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Acinetobacter baumannii is a Gram-negative opportunistic coccobacilli, the most 

important agent in nosocomial infections with high mortality rate. Multidrug 

resistance in strains isolated from nosocomial infections, makes it difficult and 

sometimes impossible to treat. The aim of this study is to investigate the molecular 

epidemiology of Multiple Drug Resistant Acinetobacter baumannii (MDRAB) in a 

tertiary care hospital in Malaysia (UKMMC). 

 

 

During the study period a total of 18509 patients were admitted at different wards in 

the hospital. Among them, 122 patients were infected with MDRAB comprising 

56.5% males and 43.5% were females.  The highest number of infection was observed 

in medical ward (n=31, 25.4%), followed by ICU (n=30, 23.6%), surgery (n=28, 

22.9%), orthopaedic (n=11, 9%), urology (n=6, 4.9%), neurosurgery (n=4, 3.2%), 

burn (n=3, 2.5%) 

 

 

All isolates were phenotypically and genotypically confirmed as A. baumannii. All 

122 isolates were screened for 25 antibiotics. Among the 25 antibiotics tested, except 

for polymixin B, all isolates showed resistance to more than 3 antibiotics.  Imipenem 

and meropenam showed 100% resistance.  A total of 14 antibiotic resistance genes 

were screened. The resistances for genes ranged from 1.6 to 99.9% for different 

antibiotics such as quinolones (ParC 97.5%; gyr 97.5%), cephalosporin (TEM 95.9%; 

CTX-M 1.6%; PER 93.4%) and carbapenems (OXA58 84.6%; OXA51 99.2%, OXA23 

97.5%, IMP 2.45%, NDM-1 1.6%).   

 

 

Antiseptics are commonly used for the management of MDR (multiple drug 

resistance) pathogens in hospitals. They play crucial roles in the infection control 

practices. Antiseptics are often used for skin antisepsis, gauze dressing, and 
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preparation of anatomical sites for surgical procedure, hand sterilization before in 

contact with an infected person, before an invasive procedure and as surgical scrub. 

All 122 MDRAB isolates screened for the presence of antiseptic resistant genes 

QacA/B and QacE (Quaternary Ammonium Compounds) and susceptibility towards 

chlorhexidine (CLX), benzalkonium (BZK) and benzethonium (BZT). 

 

 

Eighty-nine (73%) isolates harboured QacE gene, while none were positive for 

QacA/B. The MIC ranged from 0.2 to 0.6 for CLX, 0.02 to 0.2 for BZK and 0.04 to 

0.2 μg/mL for BZT. The highest number of QacE positive isolates were obtained from 

surgery (n = 24; 27%; p < 0.05), followed by medical ward (n = 23; 25.8%) and ICU 

(n = 21; 23.6%). Majority of the isolates from wound swabs (n = 33; 37%), T/aspirate 

(n = 16; 18%) and tissue (n = 10; 11.2%) harboured the QacE genes. 

 

 

Followed by antibiotic and antiseptic susceptibility testing, all isolates were subjected 

to genomic fingerprinting through pulsed field gel electrophoresis (PFGE) approach. 

Analysis demonstrated seven clusters (A-B-C-D-E-F and G) with a high level of 

diversity among different isolates and wards. The degree of resistance for 25 

antibiotics was compared among all seven clusters and the results indicated a 

significant difference among these groups (p=0.019). The highest resistance was 

observed in cluster C (23.667 – carbapenems) while the lowest belonged to both 

clusters B (22.000 – cephalosporins) and F (22.000 – quinolones).  

 

 

Antimicrobial resistance pattern for different isolates with same resistance were in 

different clusters and the highest resistance was observed in three main antibiotic 

classes. QacE, QXA58 and PER had the highest variation. The range of frequencies for 

QacE was between 100% (cluster B) and 42.9 % (cluster F), and this range for OXA58 

was between 94.4% (cluster A) and 28.6% (cluster F), and for PER was between 100% 

(cluster B) and 66.7% (cluster C). In other words, these three genes had higher 

variation among all samples and consequently more contribution to form these 

clusters.  

 

 

Biofilms and quorum sensing (QS) are two phenomena that are very important and 

crucial in helping the MDRAB to cling to the skin, mucosal, and surfaces of inanimate 

objects such as medical devices (ventilator and tracheal aspirate) in hospital 

environments. Biofilms are known to increase drug resistance in bacteria. Quorum 

sensing (QS) characteristic in bacterial allows it to monitor their population density 

through the production and sensing of small signal molecules known as auto inducers. 

In MDRAB auto inducers are acyl-homoserine lactones (AHLs), (Chenia, 2013). The 

strong association between antibiotic resistance genes and QS through signalling 

pathway has been well established. In the present study, biofilm formation in selected 

highly resistant MDRAB isolates were analysed and were screened for the QS abaΙ 

gene.  The biofilm formation increased 2-4 folds in resistant MDRAB and were 

significantly higher compared to the control Escherichia coli strain.  

 

 



© C
OPYRIG

HT U
PM

iii 
 

In conclusion, MDRAB is more common in ICU, resistant to most antibiotics available 

for treatment including carbapenems with high prevalence several antibiotic resistant 

genes. Although high prevalence of QacE gene responsible for antiseptic resistance 

was observed, the MIC was much less than the concentration used in the hospitals. 

Highest genome diversity among the MDRAB isolates cleary shows that the isolates 

are highly diverse, however resistance are homogenous. Presence of abaI gene in 

MDRAB genes that produce high concentration of biofilms indicates these strains 

needs more attention due to its adherence to the hospital environment and surfaces on 

inanimate objects such as catheters, shunts and ventilators. Regular monitoring for 

antibiotic and antiseptic resistance in wards are important for the effective 

management of MDRAB strains in the hospital. 
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Fakulti : Perubatan dan Sains Kesihatan 

Acinetobacter baumannii ialah coccobacilli oportunis Gram-negatif, ejen yang paling 

penting dalam jangkitan nosokomial yang menyebabkan kadar kematian yang tinggi. 

Perintang pelbagai dadah ini diasingkan daripada jangkitan nosokomial, menjadikan 

ia sukar dan kadangkala mustahil untuk dirawat. Tujuan kajian ini adalah untuk 

menyiasat epidemiologi Acinetobacter baumannii perintang pelbagai dadah 

(MDRAB) di hospital pengajian tinggi di Malaysia (PPUKM). 

Dalam tempoh kajian sejumlah 18.509 pesakit dari wad yang berbeza di hospital 

dikaji. Antaranya, 122 pesakit dijangkiti MDRAB terdiri daripada 56.5% lelaki dan 

43.5% adalah perempuan. Bilangan tertinggi jangkitan diperhatikan di wad perubatan 

(n = 31, 25.4%), diikuti oleh ICU (n = 30, 23.6%), pembedahan (n = 28, 22.9%), 

ortopedik (n = 11, 9%), urologi (n = 6, 4.9%), pembedahan saraf (n = 4, 3.2%), 

kebakaran (n = 3, 2.5%) 

Semua pencilan telah disahkan secara fenotipik dan genotipik sebagai A. baumannii. 

Semua 122 pencilan telah disaring untuk 25 antibiotik. Antara 25 antibiotik diuji, 

semua pencilan menunjukkan rintangan kepada lebih daripada 3 antibiotik kecuali 

polymyxin B. Imipenem dan meropenam menunjukkan rintangan 100%. Sebanyak 14 

gen rintangan antibiotik telah disaring. Rintangan untuk gen adalah seperti berikut; 

Quinolones (ParC 97.5%; gyr 97.5%), cephalosporin (TEM 95.9%; CTX-M 1.6%; 

PER 93.4%) dan carbapenems (OXA58 84.6%; OXA51 99.2%, OXA23 97.5%, IMP 

2.45%, NDM 1.6 %). 
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Antiseptik biasa digunakan bagi pengurusan patogen MDR (pelbagai rintangan dadah) 

di hospital. Ia memainkan peranan penting dalam amalan kawalan jangkitan. 

Antiseptik sering digunakan untuk antisepsis kulit, kain kasa, dan penyediaan laman 

anatomi bagi prosedur pembedahan, pensterilan tangan sebelum bersentuhan dengan 

orang yang dijangkiti, sebelum prosedur invasif dan sebagai penyental pembedahan. 

 

 

Semua 122 pencilan MDRAB menunjukkan kehadiran gen tahan antiseptik QacA / B 

dan QacE (QuaterAmmonium Compound) dan sensitif terhadap chlorhexidine (CLX), 

benzalkonium (BZK) dan benzethonium (BZT). 

 

 

Lapan puluh sembilan (73%) pencilan membawa gen QacE, manakala tiada positif 

untuk QacA / B. MIC adalah antara 0,2-0,6 untuk CLX, 0,02-0,2 untuk BZK dan 0,04-

0,2 μg / mL untuk BZT. Pencilan positif tertinggi QacE telah diperolehi daripada wad 

pembedahan (n = 24; 27%; p <0.05), diikuti dengan wad perubatan (n = 23; 25.8%) 

dan ICU (n = 21; 23.6%). Majoriti pencilan dari swab luka (n = 33; 37%), T / aspirasi 

(n = 16; 18%) dan tisu (n = 10; 11.2%) mengandungi gen QacE. 

 

 

Diikuti oleh ujian kerentanan antibiotik dan antiseptik, semua pencilan tertakluk 

kepada “finger printing” melalui pendekatan pulsed field gel electrophoresis (PFGE). 

Analisis menunjukkan tujuh kelompok (A-B-C-D-E-F dan G) dengan tahap 

kepelbagaian yang tinggi antara pencilan dan wad yang berbeza. Tahap rintangan 

untuk 25 antibiotik telah dibandingkan antara ketujuh-tujuh kelompok dan keputusan 

menunjukkan perbezaan yang signifikan bagi kumpulan (p = 0.019). Rintangan 

tertinggi diperhatikan dalam kelompok C (23,667 - carbapenems) manakala yang 

terendah milik kedua-dua kelompok B (22,000 - cephalosporins) dan F (22,000 - 

quinolones). 

 

 

Corak rintangan antimikrob antara pencilan yang berbeza dengan rintangan yang sama 

dalam kelompok yang berbeza diperhatikan dalam tiga kelas antibiotik utama. QacE, 

QXA58 dan PER mempunyai variasi yang tertinggi. Julat frekuensi untuk QacE adalah 

di antara 100% (kelompok B) dan 42.9% (kelompok F), dan julat ini untuk OXA58 

adalah di antara 94.4% (kelompok A) dan 28.6% (kelompok F), dan bagi PER adalah 

antara 100% (kelompok B) dan 66.7% (kelompok C). Dalam erti kata lain, ketiga-tiga 

gen mempunyai perubahan lebih tinggi di kalangan sampel yang telah membentuk 

kelompok yang berbeza ini. 

 

 

Biofilm dan “quorum sensing” (QS) adalah dua fenomena yang sangat penting dalam 

membantu MDRAB untuk berpaut kepada kulit, mukosa, dan permukaan objek tidak 

bernyawa seperti peralatan perubatan (ventilator dan aspirasi trakea) dalam 

persekitaran hospital. Biofilm yang dikenali untuk meningkatkan rintangan dadah 

dalam bakteria. “quorum sensing” (QS) adalah ciri dalam bakteria yang membolehkan 

ia memantau kepadatan populasi melalui pengeluaran molekul isyarat kecil yang 

dikenali sebagai “auto inducers”. Dalam MDRAB “auto inducers” adalah acyl-

homoserine lactones (AHLs), (Chenia, 2013). Perkaitan yang kukuh antara gen 

rintangan antibiotik dan QS melalui isyarat laluan adalah kukuh. Dalam kajian ini, 
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pembentukan biofilm oleh pencilan MDRAB sangat resistan dipilih untuk dianalisis 

dan telah disaring untuk gen QS abaΙ. Pembentukan biofilm meningkat 2-4 kali ganda 

dalam MDRAB resistan dan adalah lebih tinggi berbanding dengan strain kawalan 

Escherichia coli. 

 

 

Kesimpulannya, MDRAB biasa didapati di ICU, resistan kepada kebanyakan 

antibiotic yang digunakan untuk rawatan termasuk carbapenems dan membawa gen 

rintangan antibiotik. Walaupun kelaziman tinggi QacE gen yang bertanggungjawab 

untuk ketahanan antiseptik diperhatikan, MIC adalah lebih kurang daripada kepekatan 

yang digunakan di hospital. Kepelbagaian genom adalah tinggi di kalangan MDRAB 

yang digasingkan, bagaimanapun rintangan adalah sama. Kehadiran gen abaI dalam 

MDRAB yang menghasilkan kepekatan biofilm tinggi menunjukkan ia memerlukan 

perhatian lebih kerana kehadiran biofilm ini di persekitaran hospital dan permukaan 

pada objek tidak bernyawa seperti kateter, shunts dan ventilator. Pemantauan berkala 

untuk rintangan antibiotik dan antiseptik dalam wad adalah penting untuk pengurusan 

yang berkesan bagi MDRAB di hospital. 
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CHAPTER 1 
 
 

1 INTRODUCTION 
 
 

Multiple drug resistant Acinetobacter baumannii (MDRAB) is recognized as one of 
the top nosocomial pathogens because of its environmental elasticity, potency to 
colonize several sites of body in hospitalized patients, prolonged permanence, 
association with MDR successful and isolates outbreak potential (Villegas et al., 2003; 
Safdar et al., 2006; Le et al., 2007 ; Manian et al., 2011 and Cockerill et al., 2012). 
Although A. baumannii is considered as an organism of limited virulence, this microbe 
is of great clinical importance especially among individuals with weak immune 
systems, chronic lung disease, patients on ventilators or invasive devices like urinary 
catheters, prolonged hospital stay and also on those with open wounds. 
 
 
It leads to an extensive spectrum of hospital acquired infections (HAI) including 
bloodstream infections, respiratory tract and UTI, ventilator related pneumonia 
(VAP), normally among ICU (Intensive Care Unit) patients. (Bergogne et al., 1996 
and Perez et al., 2007).  The major transmission sources of A. baumannii infections 
are through person to person contacts, contaminated surfaces (Otter et al., 2011) and 
room so occupied by previous patients diagnosed with A. baumannii colonization 
orinfection. Epidemiological investigations have obviously revealed that colonized 
patients and hospital environment are the main source of A. baumannii infections 
(Mak et al., 2009). A. baumannii infections Management is the very challenging 
forinfection, clinicians and patients control personnels. Interventions of infection 
control including hand hygiene compliance, patient screening,  team isolation, 
environmental contamination supervision, increase environmental disinfection and 
cleaning have been revealed to decrease nosocomial infection degrees and outbreaks 
(McDonnell et al., 1999; Villegas et al., 2003 and Rodriguez et al., 2009). 
 
 
As a definition, MDRAB is resistant to more than three classes of antibiotics including 
all penicillins and cephalosporins (inhibitor combinations), fluoroquinolones and 
aminoglycosides. Four categories of antibiotic resistance exist in A. baumannii, which 
include 1- produces enzymes that inactivate antimicrobials, 2- reduce access of 
antibiotics to targets due to low outer membrane permeability, 3- multidrug efflux 
pump and 4- mutations that alter cellular functions.  
 
 
Certain strains of A. baumannii is highly resistant to most antibiotics available in 
clinical practice. A number of resistance mechanisms to many classes of antibiotics 
are known to exist in A. baumannii, including β-lactamases, multidrug efflux pumps, 
aminoglycoside-modifying enzymes, permeability defects, and the alteration of target 
sites. Most of these resistance mechanisms can target different classes of antibiotics. 
However, several different mechanisms can work together to contribute to the 
resistance to a single class of antibiotics. For example, the resistance mechanisms in 
CRAB are diverse. In addition to β-lactamases with carbapenem-hydrolyzing activity 
as a major carbapenem resistance mechanism, which include carbapenem-hydrolyzing 
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class D β-lactamases (CHDLs) and metallo-β-lactamases (MBLs), Penicillin-Binding 
Protein modifications might also be involved in carbapenem resistance. The spread of 
multidrug-resistance determinants in A. baumannii is mostly through plasmid 
conjugation, transposon acquisition or integron mobilization to gain clusters of genes 
encoding resistance to several antibiotic families (aminoglycosides). Modifications to 
DNA gyrase or topoisomerase IV through mutations in the gyrA and parC 
(quinolones), resistance mediated by efflux or ribosomal protection (tetracycline and 
glycylcyclines) (Ming et al., 2014). 
 
 
In Malaysia, detailed information on the antimicrobial resistance and genetic 
relationship of A. baumannii strains is still lacking (Boon Hong et al., 2011). 
Molecular epidemiology studies in Malaysia can offer a better awarness of A. 
baumannii epidemiology in the hospital and the likely transmission routes. 
Information of alterations in the A. baumannii rates resistance in hospitals can expand 
antimicrobial treatment.  
 
 
To manage the increasing prevalence and control of life threatening infections caused 
by MDRAB, proper and timely identification, antibiotic resistance patterns and strain 
relatedness with epidemiology need to be well understood. This can aid in formulating 
new infection control policies, and reducing the mortality and morbidity rates. 
Understanding the type of MDR resistance has important concepts in infection control 
diseases and prevention, establishing antimicrobial stewardship programs in the 
community and hospital care (Carriço et al., 2013).  
 
 
Antiseptics play a crucial role in the infection control trials and are adopted in skin 
antisepsis, and preparation of anatomical locations for surgical operations, hands 
sterilization prior contacting to an infected patient, before an intensive process and for 
a surgical scrub. Using antiseptics frequently in hospital has enhanced worries on its 
resistance. Recently a reserch by Suwantarat (2014) has reavealed that bacteria which 
causes life threatening infections in drastically ill patients are becoming less 
susceptible to the antiseptics which are used frequently in the hospitals. Patients who 
received common antiseptics wash observed low susceptibility to CLX in comparison 
with patients who did not receive the antiseptic baths. 
 
 
Resistance to antiseptic is determined by the qac genes. At present numerous qac 
genes including qac A/B genes (McGann et al., 2011), qac C/D also known as smr 
(Bischoff et al., 2012), qacE/F (Ploy et al., 1998), qacG (Heir et al., 1999), qacH (Heir 
et al., 1998), qac J (Bjorland et al., 2003)and qac Z (Braga et al., 2011) have been 
stated Qac A/B together with qac C/D genes is commonly related to Gram positive ( 
Zmantaret al., 2012; Longtin et al., 2011), while qac E is regularly observed in Gram 
negative bacteria. Studies in Asia countries such as Malaysia and Singapore have 
revealed persistent growth of extremely MDR A. baumannii in Asia (Chung et al., 
2011). Correlation between reduced susceptibility to disinfectants and multidrug 
resistance among clinical isolates of Acinetobacter species has also been demonstrated 
(Sato  et al., 2010).  
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To control the spread of A. baumannii in the hospital, it is necessary to identify 
potential reservoirs of the organism and the modes of transmission. To distinguish the 
outbreak strain from epidemiologically unrelated ones, a comparison of isolates at the 
subspecies level is required. Molecular epidemiologic investigations are important to 
determine whether a clonal outbreak strain is present in the setting, and to trace the 
source of outbreak and route of transmission.  
 
 
Biofilms and quorum sensing (QS) are two phenomena that are very important and 
crucial in helping the MDRAB to cling to the skin, mucosal, and surfaces of inanimate 
objects such as medical devices (ventilator and tracheal aspirate) in hospital 
environments. Most importantly, biofilms can increase the drug resistance of the 
strains. Bacteria producing biofilms are far more resistant to antimicrobial agents than 
those that do not produce (Gurung et al., 2013). QS as a shared system in bacteria 
allows the bacteria to monitor their population density through the production and 
sensing of small signal molecules known as auto inducers. In MDRAB auto inducers 
are acyl-homoserine lactones (AHLs), (Chenia, 2013). The strong association between 
antibiotic resistance genes and QS through signalling pathway has been well 
established. It is reported that more than 60% of the nosocomial infections in hospitals 
worldwide are due to biofilm formations on medical devices (M’hamedi et al., 2014).  
 
 
It is difficult to control MDRAB especially in intensive care units and to treat due to 
the limited antibiotic choices. The effective control approaches include isolation of 
patient and strict hygiene practices. In Malaysia, although MDR A. baumannii is one 
of the important nosocomial pathogen, its susceptibility towards antibiotics and 
antiseptics is not very well established.  Therefore, this study is designed to understand 
the antibiotic and antiseptic susceptibility, molecular epidemiology and quorum 
sensing property of MDRAB collected from Universiti Kebangsaan Malaysia Medical 
Centre (UKMMC) that is one of the major Malaysian teaching hospitals. The study 
hospital was carried out in UKMMC, as it receives population from all over Klang 
valley and also has shown enhancing trends of MDRAB infections.  
 
 
Research objective 
 
General objectives 
 
To investigate the molecular epidemiology of multiple drug resistant A. baumannii 
(MDRAB) in a tertiary care hospital in Malaysia.  
 
 
Specific objectives 
 

1. To determine the prevalence of MDRAB among the inpatients at study 
hospital. 

2. To determine the antimicrobial susceptibility and resistance gene patterns of 
MDRAB. 

3. To determine the antiseptic susceptibility and resistance genes in MDRAB. 
4. To determine the molecular epidemiology of MDRAB in the study hospital. 
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5. To investigate the association between quorum sensing and antibiotic 
resistance in MDRAB isolates. 
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