão entre as principais 

carbapenemases detectadas em bactérias do gênero Acinetobacter (PELEG et al., 2008). Essas 

enzimas possuem alta ação hidrolítica contra oxacilina e cloxacilina,conferem resistência a 

ampicilina e cefalotina, e são fracamente inibidas por ácido clavulânico (POIREL et al., 

2010). Alguns autores têm reportado que a OXA-23 juntamente com a OXA-51 (oxacilinase 



11 
 

intrínseca)  são as oxacilinases mais frequentes em A. baumannii (BALI et al., 2013; 

MOHAJERI et al., 2013; HOU et al., 2015).  

O tratamento de infecções causadas por A. baumannii é um grande desafio 

considerando a facilidade deste microrganismo em adquirir resistência a vários agentes 

antimicrobianos de uso clínico, impossibilitando sua utilização (ALYAMANY et al. 2015).  

A correta identificação laboratorial de A. baumannii e a terapia empírica adequada tem grande 

influência na sobrevivência dos pacientes. Viehman et al. sugeriram que a rápida 

administração de múltiplos agentes antimicrobianos pode ser melhor do que a monoterapia 

(VIEHMAN et al., 2014).  Esta alternativa de associar antimicrobianos é interessante e 

particularmente para A. baumannii se faz necessária pela falta de opções terapêuticas nos dias 

atuais, assim a investigação da combinação de fármacos visa obter uma terapia mais 

adequada, no entanto essa associação pode resultar em efeito sinérgico, indiferente ou até 

mesmo antagônico (BERGEN et al., 2012).  

Métodos de associação de antimicrobianos realizados in vitro tem demonstrado o 

potencial das combinações de antimicrobianos para o uso clínico, no entanto, para avaliar melhor 

seu desempenho, são necessárias pesquisas adicionais in vivo, tendo em vista que características 

farmacocinéticas e farmacodinâmicas podem se mostrar diferentes no paciente (TUON et al., 

2015). Há desafios associados à realização de testes de sinergismo, uma vez que exigem 

habilidades específicas, um trabalho árduo e um longo período de tempo de execução. Por 

outro lado, testes in vitro têm direcionado ações para a descoberta de novas alternativas de 

tratamento uma vez que as opções terapêuticas para tratar infecções causadas por A. 

baumannii resistente aos carbapenêmicos são escassas e a maioria das possibilidades é 

baseada na combinação de fármacos (SOPIRALA et al., 2010).  

O método Checkerboard descrito por Eliopoulos e Moellering em 1991, é baseado no 

protocolo de microdiluição do Clinical and Laboratory Standads Institute (CLSI), no qual são 

determinadas as concentrações inibitórias mínimas (MIC), do inglês minimum inhibitory 

concentration, de dois fármacos isoladamente e em associação (ELIOPOULOS, 

MOELLERING, 1991). As vantagens deste método são a possibilidade de testar combinações 

de antimicrobianos de concentrações diferentes em um mesmo experimento e a utilização de 

um volume pequeno de cada fármaco testado. Como limitação, o método determina a 

atividade inibitória e não a atividade bactericida da combinação fármacos (LORIAN, 2005).  
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Time Kill Assay (TKA) é um método de referência para avaliação de sinergismo, sua 

padronização foi proposta por Klepser et al. em 1998, na qual culturas bacterianas são 

expostas a concentrações de antimicrobianos sozinhos e em combinação. A técnica demanda 

muito tempo e é difícil de ser realizada, no entanto, o método avalia a associação entre os 

agentes antimicrobianos ao longo do tempo (0, 6, 12 e 24h após a incubação), além de 

demonstrar a atividade bactericida da combinação antimicrobiana (KLEPSER et al., 1998).  

O método de disco difusão avalia a associação de antimicrobianos que se difundem em 

placas de ágar inoculadas com microrganismo. O método foi proposto por Pillar et al., que 

inseriram alíquotas de dois antimicrobianos distintos em um disco (PILLAR et al., 2009) e 

por Sakoulas et al., que realizaram a sobreposição de dois discos, cada um preparado com um 

antimicrobiano diferente (SAKOULAS, 2016).  Como vantagens tem a facilidade de 

execução, rapidez no resultado e baixo custo, sua desvantagem é de ser apenas qualitativo 

(BASTOS et al., 2007).  

A combinação de antimicrobianos pelo método epsilométrico (Etest) foi proposto 

inicialmente por White et al. em 1996, que realizaram a formação cruzada com fitas de Etest 

criando um ângulo de 90° na intersecção (WHITE et al., 1996). Depois, outros autores 

proporam o método utilizando a sobreposição de fitas  (MANNO et al., 2003; PANKEY, 

ASHCRAFT, 2005) e também a inserção de fitas  sobre o ágar suplementado com um 

segundo antimicrobiano (GORDON et al., 2009; SOPIRALA et al., 2010). Esses métodos têm 

vantagens de serem simples, rápidos e quantitativos e, sua desvantagem está no custo mais 

elevado quando comparado a outros métodos como disco difusão (LANG, GARCÍA, 2004; 

RELLER et al., 2009). 

A falta de perspectivas concretas de novas drogas serem lançadas comercialmente 

como opção terapêutica para o controle de infecções, faz com que antibacterianos utilizados 

no passado sejam resgatados, como é o caso das polimixinas (CHEN, KAYE, 2011). As 

polimixinas foram descobertas na década de 1940, tendo seu uso reduzido a partir de 1970 

devido à nefrotoxicidade e neurotoxicidade. No entanto, o rápido aumento na resistência aos 

demais antibióticos gerou o seu ressurgimento na prática clínica (VELKOV et al., 2013).  

Existem cinco tipos de polimixinas (A, B, C, D e E) que diferem na sua estrutura 

polipeptídica, apenas duas são utilizadas clinicamente, B e E, tendo em vista a maior 

toxicidade das demais (FALAGAS et al., 2006). A diferença essencial entre a PMB e a 

polimixina E (colistina) é a sua capacidade de ligação proteica. A PMB mantém 
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concentrações maiores de droga livre em todos os tecidos enquanto a colistina (COL), para 

obter efeito antimicrobiano eficaz, necessita de concentrações extremamente neurotóxicas às 

células dos mamíferos (CRAIG, KUNIM, 1973).  

O mecanismo de ação das polimixinas consiste em atuar nas membranas externa e 

citoplasmática com ação semelhante a detergentes catiônicos. As polimixinas ligam-se ao 

lipopolissacarídeo das bactérias, deslocando por competitividade os íons cálcio e magnésio, o 

que gera a desestabilização e ruptura da membrana, levando à morte bacteriana (HANCOCK, 

1997).  

As polimixinas são agentes terapêuticos frequentemente utilizados como último 

recurso para tratar infecções causadas por A. baumannii multirresistente, entretanto, amostras 

de A. baumannii resistentes às polimixinas têm sido detectadas e estão relacionadas à terapia 

prévia e monoterapia com esses fármacos (WEI et al., 2015). A resistência às polimixinas 

deve-se principalmente à modificação da 4'-fosfoetanolamina do lípido A no 

lipopolissacarídeo. Essa alteração pode ocorrrer  devido a mutações nos sistemas bacterianos 

pmrAB e PhoPQ e o regulador mgrB  ou a aquisição do gene mcr-1(GAO et al., 2016).  

O gene mcr-1 tem alta capacidade de transferência horizontal (LIU et al., 2017), tem 

se disseminado em vários países, já encontrado em pelo menos 5 espécies em amostras 

clínicas: Escherichia coli, Salmonella enterica, Klebsiela pneumoniae, Enterobacter 

aerogenes e Enterobacter cloacae  (GAO et al., 2016), e experimentalmente (testes in vitro de 

conjugação bacteriana) em Pseudomonas aeruginosa  e A. baumannii (LIU et al., 2017).   

 Além da pesquisa dos genes de resistência às polimixinas, é importante a realização 

da pesquisa da frequência de mutantes, uma vez que realiza um corte transversal da população 

bacteriana, em um determinado momento, estimando a quantidade de mutantes a partir de 

uma alta concentração de bactérias- inóculo ≥ 10
10

 UFC/ml (MARTINEZ, BAQUERO, 

2000). Mutantes resistentes podem crescer na presença de elevadas concentrações de 

antimicrobianos (OSBURNE et al., 2011), levando a aumentos da MIC e possível falha no 

tratamento (ZHANEL et al., 2006). 

  A PMB tem sido associada com outros fármacos que mesmo não conseguindo penetrar 

na célula Gram negativa, uma vez rompida a membrana externa, a entrada desses antibióticos 

é facilitada, propiciando a ação de antimicrobianos até então inativos como é o caso da 

vancomicina-VAN (KAYE et al., 2016). A VAN pertence à classe dos glicopeptídeos e age 
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inibindo a  síntese  do peptideoglicano da parede da célula bacteriana. É amplamente utilizada 

no tratamento de infecções causadas por Staphylococcus aureus resistentes a oxacilina 

(MRSA) e para infecções graves por microrganismos Gram positivos em pacientes que 

apresentam reações de hipersensibilidade às penicilinas (MOHR et al., 2007; PETROSILLO 

et al., 2010). Embora a VAN não tenha efeito contra bactérias Gram negativas, as 

propriedades da PMB podem permitir que VAN atinja o espaço periplasmático e tenha ação 

contra esses microrganismos (GORDON et al., 2010).  

Alguns estudos avaliaram a combinação de antimicrobianos COL e VAN contra 

isolados de A. baumannii resistentes a múltiplos fármacos (BAE, 2016; GORDON, 2010; 

PETROSILLO, 2010; YANG, 2016), no entanto, não encontramos estudos na literatura que 

avaliem a atividade antimicrobiana da combinação de PMB e VAN contra isolados de A. 

baumannii MDR.  
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JUSTIFICATIVA 

Nos últimos anos, o Acinetobacter baumannii tem sido o principal bacilo Gram 

negativo associado a infecções hospitalares no Hospital Universitário de Maringá – HUM. Em 

2004 foi endêmico na unidade de terapia intensiva (UTI) adulto e tem se mantido desde então 

como o microrganismo mais frequente entre os isolados bacterianos desta unidade. 

 A falta de perspectivas concretas do lançamento comercial de novas drogas como 

opção terapêutica para o controle de infecções faz com que antibacterianos utilizados no 

passado sejam resgatados, como é o caso da PMB. O uso de PMB na forma de monoterapia 

não tem sido indicado devido ao risco de desenvolver resistência. Assim, a combinação de 

fármacos tem o objetivo de ampliar o espectro antimicrobiano, minimizar o surgimento de 

resistência e diminuir a toxicidade. Diante da alarmante resistência do A. baumannii aos 

antimicrobianos, surge a necessidade de avaliar o uso combinado de PMB com outros 

fármacos que pode contribuir com a equipe médica, fornecendo uma possível alternativa de 

terapia combinada. 

 

OBJETIVOS 

GERAL  

Avaliar in vitro a atividade antimicrobiana da combinação de polimixina B e vancomicina 

contra isolados clínicos de Acinetobacter baumannii.  

ESPECÍFICOS 

- Determinar para todos os isolados a MIC de vancomicina pela técnica de microdiluição em 

caldo; 

-  Avaliar a associação entre a polimixina B e vancomicina pelo método de Checkerboard, 

Time-kill, Etest e disco difusão; 

- Para todos os métodos de sinergismo, avaliar a presença de sinergismo, indiferença ou 

antagonismo entre os fármacos nos isolados testados. 

- Para os isolados resistentes a polimixina B, investigar a taxa de mutantes e a presença do   

gene mcr-1.   
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Abstract 22 

In the present in-vitro study, the effect of combination of polymyxin B (PMB) and 23 

vancomycin (VAN) was assessed against six Acinetobacter baumannii  clinical isolates 24 

belonging to six different clusters (three PMB-susceptible and three PMB-resistant). 25 

Additionally, PMB-resistance was investigated with mcr-1 gene amplification and 26 

mutant frequency assay. VAN minimum inhibitory concentration (MIC) was assessed 27 

by broth microdilution. The synergistic effect of the PMB-VAN combination was 28 

determined with the checkerboard, time-kill, disk-diffusion and Etest assays. In the 29 

checkerboard assay, all PMB-resistant isolates showed a synergistic effect (FICI ≤ 0.5). 30 

A reduction in PMB-MICs was observed in all isolates tested, with two PMB-resistant 31 

isolates changing category from resistant to susceptible. In the time-kill assay, 32 

bactericidal activity was observed in two PMB-resistant and one PMB-susceptible 33 

isolate (3 log10 reduction in colony count after 24h incubation). No antagonism was 34 

detected by the checkerboard, time-kill, disk-diffusion or Etest assay. Unexpectedly, the 35 

time-kill assay demonstrated that the PMB-VAN combination had a bactericidal effect 36 

at 24h against isolates with a high mutant rate for PMB, suggesting that this 37 

combination may block the hypermutation of some isolates. All PMB-resistant isolates 38 

also showed synergism in the disk-diffusion test, and a significant decrease in VAN 39 

MICs in the Etest assay. The findings suggest that the PMB-VAN combination has a 40 

potential therapeutic effect, especially against infections caused by PMB-resistant A. 41 

baumannii. Additional studies to evaluate the use of this combination in medical 42 

practice are warranted. 43 

Keywords: Acinetobacter baumannii; polymyxin B; vancomycin; antimicrobial 44 

combination 45 
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1. Introduction 46 

Acinetobacter baumannii is a challenging Gram-negative (GN) bacterial 47 

pathogen that causes hospital-acquired infections. Due to its ability to develop several 48 

resistance mechanisms, the incidence of  multidrug-resistant (MDR) A. baumannii 49 

isolates has increased in hospitals worldwide [1]. 50 

Because infections caused by MDR A. baumannii have high mortality rates, the   51 

use of antimicrobial combinations is recommended for adequate empirical coverage [2].  52 

Although the antimicrobials polymyxin B (PMB) and polymyxin E (Colistin) are often 53 

the last resort to treat infections caused by MDR  A. baumannii,  isolates resistant to 54 

these antimicrobial agents have been identified especially in prior therapy or 55 

monotherapy cases treated with these drugs [3].  56 

Therapies using antimicrobial combinations, including polymyxins, have shown 57 

promising results as they disrupt the outer membrane of GN bacilli, facilitating the 58 

penetration of other antimicrobials into the cell [4]. Vancomycin (VAN) is indicated for 59 

infections caused by Gram positive bacteria, and acts by forming a complex with the C-60 

terminal D-alanine residues present in peptidoglycan precursors, interrupting cell wall 61 

synthesis. Because of its large size and complex structure, VAN does not penetrate the 62 

outer membrane of GN bacteria [5], but the membrane-disrupting properties of 63 

polymyxins could allow VAN to reach its periplasmic target and act against GN 64 

bacteria [6].  65 

Although PMB and Colistin (COL) often have comparable action, the 66 

administered form of COL (COL-methanesulfonate) has a variable rate of conversion to 67 

COL, and to attain its required plasma concentration, 4-5 times more COL-68 
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methanesulfonate than PMB must be administered, since the latter reaches the active 69 

concentration more rapidly and reliably in the serum [7]. 70 

Some studies have evaluated the COL-VAN antimicrobial combination against 71 

multidrug-resistant A. baumannii. However, to the best of our knowledge no studies 72 

evaluating the antimicrobial activity of the PMB-VAN combination against multidrug-73 

resistant A. baumannii isolates have been conducted so far. This study assessed the in- 74 

vitro efficacy of  PMB plus VAN against OXA-23-producing PMB-resistant and PMB-75 

sensitive isolates of A. baumannii with different clonal origins. 76 

2. Material and methods 77 

2.1. Bacterial samples 78 

The study included six isolates, all carbapenem-resistant Acinetobacter 79 

baumannii [minimum inhibitory concentration (MIC) ≥ 64 mg/ml], three PMB-resistant 80 

(MIC ≥ 4μg/ml) and three PMB-susceptible (MIC≤ 0.5mg/ml) (Table 1). The pathogens 81 

were identified was performed using a Phoenix
®
 - BD Automated Microbiology System 82 

(Becton Dickinson & Co., Sparks, MD, USA). The isolates used in this study were 83 

obtained from clinical specimens: four isolates from tracheal aspirate and two from 84 

catheter tips. The susceptibility of the pathogens to PMB was determined by the E test, 85 

broth microdilution and agar dilution assays. All isolates conteined blaOXA-51 and 86 

blaOXA-23 genes by the polymerase chain reaction (PCR) test,  and were classified into 87 

six different clusters based on the enterobacterial repetitive intergenic consensus-88 

PCR (ERIC-PCR). These isolates were selected from samples previously analyzed by 89 

Menegucci et al. [8], and were stored in Mueller–Hinton broth (MHB) (Difco 90 

Laboratories, Sparks, MD) with 30% glycerol (Merck, Darmstadt, Germany) at -20°C 91 

until the day of use. 92 
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2.2. Vancomycin MICs  93 

After two subcultures, 0.5 McFarland standard was prepared using a 94 

nephelometer (PhoenixSpec™ nephelometer; Becton Dickinson). VAN MICs against 95 

each isolate were determined using the broth microdilution method as described in the 96 

CLSI M07-A10; Approved Standard [9].  97 

2. 3. Synergy studies 98 

 The in-vitro activity of the PMB-VAN combination was evaluated using four 99 

different methods, as described below. 100 

2.3.1. Checkerboard assay 101 

PMB and VAN alone and in combination were evaluated by the checkerboard 102 

assay in 96-well microtiter plates (Inlab, São Paulo, Brazil) [10]. Briefly, the inoculum 103 

of each bacterial isolate was prepared in cation-adjusted Mueller-Hinton broth (CA-104 

MHB) at a 0.5 McFarland standard and added to the wells with a final concentration of 105 

5×10
5
 CFU/ml. The test was conducted in duplicate and in cases of discordant values, 106 

the experiment was repeated. After incubation at 37°C for 16 to 20h, the modal MICs 107 

for the  antibiotics alone and in combination were determined for each individual 108 

isolate. The activity of the drug combination was classified according to the fractional 109 

inhibitory concentration index (FICI), which was calculated by adding the MIC of each 110 

individual drug when used in combination, divided by the MIC of the drug used alone. 111 

The the effect of the antimicrobial combination therapy was classified according to the 112 

following categories: synergism, FICI ≤ 0.5; indifference, 0.5 < FICI < 4; and 113 

antagonism, FICI ≥ 4. 114 

2.3.2. Time-kill assay 115 
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In the time-kill assay, tubes containing CA-MHB and concentrations of PMB 116 

and VAN alone and in combination (0.5 × MIC) were inoculated with 10
6
 CFU/ml of 117 

each isolate and incubated with continuous shaking at 37°C. Samples were collected at 118 

0, 6, 12, and 24 h, serially diluted in saline, plated on Mueller-Hinton Agar (MHA), and 119 

counted after 24 h of incubation. Time-kill curves were constructed by plotting mean 120 

colony counts (log10 CFU/ml) versus time. The drug combination was considered 121 

synergistic when a reduction in colony count of  2 log10 was achieved after 24 h 122 

(bacteriostatic activity ≥ 2 log10 and <3 log10; and bactericidal activity ≥3 log10) in 123 

comparison with the more active single agent. The drug combination was classified as  124 

indifferent when <2 log10 increase or decrease in colony counts was observed, while it 125 

was considered antagonistic when > 2 log10 increase in colony counts was reached after 126 

24 h, in comparison with the more active single agent [11]. 127 

2.3.3. Disk-diffusion and Etest assays 128 

Disk-diffusion and Etest assays were based on the Etest assay described by 129 

Gordon et al. [6]. PMB was incorporated into agar plates (0.5 × MIC). Briefly, plates 130 

were inoculated in three directions with inoculum equivalent to a 0.5 McFarland 131 

turbidity standard, and a VAN disk (30μg/ml) and a VAN Etest were applied on the 132 

surface of agar plates with PMB and incubated at 37°C for 18-20h. VAN MICs (Etest) 133 

in the presence of PMB were compared toVAN MICs in the absence of PMB. If the 134 

VAN MIC was reduced within a 1-fold dilution, the result was interpreted as 135 

indifferent; if it was reduced by a 2-fold dilution, the result was considered additive; if it 136 

was reduced by a >3-fold dilution, the result was considered synergistic [12]. The 137 

synergistic effect in the disk-diffusion was defined when the inhibition zone of the VAN 138 

disk in the presence of PMB increased at least 5mm in relation to the inhibition zone of 139 

the VAN disk without PMB. 140 
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2.4. Additional PMB-resistance analyses 141 

2.4.1. mcr-1 gene amplification  142 

The mcr-1 gene was detected using the PCR method. Bacterial DNA was 143 

extracted with the boiling method. The primers in this study (forward primer, 5’-144 

CGGTCAGTCCGTTTGTTC-3’, and reverse primer, 5’-CTTGGTCGGTCTGTAGGG-145 

3’) were previously described by Liu et al. [13] and used at a concentration of 10 146 

pmol/μL in the PCR mixture. The following cycling parameters were employed for 147 

amplification: initial DNA denaturation at 95 °C for 5 min, followed by 30 cycles at 148 

95°C for 1 min, annealing at 56°C for 45 s and extension at 72 °C for 1 min, followed 149 

by a single, final, elongation step at 72 ºC for 5 min. Amplified products were analyzed 150 

on  gel contained 1.5% agarose, stained with ethidium bromide. After running for 50min 151 

at a constant voltage (100 V), the gel was visualized and photographed against 152 

ultraviolet light under a transilluminator L-PIX HE (Loccus Biotecnologia ®, São 153 

Paulo, Brazil). 154 

2.4.2. Mutant frequency 155 

Mutant frequency (MF) was determined as previously described by Zhanel et al. 156 

[14], with some modifications. The bacterial concentration of 10
10

 CFU/ml of the 157 

samples was quantified by serial dilutions and 20 μl of each dilution was plated on 158 

MHA-plates (Becton Dickinson) with and without the antimicrobials, in triplicate, in 159 

order to count mutant colonies. PMB concentrations tested ranged from 1 to 8 times the 160 

PMB MIC of each isolate. The MFs for PMB were calculated by multiplying the 161 

number of mutant colonies by 50 to convert to CFU/ml, and the result was divided by 162 

the initial bacterial inoculum.  163 

 164 
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3. Results and Discussion  165 

Infections caused by A. baumannii are difficult to treat. Identification of 166 

synergism between antimicrobials is important because of the few treatment options 167 

available [12]. Although several studies have demonstrated the synergistic effect of the 168 

COL-VAN combination against A. baumannii [6,15,16], our data add significant 169 

information, demonstrating PMB-VAN synergism in 50% of the isolates tested, 170 

regardless of the method used (Table 1). 171 

The results of the checkerboard and time-kill assays agreed in 4/6 of the isolates 172 

(67%), indicating a lack of direct correlation between tests. This result was expected 173 

since these techniques measure different parameters, and should be used 174 

complementarily and not comparatively in the detection of synergism [17].   175 

In the checkerboard assay, all PMB-resistant isolates showed synergism (FICI ≤ 176 

0.5) with 2 of them changing categories from resistant to susceptible to PMB. In a study 177 

that evaluated three COL-resistant A. baumannii isolates, O’Hara et al. [16], also 178 

observed a synergistic effect of the COL-VAN combination for all isolates with 179 

checkerboard testing, similarly to the present study. None of the isolates showed an 180 

antagonistic effect, and all PMB-susceptible isolates showed indifference.The PMB-181 

VAN combination increased bacterial susceptibility to at least one of the antimicrobials 182 

tested in combination and four isolates showed reductions of MICs for both antibiotics. 183 

The reductions in PMB MICs ranged from 1- to 5-fold for all isolates. Although VAN 184 

showed no antimicrobial activity against A. baumannii isolates, when combined with 185 

PMB, a  4- to 7-fold decrease in the MICs occurred in 4/6 of the isolates (67%).  186 

The time-kill assay indicated a synergistic effect of the PMB-VAN combination 187 

in two PMB-resistant isolates (Ac-680 and Ac-Cl) and one PMB-susceptible isolate 188 
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(Ac-68). For these isolates, the PMB-VAN combination showed a bacteriostatic effect 189 

after 6h, and a bactericidal effect after 24h (Fig 1). In relation to isolates that showed 190 

indifference (Ac-576, Ac-53 and Ac-S22), despite the  ≥3 log10 CFU/ml decrease after 191 

6h, regrowth occurred between 12 and 24h. In contrast,  Yang et al. [15] observed that 192 

when the COL-VAN combination was tested against four A. baumannii isolates, two 193 

COL-susceptible isolates showed a bactericidal effect, with no regrowth. However, 194 

although the two COL-resistant isolates initially also showed bactericidal activity, 195 

regrowth was observed at 24h.   196 

The present study also evaluated synergy using the VAN Etest and a VAN disk 197 

in a medium containing PMB (Fig 2). The disk-difussion test showed synergism in all 198 

PMB-resistant isolates, while the Etest indicated a significant decrease in MIC values. 199 

For all PMB-susceptible isolates, no significant differences between the tests were 200 

observed with or without PMB on the MHA plates. Gordon et al. [6] performed synergy 201 

testing of the PMB-VAN combination with the Etest method against 40  isolates of 202 

MDR A. baumannii susceptible to COL. Initial VAN MICs were >256 μg/ml and when 203 

the VAN Etest was combined with 0.5 μg/ml of COL supplemented on agar, VAN 204 

MICs were reduced in all cases, ranging from 0.016 to 48 μg/ml. Differently from the 205 

study conducted by Gordon et al. [6], we used PMB-resistant isolates, PMB instead of 206 

COL, and we added a new in-vitro synergy test with a VAN disk. Based on these 207 

results, we believe that the disk-diffusion and Etest can be reliable methods to evaluate 208 

the synergistic effect of PMB-VAN combination in the laboratory, as both showed 209 

similar results to the checkerboard test. 210 

The PCR demonstrated that all PMB-resistant isolates were negative for the mcr-211 

1 gene. However, caution must be exercised as other mechanisms involved in 212 

polymyxin resistance have not been investigated. The mutant frequency investigation 213 
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showed unprecedented results. Two isolates (Ac-680 and Ac-Cl) demonstrated high 214 

MFs (in concentration of eight times the MIC, MF reached 7.0×10
-2

 and 1.1×10
-3

 for 215 

Ac-680 and Ac-Cl,  respectively). One isolate (Ac-576) showed confluent growth when 216 

10
10

 cells were applied onto the plate, but no colony was recovered in the two-fold serial 217 

dilution. Our time-kill assay results indicated that the PMB-VAN combination showed a 218 

bactericidal effect, with no regrowth at 24 h, against the Ac-680 and Ac-Cl isolates, 219 

suggesting that this combination has the potential to block the hypermutation of these 220 

isolates. 221 

O’ Hara et al. [15] and Yang et al. [16] conducted synergy studies using a 222 

Galleria mellonella model and reported that the COL-VAN combination increased the 223 

percentage of G. mellonella survival at 96-120 h after infection in comparison to 224 

monotherapy with COL. Although COL-methanesulfonate is normally administered to 225 

treat human infection, the authors used COL in their study. Therefore, considering the 226 

PMB and COL pharmacokinetics, we believe that the data obtained in the present study 227 

using PMB could be extrapolated more directly to humans with systemic infections. 228 

Studies using COL may not be as reliable because only a small fraction of the COL-229 

methanesulfonate is converted to COL systemically, whereas about 70% of this prodrug 230 

is excreted in the urine in humans with normal renal function [18].   231 

To the best of our knowledge, no study has evaluated  the increased risk of renal 232 

toxicity caused by the PMB-VAN combination, and the data available in the literature 233 

on the COL-VAN combination are contradictory. Garnacho-Montero et al. [19] reported 234 

that  nephrotoxicity was significantly higher in patients treated with COL-VAN, 235 

compared to patients treated with COL alone. Kalin et al. [20] found no differences in 236 

kidney injury rates in patients using antimicrobials concomitantly or in monotherapy.  237 

PMB appears to be less nephrotoxic than COL-methanesulfonate in patients [18], 238 
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indicating that the PMB-VAN combination may cause less kidney injury than the COL-239 

VAN combination. 240 

The present in-vitro study on the antimicrobial synergism, of the PMB-VAN 241 

combination has some inherent limitations, as in-vitro results do not always coincide 242 

with in vivo results. However, our data clearly showed the potential of the PMB-VAN 243 

combination, especially against PMB-resistant isolates (MIC≥ 4 μg/ml). The small 244 

number of A. baumannii isolates used to evaluate the synergistic effect of the PMB-245 

VAN combination can also be criticized. Nonetheless, the six different bacterial clusters 246 

tested can be considered a broad representation of this pathogen. 247 

In conclusion, based on the in-vitro data obtained in the present study, the PMB- 248 

VAN combination clearly showed a synergistic effect, indicating that  it may become a 249 

treatment option against MDR A. baumannii, especially PMB-resistant A. baumannii. 250 

However, before this combination can be recommended for wide clinical application,  251 

with no risk of  toxicity, randomized clinical trials are required to identify the lowest 252 

practicable doses based on the pharmacokinetics/pharmacodynamics of these drugs. 253 
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Table 1 

 Synergistic effects of polymyxin B plus vancomycin against six strains of carbapenem-resistant Acinetobacter baumannii 

 

MIC: minimum inhibitory concentration; PMB: polymyxin B; VAN: vancomycin; FICI: fractional inhibitory concentration index; In checkerboard, synergy was defined as 

FICI≤ 0.5 and indifference as 0.5 < FICI < 4; Log▲ (final inoculum of the combined drugs minus final inoculum of the more active drug in the combination (log10 CFU/ml)). 

In Time-kill assay, synergy was defined as a  ≥2 log10 decrease in colony count after 24h by the combination when compared with the more active single agent, indifference as 

a  <2 log10 increase or decrease in colony count at 24 h by the combination when compared with that by the more active drug alone and bactericidal activity as ≥3 log10 

decrease in colony count after 24 h; Negative values indicate a decrease in colony count. Disk-diffusion▲ (zone of inhibition (mm) of the VAN disk in the presence of PMB 

minus the zone of inhibition (mm) of the VAN disk on agar without PMB). In the VAN-Etest, PMB was incorporated into agar (0.5 × MIC). 

Strain Clonality MIC (µg/ml)              Checkerboard 
Time-kill assay (0.5 × MIC) 

Log▲  (Log10CFU/ml) 

Disk-diffusion▲  

 (mm) 

VAN E-test  

(MIC-µg/ml) 

 
 PMB VAN 

PMB/VAN 

(µg/ml) 
FICI 

 

  

Ac-576 A 16  >256  0.5/16  0.094 –1.759 8 4  

 
    (Synergy) (Indifference) (Synergy) (Synergy) 

Ac-680 B 16  >256  4/2  0.258 –3.611 7 8  

 
    (Synergy) (Synergy/bactericidal activity) (Synergy) (Synergy) 

Ac-Cl C 4  >256  0.5/8  0.156 –3.329 5 8  

     (Synergy) (Synergy/bactericidal activity) (Synergy) (Synergy) 

Ac-53 D 0.5  >256  0.25/4  0.516 –1.157 2 >256   

     (Indifference) (Indifference) (Indifference) (Indifference) 

Ac-68 E 0.5  >256  0.25/256  1.5 –3.718 1,5 >256  

     (Indifference) (Synergy/bactericidal activity) (Indifference) (Indifference) 

Ac-S22 F 0.5  >256  0.06/256  1.12 –1.415 0 >256   

     (Indifference) (Indifference) (Indifference) (Indifference) 
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Fig 1: Time-kill curves of isolates using the drugs alone and in combination at 0.5 × MIC against A. baumannii 

isolates. Isolate Ac-576 and Ac-680 (polymyxin B- 8μg/ml), Ac-Cl (polymyxin B- 2 μg/ml), Ac-53, Ac-68 and 

Ac-S22 (polymyxin B- 0.25μg/ml). For all isolates a vancomycin concentration of 128 μg/ml was used. 
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Fig 2. Demonstration of the synergistic action of polymyxin B plus vancomycin against PMB-resistant A. baumannii. A: Etest and disk-diffusion assay with agar  plates 

 without polymyxin B. B: Etest and disk-diffusion assay with agar plates supplemented with polymyxin B (0.5 × MIC). C: representation of the checkerboard assay. 
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CAPÍTULO III 

CONCLUSÕES 

 Este estudo avaliando a combinação de polimixina B e vancomicina contra diferentes 

clusters de Acinetobacter baumannii produtores de carbapenemase, sendo três clusters 

sensíveis e três resistentes à polimixina B mostrou que: 

1) A combinação dos antimicrobianos testados apresentou sinergismo em 50% dos 

isolados independente da metodologia. 

2) A associação dos antimicrobianos teve melhor resultado em isolados resistentes a 

polimixina B. 

3) Nenhum antagonismo foi verificado. 

4) O sinergismo verificado pelo método checkerboard e pelo método time-kill mostrou 

concordância de 67% nos resultados. 

5) Os resultados obtidos pelos métodos checkerboard, Etest e Disco Difusão 

apresentaram 100% de concordância;  

6) Os isolados resistentes a polimixina B apresentaram ausência do gene mcr-1, porém 2 

de 3 isolados mostraram alta taxa mutacional para polimixina B. 

7) Os isolados que mostraram alta taxa de mutantes para polimixina B também 

apresentaram efeito bactericida na combinação (polimixina B e vancomicina) pelo 

teste de time-kill, sugerindo o potencial dessa combinação para bloquear a 

hipermutação desse isolados.     

8) Maiores investigações são sugeridas para determinar se nossos achados in vitro são 

eficazes na prática clínica. 
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PERSPECTIVAS FUTURAS 

-    Avaliar a combinação de polimixina B e vancomicina contra um número maior de isolados de  

Acinetobacter baumannii através dos métodos checkerboard, Etest e disco difusão a fim de 

verificar se para todos os casos testados permanece a concordância de 100% entre eles.     

 

- Avaliar essa combinação antimicrobiana por meio de estudos de farmacocinética e 

farmacodinâmica; 

 

-  A partir dos resultados obtidos pelos estudos de farmacocinética e farmacodinâmica, propor 

estudos in vivo a fim de verificar a possibilidade de uso clínico dessa combinação. 
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verify originality, your article may be checked by the originality detection service CrossCheck.

Contributors
Each author is required to declare his or her individual contribution to the article: all authors must have
materially participated in the research and/or article preparation, so roles for all authors should be
described. The statement that all authors have approved the final article should be true and included
in the disclosure.
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Authorship
All authors should have made substantial contributions to all of the following: (1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting the
article or revising it critically for important intellectual content, (3) final approval of the version to
be submitted.

Changes to authorship
Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.
Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Clinical trial results
In line with the position of the International Committee of Medical Journal Editors, the journal will not
consider results posted in the same clinical trials registry in which primary registration resides to be
prior publication if the results posted are presented in the form of a brief structured (less than 500
words) abstract or table. However, divulging results in other circumstances (e.g., investors' meetings)
is discouraged and may jeopardise consideration of the manuscript. Authors should fully disclose all
posting in registries of results of the same or closely related work.

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

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

Article transfer service
This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

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

http://www.consort-statement.org
http://www.consort-statement.org
http://www.icmje.org
http://www.elsevier.com/authors/article-transfer-service
http://www.elsevier.com/copyright
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Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

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

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

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source
You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies
Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the Open
Access Publication Fee. Details of existing agreements are available online.
After acceptance, open access papers will be published under a noncommercial license. For authors
requiring a commercial CC BY license, you can apply after your manuscript is accepted for publication.

Open access
This journal offers authors a choice in publishing their research:

Open access
• Articles are freely available to both subscribers and the wider public with permitted reuse.
• An open access publication fee is payable by authors or on their behalf, e.g. by their research funder
or institution.
Subscription
• Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.
• No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

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

The open access publication fee for this journal is USD 3000, excluding taxes. Learn more about
Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.

Green open access
Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during

http://www.elsevier.com/permissions
http://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
http://www.elsevier.com/about/company-information/policies/copyright
http://www.elsevier.com/openaccesslicenses
http://www.elsevier.com/copyright
http://www.elsevier.com/copyright
http://www.elsevier.com/sharing-articles
http://www.elsevier.com/about/open-science/open-access/agreements
http://www.elsevier.com/access
http://www.elsevier.com/openaccesslicenses
http://www.elsevier.com/openaccesslicenses
http://elsevier.com/greenopenaccess
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submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Language (usage and editing services)
Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Informed consent and patient details
Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients
and any other individuals in an Elsevier publication. Written consents must be retained by the author
and copies of the consents or evidence that such consents have been obtained must be provided to
Elsevier on request. For more information, please review the Elsevier Policy on the Use of Images or
Personal Information of Patients or other Individuals. Unless you have written permission from the
patient (or, where applicable, the next of kin), the personal details of any patient included in any
part of the article and in any supplementary materials (including all illustrations and videos) must
be removed before submission.

Submission
Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via http://ees.elsevier.com/ijaa/default.asp.

It is required that Authors provide a list of 4 or 5 potential reviewers (including the Institution,
country, email and phone numbers) who are knowledgeable in the subject matter, have no conflict
of interest, are not located in the same Institution and are likely to agree to review the manuscript.
Please ensure that 2 of the potential reviewers are from different countries to the authors. These
suggested reviewers cannot be members of the Editorial Board of IJAA. Without reviewer suggestions,
processing of the manuscript may be delayed.

Editorial Review
All manuscripts are subject to peer review. If changes are requested, revisions received later than 3
months after this request will be treated as new submissions.

Authors in Japan please note: If you would like information about how to have the English of your
paper checked, corrected and improved (before submission),please contact our Tokyo office who will
inform you of the services provided by language correctors: Elsevier Japan, 9-15 Higashi-Azabu 1-
chome, Minato-ku, Tokyo, 106 Japan, Tokyo; Tel: +81-3-5561-5032; Fax: +81-3-5561-5032.

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

http://www.elsevier.com/about/open-science/open-access/journal-embargo-finder/
http://webshop.elsevier.com/languageediting/
http://webshop.elsevier.com/languageediting/
http://www.elsevier.com/patient-consent-policy
http://www.elsevier.com/patient-consent-policy
http://www.elsevier.com/guidepublication
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To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

Article structure
Subdivision - numbered sections
Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

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

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

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

Essential title page information
• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
• Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.
• Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that the e-mail address is given and that contact
details are kept up to date by the corresponding author.
• Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Abstract
A concise and factual abstract is required (maximum length 250 words). The abstract should state
briefly the purpose of the research, the principal results and major conclusions. An abstract is often
presented separately from the article, so it must be able to stand alone. Do not cite references in the
abstract. Non-standard or uncommon abbreviations should be avoided in the abstract, but if essential
they must be defined at their first mention in the abstract itself.

Graphical abstract
Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
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of 531 × 1328 pixels (h × w) or proportionally more. The image should be readable at a size of 5 ×
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.
Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical requirements: Illustration Service.

Highlights
Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). You can view example Highlights on
our information site.

Keywords
Immediately after the abstract, provide a maximum of 6 keywords, using British spelling and avoiding
general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing with
abbreviations: only abbreviations firmly established in the field may be eligible. These keywords will
be used for indexing purposes.

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

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

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

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

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

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

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

Math formulae
Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Embedded math equations
If you are submitting an article prepared with Microsoft Word containing embedded math equations
then please read this (related support information).

http://www.elsevier.com/graphicalabstracts
http://webshop.elsevier.com/illustrationservices/ImagePolishing/gap/requestForm.cfm
http://www.elsevier.com/highlights
http://service.elsevier.com/app/answers/detail/a_id/9635/kw/equation/p/10523/supporthub/publishing
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Footnotes
Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Artwork
Electronic artwork
General points
• Make sure you use uniform lettering and sizing of your original artwork.
• Embed the used fonts if the application provides that option.
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.
• Number the illustrations according to their sequence in the text.
• Use a logical naming convention for your artwork files.
• Provide captions to illustrations separately.
• Size the illustrations close to the desired dimensions of the published version.
• Submit each illustration as a separate file.
A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.
Please do not:
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;
• Supply files that are too low in resolution;
• Submit graphics that are disproportionately large for the content.

Color artwork
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF) or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear in
color online (e.g., ScienceDirect and other sites). Further information on the preparation of electronic
artwork.

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

Tables
Please submit tables as editable text and not as images. Tables should be uploaded separately and
not be included as part of the manuscript text. Number tables consecutively in accordance with their
appearance in the text and place any table notes below the table body. Be sparing in the use of tables
and ensure that the data presented in them do not duplicate results described elsewhere in the article.
Please avoid using vertical rules and shading in table cells.

References
Citation in text
Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the

http://www.elsevier.com/artworkinstructions
http://www.elsevier.com/artworkinstructions
http://www.elsevier.com/artworkinstructions
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journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

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

A DOI can be used to cite and link to electronic articles where an article is in-press and full citation
details are not yet known, but the article is available online. A DOI is guaranteed never to change,
so you can use it as a permanent link to any electronic article. An example of a citation using DOI
for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M.
(2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal
of Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note the format of such
citations should be in the same style as all other references in the paper.

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

Data references
This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

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

Reference management software
Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:
http://open.mendeley.com/use-citation-style/international-journal-of-antimicrobial-agents
When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference style
Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.
List: Number the references (numbers in square brackets) in the list in the order in which they appear
in the text.
Examples:
Reference to a journal publication:
[1] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun
2010;163:51–9.
Reference to a book:
[2] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.
Reference to a chapter in an edited book:

http://citationstyles.org
http://citationstyles.org
http://www.mendeley.com/features/reference-manager
http://www.zotero.org/
http://endnote.com/downloads/styles
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[3] Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith
RZ, editors. Introduction to the electronic age, New York: E-Publishing Inc; 2009, p. 281–304.
Reference to a website:
[4] Cancer Research UK. Cancer statistics reports for the UK, http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/; 2003 [accessed 13.03.03].
Reference to a dataset:
[dataset] [5] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, v1; 2015. https://doi.org/10.17632/
xwj98nb39r.1.
Note shortened form for last page number. e.g., 51–9, and that for more than 6 authors the first 6
should be listed followed by 'et al.' For further details you are referred to 'Uniform Requirements for
Manuscripts submitted to Biomedical Journals' (J Am Med Assoc 1997;277:927–34) (see also Samples
of Formatted References).

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video
Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum size
of 150 MB. Video and animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including ScienceDirect. Please supply 'stills' with your files: you can
choose any frame from the video or animation or make a separate image. These will be used instead
of standard icons and will personalize the link to your video data. For more detailed instructions please
visit our video instruction pages. Note: since video and animation cannot be embedded in the print
version of the journal, please provide text for both the electronic and the print version for the portions
of the article that refer to this content.

Supplementary material
Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

Data linking
If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that give them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
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and to help readers understand what the paper is about. More information and examples are
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presentation after acceptance of their paper.
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Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
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proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
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corrections cannot be guaranteed. Proofreading is solely your responsibility.

For further guidance on our online proofing tool Proof Central please see:
https://www.elsevier.com/authors/journal-authors/proof-central.

Please note that once a paper has been accepted, the only changes possible are in relation to any
queries raised by the Technical Editor or Typesetter.
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The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
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