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BY

SEENU SUNTHARAMURTHY

September 2013

Chairman: Assoc. Prof. VasanthaKumari Neela, PhD

Faculty: Medicine and Health Sciences

Nosocomial infections are generally hospital acquired diseases, and is posing a

serious threat to mankind due to treatment failures. It is an infection occurring in a

patient during the process of care in a hospital or other health-care facility that was

not manifest or incubating at the time of admission. Nosocomial pathogens are often

multiple drugs resistant and their emergence leads to difficulty in treatment of

diseases. The common nosocomial pathogens are Methicillin-resistant Staphylococcus

aureus (MRSA), Extended-spectrum beta-Iactamases (ESBL) Escherichia coli and

Klebsiella pneumoniae, multi-drug resistant Pseudomonas aeruginosa and multi-drug

resistant Acinetobacter baumannii. Nosocomial pathogens are continually evolving in

resistance against antibiotics despite proper management control. The main aim of

this study is to characterize multi drug resistant (MDR) pathogens isolated from
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clinical and non-clinical sources isolated from the Nephrology unit in Hospital

Serdang. Among the objectives were to determine phenotypic and genotypic

characteristics of the common nosocomial pathogens isolated, to determine the

antimicrobial susceptibility pattern and resistant genes, and fmally to determine the

clonality of the MDR pathogens. Nasal and hand swabs were obtained from the

healthcare workers, their belonging and ward environment. All swabs were screened

for the common MDR pathogens using standard procedure. In order to characterize

the pathogens, all MDR clinical isolates isolated from patients admitted in the

Nephrology from September 2011 to May 2012 were collected. DNA extraction was

performed and antibiotic resistant genes such as mecA, tem, shv, OXA-23, OXA-5i,

Inti, sull, qacA, qacE and bla-IMP coding for methicillin resistance,

cephalosporinases, carbapenemases, and quaternary ammonium compounds were

screened using simple peR. Among the four sampling groups (nasal and hands of

healthcare workers, their personal belonging and the ward environment), 43 isolates

were S. aureus, 9 were P. aeruginosa, 23 were K. pneumoniae, 10 were E. coli and 16

were A. baumannii. Antimicrobial Susceptibility Testing (AST) performed on all

isolates to screen for the MDR strains showed the following results: S. aureus showed

high resistance to penicillin (51.16%), followed by cefoxitin and erythromycin

(16.28%); P. aeruginosa showed high resistance to chloramphenicol (63.64%),

followed by ceftazidime (36.36%); A. baumannii showed high resistance to

ceftazidime and chloramphenicol (43.75% each), followed by ampicillin-sulbactam

(31.25%); E. coli showed high resistance to ampicillin (50.0%) and co-trimoxazole

(50.0%), while augment in, aztreonam and ceftriaxone showed 40% resistance; K.

pneumoniae showed 100% resistance to ampicillin and augmentin. All resistant

isolates were screened for antibiotic resistant genes. Among the clinical isolates, one
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MRSA isolate carried the mecA and smr gene. The genes tern and shv were observed

in ESBL E. coli. One isolate showed positive signal for the shv gene and negative for

tern. Two isolates showed positive signal for the tern gene but negative for shv.

Although resistance was observed for P. aeruginosa in AST, no resistant genes were

detected. Only one isolate of A. baumannii showed positive signal for tern, bla-IMP,

OXA-23 and OXA-51. All genes were confirmed by sequence analysis. PFGE was

performed to trace any transmission of MDR pathogens from healthcare workers or

the ward environment to the patients. All MDR pathogen isolated from clinical and

non-clinical samples were fingerprinted by PFGE method (five isolates of P.

aeruginosa, six isolates of S. aureus, and three isolates of ESBL E. coli). The

dendrogram generated showed a vast diversity among the strains. No close relatedness

was observed between the isolates from the HeWs, their belongings, and the

environment with the clinical isolates. Further study need to be conducted including

more wards from the hospital to understand the epidemiology of nosocomial

pathogens in the hospital.
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memenuhi syarat kelulusan Ijazah Master Sains

PENCIRIAN PATOGEN RINTANGAN PELBAGAI DADAH YANG
DIASINGKAN DARIPADA SAMPEL KLINIKAL DAN PERSEKITARAN

DARI UNIT NEFROLOGI DI HOSPITAL SERDANG

OLEH

SEENUSUNTHARAMURTHY

September 2013

Pengerusi: Prof. Madya Vasanthakumari Neela, PhD

Fakulti: Perubatan dan Sains Kesihatan

Jangkitan nosokomial secara umumnya merupakan penyakit yang diperolehi dari

hospital dan rnenirnbulkan ancaman yang serius kepada umat manusia kerana

kegagaJan rawatan. Ia adaJah infeksi yang menjangkiti pesakit yang telah dimasukkan

ke hospital untuk penyakit lain. Patogen nosokomial adalah pada kebiasaannya

mempunyai daya rintangan terhadap ubatan dan kemunculannya membawa kepada

kesukaran dalam merawat penyakit. Patogen nosokomial biasa ialah Methicillin-

resistant Staphylococcus aureus (MRSA), Spektrum meluas beta-lactamase (ESBL)

Escherichia coli dan Klebsiella pneumoniae, Pseudomonas aeruginosa dan

Acinetobacter baumannii rintangan pelbagai ubat. Patogen nosokomial sentiasa

berevolusi dalam rintangan terhadap dadah walaupun kawalan pengurusan yang baik

dijalankan. Tujuan utama kajian ini adalah untuk mengkaji ciri-ciri pathogen
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rintangan pelbagai dadah yang diasingkan daripada klinikal dan persekitaran dari unit

Nefrologi di Hospital Serdang. Objektif-objektif kajian ini adalah untuk

mengenalpasti ciri-ciri fenotip dan genotip patogen nosokomial biasa, mengenalpasti

corak kerentanan antimikrobial dan gene rintangan dan akhirnya, menentukan

klonaliti patogen MDR. Swab hidung dan tangan diperolehi daripada pekerja

penjagaan kesihatan, barangan milik mereka dan dari persekitaran wad. Semua swab

disaringkan untuk patogen MDR biasa dengan menggunakan prosedur piawaian.

Dalam usaha mengesan sumber untuk transmisi nosokomial, semua isolat klinikal

MDR dari wad Nefrologi dikumpulkan dan diasingkan dari September 2011 hingga

Mei 2012. Pengekstrakan DNA dilakukan dan gen rintangan antibiotik seperti mecA,

tern, shv, OXA-23, OXA-5I, IntI, sull, qacA, qacE dan bla-IMP yang mengekod

untuk penisillinase, cephalosporinase, carbapenemase, sebatian ammonia kuartemari

disaringkan menggunakan kaedah peR mudah. Antara empat kumpulan persampelan

(hidung dan tangan pekerja, barangan milik mereka dan persekitaran wad), 43 isolat

adalah S. aureus, 9 adalah P. aeruginosa, 23 adalah K. pneumonia, 10 adalah E. coli

dan 16 adalah A. baumanii. Ujian kerentanan antimikrobial dilakukan untuk saringan

spesis MDR menunjukkan keputusan yang berikut: S. aureus menunjukkan rintangan

yang tinggi terhadap penisilin (51.16%), diikuti oleh cefoxitin dan erythromycin

(16.28%); P. aeruginosa menunjukkan rintangan yang tinggi terhadap

chloramphenicol (63,64%), diikuti oleh ceftazidime (36.36%); A. baumannii

menunjukkan rintangan yang tinggi terhadap ceftazidime dan chloramphenicol

(43.75% masing-masing), diikuti oleh ampicillin-sulbactam (31.25%); E. coli

menunjukkan rintangan yang tinggi terhadap ampicillin (50.0%) dan cotrimoxazole

(50.0%), manakala augment in, aztreonam dan ceftriaxone menunjukkan rintangan

40%; K. pneumoniae menunjukkan rintangan 100% terhadap ampicillin dan
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augmentin. Semua isolat rintangan telah disaringkan untuk pengesanan gen rintangan

antibiotik menggunakan kaedah peR. Antara isolat-isolat klinikal yang diperolehi,

satu isolat MRSA membawa mecA dan gen smr. Gen tern dan shv diperhatikan dalam

ESBL E. coli. Satu isolat menunjukkan isyarat positif kepada gen shv dan negatif

untuk tern. Dua isolat menunjukkan isyarat positifuntuk gen tern tetapi negatifuntuk

shv. Walaupun rintangan diperhatikan untuk P. aeruginosa semasa ujian kerentanan

antimikrobial, tiada gen rintangan yang dikesan. Hanya satu isolat A. baumannii

menunjukkan isyarat positifuntuk tern, bla-IMP, OXA-23 dan OXA-51. Semua identiti

gen disahkan melalui analisis jujukan. PFGE dijalankan untuk mengesan transmisi

patogen MDR daripada pekerja penjagaan kesihatan atau persekitaran wad kepada

pesakit. Semua patogen MDR yang diasingkan daripada sampel klinikal dan bukan

klinikal menjalani proses anal isis pencapjarian menggunakan kaedah PFGE (lima

isolat P. aeruginosa, enam isolat S. aureus, dan tiga isolat ESBL E. coli). Dendogram

yang dijanakan menunjukkan kepelbagaian yang meluas diantara setiap spesies

bakteria. Tiada pertalian rapat diperhatikan d iantara iso lat-iso lat daripada pekerja

penjagaan kesibatan, harta bend a mereka, dan persekitaran wad dengan isolat klinikal.

Kajian yang lebih mendalam perlu dijalankan termasuk liputan pelbagai wad di

hospital untuk memahami epidemiologi patogen nosokomial di hospital.
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CHAPTER I

INTRODUCTION

Nosocomial infection, also known as hospital-acquired infection (HAl) is

defined as an infection occurring in a patient during the process of care in a

hospital or other health-care facility that was not manifest or incubating at the

time of admission. This may include infections acquired in the hospital and

any other setting where patients receive health care and may appear even after

discharge. Nosocomial infection also includes occupational infections among

facility staff (WHO, 2002). The infection sources in a hospital may be from

other patients, healthcare workers, contaminated objects, or from the patient

itself Most common nosocomial infections are surgical wound infections,

urinary and respiratory tract infections, and bacteremia.

Nosocomial infection which is one of the leading causes of death and

increased morbidity for hospitalized patients (WHO, 2002) was often linked

with antibiotic-resistant bacteria pathogens. According to National Healthcare

Safety Network (Centre of Disease Control, 2008), general hospitals reported

the highest number of nosocomial infections (93.9%), of which 87% were

bacteria related infection. Staphylococcus aureus (15%), Enterococcus spp

(12%), Escherichia coli (10%), and Pseudomonas aeruginosa (8%) were the

common nosocomial pathogens. In addition to the significant morbidity and

mortality burdens, nosocomial infections are associated with higher healthcare

costs (Stone et a/., 2002; Dulworth and Pyenson, 2004; Chen et a/., 2005).
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Risk factors for nosocomial infections include weak immunity among patients

and invasive medical procedures which creates potential transmission routes

for multi drug-resistant (MDR) pathogens.

Among the nosocomial pathogens, Gram-positive methicillin-resistant

Staphylococcus aureus (MRSA) (Chambers and DeLeo, 2009) and Gram-

negative Extended Spectrum Beta-Lactamases (ESBL) Escherichia coli, MDR

Acinetobacter, and Pseudomonas spp ranks top. Gram-negative bacilli

resistance is mediated by ~-lactamase enzymes that are classified into two

important groups: Extended Spectrum Beta-Lactamases (ESBL) and the

inducible chromosomal ~-lactamase (Schwaber et al., 2005). The strains with

ESBLs are reported mainly among Klebsiella pneumoniae, Escherichia coli,

Proteus mirabilis, and other species such as Enterobacter spp. and Citrobacter

freundii (Thomson and Smith, 2000). Chromosomal ~-lactamase is described

in non fermenting Gram-negative bacilli such as Enterobacter spp.,

Pseudomonas spp., and Acinetobacter baumannii.

Nephrology ward in hospitals are no exceptions to nosocomial infections.

Among chronic haemodialysis patients, approximately 25% of blood stream

infections are caused by gram-negative bacteria (Marr et al., 1997) and this

percentage is increasing steadily (National Institute of Health, 2000).

Treatment failure is mainly due to pathogens resistant to commonly

administered drugs similar to any other wards. Patients who require

hospitalization for management and renal diseases are vulnerable to

nosocomial infection due to invasive devise usage, frequent haemodialysis and

immune-modulators or immune-suppression therapy. The nature of

2
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nosocomial infection and its epidemiology in patients with diabetes and end

stage renal failure is not well discussed despite of high number of cases

reported in Malaysia.

Common problems associated with nosocomial pathogens are its resistance

towards commonly administered drugs, its mechanisms of resistance, and the

main source of transmission. The source is important in epidemiological

studies to enable proper management in pathogen elimination. Since

nosocomial infection act as in a chain formation, the elimination of the source

may actually decrease the rate of nosocomial infections in the ward. In the

current study, the problem of source tracing is highlighted and the main aim is

to determine the prevalence of nosocomial pathogens and to understand the

source of transmission in the Nephrology ward in a recently established

hospital in Malaysia.

The general objective is to characterize multiple drug resistant pathogens

isolated from clinical and environmental samples in the hospital while the

specific objectives are:

(1) To determine the phenotypic and genotypic characteristics of common

nosocomial pathogens isolated from patients, healthcare workers (HCWs) and

environment.

(2) To determine the antimicrobial susceptibility pattern of common

nosocomial pathogens and the common resistant genes in the MDR pathogens.

(3) To determine the clonality of the MDR pathogens isolated from

patients, healthcare workers (HCWs) and environment.
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