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Streptococcus pyogenes (group A streptococcus) is one of the most prevailing 

human pathogens causing a wide variety of infectious diseases and immunological 

complications. Tetracyclines are one of the alternative drugs used for its therapy. 

However, there is an increasing evidence of resistance and clinical failures towards 

these drugs reported globally. This condition is now becoming a great concern as 

tetracycline resistance genes can be easily transferred via horizontal gene transfer as 

well as the spread of clonal strains. Moreover, certain emm types and clones are said 

to be associated with particular diseases. The aims of this study were to determine 

antibiotic susceptibility profiles and genotypic characteristics of tetracycline 

resistance among S. pyogenes isolates as well as to identify the M-protein by means 

of emm-typing. A total of 42 S. pyogenes clinical isolates were obtained from Kuala 

Lumpur and Serdang hospitals. Phenotypic detection methods were carried out by 

using Gram-stain, colony morphology on Blood agar, bacitracin and PYR tests. 

Antibiotic susceptibility testing was done by disc-diffusion method and interpreted 

according to CLSI guideline. Minimum inhibitory concentration of tetracycline-

resistant isolates were conducted by E-test method and interpreted according to CLSI 

guideline. Tetracycline resistance genes were detected by PCR using established 

primers. emm typing was established by sequencing the PCR products. All isolates 

were susceptible to penicillin, erythromycin and linezolid. Thirty isolates (71.4%) 

were resistant to tetracyclines which comprised tetracycline, minocycline, and 

doxycycline. Of 30 tetracycline-resistant strains, 73.3% of isolates harboured tet(M) 

gene alone while 10%, 10% and 3.3% had a combination of tet(M)/tet(L), 

tet(M)/tet(O)/tet(L) and tet(M)/tet(O) genes, respectively. No tetracycline genes 

were detected in one resistant isolate (3.3%). GAS from non-invasive specimens 

exhibited higher number of tetracycline-resistant isolates compared to invasive 

specimens (42.8% versus 28.5%). A total of 25 different emm types were detected. 

The most frequent emm types identified were emm63 (9.5%) followed by 7.1% of 
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emm18.21, emm28.5, emm1.0, emm89 and emm91. No new emm types were 

detected. Eighteen emm types (72%) were tetracycline resistance strains and emm63 

(13.3%) was frequently described among them. emm18.21 type (3 isolates) was the 

most frequently described among invasive isolates. High number of tetracycline-

resistant GAS and its tetracycline genes in the present study possesses a great risk of 

impending outbreaks in hospital and community settings. Antibiotic surveillance 

system and antibiotic stewardship program should be continuously maintained to 

overcome this problem in future. High genetic diversity of emm types would hinder 

the development of suitable vaccine candidates. However, a multicentre study is 

warranted to establish the potential vaccine coverage for our local population.  
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Streptococcus pyogenes (kumpulan A streptococcus) adalah salah satu daripada 

patogen manusia yang paling menonjol menyebabkan pelbagai jenis penyakit 

berjangkit dan komplikasi imunologi. Tetrasiklin adalah salah satu ubat alternatif 

digunakan untuk rawatan. Walaubagaimanapun, terdapat banyak bukti tentang 

kerintangan dan kegagalan klinikal terhadap ubat-ubatan ini dilaporkan di seluruh 

dunia. Keadaan ini telah menjadi satu permasalahan utama kerana gen-gen rintangan 

tetrasikilin dapat dipindahkan dengan mudahnya melalui pindahan gen horizontal 

dan juga penyebaran strain klonal. Di samping itu, taipan emm dan klon-klon 

tertentu dikatakan telah dikaitkan dengan penyakit-penyakit yang tertentu. Tujuan 

kajian ini adalah untuk menentukan profil kecenderungan antibiotik dan ciri-ciri 

genotip rintangan tetrasiklin antara S. pyogenes serta mengenal pasti M-protein 

diasingkan dengan menggunakan pengetipan emm. Sejumlah 42 S. pyogenes 

pencilan klinikal di perolehi dari koleksi bakteria yang sebelumnya di Makmal 

Mikrobiologi, Fakulti Perubatan dan Sains Kesihatan, Universiti Putra Malaysia. 

Kaedah-kaedah pengesanan fenotip telah dijalankan dengan menggunakan 

pewarnaan Gram, morfologi koloni pada agar darah, ujian basitrasin dan PYR. Ujian 

kerentanan antibiotik telah dilakukan dengan kaedah cakera resapan dan ditafsirkan 

mengikut garis panduan CLSI. Kepekatan perencatan yang minimum bagi pencilan-

pencilan rintang tetrasiklin telah dilakukan dengan kaedah E-test dan ditafsirkan 

mengikut garis panduan CLSI. Gen-gen rintangan tetrasiklin telah dikesan oleh PCR 

dengan menggunakan primer-primer yang sudah tersedia ada. Pengetipan emm telah 

dicapai melalui penjujukan produk-produk PCR. Semua pencilan-pencilan adalah 

rentan kepada penisilin, eritromisin dan linezolid. Tiga puluh pencilan (71.4%) 

adalah rintang kepada tetrasiklins yang terdiri dari tetrasiklin, minosiklin dan 

doksisiklin. Daripada 30 pencilan rintang tetrasiklin ini, 73.3% pencilan memiliki 

hanya gen tet(M) semata-mata, manakala 10%, 10% dan 3.3% pencilan masing-

masing mempunyai campuran gen-gen tet(M)/tet(L), tet(M)/tet(O)/tet(L) dan 

tet(M)/tet(O). Tiada gen rintangan tetrasiklin dikesan pada satu pencilan rintang 
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tetrasiklin (3.3%). GAS yang diperolehi dari spesimen yang tidak invasif 

mempamerkan bilangan pencilan rintang tetrasiklin yang tinggi berbanding dengan 

spesimen invasif (42.8% lawan 28.5%). Sebanyak 25 jenis taipan emm yang berbeza 

telah dikesan. Taipan emm yang paling kerap dikesan ialah emm63 (9.5%) diikuti 

dengan 7.1% setiap taipan emm18.21, emm28.5, emm1.0, emm89 dan emm91. Tiada 

taipan emm yang baharu dikesan. Lapan belas taipan emm (72%) adalah strain 

rintang tetrasiklin dan emm63 (13.3%) adalah yang paling kerap digambarkan di 

kalangan taipan emm itu. Taipan emm18.21 (tiga pencilan) adalah yang paling kerap 

digambarkan di kalangan pencilan-pencilan invasif. Jumlah yang tinggi bagi GAS 

rintang tetrasiklin dan gen tetrasiklin dalam kajian ini mempunyai risiko yang besar 

akan berlakunya wabak dalam persekitaran hospital dan komuniti. Sistem 

pemantauan antibiotik dan program pengawasan antibiotik perlu terus dikekalkan 

untuk mengatasi masalah ini pada masa akan datang. Kepelbagaian genetik yang 

tinggi dalam taipan emm akan menghalang pembangunan vaksin yang sesuai. Walau 

bagaimanapun, satu kajian multisenter adalah wajar untuk mewujudkan 

perlindungan vaksin yang berpotensi untuk populasi tempatan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 
 

v 

 

ACKNOWLEDGEMENTS 

 

 

I would like to express my deepest gratitude to my supervisor, Assoc. Prof. Dr 

Rukman Awang Hamat for his excellent guidance, caring, patience, generous 

contribution of knowledge and experience, valuable comments and encouragement 

from the start until the end of my study and providing me with an excellent 

atmosphere for doing research. Additionally, I would like to thank my committee 

members Dr. Azmiza Syawani Jasni for her interest in my work and nurtured me and 

provided guidance to the end of the thesis. I was really privileged to have her as my 

co-supervisor. I am grateful to the members of Medical Microbiology and 

Parasitology Department at University Putra Malaysia for their comradeship. 

Finally, I must express my very profound gratitude to my parents and to my husband 

for providing me with unfailing support and continuous encouragement throughout 

my years of study and through the process of researching and writing this thesis. 

This accomplishment would not have been possible without them. Thank you. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM

 
 

vii 

 

This thesis was submitted to the Senate of the Universiti Putra Malaysia and has 

been accepted as fulfilment of the requirement for the degree of Doctor of 

Philosophy. The members of the Supervisory Committee were as follows: 

 

 

 

Rukman Awang Hamat, PhD 

Associate Professor 

Faculty of Medicine and Health Science 

Universiti Putra Malaysia  

(Chairman) 

 

 

 

Azmiza Syawani Jasni, PhD 

Senior Lecturer 

Faculty of Medicine and Health Science 

Universiti Putra Malaysia  

(Member) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ROBIAH BINTI YUNUS, PhD  

Professor and Dean  

School of Graduate Studies  

Universiti Putra Malaysia 

 

 

Date : 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 
 

viii 

 

Declaration by graduate student 

 

 

I hereby confirm that:  

• this thesis is my original work;  

• quotations, illustrations and citations have been duly referenced;  

• this thesis has not been submitted previously or concurrently for any other degree 

at any institutions; 

• intellectual property from the thesis and copyright of thesis are fully-owned by 

Universiti Putra Malaysia, as according to the Universiti Putra Malaysia 

(Research) Rules 2012; 

• written permission must be obtained from supervisor and the office of Deputy 

Vice-Chancellor (Research and innovation) before thesis is published (in the 

form of written, printed or in electronic form) including books, journals, 

modules, proceedings, popular writings, seminar papers, manuscripts, posters, 

reports, lecture notes, learning modules or any other materials as stated in the 

Universiti Putra Malaysia (Research) Rules 2012;  

• there is no plagiarism or data falsification/fabrication in the thesis, and scholarly 

integrity is upheld as according to the Universiti Putra Malaysia (Graduate 

Studies) Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia 

(Research) Rules 2012. The thesis has undergone plagiarism detection software 

 

 

 

Signature: _______________________     Date: __________________ 

 

 

Name and Matric No.: Aya Muktar Abd Ulatif, GS43674 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 
 

ix 

 

Declaration by Members of Supervisory Committee  

 

 

This is to confirm that: 

• the research conducted and the writing of this thesis was under our  supervision; 

• supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate 

Studies) Rules 2003 (Revision 2012-2013)  were adhered to. 

 

 

 

Signature:   

Name of  Chairman  

of Supervisory 

Committee: 

 

 

Associate Professor Dr. Rukman Awang Hamat  

 

 

 

 

Signature: 

  

Name of  Member 

of Supervisory 

Committee: 

 

 

Dr. Azmiza Syawani Jasni  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 
 

x 

 

TABLE OF CONTENTS 

 

                                                                                                                                                          

Page 

 

ABSTRACT      i 

ABSTRAK iii 

ACKNOWLEDGEMENTS v 

APPROVAL vi 

DECLERATION viii 

LIST OF TABLES                                                                                                        xii 

LIST OF FIGURES                                                                                                     xiii 

LIST OF ABBREVIATIONS xiv 

LIST OF APPENDICES xv 

  

CHAPTER  

  

1 INTRODUCTION 1 

 1.1 Problem statement   2 

 1.2 Significance of the study 2 

 1.3 Objectives of the study 2 

  1.3.1 General objective 2 

  1.3.2 Specific objective 2 

     

2 LITERATURE REVIEW                                                                   3 

 2.1 Streptococcus pyogenes (Group A Streptococcus) 3 

 2.2 Classification of streptococci 3 

 2.3 Transmission 3 

 2.4 The global burden of group A streptococcal diseases 4 

 2.5 Diseases caused by S. pyogenes 5 

 2.6 Antimicrobial resistance among S. pyogenes 5 

 2.7 Tetracyclines resistance in S. pyogenes   6 

 2.8 Horizontal gene transfer (HGT) 8 

  2.8.1 Horizontal gene transfer in S. pyogenes 8 

 2.9 Protein 9 

  2.9.1 Typing methods for GAS 10 

  2.9.2 emm typing 11 

  2.9.3 Relationship between emm types and disease   

manifestations 

11 

     

3 MATERIALS AND METHODS  13 

 3.1 Ethical consideration 13 

 3.2 Samples 13 

 3.3 S. pyogenes identification 13 

  3.3.1 Cultural characteristics 13 

  3.3.2 Bacitracin test 14 

  3.3.3 Pyrrolidonyl arylamidase (PYR) test 14 

 3.4 Antimicrobial susceptibility testing (AST) 14 

  3.4.1 Disc diffusion test 14 



© C
OPYRIG

HT U
PM

 
 

xi 

 

  3.4.2 Epsilometer (E-test) 14 

 3.5 DNA extraction 15 

 3.6 Detection of tetracycline resistance genes 15 

 3.7 emm typing of S. pyogenes 16 

     

4 RESULTS  18 

 4.1 Phenotypic characteristics 18 

  4.1.1 Colony morphology 18 

  4.1.2 The bacitracin test 18 

  4.1.3 Pyrrolidonyl arylamidase (PYR) test 19 

 4.2 Antimicrobial susceptibility 20 

  4.2.1 The disc-diffusion 20 

  4.2.2 E-test result (MIC) 22 

 4.3 DNA extraction result 24 

 4.4 Detection tet genes by PCR 24 

 4.5 emm typing 27 

     

5 DISCUSSION 32 

 5.1 Characteristics of GAS in clinical specimens 32 

 5.2 Antibiotic susceptibility testing 32 

 5.3 Resistance genes 34 

 5.4 Co-resistance with erythromycin 36 

 5.5 emm typing 36 

    

6 CONCLUSION, RECOMMENDATIONS AND STUDY 

LIMITATIONS 

40 

 6.1 Conclusions 40 

 6.2 Recommendations 40 

 6.3 Limitations of the study 41 

  

REFERENCES 42 

APPENDICES 54 

BIODATA OF STUDENT 62 

LIST OF PUBLICATIONS 63 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 
 

xii 

 

LIST OF TABLES 

 

 

Table                                                                                                                      Page                                   

   

1 List of primers used in this study 16 

   

2 The primer for emm typing used in this study 17 

   

3 The distribution of susceptibility patterns among S. pyogenes isolates 

by disc diffusion method 

21 

   

4 Tetracycline susceptibility patterns of GAS and MIC values of E-test 22 

   

5 Distribution of tetracycline-resistant GAS isolates in relation to the 

type of invasiveness 

22 

   

6 Distribution of tetracycline resistance genes among 30 S. pyogenes 

isolates in relation to emm typing 

26 

   

7 The distribution of emm type in relation to tetracycline susceptibility 

patterns 

28 

   

8 The distribution of emm types in relation to the type of sample 29 

   

9 Emm type distribution in relation to source of isolation, antibiotic 

susceptibility profiles and diseases 

30 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 
 

xiii 

 

LIST OF FIGURES 

 

 

Figure Page 

   

1 The mechanisms for tetracycline resistance 7 

   

2 Structure of M protein 10 

   

3 The β-haemolysis around the colonies 18 

   

4 Bacitracin susceptibility of GAS 19 

   

5 Pyrrolidonyl arylamidase (PYR) test 20 

   

6 Disc diffusion test shows the presence of inhibition zones 21 

   

7 Tetracycline E-test show the resistance isolates 23 

   

8 Tetracycline E-test show the resistance intermediate-resistant isolates 23 

   

9 Gel electrophoresis image of genomic DNA 24 

   

10 Gel electrophoresis image of tet (M) gene 25 

   

11 Gel electrophoresis image of tet (O) gene 25 

   

12 Gel electrophoresis image of tet (L) gene 26 

   

13 Gel electrophoresis image of PCR assay for emm typing 27 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 
 

xiv 

 

LIST OF ABBREVIATIONS 

 

 

BHS  β-haemolytic streptococcus 

GAS Group A streptococcus 

tet (M) Tetracycline resistance gene M 

tet (L) Tetracycline resistance gene L 

tet (O) Tetracycline resistance gene O 

Bp  Base pair 

CO2 Carbon dioxide 

DNA Deoxyribonucleic acid 

EDTA Ethylenediaminetetraacetic acid 

E-Test Epsilometer test 

HKL Hospital Kuala Lumpur 

HS Hospital Serdang 

MHA Muller Hinton agar 

MHBA Muller Hinton blood agar 

MICs Minimum inhibitory concentrations 

PCR Polymerase chain reaction 

TBE Tris-borate EDTA 

STSS Streptococcal toxic shock syndrome 

ARF Acute rheumatic fever 

RHD Rheumatic heart disease 

APS Acute post-streptococcal  glomerulonephritis 

NF Necrotising fasciitis 

SOF Serum opacity factor 

RAPD Random amplified polymorphic DNA analysis 

MLEE Multilocus enzyme electrophoresis  

 

 



© C
OPYRIG

HT U
PM

 
 

xv 

 

LIST OF APPENDICES 

 

 

  Page 

   

A Ethical consideration 54 

   

B Steps of DNA extraction (kit) 58 

   

C Gene sequencing of tet (M) 59 

   

D Gene sequencing of tet (O) 60 

   

E Gene sequencing of tet (L) 61 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 
 

1 

 

CHAPTER 1 

 

 

INTRODUCTION 

 

 

Streptococcus pyogenes (group A β-haemolytic streptococcus) often referred to as 

group A streptococci (GAS), is one of the most prevalent human pathogens 

responsible for a wide range of clinical diseases such as acute pharyngitis, 

streptococcal shock syndrome (STSS), necrotizing fasciitis and skin abscess. Indeed, 

this infectious pathogen has become an important cause of morbidity and mortality 

among people all over the world (Friães, Lopes, Melo-Cristino, & Ramirez, 2013). 

The wide variety of infections that are caused by S. pyogenes is due to the expression 

of a many set of virulence characteristics (Fiedler, Sugareva, Patenge & 

Kreikemeyer, 2010). However, prompt antimicrobial therapy with administration of 

penicillin is considered as the first line of therapy and the preferred drug of choice. 

Alternatively, other drugs such as tetracyclines can be used as treatment for patients 

who are allergic to penicillin (Rubio-López et al., 2012). Tetracyclines have been 

used in the treatment of a wide range of GAS infection and other Gram-positive and 

Gram-negative bacterial infection since 1950s (Roberts, 2003). 

 

 

The global burden of diseases caused by GAS is enormous and according to WHO, 

it is ranked as the ninth leading infectious cause of human mortality, with majority 

of death resulting from invasive infection and rheumatic heart disease (RHD), 

particularly in non-developing countries. It has been reported that about 18.1 million 

cases of acute GAS disease with 1.78 million new cases were documented every 

year (Carapetis, Steer, Mulholland & Weber, 2005). However, in recent years the 

resistance to tetracycline has attracted the attention of clinicians and scientists all 

over the world. The increased level of tetracycline resistance among GAS was 

attributed to the acquisition of tet gene and this resistance was associated with 

mobile genetic elements. Nevertheless, the prevalence rates of tetracycline resistance 

vary according to geographical area, type of local strains and methods of the study 

used. In Malaysia, preliminary data indicates high rate (42.9%) of tetracycline 

resistance among GAS (Kalgo, 2015). However, studies in Spain and Sweden 

documented 7.3% and 1.3% of tetracycline resistance among their isolates, 

respectively (Orden, Martinez, López, & Franco. 1996; Strömberg, Schwan & Cars, 

1988). In India, high prevalence rate of tetracycline resistance (73%) was reported 

among GAS isolates in their population. In their study, high level of resistance was 

attributed to indiscriminate use of antibiotic in the community (Mathur et al., 2014). 

 

 

The most extensively studied bacterial virulence factor for GAS is M protein. This 

protein constitutes a significant surface protein component of the bacteria and has 

been identified to play a very important role in the pathogenesis of the 

microorganism (Smeesters, Mardulyn, Vergison, Leplae & Van Melderen, 2008). In 

the late 1990s, serotyping was used to type the M protein by using specific rabbit 

antisera but now it has been replaced by sequence typing of the 5′ end of the M 
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protein which is known as emm-typing (Steer, Law, Matatolu, Beall & Carapetis, 

2009). 

 

 

1.1. 1.1 Problem statement   

 

Globally, many bacterial diseases continue to infect people and cause significant 

morbidity and mortality among affected individuals. Group A streptococcus  

infection is one of major human pathogens causing over 600 million infections 

annually and is considered one of the major cause of acute respiratory tract 

infections (Carapetis et al., 2005). However, the increasing level of antibiotic 

resistance among S. pyogenes clinical isolates has emphasized the need for 

continuous surveillance of antimicrobial resistance patterns (Chen, Kaufisi & Erdem, 

2011). Bacteria are capable of acquiring virulent and antimicrobial resistance genes 

from other strains and this is one of the major factors responsible for the emergence 

and evolution of resistant pathogenic isolates.  

 

 

1.2. 1.2 Significance of the study  

 

The prevalence of antimicrobial resistance among GAS presents a serious challenge 

due to the burden of treatment cost and prolonged treatment regime. This study was 

conducted to determine the characteristics of tetracyclines resistance in clinical-

acquired S. pyogenes. In addition, the distribution of different types of tet genes 

could give new insight on the potential dissemination of these genes among GAS by 

mobile genetic elements. Molecular epidemiology of GAS by emm typing could 

establish our data for global comparison on the circulating strains in Malaysia as 

certain emm types are believed to be associated with antimicrobial resistance.  

 

 

1.3. 1.3 Objectives of the study 

 

1.3.1. 1.3.1 General objective: 

 

The aim of this study was to determine the susceptibility patterns of GAS towards 

tetracyclines and the distribution of tetracycline resistance genes as well as its 

genetic relatedness by emm typing. 

 

 

1.3.2. 1.3.2 Specific objective: 

 

1. To determine the tetracycline susceptibility patterns among S. pyogenes. 

2. To determine the tetracycline resistance-genes tet(M), tet(L) and tet(O) among S. 

pyogenes. 

3. To determine the genetic relatedness of tetracycline resistance strains among 

GAS isolates with emm typing. 
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