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ABSTRACT 

Probiotics are defined as a group of l ive microorganisms, including some microbial stimulants 

that exert health promoting effects, such as the maintenance of a normal intestinal microbiotia, 

increased n utritional value of foods, anticarcinogenic activity, reduction of serum cholesterol 

levels ,  a l leviation of lactose intolerance and stimulation of the immune system. Some of 

strains of l actic ac id bacteria (LAB) are representative probiotics .  The objective of this  study 

was to examine the immunomodulatory and anti infection propert ies of a new identified LAB 

strain- Bifidobacterium lactis using two animal model s. 

Two experiments were conducted and reported in this thesis. In the first experiment, a piglet 

weani ng diarrhoea model was used to test the efficacy of B(jidobacterium !actis HNO 1 9  

protecting against diarrhoea assoc iated with Rotavirus and E. coli. 1 7  three-week-old piglets 

were al located into two groups balanced for l iveweight and l i tter of origin. The first group 

(n=8) was oral ly administered B. !actis H 0 1 9  (I 09 cfu/piglet/day) through the experiment; 

the second group (n=9) was not given B. lactis HN0 1 9  (contro l ) .  After one week, the animals 

were penned individual ly and weaned onto a weaner diet. B lood samples were taken to 

measure the antibody responses, cell prol iferation, and phagocytic activity of leukocytes 

(monocytes and neutrocytes). Also the effect of B. lactis HNO 1 9  on weaning diarrhoea was 

assessed by monitoring the severity of diarrhoea, feed intake and l iveweight gain of the piglets 

on the weaner d iet .  Compared to the controls,  piglets receiving B. factis HNO 1 9  had lower 

severity of weaning diarrhoea, higher surv ival rate and feed conversion efficiency (or 

l iveweight gain) .  The protection was associated with l ower levels of faecal rotavirus and E .  

coli shedding, h igher phagocytic activities and cel l  pro l iferat ive response t o  mitogens, and 

higher specific antibody titers . These results suggest that dietary B. lactis can reduce the 

severity of weaning diarrhoea associated with rotavirus and E. coli, and the probiotic is 

associated with enhanced immune responsiveness. 

I n  the second experiment, the protective effects of Bifidobacterium !act is HNO 1 9  against E .  

coli 0 1 57 :H7 and associated immunological parameters were investigated using murine 

models. A fter one week acc l imatisation on a skim milk powder (SMP)-based diet, e ighty-six 
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B AL B/c and C57 m ice were selected and randomised to two treatment groups. One group 

was fed on the SMP-based diet unti l  the end of the experiment, whi le the other group was fed 

the SMP-based diet supplemented wi th B. lactis HNO 1 9  (3 x 1 08 cfu/g) . After one week on 

these d iets, m ice were intragastrical ly inoculated with 0. 1 m! E. coli 0 1 57 :H7 suspension (109 

cfu/ml ) .  Protection against E. coli 0157:H7 infection was assessed by monitoring the 

morbidity, feed intake, bacterial translocation to visceral t issues (spleen and l iver) and 

immune responsiveness. Phagocytic activities of blood and peri toneal cel ls ,  and antibody 

titres against E. coli 0157:H7 in intestinal content were also measured. The results showed 

that B. lactis HNO 19-fed mice conferred a sign ificant degree of protection against E.  coli 

0 1 5 7 :H7  chal lenge in compari son to the control mice that d id  not receive B. lactis HNO 19. 

Protection included lower morbidity and higher post-chal lenge feed intake, reduced pathogen 

translocation to blood, spleen and l iver, as well  as significantly h igher phagocyt ic activities of 

blood and peritoneal cel ls  and anti-E. coli IgA level in gut content. These results suggest that 

B. lactis HNO 19 can enhance the host resistance to E. coli 0 1 57:H7 and that the protection is 

associated with enhanced immune functions. 

In summary, potential immune enhancing effects of B. /act is HNO 19 were investigated in one 

pig trial and one m ice trial . The results showed that supplement of B. lactis HNO 19 rel ieved 

diarrhoea associated with rotavirus and E. coli infection in p iglets and enhance the host 

resi stance to E. coli 0 157 :H7  challenge in mice. Immunological measurements indicated B. 

lactis HNO 19 fed groups had sign ificant higher phagocytosis  and anti-E. coli IgA levels .  And 

the pathogen shedding was also reduced in  B. fact is HNO 1 9  fed groups. As concluded, B. 

lactis HNO 19 can provide a protective role against special enteric pathogen infection by its 

immunomodulatory effects. 

Ill 



ACKNOWLEDGEMNTS 

I would l ike to thank everyone that was involved in  this project and for making my time 

enj oyable during this chal lenging task. 

In  particular, my most sincere thanks go to my supervisors Dr. Quan Shu and Professor 

Harsharn Gi l l  for their continuous encouragement, invaluable help and advice, and 

unforgetable friendship throughout my study. 

Special  thanks are due to Professor K . E .  Ki tson for her help in my thesis writing and Mrs 

Anne Broomfield, M s  Kim Kennedy, and Sarah Blackburn for their excellent technical 

assistance. 

Thanks are also due to Dr. Kay Rutherfurd who provided valuable suggestions and 

instructions during the project. Dr. Prasad J. kindly provided ultracentrifuge equipment of 

Dairy Research Institute. Mr. Edwards also made available fac i l i t ies of Massey Univers ity 

Pigery units. 

Final ly, I would l ike to particularly thank my wife, Ping Chen , for her love, understanding, 

encouragement and support .  

iv 



TABLE OF CONTENTS 

Abstract 

Acknowledgements 

Table of contents 

List of Tables 

List of Figures 

List of Abbreviations 

CHAPTER 1 

Gerneral introduction 

CHAPTER2 

Literature review 

2. 1 .  The m icrobial ecosystem of the human gut 

2.2 . Probiotics 

2.2 . 1 .  The definition of probiotics 

2 .2 .2 .  Types of LAB as probiotics 

2 .2 . 3 .  The benefits of LAB to the host 

2 .2 .3 . 1 .  Improved host digestive functions 

2 .2 . 3 .2 .  The Supply of nutrients for host 

2 .2 .3 .3.  The reduction of cholesterol levels 

2 . 2 . 3 .4 .  Antimicrobial effects 

2 .2 .3 .5 .  Microbial  interference 

Page 

ii 

iv 

V 

ix 

X 

xi 

4 

4 

7 

7 

8 

8 

8 

1 0  

1 1  

1 1  

1 3  

V 



2 .2 .3 .6 .  Antitumour effects 

2 .2 .3 .7 .  Immunomodulatory effects 

2 .2 .4 .  Safety of probiotics 

2 .2 . 5 .  B ifidobacteria as  probiotics 

2 . 3 .  Immune-enhancing propert ies o f  probiotics 

2.3 . 1 .  The host immune system 

2 . 3 . 1 . 1 .  Non-specific  immune system 

2 .3 . 1 . 2 .  Spec i fic immune system 

2 . 3 . 1 .3 .  Mucosal immunity 

2 . 3 . 1 .4 .  Systemic immunity 

2 . 3 .2 .  The mechanisms of probiotics in stimulating immune systems 

2 .3 .2 . 1 .  The modulation of gut associated lymphoid t issue 

2 . 3  .2 .2 .  The modulation of phagocyte functions 

2 . 3 . 2 . 3 .  The modulation of LAB on NK cell activity 

2 .3 .2 .4 .  The modulation of cytokine production 

2 . 3 . 2 . 5 .  The modulation of autoimmunity 

2 . 3 . 3 .  Correlation between the anti infective effects of  probiotics and 

stimulated immune responses 

2 .3 .4. Animal models for probiotic immune response studies 

2 .4 .  Factors that influence the efficacy of  LAB 

2 .4 . 1 .  Ol igosaccharides 

2 .4 .2 .  Whey 

2 .4 .3 .  G lycosylated components 

2 .4.4. Addit ional factors 

2 .5. Summary 

CHAPTER3 

Effect of Bifidobacterium lactis HNO 19 feeding on 

weaning diarrhoea associated w ith rotavirus 

and Escherichia coli infection in piglets 

· --

1 4  

1 6  

1 9  

20 

22 

22 

22 

23 

24 

25 

28 

28 

29 

3 1  

32 

33 

34 

35  

35 

35  

37 

3 7  

3 7  

3 8  

40 

VI 



3 . 1 .  I ntroduction 

3 .2 .  M aterials and methods 

3 .2 . 1 .  Animals and feeding 

3 .2 .2 .  Bifidobacterium lactis HNO 1 9  

3 .2 . 3 .  Experimental procedures 

3 .2 .4 .  Detection of rota virus 

3 .2 . 5 .  Enumeration of E .  coli 

3 .2 .6 .  B lood phagocytosis 

3 .2 .7 .  B lood ce l l  pro l iferation assay 

3 .2 .8 .  Measurement of antibody by ELISA 

3 .2 .9 .  S tati st ical analyses 

3.3.  Results 

3 .3 .1. Severity of diarrhoea, feed conversion effic iency and survival rate 

3 . 3 .2 .  Fecal rotavirus and E .  coli 

3 . 3 . 3 .  Ce l lu lar immune responses 

3 . 3 .4 .  Antibody levels in feces 

3 .4 .  Discussion 

CHAPTER4 

Effect of Bifida bacterium lactis HNO 19 feeding 

on Escherichia coli 0157 :H7 infection i n  mice 

4 . 1 .  Introduction 

4 . 2 .  Materials and methods 

4 .2 . 1 .  M icroorganisms 

4 .2 .2 .  Experimental procedures and measurements 

40 

42 

42 

43 

43 

44 

44 

44 

45 

45 

46 

46 

46 

48 

49 

50 

52 

55  

5 5  

5 7  

5 7  

5 7  

VII 



4.2 .2 . 1 .  Animals 57 

4 .2 .2 .2 .  Culture of E. coli 0 1 5 7:H7 in blood, spleen and l i ver 59  

4 .2 .2 . 3 .  Phagocytosis assays using whole blood or peritoneal cel l s  59  

4 .2 .2 .4 .  ELISA measurement of antibody 

4 .2 .3 .  Statistical analyses 

4 . 3 .  Results 

59 

60 

60 

4.4  

4 .3 . 1 .  Morbidity and feed intake 60 

4 .3 .2 .  E ffect of B. lactis HNO 1 9  on bacterial translocation 61 

4 .3 . 3 .  E ffect of B. lactis HNO 1 9  treatment on phagocytic capacity 

and IgA antibody t iters 62 

D iscussion 64 

CHAPTERS 

Concluding remarks 69 

REFERENCE 7 1  

Vlll 



TABLES 

Table 2 . 1 .  Bacteria, their substrates and products i n  the human large intestine 5 

Table 2 .2 .  Types of  probioitcs, desirable probiotics bacteria and 

ant imicrobial metabol ites produced by these bacteria 9 

Table  2 . 3 .  Effects of probiotics on systemic and mucosal immunity 16 

Table 2 .4 .  Examples of animal studies related to the effects of LAB 

ingestion on humoral and cel l mediated immune respo nses 1 7  

Table  2 . 5 .  Examples of human studies related to the effect of LAB 

ingestion on humoral and ce l l  mediated immune responses 1 8  

Tab le  2 .6. Safety assessment scheme 20 

Table 2. 7.  Selected methods to study intestinal immune function 36 

Tab le  3 . 1 Blood phagocytic activity and lymphocyte prol iferat ive 

response to T-cel l  m itogen (Con A) 50 

Table 4 . 1 .  Translocation of E. coli 0 1 57 :H7  to blood, spleen and l iver 

in B. !actis-fed and control mice. Numbers of E. coli 0 1 57 

were expressed as log 1 0 value of colony forming unit  (cfu) 

Table 4 .2 .  Anti-E. coli mucosal antibody responses of control  and 

B. lactis-fed mice 

62 

64 

ix 



FIGURES 

F igure 2 . 1 .  Beneficial ,  putatively harmfu l  and overtly pathogenic 

attributes of bacteria growing in the human large intestine 6 

Figure 2 .2 Schematic representation of the uptake of antigens by M 

cel l s  in  the Peyer's  patches (PP) of the gastrointestinal 

tract and the migratory pathways of mucosal lymphocytes 25 

F igure 2 .3 Act ivation and actions of complement and phagocytosis  26 

Figure 3 . 1  Mean diarrhoea score (A) and accumulative number of animals 

with severe diarrhoea (B) during the period of weaning 47 

F igure 3 .2  Feed conversion effic iency in B. lactis-fed 

and control piglets during days 1 -8 48 

F igure 3 .3 Changes in rotavirus and E. coli numbers 

in feces of piglets throughout the experiment 49 

Figure 3 .4 Specific antibody titers in faeces 5 1  

F igure 4. 1 Cumulative morb id i ty in E. coli 0 1 57 H : 7-challenged 

in BALB/c and C57BL/6 mice 60 

Figure 4.2 M ean feed intake in BALB/c and C57BL/6 mice over 

a period of one week post-chal lenge with E. coli 0 1 57 :H7 6 1  

F igure 4 .3 Phagocytic activity of blood leukocytes in BALB/c 

and C57BL/6 mice 63 

F igure 4.4 Phagocytic activity of peritoneal macrophages 

i n  BALB/c and C57BL/6 mice 63 

X 



ABBREVIATIONS 

B. !act is HNO 1 9  Bifidobacterium lactis HN0 1 9  (DR l O™) 

B H I  brain heart infusion broth 

Con A concanaval in A 

DTH delayed-type hypersensitiv ity 

EaggEC enteroaggregative E. coli. 

EHEC enterohaemorrhagic E coli 

ELlS POT enzyme-linked immunospot assay. 

EPEC enteropathogenic E coli. 

ETEC enterotoxigenic E.  coli 

FACS fluorescence-activated cel l  sorting 

FITC fluorescein i sothiocyanate 

F M LP N-formyl-methionyl- l ircyl-phenylalamine ) .  

GALT gut associated lymphoid tissue 

GIT gastrointestinal tract 

G RAS general ly recognized as safe 

HLA human leukocyte ant igens 

ICAM- 1 intercel lu lar adhesion molecule- 1 

IFNs interferons 
I FU infectious forming units 

IgA immunoglobul in A 

I L  interleukin 

LAB lactic aci d  bacteria 

LGG L. casei subsp. casei strain GG 

LPS l ipopolysaccharide 

M cel ls  membranous cel ls 

M-CSF monocyte colony-stimulating factor 

N K  cel ls  natural k i l ler cel ls 

NZDRI New Zealand Dairy Research Institute 

PBL peripheral blood lymphocytes 

PBMCs human peripheral blood mononuclear cel ls 

XI 



PBS phosphate buffered sal ine 

PFC plaque-forming cel ls  

PHA. phytohaemoagglutinin 

PMNs polymorphonuclear cel ls 

pp Peyer's patches 

RA rheumatoid arthritis 

SCFA short chain fatty acids 

S I  stimulation index 

S lgA secretory lgA 

SLE systemic lupus erythematosus 

SMP skim mi lk  powder 

S RBC sheep red b lood cel ls 

TNF tumour necrosis factor 

TNF-a tumour necrosis factor-a 
WHO World Health Organization 

Xll 




