
 vii 

TABLE OF CONTENT 

 
 
 

Page 

ACKNOWLEDGEMENT        iii 

ABTRACT IN ENGLISH        iv 

ABSTRACT IN THAI        vi 

LIST OF TABLES         x 

LIST OF FIGURES         xii 

ABBREVIATIONS         xiii 

1.  INTRODUCTION AND OBJECTIVES     1 

1.1. Introduction        1 

1.2. Objectives        3 

2.  LITERATURE REVIEW       4 

2.1. Salmonella        4 

2.1.1. Microbiology       4 

2.1.2. Taxonomy       6 

2.1.3. Serotypes       7 

2.2. Distribution of Salmonella in pigs     9 

2.3. Foodborne salmonellosis      12 

2.4. Salmonella detection       14 

2.5. Control of Salmonella in pigs      16 

3.  MATERIAL AND METHODS       19 

3.1. Study design         19 

3.2. Sample size and sample selection     19 

3.2.1. Sample size determination     19 

3.2.2. Farm and pig selection      19 

3.2.3. Environmental sample selection     20 

3.3. Collection of samples       20 

3.3.1. Serum samples       20 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 viii 

  Page 

3.3.2. Faecal samples       20 

3.3.3. Pen swab samples       20 

3.3.4. Water samples       21 

3.4. Laboratory procedures       21 

3.4.1. Serology; ELISA       21 

3.4.2. Conventional culture methods     24 

3.4.3. Serotyping        27 

3.5. Questionnaire survey       29 

3.6. Statistical analysis       29 

4.  RESULTS          31 

4.1. Results of Salmonella isolation and serotyping   31 

4.1.1. Results of Salmonella isolation     31 

4.1.2. Results of Salmonella serotyping     34 

4.2. Results of Salmonella antibody testing from serum samples  38 

4.3. Correlation between a number of Salmonella isolation  

and ELISA results       40 

4.4. Farm management characteristics and Salmonella isolation 41 

4.4.1. Results from univariate analysis     41 

4.4.2. Results from multivariable analysis    42 

4.5. Farm management characteristics and Salmonella ELISA results 44 

4.5.1. Results from univariate analysis     44 

4.5.2. Results from multivariable analysis    46 

5.  DISCUSSION AND CONCLUSION      48 

  5.1. Discussion        48 

5.1.1. Materials and methods      48 

5.1.2. Results of isolation      49 

5.1.3. Serotypes of isolates      50 

5.1.4. Results of serological tests     52 

5.1.5. Correlation between isolation and serological tests results 53 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 ix 

                  P a g e  

5.1.6. Management characteristics and the prevalence of Salmonella 55 

5.2. Conclusion                  59 

REFERENCES                  61 

APPENDIXES                  67 

Appendix A: Questionnaires and check-list              67 

Appendix B: Equipment, materials, media and reagents            71 

CURRICULUM VITAE                74 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 x 

LIST OF TABLES 
 

 

Table                                  Page 

 1.  Biochemical profile of Salmonella        5 

 2.   Salmonella species and subspecies       7 

 3.  Examples of antigenic structure formulae for some common salmonellae 9 

 4.  Prevalence of Salmonella in raw meats or products    11 

     5.  Salmonella serotypes isolated in the different countries   12 

 6.  Typical growth of Salmonella colonies on selective and differential media 26 

 7.  Biochemical testing results of Salmonella      26 

 8.  Summary of questionnaires and checklist     30 

 9.  Distributions of farm faecal prevalence of Salmonella obtained from  

      pigs in Chiang Mai province, Thailand      32 

 10.  Proportion of Salmonella isolates from various samples in the farms 33 

 11.  Type of water samples and percentage of Salmonella positive   34 

 12.  Distribution of Salmonella serogroups in the farms     35 

 13.  Distribution of Salmonella serogroups in each type of samples  36 

 14.  General distribution of Salmonella serogroup    36 

15.  Salmonella serotypes of isolates in each type of samples and  

       comparing between open farms and closed farms    37 

 16.  Results of Salmonella antibody testing from serum samples in each   

            farm, using ELISA test with (cut-off value at 40 OD%)   39 

 17.  Correlation of Salmonella isolation results and serological results  

            obtained from ELISA (cut-off value at 40 OD%)    40 

 18.  Relationship between farm management characteristics and  

           Salmonella detection in faecal samples  

18.1. Univariate analysis       42 

18.2. Multivariable analysis       43 

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xi 

Table                                    Page 

 19.  Relationship between farm management characteristics and  

            Salmonella detection from serum samples using ELISA test with  

            a cut-off value at 40 OD%  

19.1. Univariate analysis       45 

19.2. Multivariable analysis       47 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xii 

LIST OF FIGURES 

 

 

Figure                             Page 

 1.  Schematic representation of the antigen structure of  

          Salmonella Typhi showing the relative locations of O, H and  

          Vi antigens          8 

 2.  ELISA test flow chart        23 

 3.  Flow chart of Salmonella conventional culture methods   25 

 4.  Salmonella serotyping flow chart      28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xiii 

ABBREVIATION AND SYMBOLS 
 
 

µm    micrometer 

aw    Water activity 
oC    o Celsius 

CFU    Colony forming unit 

CI    Confidence Interval 

DLD    Department of livestock development 

DNA    Deoxyribonucleic acid 

EC    European Commission 

EM    Effective Microorganisms 

ELISA    Enzyme-linked immunosorbent assay 

et al.    et alii 

EU    European Union 

Evap    Evaporative cooling system 

FMD    Foot and mouth disease 

g    gram 

h    hour 

ISO    International Standardization Organization 

kg    kilogram 

ml    milliliter 

No.    Number 

OIE    Office International des Epizooties 

S.     Salmonella 

WHO    World Health Organization 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d


