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ABSTRACT

In the last two decades, the emergence of nosocomial infections caused by CoNS has
led clinicians and researchers to reconsider the role of CoNS and methicillin-resistant
CoNS (MR-CoNS) as important agents of nosocomial infections. Because their natural
habitat is skin, they may contaminate clinical samples causing suspicion as to whether
an isolate is causing true infection or is a mere contaminant. The present study was
conducted on clinical isolates of MR-CoNS obtained from inpatients in Tengku
Ampuan Afzan Hospital (HTAA) and International Islamic University Malaysia
Medical Center (IIUM-MC) to determine their antimicrobial resistance profile and the
presence of mecA or mecA homologue (mecC gene). The isolates were cultured from
clinical samples of blood, tissues, and swabs. A total of 40 isolates (33 blood, 4 tissues,
and 3 swabs) of MR-CoNS were collected through venepuncture, biopsy, and swabbing
techniques respectively, and processed by conventional cultural and biochemical
methods, antimicrobial susceptibility tests, and finally confirmation to the species level
was done by using conventional PCR assay for known four common clinical species.
Of all 40 isolates, Staphylococcus haemolyticus was the most commonly found species
(13/40, 32.5%), followed by S. hominis (12/40, 30%). S. epidermidis and S.
saprophyticus were not identified in the samples. MR-CoNS isolated from blood
included S. haemolyticus (12/40, 30%) and S. hominis (12/40, 30%), while 10 (40%)
were unidentified. For swabs, only 1 (2.5%) isolate was identified as S. haemolyticus,
and 1 (2.5%) was unidentified. For tissues, none of the 4 (10%) isolates tested positive
for any of the 4 MR-CoNS. Methicillin- and vancomycin-resistance profile of the
isolates was performed by E-test and broth micro-dilution methods. Of the 40 isolates,
38 were identified to be methicillin-resistant (MIC > 0.5 pg/mL). The remaining 2
isolates were considered as susceptible to methicillin (MIC <0.25). All 40 isolates were
found to be susceptible to vancomycin, with MIC ranging from 1-4 pg/mL. All 40
isolates were also tested for phenotypic antimicrobial susceptibility profile using the
Kirby and Bauer disc diffusion method. Resistance rates to linezolid, erythromycin,
ciprofloxacin, and ceftaroline were found to be 100%. Resistance rates to trimethoprim-
sulfamethoxazole, teicoplanin, and clindamycin were found to be 82.5%, 92.5%, and
97.5% respectively. Thus, all the isolates revealed multi-drug resistance profiles to more
than three antimicrobials, the highest being resistance to 9 antibiotics. All tested
isolates showed multi-drug resistance profile to more than 3 antimicrobials except one
isolate from swab. Detection of the mecA (or mecC) gene was performed by
conventional PCR assay. Only mecA was identified in the 38 MR-CoNS isolates (95%).
The other 2 isolates (5%) that were identified to be methicillin-sensitive by the E-test,
also tested negative for the presence of the mecC gene, thus confirmed to be non-
methicillin resistant. The high percentage of multi-drug resistance among these MR-
CoNS isolates points toward the need for periodic antibiogram surveillance as they are
identified to cause difficult to treat infections.



Coudl Lo

e Ly wn @ 52 ) 23 microbiota ks CONS e il () @
ablall 228 Vly ki) Ly 2om) b 03Y1 8L8 5 2alo¥l clanllg W e 2359 auly Glas
LY CoNS s S asiiall SLLY b &30 e il (3 Sy L sall
Aol Lelilgn 0¥ Bgiiand) (sotall g JlsnS CONS ¢lsf 155 (3 o sslel ) Ul
Bl pl) oda gl W8y 83 LSl e Yy pal B skaS slo il o Lo saled ¢ Al s
MR- Gioss obs Soall aaglill eadle it IUM-MC  HTAA izas 3
40 & oledly imeiVly o) o sl opoll B dl Sl e Wgsall CONS
oyl i s 0 MR-CONS s (wloes 3 5 anil 4 4 25 33) 1808 age
Al Sty i) sl cLeSY G b Alauls Lenblas by (Usdl e raney e
S 08 ¢ ahe 40 o e aa i) PCRC Gami alasant a8T ¢ s fy ¢ by Seald 35020
4.(/.30 A2) 8. hominis b (/. 32.5 (13) \egs ¢\ sThaemolyticus
ol oles & sl e ¢ LS. saprophyticus 5 S. epidermidis Je Gl o
F ¢ Ol andl LS. Aominis (/. 30) 12 5 (I9Y s e (7 30) 12 01
Foade Gl ¢ o Al g Y S Aidly p WL e kit (72.5) 1 apad
Ay ,b sl s S Slslaal) oled! alhe e Gl 40 SVl a jlasl 3 day
Az dgyladendly ¢ pnlaSili g ¢ g )W) ¢ W Baglie o el @ 0 A1 L)
s A 1975 5 7925 5 7825 Ju iT wlges chad Wy L 100
tbntoall daglill ol uSTE ] F L) e GrellidSy MsSss JgjleSiaile
e 38 wad ¢ e 40 oy e microdilution y E-test @b alauls cpmlesSLilly
iz 1l 20 (o] pl29 8 0.52 s okt MIC 05 o) phomstinedd Baglie 0,5
eSO 22,8 0SS Y Vi) e @3y (M 0.25 s MIC 05 LS)
o DY e cdns s e sdle (e ] pli S 4-T e MIC eyl o)
i i) olslall ol 9 deglie Jol (ol &M e Y Sl 2550 eglie meadls
Sl 4 el ¢ o8 3 a Y sl 3G Reglill eadle 23 Bie 34 oo gbl ¢ Wbl
tauly o (mecC gl) mecA asT Jis ¢ LS s Sle 2 2 555Vl ¢ 2ensY)



caalisd) age 30 (793) whe 38 3 Lis mecA e i ¢ aadsd PCRO el
oo S (%05) 2y iVl e iS5 (%010) 4 5 i) e S N e (7 80) 32
oyl @9 ¢ 9SOV LS 4,0 0 Lyt @ 31 (75) 2 Y oVl Ll L loens
Rl 05 heniald Beglin o BT wuSTy « (mecC ) K B sgmg) 18T 1Sy
) ods MR-CONS w¥je cp mECcA g a9 soaadll aoglill o aais L) a2l

LY 2O (3 Bpno s BT e 15550 bt & o ¢yl 231 ] 2 U



APPROVAL PAGE

| certify that | have supervised and read this study and that in my opinion, it conforms
to acceptable standards of scholarly presentation and is fully adequate, in scope and
quality, as a dissertation for the degree of Master of Medical Sciences.

Mohammed Imad A. Mustafa Mahmud
Supervisor

Hairul Aini Hamzah
Co-Supervisor

Hanan Hamimi Wahid
Co- Supervisor

| certify that | have read this study and that in my opinion it conforms to acceptable
standards of scholarly presentation and is fully adequate, in scope and quality, as a
dissertation for the degree of Master of Medical Sciences.

Intan Azura Shahdan
Internal Examiner

This dissertation was submitted to the Department of Basic Medical Sciences and is
accepted as a fulfilment of the requirement for the degree of Master of Medical
Sciences.

Mohammed Imad A. Mustafa Mahmud
Head, Department of BMS

This dissertation was submitted to the Kulliyyah of Medicine and is accepted as a
fulfilment of the requirement for the degree of Master in Medical Sciences.

Azmi Md. Nor
Dean, Kulliyyah of Medicine



DECLARATION

| hereby declare that this dissertation is the result of my own investigations, except
where otherwise stated. | also declare that it has not been previously or concurrently
submitted as a whole for any other degrees at IIUM or other institutions.

Kitota Abdillahi Mussa

S1gnature .......oooveiiiiiiiii Date .....ooviiiiiiii

Vi



INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

DECLARATION OF COPYRIGHT AND AFFIRMATION OF
FAIR USE OF UNPUBLISHED RESEARCH

ANTIBIOGRAM AND MOLECULAR DETECTION OF MECA
(OR MECC) GENES FROM METHICILLIN-RESISTANT
COAGULASE NEGATIVE STAPHYLOCOCCAL SPECIES IN
HOSPITAL TENGKU AMPUAN AFZAN (HTAA) AND
INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA (11UM)
MEDICAL CENTRE, KUANTAN, MALAYSIA

| declare that the copyright holders of this dissertation are jointly owned by the
student and 1HUM.

Copyright © 2020 Kitota Abdillahi Mussa and International Islamic University Malaysia. All rights
reserved.

No part of this unpublished research may be reproduced, stored in a retrieval
system, or transmitted, in any form or by any means, electronic, mechanical,
photocopying, recording or otherwise without prior written permission of the
copyright holder except as provided below

1. Any material contained in or derived from this unpublished research may
only be used by others in their writing with due acknowledgement.

2. 1IUM or its library will have the right to make and transmit copies (print
or electronic) for institutional and academic purposes.

3. The IIUM library will have the right to make, store in a retrieved system
and supply copies of this unpublished research if requested by other
universities and research libraries.

By signing this form, | acknowledged that | have read and understand the IHTUM
Intellectual Property Right and Commercialization policy.

Affirmed by Kitota Abdillahi Mussa

Signature Date

vii




| dedicate this dissertation to my beautiful wife, Maryam Hussein Mayeye, and my
lovely children, Muhammad bin Abdillahi and Ilham bint Abdillahi for their prayers,

unconditional support and continuous encouragement throughout my coursework
studies, and through the process of researching and writing of this dissertation. And

also for their understanding and endurance while away. And to the memory of my

lovely mother late Mawazo Twalib Mussa Kitota.

viii



ACKNOWLEDGEMENT

The first and foremost special tribute goes to Allah (Subhaanahu wata’alah). Praise is
due to Him — the Creator, the Cherisher, and the Sustainer of the 7 Heavens and Earth,
whose grace and mercies have been with me throughout the duration of my programme.
Although it has been tasking, His mercies and blessings on me ease the herculean task
of completing this dissertation.

In conducting this study, | have received ungrudging help and support from
many people and institutions. | am grateful to all of them. I would particularly like to
acknowledge my thanks to the following: To begin with, 1 wish to register my
appreciation to the Muslim University of Morogoro (MUM), NAMA Foundation, and
An-Nahl Trust for granting me Sponsorship of my studies.

My deepest, heartfelt, gratitude goes to my supervisor Prof. Dr. Muhammad
Imad A-Din Mustafa Mahmud, whose enduring, disposition, kindness, promptitude,
thoroughness and friendship have facilitated the successful completion of my work. |
put on record and appreciate his detailed comments, useful suggestions and inspiring
queries which have considerably improved this dissertation. His brilliant grasp of the
aim and content of this work led to his insightful comments, suggestions and queries
which helped me a great deal. Despite his commitments, he took time to listen and
attend to me whenever requested. The moral support he extended to me is in no doubt
a boost that helped in building and writing the draft of this research work.

| am also grateful to my co-supervisors, namely Asst. Prof. Dr. Hairul Ain Binti
Hamzah and Asst. Prof. Dr. Hanan Hamimi Binti Wahid, whose scientific guidance,
constructive inputs, and time devotion contributed to the outcome of this dissertation.

| wish to extend my profound gratitude to the entire staff of HTAA, 1IUM
Medical centre, and 1HlUM Microbiology laboratories and particularly Dr. Roeznita
Baharudin of HTAA Microbiology Laboratory, sister Nadia and Zaza of IUM Medical
centre Laboratory, and brother Muhammad Zir’ainur Qarime bin Zakaria of I[TUM-
Microbiology laboratory and sister Rina Dahari of IITUM-Molecular biology laboratory,
for their tireless assistance in my laboratory works.

| also wish to record my gratitude to all lecturers of the Kulliyyah of Medicine
at 1lUM, because they gave me a great deal of academic matters and a tremendous
amount of research techniques, for which I am profoundly grateful.

Among of them are: Prof. Dr. Pakeer Oothuman Bin Sayed Ahmed, Assoc. Prof.
Dr. Azrina Binti Md. Ralib, Prof. Dr. Jamalludin Bin Ab-Rahman, Assoc. Prof. Nor
Zamzila Bt Abdullah, Assoc. Prof. Norlelawati Binti A. Talib, Assoc. Prof Aszrin Binti
Abdullah, Assoc. Prof. Abdelkader Elbadawy Abbad Ashour, and Assoc. Prof. Shaikh
Mizanur Rahman.



| am also indebted to the postgraduate office of the Kulliyyah of Medicine staffs
namely sister Nur Amira, sister Jariffah Aman and sister Abida Noorazabi, for their
assistance and cooperation during the whole period of my Master studies at IITUM.

I would like also to extend my sincere gratitude to my beloved wife and lovely
children; for their prayers, unconditional support and continuous encouragement
throughout my coursework studies, and through the process of researching and writing
of this dissertation. And also for their understanding and endurance while away.

Last but not least, | would like to express my gratitude to my colleagues, my
friends, and all who helped and guided me during my Master study journey.



TABLE OF CONTENTS

ADSTTACT ... bbb i
ADSEFACE IN ATADIC ... ettt nes i
APPIOVAL PAJE... ..ottt ettt nre e ne e %
(D =Tod 2T =LA o] o OSSR vi
LO10]0) Y/ T 1| AU USURPSRRP vii
=T [ o= U1 o] o ISR viil
ACKNOWIBAGEMENT ...t re e e e sreeee s iX
LISt OF TADIES ... e et Xiv
LISE OF FIQUIES ...ttt e e te e e snaenne s XVi
List OF ADDIEVIALIONS ......voeiiciieiee e XViii
CHAPTER ONE: INTRODUCTION ....cociiiiiiise et 1
1.1 Background of the StUAY ........ccccoeeiiiiiii e 1
1.1.1  Statement of the Problem and Justification.............cccccovvverviinnnns 4
1.2 Objectives of the StUAY.........cceciiiiiieiicc e 6
1.2.1 General ODJECTIVE .......cveieiiiiic e, 6
1.2.2 SPECIfiC ODJECIVES ....oovieiiciece e 6
1.3 Research HYPOtheSIS .........coeiiiiiiiiiinicieee e 6
1.4 EXPECted OULCOIMES .....cviiveeiieieiiieiteeie st e ste et ste e sre e re e ne e 7
CHAPTER TWO: LITERATURE REVIEW.........ccoiitiiiiee e, 8
2.1 Genus StapNYIOCOCCUS .........ooviiiiiiiiicicie e, 8
2.1.1  Morphology and Classification ..............cccceevivieiiiiveiie e, 8
2.1.2  Identification Methods .........cccocvviiiieiiniiriere e 10
2.1.3  Genetics and Virulence FaCtors..........ccooeveveneneneiisisieeienienn, 12
2.2 Human-Associated CONS .........ccooiieiiiieiiere e 15
2.2.1 CoNS as normal microbiota.........cccccevevereneniiesinieeeee, 15
2.2.2 CoNS as opportunistic pathogens ..........cccceveverenencneenienen, 16
2.3 Clinical significance and epidemiology of CONS.............cccoveiennen. 17
2.3.1 CoNS significance of CONS.........cccccvveveiieiiecccceece e 17
2.3.2 Epidemiology of CONS ..o, 20
2.3.2.1 Prevalence of CONS...........ccovviiiiiiiinere e, 20
2.2.2.2 Prevalence of MR-CoNS due to mecA (or mecC

GENES) 1.ttt ittt et e ete et e s et ra e reerenre s 22

2.3.3 Mechanism of CoNS resistance to Methicillin and other 3-
lactam antibiotiCS .......covvieiiiii e 26
CHAPTER THREE: RESEARCH METHODOLOGY ....cccooceiiiiiinieeneeieiens 33
3.1 Material and MethOdS..........ccevieiiiieiiee e 33
3.2 Flow chart of research activities..........ccoovveeiieiiiiniieiese e 33
3.3 Description Of the StUdY @rea ..........cocceveriririiiiiieiee e 33
3.4 SUAY TSN .ot re e 34
3.4.1  Study POPUIALION .....oeiiiiiiiiieiee e 34
3.4.2  INCIUSION CHITEITA. ...ccveiiieiiciiecieee e 35

Xi



3.4.3  EXCIUSION CIITEIIA. ..cee et 35

3.5 Sample Size Determination ...........cccooceverininininee e 35
3.6 Ethical APProval........c.ccvoiiiiiiee e 36
3.7 Sampling method and Sample collection ... 36
3.7.1  Patient’s Demographic data............cccovvviiiiinniinniiieniie e 37
3.8 Re-identification of the bacterial iSOlates ............ccccovvveviiiiiiiniie e 37
3.8.1 Re-activation of microorganisms from frozen state..................... 37

3.9 Sub-culturing for gram stain, catalase test, coagulase test,
antimicrobial susceptibility test, and E-test..........cccccoveviveiiiieiicnecenn, 37
3.10 Gram SEAINING....c..eoveiteiiriieieeeee bbb 38
3.10.1  Smear preparation........ccccecveieereiiieseesese e ese e 38
3.10.1.1 PrOCEAUIES .....ovveveeieeciee ettt 38
3.10.2  Gram Stain ProCEAUIES ........c.eiverueeieree e eie e sie e sreesre e sre e 38
311 Catalase tEST .. .eeveeiee et e 39
3.11.1 Quality control.........ccocveiiiiecece e 39
3.11.2  PrOCEAUIES......eiiiiiiieeieeiesiee st ereestee e ee e enee e sneeneeaneenneas 39
3.12 CoAQUIASE TEST ....veiieciic ettt 40
3.12.1 Quality CONEIOl ..o, 40
3.12.2 PrOCEUUIES ..ottt sttt 40
3.13 Antibiogram of the collected iSOIAES ............cvovviiiieieiiisee 41
3.13.1 Preparation of Mueller-Hinton Agar ..........ccccoeevevevvevecvieiienen, 42
3. 13. 1.1 PrOCEAUIES. ...c.veevieieeieetiestee e ertestee e e e sneesaeeneesreesneeneesneesreen 42
3.13.1.2 DiSC dIffUuSION tESt.....cveviiieiiiiiiiieieiee e 43
3.13.1.2.1 Procedures.........cccccovevveeveiieesesisasnesiiasnanns 43
3.14 Minimum Inhibitory Concentration.............ccceevevveviveresiieseese e 45
3.14.1 E-Test for determination of MIC of Oxacillin ............cc.ccceveneen. 45
3.14.1.1 Preparation of standardized inoculum ..............ccccovevvvenennnnn 45
3.14.1.2 Procedures for performiing the E-test ..........cccccoovvvriinennnn, 46
3.15 Micro-broth dilution test for determination of MIC of Vancomycin ...... 47
3.15.1  PrOCEAUIES ....oeeveeeeeeeieeieeieeiee st teeneesreesteeneenneenne e 47
3.15.1.1Preparation of stock and working solution................c..c....... 47
3.15.1.2 Preparation of inoculum and inoculation............c.cccccvevenen. 48
3.15.2 Quality CONLIOIS .....cceeieieieciecie e 49
3.16 Molecular characterization of MR-CoNS by conventional PCR assay... 49
3.16.1 DINA EXIrACTION....cciiiiiiiieieiie ettt 50
3.16.1.1 Sample preparation..........ccccceeveereieeseeie e e 50
3.16.1.1 Washing Step.............c.coueeeeee vevee e e e e e a0 I 0
3.16.1.2 Lysis of bacterial Cells...........cooveviiiiiiiiiiececcee e 51
3.16.1.3 DNA DINAING ..o 51
3.16.1.4 WaShing........ccoiieiiiiicie e 51
B L16. L5 EIULION e 52
3.16.2 Determination of the concentration and purity of DNA ........ 52
3.16.2.1 PrOCEUUIES ....eevveveecieeie ettt 52
3.17 Gel EIeCtrOPROreSIS. ... .ccivveiiie ittt 53
3.17.1 PrOCEAUIES ....ceevieeieeiiecieeiesee st e e e sta et see e ste e s e steeneesneenne e 54
3.17.1.1 Preparation of buffer solution ..............ccccoveiviinnnne. 54
3.17.1.2 Gel Preparation..........coveeeieieienese e 54
3.17.1.3 Loading of the samples ..........ccccoovviviiiiecic i, 55
3.17.1.4 Running of the gel........coooviiii 55

Xii



3.17.1.5Gel visualization.........ccoeeeeeeeee e 55

3 L8 PrimMer detailS.......ccceeieiieiieie e 56
3.19 PCR OPtIMIZALION ..ot 58
3.19.1 Primer dilution ......coeeiiiieiie e 58
3.19.2 Sample Preparation............cccvverreiieeseeriesee s esee e e 58
3.20 The reaCtion MIXEUIE ........ccoevuiieereeie e 59
3.21 PCR amplifiCation.........cccoveiiiiieiieie e 58
3.22 QUAITEY CONEIOL ... 60
3.23 Analysis 0f PCR ProducCtsS ..........ccccecviieiieiecie e 61
3.24 Sequence Of AMPIICONS ....c.ooiiiiiiiiiiiie e 61
CHAPTER FOUR: RESULTS...ccuitiuiiiiiiiiiiiiiiiiiieiiiiiieiatiiiesasnenecasncnen 62
4.1 Sample collection and distribution of MR-CoNS from different
Clinical SAMPIES. ... 62
4.2 Re-identification of the MR-CONS iS0Olates..........cccoevvrereiiiinisisienn 65
4.3 Antimicrobial Susceptibility teSt.........ccooiiiiiiiiic 68
4.4 MIC to Oxacillin in MR-CONS ........cccoiiiiiiiiiieee e 73
441 Interpretation of the RESUIS .........ccccoviiiiiiiiiiiieeee 74
4.5 MIC to Vancomycin in MR-CONS...........ccccoiiiiiiiiic e 77
4.6 Genotypic characterization of MR-CONS ...........cccooiiiiiiiiiee 79
4.6.1  Quality of extracted DNA .........cccoooeiiieie e 79
4.6.2 Conventional PCR assay reSultsS..........ccoovoeieneneneneneneeiennens 80
4.6.2.1 Conventional PCR results for specific
SPECIES. .ttt eti ettt et et ere e enesreenre s s eenes 2 . B0
4.6.2.2 Occurrence of mecA (or mecC) genes in MR-CoNS
SPECIES. ..t 82
4.7 SeqUENCING FESUILS .....vvevieeieciiecie et 84
CHAPTER FIVE:DISCUSSION .iiiiittiiiiietiiiinntccssaricssssscossssssmessscsssssees 85
5.1 INEFOTUCTION ..ottt esne e nrees 85
5.2 Antimicrobial susceptibility test ...........cccooviiiiiiiic e 88
5.3 Conventional PCR aSSay reSUILS ........c.ccoouriririiiiiieie e 88
5.3.1 Identification of mecA (or mecC) gene........cceevevvervevieeeesreennnn, 89
5.3.2 Identificatin of common species of MR-CoNS harbouring
MECA (OF MECC) ENES ....uviivieireeie et 89
CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS..........ccovenee. 93
6.1 CONCIUSION ...ttt ee e teeneesreeae e nre s 93
6.2 RECOMMENUALIONS .....ocviiiiiiieiieieie e 94
REFERENCES ..ottt sttt 95
APPENDIIX | oottt sttt 104

Xiii



Table 2.1

Table 2.2

Table 3.1

Table 3.2

Table 3.3

Table 3.4

Table 3.5

Table 3.6

Table 3.7

Table 3.8

Table 4.1

Table 4.2

Table 4.3

Table 4.4

Table 4.5

Table 4.6

LIST OF TABLES

Current classification of genus Staphylococci, showing CoNS
(Adopted from Becker et al., 2014)

The prevalence of MR-CoNS due to mecA (or mecC) in
selected countries

Average prevalence of each of the 4 MR-CoNS isolates
collected in recent studies

Nine antimicrobial drugs and their disc contents in pg/mL

Antimicrobial drugs, disc content and their zone diameter
interpretative criteria as recommended by CLSI

Materials, reagents and equipment used in DNA extraction

Measurement options based on sample type from the
SimpliNano™ micro-volume spectrophotometer

Primer details: Staphylococci species, target gene, forward
primers, reverse primers, primer base pair (bp), temperature
(°C), and references.

Final volumes and concentrations of the PCR reaction mixture
Gradient reaction and Cycle condition

Gender distribution of the collected isolates

Distribution of collected samples from different wards of
HTAA

Distribution of collected samples from different wards of
[HUM-MC

Distribution of collected isolates from both hospitals, TUM-
MC and HTAA

Distribution of collected MR-CoNS isolates from inpatients
diagnosed with different infectious diseases

Antibiograms of MR-CoNS in all types of clinical isolates:
blood, tissue, and swabs

Xiv

25

36

42

44

50

53

57

59

60

62

63

64

63

65

71



Table 4.7

Table 4.8

Table 4.9

Table 4.10

Table 4.11

Table 4.12

Table 5.1

Table 5.2

MDR profiles of all 40 MR-CoNS isolates tested in the present
study

MDR distribution profiles of specific MR-CoNS isolates tested
in this study

MIC of Oxacillin in MR-CoNS
MIC of vancomycin in MR-CoNS

Prevalence of the four targeted CoNS species as measured by
conventional PCR

Distribution of mecA and mecC in MR-CoNS

Number of patients with methicillin resistance and their
diagnosis in different wards of HTAA

Number of patients and their diagnosis in different wards of
IHUM-MC

XV

73

73

77

78

82

84

90

90



Figure 2.1

Figure 2.2

Figure 2.3

Figure 2.4

Figure 3.1

Figure 3.2

Figure 4.1

Figure 4.2
Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

LIST OF FIGURES

(A) S. epidermidis cells (Gram stain). (B) S. epidermidis cells
(SEM). (C) Colonies of S. epidermidis on tryptic soy agar plate.
(D) Colonies of S. epidermidis (stereomicroscope). Adopted
from Zhou, Xuedong., & Li, Yuging (2015).

HR-TEM analysis of biofilm formation. A: S. epidermidis and
B: S. haemolyticus. Adopted from Soumya et al. (2017)

Mechanism of biofilms formation. Adopted from Reffuveille et
al. (2017)

mecA and ccr locations of established SCCmec type | — VIII
sequences. Adopted from Saber et al. (2017)

Flow chart of research activities

Map of Malaysia, showing the location of the study area.
Source:<aref="http://www.worldatlas.com/img/areamap/190a
5b219dd8d2fa630b5ec59132c8dc.gif">Worldatlas.com</a>.

Staphylococcus grown on nutrient agar media after 24 h
incubation under aerobic condition. Colonies are medium-
sized, smooth, raised and glistening, with a grey to deep golden
yellow colour. .

Microscopic image of gram-stained staphylococci
Catalase test

Tube coagulase test: negative control showed absence of
clotting, and positive control showed presence of clotting

Antimicrobial sensitivity test results showing one of the 40
isolates tested for the 5 antimicrobial drugs using Kirby and
Bauer method.

Antimicrobial sensitivity test results showing the same isolate
tested for another 4 antimicrobial drugs using the Kirby and
Bauer method.

Antibiograms of MR-CoNS in all categories of isolates: blood,
tissue, and swabs. The highest antimicrobial resistance was
observed against linezoid, erythromycin, ciprofloxacin, and
ceftaroline, while the least resistance was observed against
trimethoprim-sulfamethoxazole.

XVi

10

13

14

29

33

34

66

67

67

68

69

70



Figure 4.8

Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13

Figure 4.14

Figure 4.15

E-Test showing the results of one of the isolates tested for
Oxacillin MIC where the growth touched the strip in the white
section.

E-Test showing the results of one of the isolates tested for
Oxacillin MIC where the growth touched the strip in the black
section.

E-Test showing the results of one of the isolates tested for
Oxacillin MIC but didn’t show any zone of inhibition.

The first row shows the MIC of vancomycin for one of the 40
isolates. The second and third rows show the MIC of
vancomycin  for  vancomycin-susceptible  controls  (S.
epidermidis ATCC 12228 and S. aureus ATCC 43300). For the
isolate (first row), from right to the left, 0.5-2 pg/mL of
vancomycin did not inhibit bacterial growth, while 4 pg/mL
was the lowest concentration that inhibited bacterial growth,
followed by 8 pg/mL, 16 pg/mL, and 32 pg/mL.

Agarose gel electrophoresis of extracted MR-CoNS DNA. Lane
1 is the 100 bp DNA ladder; lanes 2-15 are the extracted DNA
bands obtained after agarose gel electrophoresis of 13 DNA
samples.

Agarose gel electrophoresis of S. haemolyticus PCR products.
Lane 1 is the 54 bp DNA ladder, and lanes 2-15 are single bands
of the amplified product obtained after agarose gel
electrophoresis.

Agarose gel electrophoresis of S. hominis PCR products. Lane
1 is the 177 bp DNA ladder, and lanes 2-15 show single bands
of the amplified product obtained after agarose gel
electrophoresis.

Agarose gel electrophoresis for mecA PCR products. Lane 1 is
the 100 bp ladder, lanes 2-12 are MR-CoNS isolates that tested
positive for the presence of mecA gene, lane 13 is the positive
control (S. aureus ATCC 43300), and lane 14 is also the positive
control (S. epidermidis ATCC 12228); lane 15 is the negative
control (nuclease-free water).
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Staphylococcus aureus, also known as coagulase-positive staphylococcus (CoPS), has
been the major Staphylococcus spp causing a host of classic and new syndromes and
serious human diseases (Cunha et al., 2004). Hence, most studies on staphylococcal
pathogenicity have focused on S. aureus, while little attention is paid to coagulase-
negative staphylococci (CoNS) (Kim et al., 2018).

Till today, the definition of CoNS is based on diagnostic procedures that fulfil
the clinical requirements of differentiating S. aureus that produce the coagulase enzyme
and clot blood plasma, and those staphylococcal species that do not produce coagulase
enzyme, and therefore, do not have the ability to clot blood plasma (Becker et al., 2014).
Historically, CoNS were regarded as being harmless skin commensals or having little
clinical significance and dismissed as culture contaminants because of their rarity in
clinical pathology and the absence of virulence factors similar to those produced by
CoPS (Argemi et al., 2019; Huebner et al., 1999; Becker et al., 2014). For-example, in
the study by Robert et al. (1981), S. epidermidis recovered from blood culture was
considered a contaminant.

However, in the last two decades, the emergence of nosocomial infections with
CoNS has led clinicians and researchers to reconsider the role of CoNS species as
important agents of nosocomial infections. Today, CoNS are well-recognised as
causative agents of nosocomial infections, and the specific factors involved in their

pathogenesis has been documented (Argemi et al., 2019; Deyno et al., 2018; Seng,



2017a; Becker et al., 2014). Following this recognition, frequently isolated CoNS
species in clinical settings have been reported (Seng et al., 2017a; Sani et al., 2011,
Klingenberg, 2007; Winderstrom, 2010). For example, Winderstrom (2010) reported
that CoNS were responsible for about 30% of nosocomial infections. However, despite
recognition of the clinical significance of CoNS in causing hospital-acquired infections
by the end of the 1980°s, most of their underlying molecular mechanisms have yet to
be elucidated (Becker et al., 2014).

As normal microbiota of the human body, CoNS are widely distributed and
thrive on skin, anterior nares, external ear canal, and the respiratory and gastrointestinal
mucous membranes (Saber et al., 2017). It is reported that about half of CoNS species
reside on healthy humans, and most of them are found abundantly on the skin, and are
most frequently encountered by clinicians as contaminants of microbiological cultures
(Sharma et al., 2001). It is also reported that CoPS colonizes nearly 30% of the human
skin and gastrointestinal mucosae, whereas CoNS colonizes nearly all human skin
(Argemi et al., 2019).

Even though CoNS are normal microbiota, they often become opportunistic
etiological agents that prevail in numerous disease conditions to produce severe
infections (Bannerman, 2003). Due to the development of interventional therapy, long-
term hospitalization, and the increasing number of immunocompromised patients, these
bacteria have become among the five most commonly reported pathogens in
nosocomial infections, with S. epidermidis and S. haemolyticus being the most
commonly isolated species (Deyno et al., 2018; Seng, 2017a; Becker et al., 2014;
Murray, 2002). Currently, about 150 million intravascular devices are used every year
in the US alone (Shah et al., 2013); and about 250,000 cases of CoNS blood stream

infections have been estimated annually (Chen et al., 2017).



The mortality rate of these infections is about 1-25%, representing a great burden
to the public health system (Chen et al., 2017). CoNS harbour staphylococcal
chromosomal cassette mec (SCCmec) which is the mobile genetic elements that carries
mecA and various antibiotic resistance genes, originating from methicillin-resistant
Staphylococcus aureus (MRSA). The SCCmec elements harbour mec genes (methicillin
resistant genes such as mecA or mecC genes) that provide resistance to methicillin and
other antibiotics, such as beta lactams, aminoglycosides, and macrolides (Soumyaet al.,
2017). These species are often associated with infections in the old, in immune-
compromised patients, as well as in premature babies fitted with medical device
implants such as catheters and prosthesis (Cheung & Otto, 2010). The CoNS are capable
of attaching themselves onto these devices because they can form biofilms, which are
matrix-embedded bacterial clusters that attach to materials such as plastics and also to
tissue surfaces (Longauerova, 2006). They are transmitted mainly by medical and/or
nursing procedures.

Once medical appliances and devices are implanted inside the body of
immunocompromised patients, they may be colonized by CoNS in different parts of the
skin and mucous membranes of the host, acting as a source of endogenous infections
(Becker et al., 2014). Due to their harbouring resistance genes such as mecA (or mecC),
the success of the respective medical procedure is significantly compromised, resulting
in enormous medical and economic burdens. The presence of mecA (or mecC) gene in
CoNS has been widely associated with a high prevalence of methicillin/oxacillin-
resistance among CoNS species to the extent that it has become a great public health
concern.

The present study was conducted to determine the antimicrobial susceptibility

profiles of MR-CoNS species isolated from infected patients in HTAA and [TUM-MC



against commonly used antibiotics in treating MR-CoNS infections, to identify
common species by conventional PCR assays and the type of infections they cause, and

to detect the presence of mecA (or mecC) gene responsible for methicillin resistance.

1.1.1 Statement of the Problem and Justification

As introduced earlier, in recent years, an increase in the number of methicillin/oxacillin-
resistant ~ coagulase-positive  Staphylococcus  aureus  (MR-CoPS)  and
methicillin/oxacillin-resistant coagulase-negative staphylococci (MR-CoNS) strains
have become a serious clinical and epidemiological problem, as resistance to this
antibiotic implies resistance to all B-lactam antibiotics and possibly other antibiotics
due to the ability to transfer resistance genes such as mecA (and its homologue, mecC),
and other functional genes that are carried in the mobile genetic element known as the
staphylococcal cassette chromosome mec (SCCmec).

Generally, MR-CoPS are more widely reported than MR-CoNS. For MR-CoNS,
many studies have been carried out in South East Asia, Europe and North and South
America including Mexico (Melendez et al., 2016), Brazil (Botelho et al., 2011), US
(Sharma et al., 2001), Sweden (Widerstrom, 2010), London (Xu et al., 2018), Germany
(Becker et al., 2004), West Indies (Akpaka et al., 2014), etc. In South East Asia,
particularly in Thailand, Seng et al. (2017a; 2017b) reported biofilm formation in MR-
CoNS and their high prevalence. However, these two reports studied environmental
MR-CoNS isolates recovered from various hospital and community/university sites,
and not clinical MR-CoNS isolates from patients.

Seng et al. (2017a) studied samples collected from the hospital environment such
as patients’ beds, intravenous poles, surgical and medical wards, medical trolleys, wash-

basins, door handles, stethoscopes, nurse stations, the emergency room, the intensive



care unit, laboratory clothes, urinals, water taps, and toilets. Their other study (Seng et
al., 2017b) studied samples collected from the university environment. This study
reported a high prevalence of MR-CoNS from items such as library books, escalators
and tables, restroom door handles, wash basin areas, urinary taps and toilets, canteen
tables, bank notes and coins used for payment, ATM machines and water dispensers,
computer rooms and items such as computer mice, earpieces, keyboards and power
buttons, and outdoor surfaces such as handrails, exercise machines, and public buses.

In Malaysia, a study was conducted in Universiti Kebangsaan Malaysia Medical
Centre (UKMMC), Bandar Tun Razak, Kuala Lumpur, identified Staphylococcus
epidermidis, S. saprophyticus and S. xylosus from CoNS and MR-CoNS isolates using
a multiplex PCR approach with primers specific for each species (Sani et al., 2011).
However, the study did not identify the gene(s) responsible for methicillin/oxacillin
resistance.

From the above background, it is clear that data concerning molecular
characterization of MR-CoNS, particularly detection of mecA (or mecC) is scarce and
to our knowledge, unavailable in Malaysia. For that reason, the present study is
designed to fill this existing gap by determining the antibiogram and molecular
detection of the mecA (or mecC) gene in MR-CoNS isolates collected in various wards
of HTAA and 1HUM-MC.

Therefore, the present study will provide important information about the
antibiogram of MR-CoNS against antibiotics commonly used for their treatment in
HTAA and IHUM-MC. It will also provide important knowledge on the MR-CoNS
species harbouring mecA (or mecC) gene isolated from infected patients in HTAA and

[HUM-MC.



