
ix 
 

TABLE OF CONTENTS 

 

 Page 

ACKNOWLEDGEMENTS iii 

ABSTRACT IN ENGLISH v 

ABSTRACT IN THAI vii 

TABLE OF CONTENTS ix 

LIST OF TABLES xii 

LIST OF FIGURES xiii 

ABBREVATIONS AND SYMBOLES xiv 

CHAPTER 1 INTRODUCTION  

1.1  Thailand overview 1 

1.2   Bovine tuberculosis 3 

1.3   Cattle population and bovine tuberculosis status in Thailand 4 

1.4   Objectives of the study 9 

CHAPTER 2 LITERATURE REVIEW  

2.1 Tubercle bacillus 10 

2.1.1 Lineage of Mycobacterium Tuberculosis Complex 11 

2.1.2 Mycobacterium tuberculosis complex (M. tuberculosis complex) 12 

2.1.3 Maintenance hosts of M. bovis and susceptible species 13 

2.2 Importance of zoonotic tuberculosis 13 

2.2.1 bTB risk in human 14 

2.2.2 Route of transmission and clinical presentation in human 14 

2.2.3 Symptoms and microscopic pathology of bTB in cattle 15 

2.2.4 M. bovis cases in human TB 16 

2.2.5 Economic important of zoonotic tuberculosis 17 

2.3 Global tuberculosis 18 

2.4.1 Viability of M. bovis 20 

  

 



x 
 

2.4.2 Transmission of M. bovis and minimum infectious dose 20 

2.4.3 Detection of bovine tuberculosis 21 

2.4.3.1 Tuberculin test (Delayed Hypersensitivity test) 23 

2.4.3.2 Single Intradermal test and Comparative Intradermal test 25 

2.4.3.3 Performance of the CIDT 26 

2.5 bTB worldwide distribution 28 

2.6 Prevalence and risk factors of bovine tuberculosis worldwide 28 

CHAPTER 3 MATERIALS AND METHODS  

3.1 Study area and period 32 

3.2 Study design 33 

3.3 Sample size 34 

3.3.1 Population frame 34 

3.3.2  Study population 34 

3.3.3 Sample size calculation 35 

3.4 Sample selection 36 

3.5 Tuberculin skin test procedure 38 

3.6 Assessment of risk factors for bTB status 39 

3.7 Analysis method 40 

CHAPTER 4 RESULTS  

4.1    Comparing cell-mediated immune responses of bovine and 

  avian PPDs 
41 

4.2 Detection of positive reactors 42 

4.3    Skin-fold thickness measurements at bovine and avian  

 injection sites by percentages 
44 

4.4 Risk factors assessments by questionnaires 46 

4.4.1 General information of the dairy farm owners 46 

4.4.1.1 Education level and farm experience of farmers 46 

4.4.2 Management system 48 



xi 
 

4.4.2.1 Farming system 48 

4.4.2.2 Feed and water management 48 

4.4.2.3 Health management 54 

(a) Vaccination and deworming 54 

(b) Dry period 55 

(c) Breeding 55 

(d) Sick animals treating 56 

4.4.2.4 Biosecurity 57 

4.4.2.5 Purchasing of animals 59 

4.4.2.6 Current disease situations 60 

4.4.2.7 bTB knowledge and human TB experience 61 

4.4.2.8 Livestock farming 62 

CHAPTER 5 DISCUSSION AND CONCLUSIONS  

5.1     Discussion 63 

5.2     Conclusions 68 

REFERENCES 70 

APPENDICES   

APPENDIX A 78 

APPENDIX B 84 

APPENDIX C 

APPENDIX D 

89 

91 

CURRICULUM VITAE 92 



xii 
 

LIST OF TABLES 

  

Table 

 

 Page 

1 Number of animal populations by region in Thailand, 2011 5 

2 Number of cattle and buffaloes by region in Thailand, 2011 6 

3 Dairy cattle population in Chiang Mai 7 

4 Number of negative reactors, inconclusive and positive reactors 

animals at bovine injection site 

42 

5 Measurements of skin-fold thickness differences at Bovine  

injection sites, ages, breeds and origins of positive animals 

43 

6 Gender, education level and farm experience of farm owners in 

study area 

47 

7 Duration of dry periods in dairy farms 55 

8 Number of farms and types of breed in that farms 55 

9 Number of farms that purchasing of new animals 59 

10 Knowledge of bTB and human TB 61 

11 Raw or unpasteurized milk drinking 61 

12 Distance of nearest farms around dairy cattle farms 62 

13 Types of livestock farm near dairy farms 62 

 

 

 

 

 

 

 

 

 

 



xiii 
 

LIST OF FIGURES 

 

Figure 
  

 
Page 

1 Thailand Map with 5 groups of provinces 2 

2 Estimated TB incident rates, 2011 19 

3 Mae Wang District Map 33 

4 Breed of dairy cattle and farming system in Mae Wang 35 

5 Sample size distribution 36 

6 Locations of tuberculin tested dairy cattle farms in Mae Wang 

District (Chiang Mai Province) 

37 

 7 Materials used in tuberculin testing 38 

8 Percentages of Bovine PPD responses by measurements of skin 

thickness differences 

44 

9 Percentages of Avian PPD responses by measurements of skin 

thickness differences 

45 

 10 (a) Feeding management of dairy farms in study area 49 

 (b) Feeding management of dairy farms in study area 50 

 (c) Feeding management of dairy farms in study area 51 

 (d) Feeding management of dairy farms in study area 52 

 11 Types of drinking water used in dairy farms 53 

 12 Three variables of deworming program in Mae Wang dairy farms 54 

13 Treating sick animals by veterinarians, farmers and volunteers 

shown in percentage 

56 

 14 Detection of biosecurity situation in dairy farms 58 

 15 Current disease situations in dairy farms 60 

  

 



xiv 
 

ABBREVATIONS AND SYMBOLS 

 

AI Artificial insemination 

bTB Bovine Tuberculosis 

CDC Center for Disease Control 

CFSPH Center for Food Security and Public Health 

CFU Colony-forming unit 

CI Confidence Interval 

CIA  Central Intelligence Agency 

CIDT Comparative Intradermal Test 

CIDT Comparative intradermal test 

cm Centimeter 

CMU Chiang Mai University 

DFPOT Dairy Farming Promotion Organization of Thailand 

DLD Department of Livestock Development 

DNA Deoxyribonucleic Acid 

E East 

ELISA Enzyme-linked immunosorbent assay 

FMD Food and mouth disease 

G+C Guanine plus Cytosine 

GB  Great Britain strain 

GI Gastro-intestinal disease 

HF Holstein Friesian 

HIV Human Immuneodifferency Virus 

HIV/AIDS Human Immunodeficiency Virus/ Acquired Immunodeficiency 

Syndrome 

IFN-γ Interferon- gamma 

IU International Unit 

 IV Intravenous  

M.bovis Mycobacterium bovis 



xv 
 

MDR-TB Multidrug –resistant tuberculosis 

mm milimeter 

MTBC Mycobacterium Tuberculosis Complex 

mth month 

N North 

ͦ Degree  

ͦ C Degree celsius 

OIE World Animals Health Organization 

PCR Polymerase Chain Reaction 

PPD Purified Protein Derivative 

PVS Performance, Vision and Strategy 

Repro Reproductive disease 

Resp Respiratory disease 

RFLP Restriction fragment length polymorphism 

SIDT Single Intradermal Test 

TB Tuberculosis 

T-cell Thymus cell ( T-lymphocyte) 

TU Tuberculin Unit 

UK United Kingdom 

US United State 

USA United State of America 

USDA-PPD United States Department of Agriculture-Purified Protein 

Derivative 

WHO World Health Organization 

XDR-TB Extensively drug-resistant tuberculosis 

yr year 

ʹ Minute 

≥ Greater than or equal to 

< Less than 

> Greater than 

≤ Less than or equal to 


