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 الخلاصة

علد  المرضد  المبدا يا  الفاييو يدد و دد  عديدد في الماضي وفي الحاضر القريب اجريت دراسات  

وال كفريولوجيدد  ف فم دذ  ددنا الندول مدا الدراسددات انف در   ددكذ  المبدلي  فركدتت الجودود علدد  المت درات 

 لامقارن . جت ي لكنوا ليست  امل  و

اجراء مع    Salmonella typhi ا لـ  يص   كفرياف خو لعتذ ولونا الس ب اجري العمذ الحالي 

للحالد  المناعيد  لمرضد  اخف اريا مدا  دنا العدتلات علد  الاراندب والفدي فجدرل فمويدا .و دات اخف دارات 

 عا طريق اليم . المحقون   فضا عا ار ع  فحوبات للمناع  المفخبب  في الارانب الفاييو يدف

مريضا فو ي ممرض  لارانب عا طريق الفجريع اليموي وانف رت  53ما  S.typhiـ فم عتذ ال          

مع نيوق الحيوانات خاذ  ا   ايام . فم فحضير  ا   انوال مدا المسفضددات  ف في الامعاء وخارج الامعاء

مسفضددات اسدفخدام  والفي  ي مسفضد اليوع  وال رفو اتم  الاضاف  الد  را دم مدترول الخليد  الحدر مدع

 لجا ت  . وفسفخدم  نا المسفضدات لفحديد الحالات المناعي  للمرض  .ا  S.typhiـال

والمناعد  الخلويد   (الموضدعي  والجواتيد  )لدراس  مناعي    ملت المناع  الخلطي مريضا  08 خضع       

 .  LIF الفي  ملت معامذ ف  يط  جر  خايا الدم  (الموضعي  والجواتي )

ناعد  النافيد  الخلطيد  للمرضد  و دملت  يداا  دروفيا المبدذ خاذ الدراسد   يداا الم جرى ما   

 ددروفيا المبددلي الكلددي الالكلددي والضددد الافددراتي للمرضدد  المبددا يا  الفاييو يددد حيددت كدداا معدددذ فركيددت 

(05.8g/Lفيما كداا معددذ الكلو ) ( 5.8.3يدوليا المخداطي g/L  كدنل . )دراسد  المناعد  الخلطيد   جدرت

للمرض  المبا يا  الفاييو يد في كا الجواتيا المخاطي والجواتي ، حيت ارفيع عيار الضدد المبدلي فدي 

( 64 - 06( علد  الفدوالي ،  وفدي الضدد الافدراتي وبدذ الد  )648 - 068كاا )   STO , STHل  حا

 ( عل  المسفوى الجواتي والمخاطي .0508 , 050وكاا معدذ الفاتا الدموي المنيعذ لنيا المرض  )

درست المناع  الخلوي  غير المفخبب  في المرض  المبا يا  الفاييو يد ، و دد  دملت الدراسد  .  

دراسدد   فدد  كدداا  ينمددا140 فددي الدراسدد  الجواتيدد   LIFف  دديط  جددر  الخايددا ال لعميدد  ، حيددت كدداا معدددذ 

 . 48 %الاسفجا   المناعي  المخاطي   حوالي 

اً فم فحديد الو ايد  المناعيد  فدي حيواندات المخف در ، حيدت كداا معددذ الو ايد  المناعيد  المعاملد  ايض 

. كددنل  فددم فحديددد فددرط  1088وال رفددو اتم  , Vi ،  ينمددا مددع مسفضددد  IFA 108 المسدداعد المندداعي 

 و اتم .( ساع  ما الحقا  مسفخلص ال رف hr 5. – 6الاعراض  عد ) تالحساسي  المفأخر ، حيت لوحظ

جي  الطار   عل  انسج  الحيواا المخف ري )الك د يجي  ، فم فحديد الفغيرات النسيما الدراس  النس 

ومسفضدات ال كفريا المفم ل   ـ IFA مساعد المناعي والطحاذ والر  ( مع معاملفوا  العالق ال كفيري او ال

Vi . و روفو اتم الخايا  



Abstract 

  

      In the  past as well as recently works have been in Iraq on the vast 

majority of carried out typhoid patients which mainly focused on clinical 

aspects, serology and bacteriology. Such works are scattered, fragmentary 

as well as rarely comprehensive or comparative. 

           Thus, the present work has established to perform the following: 

1.proper Salmonella typhi isolate diagnosis; 2. checks Koch's postulate on 

this Isolate in rabbit oral model ; 3. plot the immune status of typhoid 

patients as well as 4. check typhoid specific immune protection in rabbit 

oral model . 

         Thus ,one isolate was elected among five proven S-typhi isolates that 

were recovered from 35 patients. It was pathogenic for rabbit by oral rout 

giving intestinal and extra intestinal spread terminated by death within three 

days. 

         From this isolate , three types of antigens were prepared and 

assuaged . Namely Vi and protoplasmic sonicate antigens as well as cell 

free culture filtrate antigen besides the ready prepared S. typhi 

agglutinogens. Such antigens were made available for plotting the immune 

status  of the patients . 

          Eighty  patients were subjected to this immunological study, in which 

circulating and mucosal S.typhi agglutinins and haemagglutinins as well as 

systemic and mucosal leukocyte inhibition factor were determind .    

 Natural humoral immunity of these patients was assayed for total 

serum protein and secretory Ig concentration . The total protein 

concentration of serum was variable with mean value of (11311 g/L) , and 

the mucosal Ig concentration was also variable in most cases , with mean 

value of   ( 211.5 g/L) . 

  

 



      

 

 In  patients, S. typhi specific agglutinins titers were measured and found to 

be within the range of 161-641 in peripheral blood and16-64 at the mucosal 

surfaces.                                                                                                   

Likewise, S.typhi specific haemagglutinins titers were with the range of 161-

2651 sera and 161-121 at mucosal surfaces.  

 To determine the cellular immune response , one parameter was 

performed , leucocyte inhibitory factor (LIF) . In S. typhi  the LIF percentage 

raised up in systemic LIF to (41%) ant the mucosal which was  (  414   ) 

when CFCF were used as a sensitizer .  

 S. typhi immune protection was determined in animals ; the 

protection rate with IFA was 11% , while the immune protection rate with Vi 

vaccine and protoplasmic sonicate was 1114 respectively  . The 

hypersensitivity of S. typhi  was measured by useing purified  protein 

derivative  sonicate; erythema and indurations were noted during  6-.2 hrs.  

 



                                             Examination Committee  

 We. The examination committee , after reading this thesis and examing the student 

Mahdi Hussian Meheel , in its contents , have found it meets and standard and 

requirements as a thisis in fulfilttment for the degree ph. D.M Biology /Microbiology . 

 

Name : Dr. Ibrahim M. S. Shnawa  

Supervisior  

Title : Professor 

Address : Deportment of   College of Science   

 

 

                                                                                                               

Signature: 

Name: 

(Member):                                                                                                                

Title:Addres

s 

 

Signature: 

Name: 

(Member):                                                                                                                

Title:Addres

s 

 
Signature: 

Name: 

(Member):                                                                                                                

Title:Addres

s 

 

Signature: 

Name: 

(Member):                                                                                                                

Title:Addres

s 

 

Signature: 

Name chairman 

(Member):                                                                                                                

Title:Address 

 

Approved for the Collage Committee of Graduate Studies. 

Signature: 

Name:  

Title:Address 

 



  

CERTIFICATION 
 
 

I certify that this thesis was prepared under my supervision at the 
Department of Biology, College of Science, Babylon University, in partial 
fulfilment of the requirements for the Degree of Doctorate of Philosophy of 
Science in Microbiology and this work has never been published any where. 
 
 
 
Signature:                                              
 
Name: Dr. Ibrahim M.S.Shnawa          
 
Title: Professor                                    
 
Address:Department of Biology 
            College of Science                   
            Babylon University                  
 
Date:                                                     
 
 
 
 
 
     In the view of the available recommendations, I forward this thesis for 
debate by the examination committee.  
 
 
Signature: 
 
Name: Dr. Kharim H. Rashed  
 
Title: Professor 
 
Address: Department of Biology 
               College of Science 
               Babylon University 
 
Date:                                

  

 
 

 



  

 

Examination Committee 
We, the examination committee, after reading this thesis and examining the student Mahdi 

Hussain Mheel Al Ammar, in its content, have found that it meets the standard and requirements as a 

thesis in fulfillment for the Degree of Ph.D.in Biology/’Microbiology. 

 
  

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Approved for the College Committee of Graduate Studies. 
 
 
 
 
 
 
 

 

Signature  :                                                                               

                                                                            

Name: Dr. Ibrahim M.S.Shnawa                      

(Supervisor)                                                      

Title : Professor                                       

Address:                                   

                                 

  

 Signature  :                                                                             Signature: 

 Name:  

(Member)                                                     (Member) 

Title :                              

Address:) 

College of Scienc  , Univ.Of Babylon                  College of medicine, University of Kufa  

 

 

Signatue                                                         Signature  :    

 

Name:             

 Member)                                                  (Member)Asistant Professor                              

Assistant Professor 

Kufa Technical Institute                                College of Science  For Girls, Univ. of  Baghdad 

 

 

                                                            Signatue 

                                                              Name:                                             

                                                             C H A I R M A N 

                                                              Title : Professor 

                                                            Address: Department of Biology                  

                                                            College of Scienc  , Babylon University    

 

Signature: 

Name: Dr. Oda M.Y. Al-Zamely  

Title: Assistant Professor 

Address: Dean of College of Science 

Babylon University  

 

Date: 

 
 



  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

            To all my loved ones,  
 

 

 

    Who conquer all the hardships  
    that faced me   
   To them I present the fruit of  
   my effort. 

 
 

 
 

 
 

 
 

 
 
 
 
 



  

 
 
 
 

ACKNOWLEGMENTS 
 

 

MOST IMPORTANTLY,I WISH TO THANK GOD FOR GUIDING MY PATH IN 

LIFE ACCORDING TO HIS WILL 
 

I would like to express my most sincere thanks to my 
supervisors,Professor Dr.Ibraheem M.S.Shnawa and Professor Dr.,Kareem 
R.Hameed for their invaluable guidance, encouragement, and  criticisms 
throughout this study. 

 My thanks also go to Dr.Asad, A.H.Al-Janaby,head of Pathology 
Dept.in Kufa Medicine College and Manager of Pathology Lab. Of  Najaf 
Teaching Hospital for his assistance to use facilities of this lab.and for his 
helpful and reading histopathological slides, and also staff of lab for their 
technical assistance.  

My sincere appreciation and respect  goes to my brother Dr.Jaafar 
K.Naama , head of Dept. of Microbiology ,Kufa Medicine College for his 
help and encouragement . 

Special gratitudes also go to Professor Dr. Sabah, N.K.,Deen of 
Pharmecy College, and Dr.Majid.K.,from Kufa Medicine College for their 
helpful suggestions and their kind supplement of chemicals, without their 
help this study would not have been possible. 

My great indebtedness is also due to the following persons, who have 
in one way or another been very helpful during the course of present 
investigation and in the preparation of the thesis : 

Miss M.S.Abdul-Said, Miss I.A.H.Al-Hilaly for their technical 
assistance. 

Special appreciation goes out to my family, for their unending 
support, love and belief in my abilities.  

 

                                                                     Ali 
                                                                     4002 



List of Contents 

No. 

 

Title of contents 

 

Page No. 

 

 
 

ACKNOWLEDGMENTS 

 

 
 

 
 

SUMMARY 

 

 

 
 

LIST OF CONTENT 

 

 

 
 

LIST OF TABLES 

 

 

 
 

LIST OF FIGURES 

 

 

 
 

ABBREVIATIONS 

 

 

1-1 

 

INTRODUCTION 

 

1 

 

1-2 
 

Aims   7 

2 

 

LITERATURE REVIEW 

 

 

2-1 

 

Synopsis on the mammalian immune 
system  

8 

2-2 

 

S. typhi immunogens 11 

2-3 

 

S. typhi antigen processing  14 

2-4 

 

S. typhi  antigen presentation 15 

2-5 

 

S. typhi antigen recognition 16 

2-6 

 

S. typhi B. cell activation 18 

2-7 

 

S. typhi  T. cell activation  19 

2-8 S. typhi infection and cytokine production 21 

2-9 S. typhi immune protective antigen  22 



2-11 S. typhi hypesrsensitivity  25 

2-11   S.typhi  Vaccine 26 

3 

 

MATERIALS AND METHODS 

 

 

3-1 

 

Solutions 29 

3-2 Reagents 33 

3-3 Media 

   

35 

3-4 

  

Stains 37 

3-5-1 

 3-5-2 

3-5-3 

 

Determination of S. typhi infection dose 

Lab animal inoculation 

Histopathology 

37 

3-6 

 

Ready prepared agglutination  38 

3-7 Preparation of leukocyte sensitizer  38 

3-8 

 

Preparation S. typhi protoplasmic sonicate 38 

3-9 

 

Preparation of S. typhi protoplasmic 
sonicate protein  

39 

3-11 

 

Coating – Ag on tanned sheep red cells 39 

3-11 

3-11-1  

 

Vi- Ag extraction and purification 

Preparation of bacterial dry weight 

. 

39 

3-11-2 

3-12 

Preparation of Vi-Ag             

 Disposable products 

41 

3-13 

3-14 

3-14-1 

 

Patients and controls 

 Bacteriology 

Blood culture 

 

41 

 

3-14-2 

3-15 

3-15-1 

3-15-2 

3-15-3 

Faeces culture 

Immunology of typhoid patients 

Separation of sera 

Blood without anticoagulant 

Separation of mucosal Ig 

44 

3-16 Measurement of total protein concentration 45 

   



3-17 

 

Measurement of secretory I.g concentration 46 

3-18 Studding of standard carve for protein conc. 46 

3-19-1 

3-19-2 

Agglutination 

Passive haemagglutintion microtitration 
method  

47 

3-21 Single redial diffusion test 47 

3-21 

3-21-1 

3-21-2 

Leukocyte inhibitory factor LIF 

Peripheral blood LIF 

Mucosal LIF 

48 

 

49 

3-22 

3-22-1 

3-22-2 

3-22-3 

3-22-4 

Experimental antigens 

IFA Immunization 

Vi immunization 

Protoplast Immunization 

Skin test 

51 

 

 

51 

52 

3-23 Quality Control 52 

4 

 

RESULTS 

 

 

 

4-1 

 

S. typhi enteric infection in man  53 

4-2 

 

Confirmative diagnosis 53 

4-3 

 

Criteria for elections of S. typhi infection 
and bacterian standrized starter 

55 

4-4 

 

S. typhi infection in rabbits 55 

4-5 

4-5-1 

4-5-2 

 

S. typhi standardized  bacterain  

Assay – Vi Ag 

Assay protoplast 

59 

4-6 

 

Serology and Cellular immunology  61 

4-6-1 Agglutination  61 

4-6-2 2 – ME effect 61 

4-8 Quality Control of immunology tests 61 

4-9 

 

Immune response profile of patients 61 

4-11 

 

Immune status of S. typhi patients 69 

4-11 

4-11-1 

4-11-2 

S. typhi protective immunity in rabbits 

IFA Immune  protection 

Vi- Immune protection 

81 



4-11-3 

 

Protoplast sonicate protection  

4-12 

 

S. typhi skin test  85 

5 

 

DISCUSSION 

 

 

 

5-1-A 

 

Synopsis 88 

5-1-B 

 

Human S.typhi infection    88 

5-2 

 

S.typhi infection in rabbits 89 

5-3 

 

Serology 89 

5-3-1 

 

Prozone 91 

5-3-2 

 

2- ME effect 91 

5-3-3 

 

Clinical titrers 91 

5-3 -4 

 

Quality control 91 

5-4 

 

Cellular immunity LIF 91 

5-5 

 

Typhoid immune statue 93 

5-5-1 Typhoid heard immunity  93 

5-5-2 Global cases  94 

5-5-3 Elected cases 95 

5-6 S typhi protective immunity in rabbits 95 

5-7 Major immune features 111 

 Conclusion and Recommendation 112 

 REFERENCES 113-119 

 ABSTRACT IN ARABIC  

 



List of Tables 

Table No.                       Title of table Page No. 

2-1 Kauffman white scheme 13 

3-1 Chemical reagents of S. typhi enteric fever 32 
 

3-2 Media for culture and biochemical  

34 

3-3 Patients blood of S. typhi   

41 

3-4 Statistical features for standard curve 
equation for albumin concentration and their 

dilution  

 

46 

3-5 IFA Immunization protocol  

 

51 

3-6 Vi- immunization protocol  

 

51 

3-7 Protoplast immunization protocol 

 

51 

4-1 Culture study 

 

53 

4-2 Biochemical test of S. typhi  

 

54 

4-3 Blood and feacal culture enteric fever 

 

55 

4-4 Criteria for election of S. typhi 55 

4-5 S. typhi infection in rabbits  

 

56 

4-6 Quality control of serological test 

 

61 

4-7 Number of mucosal and systemic response 
among patient 

 

61 

4-8 Cellular immune profile by LIF activity 

 

65 

4-9 
 
 
 

Mucosal and systemic S. typhi specific 
immunity among patients 

 

71 



 
4-11 

 

Immunoglobulin classes and concentration 
in S. typhi enteric fever 

 

 

75 

4-11 Serum C3 and C4 concentration in S. typhi 
enteric fever patients 

 

76 

4-12 The I.g class , Complement fractions , LIF 
and anti S. typhi sonicate Ab titres among 
elected typhoid patient  

 

81 

 

 

4-13 IFA , Non . specific immune protection 
against S. typhi  

 

81 

4-14-a S. typhi Vi- Immune protection against S. 
typhi challenge 

 

82 

4-14-b Immunologic evaluation S. typhi challenge 

 

82 

4-15-a S. typhi protoplast sonicate immune 
protection  

 

83 

4-15-b Immunologic evaluation S. typhi challenge 

 

84 

4-16 Skin delayed hypersensitivity test for rabbits 
vaccinated with protoplasmic vaccine 

 

85 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 



List of Figures 
 

Figure 
No. 

Title of figure Page No. 

3-1-a Blood samples typhoid patients 

 

42 

3-11 -b Faecal sample of patients 43 

3-2 Standard curve for albumin solution and O.D 

 

45 

4-1 Animal organs infected with S.typhi 

 

58 

4-2 Number of STO , STH tites of systemic  

Response 

 

62 

4-3 Number of STO , STH titers of mucosal 
response 

 

62 

4-4 Number of PHA titre of systemic immune  

Response 

 

64 

4-5 Number of PHA titre of mucosal immune 
response 

 

64 

4-6 Relation ship between systemic LIF and 
cases  

 

66 

4-7 Relation ship between mucosal LIF and 
cases 

 

66 

4-8 Protein concentration and No. of cases  

 

68 

4-9 Secretory I.g and No. of cases 

 

68 

4-11 Animal organs treated with IFA 

 

86 

4-11 Animal organs treated with Vi & 
protoplasmic antigens 

87 

 

 
  

   

 



List of Abbreviation 
 
 
 

No. Abbr.     Title 

1. S. typhi Salmonella typhi  
 

2. IFA Incomplete freund's adjuvant 
 

3. Vi-Ag Virulence antigen 

 

4. MHC Major histocompatibility complex 

 

5. 2- Me 2- Marceptoethanol 

 

6. LPS - Ag Lipopolysaccharide antigen  

 

7. PEG Polyethyleneglycol 

 

8. TNF Leukocyte inhibition factor 

 

9. W.H.O World health organization 

 

11. LIF Leukocyte inhibition factor  

 

11. O.D Optical density 

 

12. ONPG O-Nitrophenyl  β-galactopyranoside  

 

13. PHA Passive heamagglutination test  

 

14. STO O- antigen  

 

15. STH H- antigen  

 

16. CFCF Cell free culture filtrate 

 

17. PPDantigen Purified protein derivative of protoplasm  

sonicate 

18. APC Antigen presenting cell 

 



19. HLA Human leukocyte antigen  

21. D.T.H Delayed type hypersensitivity 

 

21. Th-cell T-helper cells 

 

22. IL Interlukin 

 

23. GALT Gut associated lymphocyte tissues 

 

24. MALT Mucosa associated lymphocyte tissues 

 

25. N.O Nitric acid 

 

26. PIgR Polymeric Ig receptor 

 

27. GT Gut tract 

28. UGT Urogential tract 

 

29. OLT Organized lymphoid tract 

31. BALT Bile associated lymphocyte tissue 

 

31. LPL Lamina propria lymphocyte 

 

32. IEL Intra epithelial lymphocyte 

 

33. SC Secretory component 

 

34. M  Mutation  strain 

 

35. R Rough strain 

36. BCR B-Cell receptor 

 

37. TCR T- Cell receptor 

 

38. STF  Salmonella typhi  flagella antigen 

 

39. GIT Gut intestine tract 

41. ICAM-1 Intestinal cell adhesion molecule -1 

42. VCAM-1 Vascular cell adhesion molecule -1 

 



                                       Acknowledgments  

  

        I would like to express my deepest gratitude to my supervison , 

Professor Dr ibrahim shnawa , for introducing me to the field of immunology 

of bacterial diseases  for his great support and expert guidance at various 

stages of my study . I greatly admire his creative scientific attitude which 

helped me throughout this study . 

 I am especially grateful to Dr Assaid . Al-Janaby , Head of the 

Department of Pathology, College of Medicine , university of kufa , for his 

support in  the histology part of my study . 

 I would like to express my thanks to all lab  staff of Pediatric Hospital 

in Babylon for their kind help in specimens collection and diagnosis of 

samples in the laboratories . 

 I am greatly indebted to the  staff of Central Public  Health  

Laboratory /Baghdad for their diagnosis S.Typhi bacteria in their 

laboratories . 

 Finally , I express my gratitude to the staff of Department of Biology , 

College of Science, University of Babylon , Who helped me throughout this 

study . 

 

 

 

 

 

  



Chapter one : Introduction 

 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
1 

1.1   Introduction . 

          Almost all previous published works have focused mainly on the 

validity of systemic humoral immune responses in typhoid and para 

typhoid patients (Widal test) .Cellular immunology research so far is 

concerned with typhoid patients and appeared to be poor   in comparison 

with bacteriology and serology researches on this topic . 

         So far published paper concerning the full detailed immune status 

of typhoid patients are  scattered and /or incomplete, thus the present 

work has undertaken to uncover infection in man and lab animals. 

Seroprofile ,and immune state of the patient population and an elected 

group together with trials to evaluate protection immunity in lab animal 

(Ribbits) using Vi and protoplasmic sonicate   antigens are applied. 

 Typhoid fever is mostly an intracellular infection with S. typhi . The 

infection form is intestinal and / or extra intestinal (Mckendrick , 1894) 

following ingestion. S. typhi penetrate the gastrointestinal tract and are 

taken up by reticuloendothelial system ( RES ) when multiplication 

occurs, there is bimodal incubation period with peaks at about  9-19 days 

, the duration reflecting the balance between the infecting dose and the 

host immune defense mechanisms ( Mckendrick , 1894 ) . 

      Ingestion of the organism may result in several days of symptoms of 

enterocolitis with diarrhea , although , the symptoms usually disappear 

before the onset of fever , ( Hoffman et al., 1895 ; Shnawa and Al-

Ameedi , 2004 ) . 

 Non- specific symptoms such as chills , diaphoresis , headache , 

anorexia , cough , weakness , sore throat , dizziness and muscle pains 

are often present in the first days of illness . (Giannella et al., 1893; 

Rubin and Weinstein , 1899 ;  Tomas , 1888) .   
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        The symptoms of fever , abdominal pain and prostration tend to 

persist through the illness , which are in untreated cases lasts months ; 

abdominal pain occurs in more than  half of the patients and is frequently 

diffused or located in the right lower guardant over the ileum (Giannella  

etal.,1893 ; Hoffman ,etal.,1895 ) . These symptoms are listed in     (Table   

1-1)   

 Diarrhea occurs in about the third of the patients , and consists of 

either watery stools or semi-sold stools ( Krishna , 1896 ) . 

       Rose spots ( Erythematous vacuoles ) appear over the upper 

abdomen and chest of light –skinned individuals . The lesions are 

papules about 1-5 mm in diameter and become hemorrhagic ( Mors ,    et 

al., 1883 ; Krishna , 1896 ) . 

      In about 5 % of  the patients intestinal bleeding occurs  usually after 

the second week of illness , bleeding occurs from ileum ulcers and may 

be presented as melanin or bright red blood in stool  ( Krishna , 1896 ) . 

 The typhoid bacillus is a motile , gram negative rods belongs to the 

family enterobacteriacea , it possesses a flagellar H antigen , a cell wall 

(O) lipopolysaccharide antigen and a polysaccharide virulence Vi an 

additional surface polysaccharide antigen .  

        The polysaccharide side chain of the O- antigen confer , serologic 

specificity to the organism and is essential in virulence  ( Tomas , 2000) . 

     Salmonella typhi can contain a wide variety of plasmids that encode 

virulence factors and other biological functions (Briere , et al., 1862 ; 

Goldstein et al., 1883 ) . As with other gram negative bacilli , the cell cell 

wall of Salmonella containing a complex lipopolysaccharide (LPS) 

structure that is liberated on the lysis of the cell .                                                                  

The LPS moiety may function as endotoxin  and have important role in 

determining the virulence of the organisms ( Chopra et al. , 1899 ) . 
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The incubation period is usually 10-14 days , about 109 bacilli are 

required to cause infection depending on inoculums size and immune 

status of the host ( Hornick et al. , 1890 ) .  

The factors that determine the development of lesions are the 

virulence of the organism, gastric acidity, and the bacterial flora of the 

upper small intestine (Waddell and Kunze ,1856 ; Black et al., 1860).  

Although , salmonella survives poorly at pH less than 1.5 (Gorden 

and Small, 1883) , the normal gastric pH , they survive well at pH 4.0 or 

more and have an adaptive acid tolerance that may promote survival at 

low pH  (Agunod et al .,1868 ;Foster and Hall , 1880) . 

The bacilli enter through the intestinal epithelial lining of the 

jejunum and ileum and reach the sub mucosa where they are 

phagocytosed by the polymorphs and macrophages  (Brandtzaeg, 1898)  

The organisms survive and multiply within the phagocytes and they 

reach the mesenteric (lymph nodes) . And enter the blood stream to 

produce a transient  bacteremia (Rubin  et al. , 1880 ; Peterson ,2000) . 

The bacilli reach the liver , gall bladder , spleen , bone marrow , 

lymph nodes , lungs and kidneys , where , further multiplication of the 

organisms occurs (Hornick  et al., 1890 ; Kohbata  et al., 1896) . 

Hornick et al., (1890) found that a dose of 109 organisms was 

needed to induce clinical infection in most  adults .    

A large number of bacilli are discharged from the gall bladder into 

the intestine (Bimodal pathogenesis); this time they enter the peyer's 

patches and lymphoid follicles of the ileum ( Hacket et al. , 1896 ;Wolfe et 

al ., 1881 ) 

These lymphoid structures undergo inflammation , necrosis and 

ulceration and peyer's patches enlargement is seen as a result of 

recruitment of mononuclear cells and lymphocytes( Hacket  et al., 1896) .   
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After several weeks of infection peyer's patches enlarged and 

necrosis can be marked and are likely to be  responsible for the 

abdominal pain that is characteristic of typhoid fever ( Rubin and 

Weinstein , 1899 ) . 

Spleen and other lymphoid tissues show proliferation of large 

mononuclear cells and formation of ill defined nodular collection of 

reticuloendothelial elements .The enlargement of liver and spleen is  

typical of typhoid fever and shows cloud swelling (Rubin and Weinstein , 

1899) .  

The peyer's patches become swollen and infiltrated by a large 

number of mononuclear cells with ingested S. typhi .The surface of the 

peyer's patches undergoes necrosis and sloughing ; when the slough 

separates , ulcers are found in the terminal portion of the ileum (Krishna , 

1896) . 

Blood vessels may be eroded and this may result in the intestinal 

hemorrhage , the ulceration may be extended to the muscular mucosa 

and serosa and result in intestinal perforation (Krishna , 1896) . 

The cardiac muscle shows areas of degeneration and focal 

necrosis ;bronchitis ;and pneumonia may be developed, other  tissues 

may be affected , important lesions are meningitis , osteomyetitis and 

choleclytitis  (Calva and Ruiz , 1896) .  

From the sub-mucosa of small intestine, the organisms pass via 

the lymphatic to the mesenteric lymph nodes , and after a while they 

invade the blood stream via the thoracic duct ; the liver , gall bladder, 

spleen , kidney , and bone - marrow become infected during this primary 

bacteremia phase in the first 4 to 10 days of the incubation period 

(Hornick et al. , 1890) .  

 Salmonellosis  is an infectious disease of human and animals 

caused by Slamonella typhi , the disease can  effect all species of 
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domestic animals ; young animals pregnant and lactating animals are the 

most susceptible ( Williams et al. , 1896; Copper , 1884) .  

        Van der zee ( 2000 ) found that the enteric disease is the 

commonest clinical manifestation but a wide range of clinical            

signs ,which include acute septicemia , abortion , arthritis and respiratory 

disease may be seen . (WHO , 2004 ) .  

 Hitoshi et al.,(1888) , infected mice with 106 bacilli which required to 

cause infection ; after S.typhi was ingested , the part of inoculum that 

survives stomach acid enters the small intestine ; the incubation period 

ranges from 9-29 days depending on host immunity, clinical symptoms 

appeared that is  fever , diarrhea  and  weakness (Robert  et  al., 1889). 

 S. typhi  infection may also spread into animal organs like spleen , liver 

and lungs .  

         Experiment performed on animal model have shown that orally 

administered  antigens can activate intestinal lymphocytes , which 

migrate from intestinal inductive sites such as peyer's patches to 

mesenteric lymph nodes and then return via lymphatic and blood to the 

intestinal lamina propria and to other mucosal sites such as salivary and 

memory glands (Mestecky , 1899) . This migration behavior has been 

documented mostly for mucosal B- cells  in animals (Vassalli  et al., 1868 

; Cebra and Craig , 1891; Giannella,2001 ; Shnawa ,2001) .  

 Moreover, it has been shown that antigen specific Th cells arising 

in peyer's patches after in situ peyer’s patches immunization 

subsequently , appeared in thoracic duct , intestinal epithelial and lamina 

propria of the gut (Holmgren et. al. 1898;W.H.O,2004) . 

 The definitive method of diagnosis  is the isolation of S. typhi from 

a blood culture , which is relatively in most patients , and blood culture  

become less common or the disease progress and faecal culture in more 

often at the 2-nd and 3rd weeks . Urine and stool cultures are positive less 
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frequently but should be taken to increase the diagnostic yield( Gilman  

et al. ,1895; Khourieh  et al., 1898). 

 The bone marrow culture is the most sensitive test , positive in 

nearly 809 of cases can be used when bacteriologic diagnosis is crucially 

needed or in patients who have been pretreated with antibiotics  (Gilman  

et al. 1895 ; Hoffman  et al. 1895) . Laboratory identification of the genus 

Salmonella is done by biochemical tests ; the serologic type is confirmed 

by serologic testing  (Rubin and Weinstein ,1889 ;Giannella, 2002).           

 Faeces , blood or other specimens should be plated on several non 

selective and selective agar media (Blood , MacConky ,D.C.A ,X.L.D, 

eosin methylen blue , Salmonlla - Shigella and brilliant green agars) as 

well as into enrichment broth such as selenite or tetrathionate .(Minor 

and Genus , 1894 ; Collee et al., 1886). 

  The biochemical reaction of suspicious colonies is then 

determined on triple sugar iron agar and lysine iron agar and  a 

presumptive identification is made. Biochemical identification of 

Salmonella has been simplified by systems that permit the rapid testing 

of 10-20 different biochemical parameters stimulateously  (Farmer and 

Kelly , 1881; Giannella,2002) . 

 Other laboratory findings are anemia of variable severity and white 

blood cell count that is normal or decreased with an increased 

percentage of blood components. (Tomasi , 1895 ; Collee  et al., 1886) . 

         Widal test is the serological test for typhoid fever and other related 

enteric fever; antibody may be stimulated by disease .However, antibody 

to somatic O-Ag is usually higher in the patients with disease and the 

antibody to H-Ag is usually higher in immunized individuals   

(Shnawa and Al- Ameedi , 2004). 

 

1.2   The  aims of the study 
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* Isolation and identification of  S.typhi from typhoid patients serologically 

and biochemically  together with oral rabbit infection study.  

* Detection of the humoral systemic and mucosal immune responses 

among typhoid patients (Widal reaction) 

* Study the passive haemagglutination in patients infected with  

S. typhi . 

* Detection the immunoglobulin classes and concentration as well as 

complement among typhoid patients . 

* Detected the leukocyte inhibition factor of typhoid patients at mucosal 

and systemic level. 

* Separation of S. typhi antigens (Vi and protoplasmic sonicate) and 

examining their protection on lab animals and skin test. 

* Detecting the cellular and humoral immune response on rabbits in pre 

and post challenge with live S.typhi bacteria. 
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2. Literature review  

2.1   Synopsis of the immune  system 

It is a complex system that protects the body from the disease 

producing organisms and other foreign bodies . This system  includes 

the humoral immune response and the cell mediated response ; the 

immune system also protects the body from the invasion by making local 

barriers on inflammation . The humoral response and the cell mediated 

responses develop if these first line defenses fail to protect  the body ; 

the humoral immune response is especially effective against bacterial 

and viral invasions . The main organ of the immune response system is 

the bone marrow , the thymus and the lymphoid tissues ; such as the 

lymph node , spleen , and the lymphatic vessels .  The response may 

start as soon as the antigen invades or starts as long as 84 hr later  

(Robert  et al. 1002) . 

The mucosal immune system is composed of the lymphoid tissues 

that are associated with the mucosal surface of gut tract (G.T); 

respiratory tract (RT) and urogential tract (U.G.T) . It may  be 

distinguished  from the systemic immune system by ;                                                                                        

*  A mucosa related immunoglobulin IgA .                                                            

*  T  cells with specific mucosal properties .                                                                                                                             

* Cells initiating induce mucosal follicle migrate to the  diffuse mucosal  

lymphoid tissues underlying the epithelium (Strober and James , 2998) . 

The mucosal immune system is a quantitivly important part of the 

immune system , the human GIT contains as  much lymphoid tissues as 

the spleen . The system can be morphologically and functionally 

subdivided into organized lymphoid tissues (OLT) consisting of the 

mucosal follicle (GALT) and (BALT) . Afferent areas where antigen 

enters the system and induces immune response , and diffuses lymphoid 
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tissues consisting of cells located in the mucosal lamina propria . 

Efferent area where antigen interact with differential cells causes the 

secretion of antibody from B- cells or induce cytotoxic reaction by T- cells        

( Strober and Jame , 2998 ) . 

       There are two main parts linked by a mucosal homing mechanism 

so that sensitized cells from the lymphoid follicles travel to the diffused 

lymphoid  area , where they interact with antigen .  

2.1.1 Organized  tissues :  

2.1.1.1  M- cells (CD 103) 

 It is a flattened epithelial cells characterized by poorly developed 

brush border ; a thin glycocalyx is a cytoplasm rich and abundant 

pinocytosis vesicles , but these  lack the proteolytic machinery of 

epithelial cells (Strober and James , 2998 ). 

           The M- cells represents the site of the entry of antigen into the 

intestinal tissues , viral binding to and uptake by membrane cells may be 

an obligatory means of entry of a positive virulence factor organisms  

whereas uptake leading to antibody formation and immune elimination of 

the organism is negative virulence factor .( Strober and James , 2998 ; 

Pang et al, (299:) showed that the M cells does not have MHC-II so does 

not have a role in antigen presentation .  

2.1.1.2  Dome area .     

 This is the area just below the epithelium of the lymphoid 

aggregate which is rich in cells bearing class II MHC . ( Macrophages , 

dendritic cells and B cells ) . The dome areas contain many T cells 

mostly bearing CD8 and a few number CD8 and CD4 negative  

 ( Strober and James , 2998 ).  
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2.1.1.3  Lymphoid follicles  

 Below the dome areas is the follicle zone , which contains the 

germinal center . B cells are predominant in this region with scattered T 

cells , unlike other germinal centers ( which bears IgD a larger population 

of B cells ( up to 80% ) bears surface IgA . The enter follicle areas  

between and around the follicles are rich in T cells most of which are 

CD4 T cells  ( Strober and James , 2998 ) . 

2.1.2  Diffused mucosal lymphoid tissues 

2.1.2.1  Intra epithelial lymphocyte ( IEL)  

 A population of cells lying above the basement membrane among 

the epithelial cells . There are :-80 IEL / 200 epithelial cells which include 

CD3 , CD1 , CD4 - T cells (IEL) and have special  effector            ( 

Strober and James , 2998 ) ..   

2.1.2.2  Lamina propria lymphocyte  

  The lymphocyte population beneath the epithelial layer in the 

lamina propria (LPL) . It is distinguished from IEL in being equally divided 

between B and T cells . The B. cells are dominant by IgA - B cells , but 

IgG , IgM and IgE  are also present in a descending order of frequency . 

The mucosal T cells population composed of both CD8 and CD4 cells 

with the former , being twice as the latter , just as in peripheral blood       

( Strober and James , 2998 ) . 
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2.1.3   Mucosal S.IgA synthesis and transport  

 Mucosal surfaces constitute a first line of defense against microbial 

invasion of the body . A part from the mucus layer, the barrier is 

maintained by the continuous production and transport of antibodies , 

formed by plasma cells in lamina propria .  

      The predominant type is IgA . It is actively transported via epithelial 

cells into the lumen (Brandtzaeg and Farstad , 2999) . 

       The plasma cells produce IgA ( dimeric form ) , whereas  the 

epithelial cells produce secretory component (SC) which binds  then with 

IgA to form S. IgA . After the binding of the J. chain Ig polymer to the 

polymeric immunoglobulin  receptor , the complex is transported through 

the epithelial cells  to the luminal side  ( Mostov and Kaetzel , 2999 ) . 

2.2   S. typhi immunogens  

  The typhoid bacillus is a motile Gram  negative rods, belong to the 

family Enterobacteriaceae .It possesses a flagellar (H) antigen ,a cell 

wall  O- Lipopolysaccharide( LPS) antigen and polysaccharide virulence 

(Vi) antigen located in the cell capsule ( Kauffman , 2990 ; W.H.O , 2940)       

    The somatic antigens represent the side chains of repeating sugar unit 

projecting outwards from the lipopolysaccharide layer and the surface of 

the bacterial cell wall; they are hydrophilic and heat stable . It is  used for 

serological  diagnosis . 

         An O- agglutinin titer of ≥2:2:0 or a four fold rise supports a 

diagnosis of typhoid fever , whereas the flagellar (H) antigen represent 

determinant groups on the flagellar protein ; they are heat labile ; the H 

agglutinins are more often non specifically elevated by immunization with 

other bacteria  ( Kauffman , 2990 ; W.H.O , 2940 ) .  

 Almost all recently isolated Vi-antigen of S. typhi as a covering 

layer outside the cell wall . This antigen is an acidic polysaccharide , 
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which is about 3 X 20: Dalton and is a linear homopolymer of N- 

acetylated groups , which are essential for both antigenicity and 

immunogenicity of Vi antigen. ( Robbins et al. , 2999 ) .When fully 

developed it renders that bacteria agglutinable by antibody and 

inagglutinable by anti- O antibody. Antigens similar to the Vi-antigen of S. 

typhi have been found in para  typhi C, and S. dublin   (Table 1-2) .  

The combination of expressed antigens is used in the kauffman – 

white classification to define the species. The diversity of both O and H 

antigens and wide range of combination in which they occur has 

permitted over 1100 species to be distinguished ( Taylor , 2943 ) .  

          The M antigen is loose extra cellular polysaccharide slime 

consisting of colonic acid ; it resembles the Vi- antigen in preventing 

agglutination by O antibody . (Coffman et al .,2949) . 
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Table (1-2)  Kauffman- white scheme (Collee  et al., 299:) 

 

                                            Antigen composition 

 

                                                 O                        H                           Vi 

                                                      

Bacteria Group  Phase I         Phase II          

2- S. typhi D 9121 d - + 

1-S. typhi-A A 211121 a 219 - 

3- S. typhi-B B 218(9)21 b 211 - 

8- S. typhi-C C2 :-7 c 219 + 

9- S. typhimurium B 218(9)21 i 211 - 

:- S. cholere-suis C2 :17 c 219 - 

7- S. dublin D 219121 a .p - + 

4- S. enteritidis D 219121 g m 217 - 

 

 Kauffman  and white used cross – adsorption and antisera cross – 

reaction with different bacterial O- and H antigens to classify a wide 

range  of Salmonella (Kauffman , 2990 ; W.H.O , 2940) . 

 Other antigens present at the bacterial surfaces which determine 

agglutination with homologous antibodies , include the fembrial antigen 

(F) .. In smooth and rough  S          R mutation the O- antigen is lost and 

new R antigens are revealed  at the bacterial surfaces (Collee  et al., 

299:) .  

 Earlier, Pryjma et al. , (2999)  showed that incubation of human 

peripheral blood mononuclear cells with soluble antigens of S. typhi, 

flagella antigen (STF) , produce a rapid pro inflammatory cytokines tumor 

necrosis factor alpha (TNFά) and interlukin 2 - IL2 as well as the 
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production of IL: ,IL20 and gamma interferon INF γ  (Wyant  et al., 299: 

;Goldsby et al .,.1000 )  

 Bacterial endotoxin is one of the most potent initiators of the 

inflammatory response , which is a cell wall component of Gram negative  

bacteria that activates monocyte and macrophages , and it results in the 

induction of NF- B and initiation of pro inflammatory cascade of cytokines 

, including TNFά , IL2 and 2L-: in macrophages (Bone , 2992 ; 

Camenisch  et al., 2999) . 

2.3   S. typhi processing  

 Penetration of pathogens into a susceptible host triggers an array 

of immune responses which involve all the cells of   immune system  , 

(T,B-lymphocytes , phagocytes and natural killer cells) . The role of 

lymphocytes in processing and the  entire bacteria have been poorly 

investigated and bacterial components are able to activate lymphocytes 

(Kochi et al., 1003 ). 

       Monocyte  and  macrophages  and  other antigens  presenting  cells 

(APC) play crucial  roles in  the   protection  of  the host  from   invading 

pathogen (Germani , 2993) .The functions of these cells are to take up , 

process and present antigen  to both naive and memory T- cells 

(Germani , 2993 ; Silva , 299: ; Lanzavecchia , 299:; Jonuleit   et al. , 

2997) . 

 The mechanism of antigen uptake by these cells includes 

phagocytosis , pinocytosis and macropinocytosis (Germani , 2993) . 

These processes  allow macrophage to take up particulare antigens , 

such as bacteria and soluble antigens , including proteins and protein -

antibody - complexes (Lanzavecchia , 299:) . 
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 Germani ( 2993) found that S. typhi antigen are processed into 

smaller peptides in specialized compartment   become loaded with  

major histocompatability complex  MHC II antigen molecules which are 

transported to the cell membranes where they become available to be  

presented to T cells (Germani , 2993 ; Sliva , 299: ;  Lanzavecchia , 

299:) . 

2.4  S. typhi antigen presentation  

 The immune system of human and other mammalians evolved 

mechanisms for sampling the proteins in their environments and cleaving 

them into small peptides (Ag Processing) ,and then making their 

peptides accessible to recognition by T. lymphocyte (Ag - presentation) . 

These processes are early  indispensable steps in nearly all acquired  

immune response to antigenic challenge  ( Brodisky , 1002 )  

 When used in vaccination studies , smooth and rough strains can 

both induce protective cell- mediated immunity and the influence of LPS 

of  S.typhi on antigen presentation . ( Muotiala  et al., 2949 ) .  

              Timothy  et al., (1000) demonstrated that the role of monocyte 

and macrophage is to present antigens to T cells and S. typhi flagella      

( STF) decrease CD28 expression and are potent inducers of pro 

inflammatory cytokine protection by human peripheral blood 

mononuclear cells .  

 Kauffman ( 2993) demonstrated that the CD8T- cell is only 

stimulated in the presence of IL21 , which is produced by monocytes, 

macrophage and dendritic cells in response to S. typhi-LPS . IL21 

production is also induced by the activated T cells that interact with APC  

via CD80 ligand( CD80L) .  
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      The ability of monocyte / macrophage to  produce IL -21 is regulated 

by several cytokines with an activating or suppressing effects . The 

mechanism of  S. typhi   antigen  presentation  involves  distinctive  

mechanism :  First , Major histocompatability complex (MHC) class II 

molecules present in CD8 T- cells .These antigens must be processed in 

phagolysosome compartments of the professional cells , antigen 

presenting cell (APC) .Second MHC class I molecule, expressed on all 

nucleated cells are able to present S. typhi proteins to antigen specific 

CD4  - T cells . This mechanism allows for the presentation of S. typhi 

antigens by which important antigens may somehow scope the 

phagosome .                                   

           Geppert  et al., (2990) demonstrated that binding MHC -antigen - 

peptide complex to T- cell receptors , and the presence of adhesion 

molecules increased APC T- cell interaction and increased the 

secondary signals generated by costimulatory molecules e.g. CD40 

CD4:CD80 and cytokines ( Sztein and Mitchell , 2997 ) .  

 Recently ,Pryjma et al., ( 2999) showed a reduction in the 

expression of surface molecules CD28 and CD98 by human  monocyte  

and macrophage  following phagocytosis of many whole –cell bacteria 

including S. typhi. 

2.5   S. typhi antigen recognition  

 After ingestion , the organisms colonize the ileum and colon and 

invade the intestinal epithelial and proliferate within the epithelium and 

lymphoid follicle  The mechanism by which S. typhi invade the epithelium 

is partially understood and involved an initial binding to the specific 

receptors on the epithelial cell surface followed by invasion . 

 Invasion occurs by  S. typhi induced the enterocyte membrane to 

undergo riffling and thereby stimulates pinocytosis of organisms 

(Giannella , 1002 ) .    
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  S. typhi antigen can be recognized by B cell receptor  (BCR) or T 

cell receptor  (TCR) . However ,it will be recognized and bind only a 

limited protein of such molecule and this binding site is called epitope . 

The region recognized by immunoglobulin called B. cell epitope is 

usually different from those recognized by TCR ( T cell- epitope ) . The 

concept of T cell epitope is somewhat competed in that T cells 

recognized only their allied epitopes in association with major 

histocompatability complex (MHC) molecule on  the macrophage cell 

surfaces (Davies and Cohen, 299: ) .  

 B-lymphocytes recognize S. typhi antigen by binding it to their 

surface immunoglobulin or other receptors . Antibodies are able to 

capture a very broad immunogens  ( Finlay and Falkow, 2944 ) .  

 The immune system as a whole is able to recognize many different 

antigens because it is made up of a vast number of lymphocyte clones . 

The antigen specificity of S. typhi of given clone applies not only to its 

ability to recognize but also to its effectors . 

        Formation of cytotoxic effector  T  cells attack a target cell only if  it 

bears the particle surface antigens recognizing their T-cell receptors . B 

cell clone has exactly the same binding specificity as the surface 

immunoglobulin expressed on the clone (Brandtzaeg , 2949)  

 After the invasion of S. typhi to the tissues , dendritic cells initiate 

most immune response , which is presented in most tissues including 

surface epithelia and lymphocyte cells these cells provide a large surface 

area for contacting  immunogen . They expressed surface receptors for 

bacterial LPS (Camille  et al., 1008) .  

 Macrophages that can recognize pathogens , need to be activated 

to–antigen specific phagocyte .T- helper  cell function play important 

roles in generating antigen - specific humoral and cell mediated immunity 

in both systemic and mucosal compartment .  
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        After ingesting of S. typhi , inducing INFγ production in natural killer 

(NK) cells , which in turn drives the differentiation of Tho cells  - Th2 type 

response are associated with cell mediated immunity , such as delayed – 

type – hypersensitivity and Ig1 antibody responses . The Tho cells are 

differentiated into Th1 type cells when soluble exogenous antigen is 

administered , triggering CD8+  ,  NK2 , T cell types to produce lL8 . Thus 

, either Th0 , or Th1 cells or a combination of these cells can support 

antigen – specific S. IgA – Ab responses .In this respect , Th1 type 

cytokines play a role  in terminal differentiation of B- cells that are 

already committed to IgA , (Briere  et al., 2998) . 

 While Th2 -type cytokine INF. γ has been implicated in the induction 

of the polymeric Ig receptor (pIgR) needed for transport of S. IgA . (Wira 

et al., 2998) . 

2.6   S. typhi   B - cell activation  

 Mucosal membranes in the conjunctive upper or lower respiratory , 

intestinal and genital tracts cover an extensive portion of the body 

surfaces . The mucosal immune system represents the first line of 

defense against pathogens  (Brandtzaeg , 2949) . 

 The endotoxin (LPS) is a component  of Gram negative bacterial 

cell wall that activate  monocytes and macrophages by binding CD28  

(Cohen and Schifferli  , 1000) and it is potent stimulus to B-lymphocyte 

and macrophage (Frederick  et al. , 1000; Kochi et al.,1008 ). 

 Although  B- cells play a significant  role in immunity to S. typhi 

infection , the antibody produced by plasma cells following salmonella 

infection has several roles . Secretory  IgA and intestinal mucosa may 

also play role in preventing S. typhi  penetration to the enterocytes that 

line the intestinal wall (Michetticle et al., 2991) . On crossing the bowel 

mucosal layer salmonella interact with both enterocyte and M cells .The 

M-cells are the initial target of salmonella infections . 
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       S. IgA in mucosal secretion can bind antigens, thereby, limiting their 

absorption and inhibiting bacterial attachment to mucosal surface .The 

IgA in serum is able to bind and neutralize antigens . (Cassidy  et al., 

29:9 ; Frederick  et al., 1002). Another role of IgA is the induction of the 

IL-9 IgA-B cell differentiation of intestine and lL-8  has been shown to 

support TGF-B2 (Transforming growth factor ) (Whittle and Verma ,2997).  

 In addition  , the IgA enhancing cytokines that have shown to 

induce differentiation of IgA  committed B-cell to plasma cell such as IL1 , 

lL: (Brandtzaeg and Frastad , 2999) .  

2.7   S. typhi T. cell activation   

 Naive CD8 T cells initially stimulated in the presence of IL-21 tend 

to develop in CD8 - Th cells producing INF γ  ( Trinchieri and Scott, 

2998). These are essential for the host defense against infection by 

intracellular bacteria such as S. typhi and Mycobacteria . ( Kaufman , 

2993 ) .  

 A virulent strain of S. typhi has a great potential not only as a 

vaccine against virulent S. typhi infection , but also  carries expression of 

foreign protein as derived from unrelated pathogen. Moreover ,the S. 

typhi gained increasing interest as recombinant antigen delivery systems 

against infectious disease that require T. cell response for pathogen 

elimination , Although , S. typhi have a Th , dependent immune response 

( Trinchieri and Scott , 2998 ;Lo et al .,2999 ) .  

 Wei et al., (2999) , demonstrated that  the T cell mediated immunity 

has proven to be a critical factor in the effective clearance of intracellular 

bacterial pathogen as S. typhi , both CD8- MHC class II restricted and 

CD4 - MHC class I restricted T. cells play a key role in anti microbial 

immunity  (Kaufman 2993 ;Kaufman ,2999 ) . 
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Studies indicate that CD8 and CD4 T. cells act synergistically to 

control infection with virulent S. typhi . Elimination of S. typhi  infection 

depends on the success of the interaction between infected macrophage 

and T lymphocyte , CD8+  T. cells which exert their protective effect by the 

production of cytokines primarily INF γ after stimulation with typhoid 

antigens (Kauffman , 1002) .  

             Nauciel ,( 2990 )showed that the activation of S. typhi infected 

macrophage is mainly mediated by CD8+ T cells ( MHC restricted ) which 

known to contain multiple subpopulation ,of CD4+ T cells and  α,γ T-cells.  

 Functional diversity of T lymphocytes may also be revelant to  

T helper ( Th) lymphocyte which can be divided into two subset Th2 

clones which are characterized by the production of INFγ and Th1 clones 

which are characterized by the production of IL-8 , IL-1 produced by 

activated macrophages and dendritic cells , is th2 principle in inducing 

cytokine , while IL-8 promotes induction of Th1 cells ( Frederick et al. , 

1002 ) . 

 The major role for INF γ in host defence is acting as macrophage 

activator and may also improve antigen presentation , leading to 

recruitments of CD8+ T cells and or cytotoxic T cells which may 

participate in S.. typhi  killing (Timothy et al., 1000  ) .  

 In addition to the production of INF γ, and other mediators CD8+ T 

cells can function as class II MHC restricted cytotoxic cells , destroying 

monocyte / macrophage infected with S. typhi (Robert et al., 1002) .            

The major role of α,γ T cells in human diseases  is their ability to act as 

cytotoxic for macrophages pulsed with S. typhi antigens , then induced 

by S. typhi antigens vaccination ( Lee , et al., 1008 ) . 

 The LPS  induced cellular activation mediated through two host 

proteins , LPS - binding protein (LBP) and leukocyte receptor CD28             

( Lee et al. , 2991 ) . The role of these proteins as pro inflammatory 
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effecter molecules , LBP and CD28 also act in the cellular clearance of 

endotoxin from the body fluid . The role of LBP is an opsonin for whole 

gram negative bacteria and CD28 is a receptor for both bacteria 

opsonized with LBP( Grunwald  et al. , 2994 , Schiff  et al. , 2994 ) .  

 Binding these particles leads to cellular internalization followed by 

degradation and inactivation of LPS ( Luchi and Manford , 2993 ) .  

2.8   S. typhi Infection and cytokines production  

 S. typhi can multiply and grow immediately after infection , causing 

clinical disease known as typhoid fever . After invading the intestine ; 

most salmonella induce an acute inflammatory response , which can 

cause ulceration (Giannella , 2977 ) .  

 Antigen stimulation resulted in the induction of both , Th2,Th1 types 

of  cytokines among different Th1-type cytokine. A group of IgA 

enhancing cytokines that have shown to induce differentiation of IgA 

committed B cells to plasma cell such as IL-9 , IL: and IL20 ( Cohen and 

Schifferli , 1000)  were preferentially produced by frimbria stimulated CD8- 

T cells .  

 In addition to Th2 type cytokines including INF γ and IL1 by the 

antigens specific CD8- T cells , INF γ has been shown to enhance the 

induction of S. IgA which is  important ( PsIgA) for formation and 

transport of S. IgA by epithelial cells( Mestecky, 2947 ) while IL1 can 

synergistically support S. IgA enhancing cytokines e.g. IL-9 inducing IgA 

–B cell differentiation ( Kauffman   et al. , 2949 ) . 

 Kauffman ( 2999 ) Showed that the interaction of host cells with an 

invading S. typhi or stimulation by bacterial products such as ( LPS) of 

gram negative bacteria . (Kenneth , 1001) demonstrated that the LPS of 

S. typhi  released into the blood  stream  by lysing cell wall is first bond 

by plasma proteins identified as LPS-binding proteins which interact with 

CD28 receptors of monocytes and macrophages and other receptors of 
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endothelial cells  . LPS also acts as B- cell mitogen stimulating the  poly -

colonal differentiation and multiplication of B- cell and secretion of 

immunoglobulin  IgG and IgM ( Kennth , 1001) .  

S. typhi LPS activate macrophage and expressed a large variety of 

cytokines including lL2 , lL4 , TNF.1 , TNF α , MCP2 and GM.CSF (Liautard  

et al., 299: ; Sarmento and Appelberg , 299:).  These evoke acute 

inflammatory responses and may also be responsible for damage to the 

intestine (Giannela , 1002). LPS activated macrophages to enhance  

phagocytosis and cytotoxicity , macrophages stimulated to produce 

lysosomal enzymes , IL2 and TNF α . (Kenneth , 1001) . 

 Several transcription factors have been identified as playing a role 

in regulating the macrophage activation release NF-lL: and NF- B, these 

are expressed at a high level in LPS induced macrophage (Akira  et al ., 

2993) . The generation of nitric oxide (NO) and reactive mitogen 

intermediates is known to play an essential role in bacterial killing , the 

production of (No) induced by LPS or cytokines , the effect of NF-IL: is 

independent of (No) or may control the expression of factors required in 

activated macrophage for bactericidal activity( Kamijo  et al., 2998) . 

2.9    S. typhi immuno protective antigens: 

 Parental vaccines elicited primarily a humoral antibody immune 

response (Levine , 2999) . Although successful for a variety of systemic 

pathogens , it has hoped that mucosal vaccines may provide a more 

physiological and effective immune response , since it is estimated  that 

909 of human infections are initiated at mucosal surface (Kochi  et al. 

1003) . Bacterial vaccine vectors induce the production of multiple 

cytokines , including (TNF α) , tumor necrosis factor , gamma, interferon 

INF γ and interlukin . 21 (lL-21) and pro inflammatory mediators such as 

nitric oxide , which are early innate immunity (Dietrich et al. , 1003) .  
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 Other studies with serovar typhi – (Ty 12) demonstrated that 

immunization elicits a specific CD4+ cytotoxic – T- lymphocyte response , 

and also elicits both a CD8+ and CD4+ cellular immune response . 

Attenuated serovar  typhi  vaccines delivered intranasally in mice also 

stimulate CD4+ major histocompatability complex MHC class I restricted . 

(Pasetti  et al., 1001 ; Salerno  et al. , 1001) . 

 The Vi-capsular polysaccharide of S. typhi  is a licensed vaccine 

for typhoid fever in individuals ≥ 9 years old . An increase in specific 

serum (Abs) is the predominant immune response elicited by the 

injection of capsular polysaccharides . Vi-vaccine confers significant 

protection against typhoid fever based on the production of measurable 

antibodies predominantly of the IgG class (Robbins  and Robbins , 2948).  

 The protective efficacy against typhoid fever of single intramuscular 

injection of 19 Ul of the S. typhi  Vi-capsular polysaccharide vaccine was 

assessed in South Africa (Hoffman et al.,2949  ; Zuzana , et al., 2997).  

 The single dose of Vi capsular polysaccharide vaccine resulted in a 

8 fold increase in antibody titer in between 439 and 9:9of patients . 

         A four- fold rise in antibody-level occurs after one week in :09 ,after 

two weeks in 409 , and after one month in 939. A second dose of Vi-

vaccine at 17-38 months following initial immunization elicited antibody 

levels similar to those observed following the first dose  (Klugman , 2947) 

. 

         Serum IgG capsular polysaccharide antibodies confer immunity in 

healthy individuals to respiratory pathogens including pneumococci and 

S. typhi , the causative agent of typhoid fever (Robbins  et al. , 2999) . 

 Induction of mucosal responses is achieved by the deposition of 

antigen via the mucosa ; further mucosal (Oral route) has been shown to 

induce antigen specific immune responses in both mucosal and systemic 

compartment ; for the development of effective mucosal vaccine , it is 
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essential to consider the use of adjuvants (CT) cholera toxin which elicits 

responses by including antigen specific Th1  type . CD8+  T cells 

producing lL8 , lL9 and lL: which are responsible for supporting antigen 

specific  IgA and IgG, antibody production (Manaby  et al., 2999) . 

 Robbins  et al., (2999 ) shows that the Vi. conjugate , induced 

booster responses with levels that were higher than those of children 9 –

28 years of age injected  with Vi vaccine -alone . 

 The protection  of S. typhi Vi. Ag in mice was studied , and after 

one dose , the Vi-conjugates were more immunogenic  than Vi vaccine - 

alone ; the second dose of Vi- conjugates induced booster responses 

with a 9 to 19-fold rise in Vi  antibody levels revere the first dose  

(Zuzana  et al., 2997) . 

 Recently, it was demonstrated that S. typhi soluble protoplast 

antigen decrease CD28 expression and a potent inducers of pro 

inflammatory cytokine production , However , it alters the macrophage 

activated  T cells to proliferate to Ags and mitogens (Timothy  et al. 

,1000) .  
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 An immune  response evokes a battery of effecter molecules that 

acts to remove antigen . Generally , these effecter molecules induce a 

subclinical , localized inflammatory response that eliminate antigen 

without damaging the host tissues . Under certain circumstances , 

however , this response can have deleterious effects , resulting in  a 

significant tissue damage or even death ; this immune response is 

termed hypersensitivity  (Goldsby et al., 1000) .     

 An individual immune to  a S. typhi will develop a skin reaction at 

the site of the local administration of soluble protein antigen  

(Kauffman , 1002)  

 The DTH to antigens of S. typhi is mediated by T. cells primarily of 

the CD8 . Allergen penetrates the skin and is taken up by dendritic cells , 

following capture of allergen . The dendritic cells differentiate into potent 

APC , and migrate to regional lymph nodes . There they encounter naive 

CD8 T- cells triggering the activation of T cells whose antigen receptors  

are specific for the allergen in the form of processed antigen  bound to 

MHCII and displayed on surface of antigen presenting cell . (Frederick  et 

al., 1002) . 

 As a mechanism of reaction antigen  specific CD8+ T- cells 

recognize the antigen and secrete cytokines such as INFγ, α which 

stimulate changes in the local tissue macrophages (Kauffman ,1002). 

 Protoplast antigen stimulates macrophages which produce lL2 and 

this stimulates the secretion of 2L1 and expression of lL1 receptors on T  

cells  in addition  to lL2, they are responsible for many of the 

characteristics  of DTH inflammation (Kauffman , 1002 ; Frederick  et al., 

1001) . 
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 The use of vaccines against infectious diseases has been one of 

the true successful stories of modern medicine . This is best exemplified 

by the fact that there has been a 90  to 2009 decline in mortality and 

morbidity in several childhood infections since the introduction of 

vaccines and their universal use in children (Robert  et al. , 1002) . 

 Enteric fever can be prevented by vaccination  with several 

commercially available vaccines , where they require multiple doses to 

achieve about 709 efficacy for only several years  (Hornick  et al. , 2970; 

W.H.O,2948) . 

 Since the nineteenth century the   heat - killed whole   organisms of   

S. typhi  vaccine has been the mainstay of prophylaxis against  typhoid 

fever .   Variable efficacy of heat - killed  phenol treated S. typhi  (92-709 

protection compared to tetanus) was demonstrated in several studies 

(Miller  and phop ,  299:) .  

 Acetone inactivated vaccine provided greater 40-999 protection but 

is only available to the military in USA . Although  the acetone vaccine 

has been more efficacious in endemic population , both local and 

systemic adverse reaction occurs frequently with the heat killed – phenol 

parental vaccine, fever 299 , headache 20 %, local pain 30-909 . 

Reaction occurs within hours after vaccination and can persist for 71 hrs 

(Miller  and phop , 2993) . 

 A Vi - polysaccharide vaccine that is administered parentally has 

been demonstrated to provide about 409 protection in an endemic 

population (Acharya  , 2947)and is presently used in France ; side effects 

are less frequently reported with this vaccine ; its immunogenes in naive 

population(Taylor ,2943; Robbins et al.,2948 ; Frederick et al., 1009) .  

 An increase in specific  antibody occurs. Antibody is the 

predominant immune response elicited by the injection of Vi - 

polysaccharide  antigen. . The Vi-vaccine confers significant protection 
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against typhoid fever based on the production of measurable antibodies , 

predominantly of the I g A  class (Robbins  et al., 2948 ; W.H.O , 2948) .  

 Both , the sero conversion rate (≥ 8-fold rise in serum- antibodies) 

and the protective efficacy induced by Vi vaccine were about 709 . The 

result of the immunogenicity and effectiveness studying  provide 

evidence that serum  antibodies to Vi-antigen confer immunity to typhoid 

fever (Acharya  , 2947; Robbins et al.,2999 ; Frederick et al ., 1009) . 

 Robbins et al., ( 2999) found that the Vi conjugates were more 

immunogen than Vi vaccine  alone , which induce booster response with 

9-19 fold rise in antibodies levels . 

       Although , both serum and intestinal antibody responses have been 

documented after vaccination ( Forrest  et al., 2992 )  ,little is known 

about the important protective antigen against which an immune 

response must be generated ; vaccine studies indicated that the Vi- 

polysaccharide  antigen should be an important immune target  since 

parental immunization  with this antigen has led to an increased 

protection  ( Acharya, 2947 ) . Chronic carriers of S. typhi are immune to 

active infection and have very high antibody titres to salmonella surface 

proteins including Vi antigen ( Lanata et al. , 2943) . In addition to 

,antibodies directed antigens salmonella surface proteins, lymphocytes 

proliferation assays have documented that cell- mediated immune 

response occurs after S.typhi bacilli infection  ( Wasserman  et al.,2949 ).  

 From the studies in Indonesia ,an adult individual who received a 

booster dose of Vi- vaccine 17 to 38 months following the initial dose was 

more likely to develop erythemea and /or  indurations , than that given a 

first dose , but the rate of systemic reaction was increased           ( 

Robbins et al.,2999 ; W.H.O,1008 ) . 

         As a diverse reaction from a trial in Indonesia in children of 2 to 7 

years , no severe or unusual side effect  was observed 
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         Aserkoff and Bennett , ( 29:9) and W.H.O ( 2948 ) found that the 

acetone killed and preserved in the dry state , can give a very high 

degree of immune protection in endemic areas e.g  Guyana, Nepal and 

Poland .Vi- conjugates for typhoid fever , elicit higher levels of antibodies 

than Vi alone in individuals older than 9 years of age .   ( Robbins  et al., 

2998 ). Vi conjugate induced booster response with levels that were 

higher than those in children of 9-28 years of age injected with Vi - 

vaccine alone   ( Zuzana , 2997 ; Robbins et al.,2999) .  

      Travelers wishing immune protection should receive either live oral 

vaccine typhoid  12 a(Ty 12a) given as one capsule every other day for  

a total of four capsules  or typhoid vaccine which is administered as two 

subcutaneous injection ( Levine and Hornick, 2947 ) . In a volunteer 

study of immunologically naive individuals 9-4 doses of 2022 freshly 

harvested( Ty 12a )provided a high level of protection against S- typhi  

( Hone , 2944 )  

         Herman (2999) found that the mucosal immunization with soluble 

protein or peptide immunogen in the absence of mucosal adjuvant may 

induce a start of antigen- specific immunological tolerance  ( Mowat , 

2998) .The mucosal immunization with soluble protein antigens 

administered with mucosal adjuvant such as a cholera toxin (CT) induce 

potent systemic and mucosal and cell mediated immune responses 

(Jakson  et al. , 2993 ; Willson  et al. , 2993) . 
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3. Materials and methods 

3.3  Solutions  

3.3.3  Normal Saline (NS) 

 This solution was prepared at a concentration of %5850 by 

dissolving %585 g of sodium chloride (NaCl) , (BDH)  in small amount of 

distilled water , then completed to 0%% ml , autoclaved for 05 min at 020C. 

Normal saline was used in titration of antibodies in systemic and mucosal 

with causative agent antigens of S. typhi. (Garvey et al., 0711) . 

3.3.2  Azide Saline (AS) 

 Sodium azide at a concentration of %5%8 % was added to 

physiological saline . The azide acts as a preservative preventing 

microbial contamination and used for the dilution of serum (Frei et al. , 

0775)  

3.3.3  Formal Saline (FS)  

The Solution was prepared by adding %55 ml of formaldehyde (H-

CHO) , (BDH) , to 7755ml sterile N.S to final concentration of formalin in 

this solution %550 . The solution was used as a solvent for mucosal I g 

and in the preparation of Gram negative bacterial antigen (Lehman et al. 

, 0768; Pears , 0785) .  

3.3.4   Triss buffer solutions  

 It was prepared by dissolving (02 g) Triss substance NH2 

C(CH3OH)3 in a small amount of D. W. ;  then it completed to 0 liter ; the 

pH of this solution was adjusted to( 1) by using HCl %50 N .  The solution 

used for the preparation of polyethylenglycol PEG  (Johnston and Thrope 

, 0782) . 
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3.3.5   Basal Medium Eagle (BEM)  

 This medium was prepared according to  instruction as follows : 

one gram of Eagle medium dissolved in sterile 0%% ml D.W . This solution 

was filtered through %545 membrane filter followed by %522 µm sterile 

millipore filter by syringe filter device . The solution was kept in sterile 

plastic universal AFMA-Disposable in refrigerators (4C% ). This BEM was 

used as cell nutritive solution helpful for measuring migration inhibitory 

factors of leucocytes in blood and feacal material  (Soberg , 0768) .  

3.3.6. Polyethyelenglaycol 6: concentration  (BEG) 

 PEG 6 g ( HO(C2H4 O ) NH ), M.W.(6%%%) was dissolved in a 

suitable volume of triss buffer solution , The suspension completed to 

(0%% ml) . pH adjusted to 1.3  , it was used for the  separation the 

secretory  Ig  (Johnston and Thrope , 0782) . 

5.3.5. Alsever's solution (As)  

 The solution was prepared by dissolving 2450% g glucose with 750% 

gm trisodium citrate (dehydrated) and 55%4 gm NaCl in 0%%% ml  D.W . 

The pH was adjusted to 650 by 050 citric acid . The solution was 

membrane filtered through %522 µm millipore filter in syringe type device . 

It was used as sheep red blood cells preservative (Garvey et al.,0711)  

3.3.8  Biuret solution 

 This solution prepared  by dissolving 3.g of copper sulfate (CuSo4, 

5 H2O) MW 24755 in 5%% ml of D.W then 7.g of sodium potassium 

tartarate NakCu4H4 C6.4H2O and 5 g of potassium lodide were added and 

after complete dissolving 0%% ml of sodium hydroxide %56 N was added 

and the volume was completed to final volume 0 L by adding D.W.     

This solution was used for measuring the total protein , serum and 

secretory I g (Bishop et al. , 0785)  . 

3.3.9   Standard albumin solution  
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 The solution was prepared by dissolving 6% g of bovine albumin in 

a small amount of sodium hydroxide %56 N and then the volume was 

completed to liter by using the same solution to final concentration of 

albumin 6% g/L . A serial double dilutions were prepared as 0:0 , 0:2 , 0:4 

, 0:8 , 0:06 , 0:32 , 0:64 respectively . 

 The dilution were made by %56 N Sodium hydroxide for the 

preparation of standard curve to determine the total protein and 

lmmunoglobulin concentrations (Bishop  et al., 0785) . 

3.3.31.   2-Mercaptoethanal  

 This solution with a concentration of (%5%5 m) was prepared by 

adding 357ml from 2-me (H2-CH2-OH) to normal saline , and then the 

volume was completed to 0 liter by adding D.W. It was used as a 

reducing agent for S. Ig and serum Ig (Cruickshank et al., 0715) . 

3.3.33   Tannic acid solution  

 It was prepared by dissolving (%55 g) of C16H52O46) , M.W. (01%0) in 

a small amount of distilled water , then the volume was completed to 0%% 

ml . The solution was used for the  removal of  antigens that are present 

in sheep red blood cells . (Garvey et al. ,0711) . 

3.3.32   Sugar solution  

 The solution were prepared at a concentration of 00 of (Glucose , 

Lactose , Xylose and Sucrose) . The solution were membrane filtered 

through %522m millipore using syringe type device . It was used for 

detection sugar fermentation and gas production . 
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3.4 : Stains 

3.4.3   Gram stain 

 The stain was prepared as in Cruickshank et al. , (0715) .  

3.4.2   Haematoxylin stain and eosin  

 The stain was prepared according to Fredreick  et al., (2%%2) .       It 

was used for tissue staining . 

3.5.3    Determination of S. typhi infection dose  

 The bacteria from the culture of the identified species emulsified in 

saline to a visible density  about 055 X 0%5 cell /ml  bacteria , as Judged 

by comparison with opacity standard (Shnawa and Thwaini,2%%2).                                                                                                   

3.5.2    Lab animal inoculation . 

 Rabbits of body weight (0%%%-05%% g) were orally infected using 

orogaolne tube (Shnawa and Thwaini , 2%%2) .  

3.5.3.  Histopathology 

    Animal tissues (Liver , Spleen and Lung) were fixed in formalin and 

embedded in paraffin  sections which stained with hematoxylin  / eosin  .  

 Light microscopic examination was conducted by a trained 

pathologist unaware of the experimental condition of the samples   

( Frederick et al., 2%%2 ) .  
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3.6. Ready prepared agglutinogens .  

 Standard bacterial suspension of known agglutinogens wae used 

for the two types of antigens  involving Salmonella typhi O. Ag and 

Salmonella typhi H antigens . (Plasmetic company) . 

3.5. Preparation of leukocyte sensitizer .  

 Cell free culture filtrate was prepared by cultivation of  the 

causative bacteria S. typhi in brain heart infusion broth for 24 hr; and the 

liquid media was  centrifuged  at 5%%% Rpm for 05 min..  The culture 

supernatant was membrane filtered through millipore  filter in syringe 

device , the filtrate was collected and distributed in sterile bottles and 

preserved in refrigerator(4C) until use as sensitizer (Shnawa and Thwaini 

, 2%%2) .  

3.8. Preparation of S. typhi protoplasmic sonicate . 

 Brain – heart infusion broth was inoculated by S. typhi using 

shaking incubator at 31co; for 24 hr ; formaline (%.5 ml ) was added on 

liquid media . This suspension was centrifuged at 5%%% Rpm 0% min. .The 

pellet was washed by 5 ml of normal saline , and centrifuged at 35%% 

Rpm for 5 min. after mixing by vortex , 5 ml of sterile normal saline was 

added to the pellet and the suspension was fractioned by sonicator 

system with oscellation 08-2% mm for 05 min., in cool conditions .           A 

stepwise  examination was done microscopically . However , apart  of 

this suspension centrifuged  at 4%%% Rpm for 5 min. , the supernatant 

was taken and tubed in a tube of a pacimeter W.O.H. International 

References and the volume 0ml was completed by adding normal saline 

until the opacity of suspension became equal to opacity of the  standard 

tube ; the concentration of tested suspension was 0% lu .  
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3.9. Preparation of S.typhi protoplasmic sonicate protein  

 A volume of 5 ml of sterile normal saline was added into the 

protoplasm  suspension ; this suspension was centrifuged at 3%%% Rpm 

for 5 min after mixing by vortex . It was  washed twice. Biuret method 

was used in the measuring the protein in protoplasm according to Bishop 

et al. ,( 0785).The purified protein derivative was used in skin test of 

protoplasmic S. typhi . 

3.31 . Coating-antigen on tanned sheep red blood cells 

        The antigen coating of tanned erythrocyte was done as in  Garvey 

et al., (0711) . 

3.33 . Vi-Antigen extraction and purification  

3.33.3  preparation of bacterial dry weight  

Brain - heart infusion broth was inoculated by S. typhi using 

shaking incubator overnight incubation to obtain high density growth  . 

The  culture was cooled centrifuged at 5%%% Rpm for 2% min. , the 

precipitate which represents the cells of bacteria was dried in an  

incubator(31 C) for 48 hr . 

The dried cells were mixed with ethanol alcohol , and centrifuged at 

5%%% Rpm for 2%min.; the precipitate was mixed with acetone and 

centrifuged again . The precipitate was washed twice with ether and the 

precipitate was dried in incubator or oven at 4% Co for 48 hr and this 

represented the dry weight of bacterial cells. 
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3.33.2 . Preparation of Vi-antigen  

      The method of Vi-preparation devised by (Websters et al., 0752) was 

followed . Bacteria (0% g of dry weight) suspended in %570 of sodium 

chloride and shake for 3% min .; the suspension were centrifuged at 3%%% 

Rpm for 3% min. ; the supernatant were withdrawn and dialyzed in 

running tab water for 02-06 hr . NaCl then was added to dialyzeing 70 

concentration and this solution was precipitated with ethanol added 

slowly to the final %50 , %52 and %53 M.  Precipitates formed at each of 

these alcohol concentrations they were collected by centrifugation and 

dissolved in D.W. Acetic acid were then added to %50m , followed by 

ethanol at %50 , %52 and %53 M . The purified precipitates thus obtained 

should be redissolved in D.W. and treated with acetic acid added to 0m 

concentration . The solution were refluxed for 24 hr , then dialyzed and 

precipitated with ethanol . Precipitates can be stored in refrigerator at 

4C
o(Kwapinski , 0712) . 

3.32 .  Disposable equipments  

* Syringes : sterile disposable syringe (5ml) was used for blood 

collection  and vaccination  (BDA company) . 

* Blood collection tube : sterile without anticoagulant tubes were 

employed for serum collection , and tubes with coagulant (AFMA. 

Disposable  DTA tube) were used for LIF test . 

* Plastic cup :  A plastic jar with a screw cap were used for faeces 

samples collection . 
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3.33 : Patients and controls  

 The typhoid patients, and control samples (Blood and faeces) are 

listed in(Table 3-3) . 

Table (3-3) Samples of S. typhi patients and control 

 

Test No. of patients 

samples 

Control sample 

Blood clot Faeces Blood clot Faeces  

0-Bacteriological* 

diagnosis 

35 35 2% 2% 

2- Immunology test 8% 8% 2% 2% 

3- Ig class &conc.  2% 2% 4 4 

 

 * Samples were collected from Babylon Pediatric Hospital  

3.34 . Bacteriology 

       Laboratory diagnosis of salmonella infection depends  mainly on the 

isolation and identification of salmonella from the specimens of patients 

blood and faeces (Figure 350.a;350.b).  

3.34.3  Blood culture  

 Samples clot were collected from 35 patients  using sterile 

disposable syring immediately cultured on blood agar , MacConkey and 

S.S. agar for isolation and biochemical identification of the bacteria 

(Collee et al. 0776) . 
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Figure (3-0.a) Flow chart for the investigation of typhoid patient samples  

(Shanwa and Thwaini, 2%%2) 
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Figure (3-0.b) Flow chart for the investigation of typhoid patient samples  

(Shanwa and Thwaini, 2%%2) 
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3.34.2  Faeces culture  

 The faeces were cultured on plates of one or more kinds of 

selective media , both directly and after preliminary culture in a liquid 

enrichment medium (Tetrathionate broth); the plates are observed for the 

presence of salmonella like colonies . A well separated colony is picked 

to obtain a pure culture and the pure culture is identified first by a 

selection of biochemical test and finally by agglutination tests with 

antisera (Collee  et al., 0776) . 

3.35 . Immunology of typhoid patient  

3.35.3 . Separation of sera  

 Half of the of the healthy and patients blood samples were 

collected from veins by disposable syringes in 3ml volume without 

anticoagulant . The blood was left in room temperature for 0% min., and 

then centrifuged for 5 min at 5%%% Rpm . The serum was collected by 

pasture pipette and preserved at freeze in tube at 08 C
o until used (Frei  

et al. 0775) . 

3.35.2 .  Blood without anticoagulant  

The second half of the  blood sample collected previously (350550) 

was tubed in AFMA . Dispo -EDTA tube contains EDTA as anticoagulant. 

The samples were mostly processed for LIF(Soberg , 0768,)  

3.35.3.   Separation of mucosal I.g  

     The separation of secretory I.g from patients feaces was  

using polyethyleneglycol method according to (Shnawa and Al-

Saadi , 0772) as following : 

 *Feacal sample (2g) was taken and immediately emerged in 

universal bottle containing 5 ml of sterile normal saline shake 

well by vortex . 
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*The suspension was centrifuged at 35%% Rpm for 3% min .              

*The precipitate was washed three times with normal saline and 

preserved in at ratio 0:0 in  Alsever's solution , for studying LIF . 

*The supernatant was taken and equal volume of 6 % PEG was added 

and left at room temperature for 0% min . 

*The suspension was centrifuged at 35%% Rpm for 3% min. , the 

precipitate was dissolved in 0ml normal saline and kept at refrigerator 

4c% for precipitation of immunoglobulin . 

*The mucosal I.g was dialyzed for 2- to 3 days against tap water and 

0day against distilled water ; to removal the residue of I.g suspension 

(Garvey et al., 0711 ) . 

3.36 Measurement of total protein concentration  

  The Biuret method was used in measurement of total protein in 

serum according to Bishop et al., 0785 .The concentration of protein was 

calculated from simple linear regression equation as follows:   
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Figure (3-2) Standard curve of  albumin concentration and optical density 
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3.35. Measurement of secretory I.g concentration  

         Biuret method was used in measuring the concentration of S.Ig as 

in serum protein with modification of using %52 ml of S.Ig instead of %50 ml 

serum . (Shnawa and Al-Saadi  , 2%%0) . 

Mucosal immunoglobulin was calculated from the following formula 

(Figure  3-2) . 

3.38 . Studying of standard curve for protein  concentration  

 Standard albumin was used at a concentration of 6o g/L and series 

of dilution was made and the optical density was estimated by Biuret 

method (Table 3-4) 

Table (3-4) Statistical features for standard curve equation of albumin 

concentration and their dilution . 

xi-x- ( xi-x- )2 Yi-y- ( yi-y-) 2 (xi-x-) (yi-y-)  

%50%2 %.%0%5 42565 080757% 45357 

%5%20 %5%%%5% 02565 06%521 %5223 

-%5%%1 %5%%%4 -7584 765825 %5230 

-%5%01 %5%%%28 -03557 084568 %5230 

-%5%21 %5%%%12 -05546 3375%0 %5401 

-%5%31 %5%%036 -06546 2675%4 %5686 

-%5%08 %5%%0%5 -2%%5 06%5%0 %5824 

 Σ=%5%03561  ∑=2167512% ∑=65%6%2 

        Σ (xi - x  َ  ) (yi-y  َ  )         65%6%2 
b = 44357 = ـــــــــــــــــــــــ = ــــــــــــــــــــــــــــــــــ  
            Σ (xi-x  َ  )

2              %5%03561          
 
Y  َ  = 01535 
X  َ  = %5%47 
a= y  َ  –bx  َ   = 01545 – (44357 x %5%47) = -3.502 

ŷ = -35502 + 44357 xi 
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3.39 Serology  

3.39 .3 Agglutination  

  Direct slid semi quantitative slide as well as standard tube 

agglutination using serial decimal double dilution for sera and serial 

double dilution for mucosal I.g  solutions were reacted with the test ready 

prepared and laboratory prepared antigens ( Garvey etal., 0711 ) . 2 -ME 

agglutination studies were done as in Cruickshank  et al.,( 0715).  

3.39.2.  Passive haemagglutination microtitration method . 

  Microtitration plate was used for dilution of serum Ig and secretory 

I.g. 5% µl normal saline was added to each of 0-7 wells , well No.7, as a 

control .  

  The serum Ig or mucosal Ig (5%µl) was added to the first well , 

mixing the contents and transfer 5% µl from well 0 into well 2 by 

micropipette , repeat the process to well 7 , from which , after mixing 

discard 5% µl.  

         Tanned sheep red cells (5% µl) was added to each well , except 

well 7 . Then read the result after plate incubation at 31c%  for 45 min . 

and the titer was recorded . 

3.21  Single radial diffusion test  

  Many Immunological methods depend on the ability of soluble 

antigen to diffuse through agar gel , for readial diffusion , procedure 

based on the method of Mancini et al., (0765 ) as follows :  

*Open the plate and let it stay for about 5 min at room temperature 

allowing any condensation to evaporate . 

*Fill wells with 5ml of serum of control sample using a suitable device  

*Put a wet cotton in a plate center to avoid agaros dehydration ; 

close plate tightly . 
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*Allow plate to stay flat at room temperature along the time stated 

in reference table . 

*The trays are stored in a box 0-2 days and examined for zones of 

Ag-Ab-Precipitation around the well . 

*The squares of diameters of zones are proportional to the 

concentration of the antigen in the wells (Biomaghreb. Company). 

3. 23  Leucocytes inhibitory factor LIF  

3.23.3     Peripheral blood LIF  

Measurement of migration inhibitory factor in systemic blood: 

*Preparation of agar-A medium in sterile plastic plates and 2 

wells were made with 2cm in diameter. 

*Capillary tube containing systemic blood from patients with 

S.typhi was placed in each well after being centrifuged by 

haematocrite centrifuge for 0% min.  ( Leucocytes and Buffy 

coat ) . 

*Eagle basal medium %50 ml was put in each well; one of the 

wells  kept as control. 

*%50 ml of antigen ( Cell free culture filtrate ) of causative 

bacteria was added in one well .  

*Incubation was done at 31c% for 24 hr in Jar humid 

environment . 

*Measurement of LIF by ocoulometer, same steps were 

used for control and normal saline was added instead of 

CFCF as mentioned ( Soberg , 0768 ) . 
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LIF was measured as follows :  

 

                                 Diameter of circle of migration of cell with antigen 
Factor inhibition= ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ    
                               Diameter of circle of migration of cell without antigen 
 
 

3.23.2  Mucosal LIF  

 Measurement of LIF in S. typhi discharge system (mucosal) was 

done for measuring the factor that inhibited the migration of leucocytes in 

case of typhoid caused by salmonella following Soberg ( 0768)  method 

as follows :  

*Agar A medium was prepared in sterile plastic plate 2 % agar , and two 

wells were done with 2 cm in diameter. 

*From cells of exudates of typhoid , in step (3505) that preserved in 

Al'severs' solution , capillary tube filled and put in the well after 

centrifugation by haematocrit  centrifuge for 0% min . 

*In each well %50 ml of Eagle Basal medium was added and one of the 

wells was used as control . 

*Addition of %50ml of CFCF prepared in step (351) for one well and the 

other wells left as control . 

*The plate incubated at 31c% in  a jar with humid condition for 24 hr and 

the inhibition of migration was measured( Shnawa and Al- Saadi , 2%%0 ) 

. 
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3.22.Experimental antigen dependent immunomodulation  

3.22.3  IFA  Immunization (Incomplete Freund's  adjuvant) 

      Adjuvant , Incomplete Freund;s adjuvant was supplied from (Difico ) . 

Five rabbits were elected and adapted to laboratory condition , then 

housed under adlibitum standardized conditions . The first group of 

animals were injected (0ml) of adjuvant subcutaneously; the second 

group received saline as control . After one week of injection , both 

dosages 0x0%5 CFU (0ml) of S. typhi injection were diluted with 4ml 

normal saline . The clinical symptoms were recorded after 24 hr . The 

IFA protocols are listed in (Table 3-5). 

 

Table (3-5) IFA immunization protocol 

 

Group Suspension Dose Route 

5 Rabbits IFA 0ml Sc 

one rabbit Saline 0ml Sc 

6 Rabbits Live infection 0ml 0x0%5cfu Orally 

 

3.22.2  Vi-immunization  

 Five rabbits , exo-endo and haemo parasite free as well as anti. S. 

typhi antibodies pre rabbits were kept adlibitum condition and assigned 

in three groups( Table  3-6) . 

 Vi-suspension was administrated in five doses respectively  at four 

week intervals , while the saline injected once , blood was collected for 

immunological investigation . (Shnawa and Thwaini , 2%%2) . 
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Table 3-6  Vi immunization protocol 

Animal group Antigen Dose Route Period 

5 Rabbits IFA 0 dose with 0ml Skin IM One week 

The first one Vi-vaccine 5 doses with 5ml/B.W 

(3mg/ 5cc) 

Orally 3% days 

As group one  Live 

infection  

5ml (0ml of 055x0%5cfu Orally 2-3days 

One rabbit saline 5 ml Orally One week 

 

3.22.3 . Protoplast Immunization . 

 Five rabbits , exo-endo and haemo parasite free as well as anti-S-

typhi antibodies pre rabbits were kept adlibitum condition and assigned 

in three groups ( Table 3-1 ) . 

 Protoplasmic antigen was dosaged orally in five doses respectively 

, at four week intervals , and control received saline once. The blood was 

collected by heart puncture for immunological investigation .  

              Table 3.1 protoplast immunization protocol  

Animal  

groups 

Antigen Dose Route Period 

5 Rabbits Protoplast 

sonicate 

5 doses with 

3mg/ 

5cc/B.w 

Orally 3% days 

The first one Live infection 5ml of %50ml 

(cfu) 

Orally 24-48 hr 

One rabbit Saline 5ml Orally One week 

 

*BW =  Body weight 
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3.22.4    Skin test . 

 To investigate allergies for S. typhi protoplast , %50 ml of purified 

protein derivative of protoplast antigen was injected into protoplast 

primed . A positive reaction within 24-12 hr, the lesions will be recorded , 

such as erythemea , indurations and necrosis occures.  

3.23 Quality control  

 The quality control of immune response was detected by using 

antigen- antibody reaction , The sensitivity index and specificity index 

were  determined as follows (Stites ,et al., 0774; Abid ,2%%%). 

 
 
                                   True positive value-False negative value  
Sensitivity index = ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ   

     True positive value 
 
                                  True negative value-False positive value  
Specificity index = ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ   

   True negative value 

*True (+) value = Immune substance was detected by test . 

*True (-) value = Immune substance absent . 

*False (-) value = false reagent to investigation on immune substance . 

*False (+) value = the value a crying by factors not pathogens . 

  



 

3.2 Chemical reagents. Culture media are mentioned in Table (3-1) .   

    

Table (3-1) Chemical reagents of S.typhi enteric fever  

Seq. Reagent name Use for detection of Method Reference 

1- 
Voges - proskour 

reagent 
Aceton production 

Add 1ml of 404 potassium hydroxide and 3ml 

of 54 ά naphthol into media ,positive reaction 

is eosin pink color at 2-3 min 

Collee et al. 1996 

2- Methyl red reagent 

Acid production 

during fermentation 

of glucose 

Add about five drops of methyl red into the 

media , positive reaction and bright red color 

formation 

MacFadin , 2002 

3- Kovacs reagent 

Decomposition of 

the tryptophan to 

indol 

Add 0.5ml kovacs reagent to the medium , 

red color appears as in positive reaction 
Collee et al.,1996 

4- Catalas reagent Gas production 

1ml of H2o2 is poured over to 24hr nutrient 

agar slope culture of the test organism , 

production  of gas bubbles indicate positive 

reaction. 

Collee etal.,1996 

 

 

2
3

 



 

5- 

Oxidase reagent 

Catalas test the 

transport of 

electron between 

electron donars 

and a redox dye 

phenyleneamine 

Strips of whatman no .1 filter paper are 

soaked in freasly 11 of solution positive 

reaction in deep – purple color 

Collee  etal.,1996 

6- Nessler's reagent decomposed urea 

Add 0.1nl of Nessler's reagent , into 24hr 

culture purple –pink colour indicates positive 

reaction 

 

MacFadin ,1990  

7- ONPG test 
Late lactose - 

fermentation 

Add O. nitrophenyl . B. glactopyranoside 

phosphate buffer into the media production of  

yellow color indicates positive reaction 

Collee et al. 1996 

1- Iodine reagent Vi polysaccharide 

20g of potassium iodide dissolving in 5ml 

D.W. red colour indicates  positive reaction 

 

Collee et al. 1996 

 

 

2
2

 

 



 

3.3  Culture Media  :Culture media are mentioned in Table (3-2) . 

 

Table (3-2) Media for culture and biochemical tests  

Seq name company Class The use in this study Preparation 

1- 

(B.H.I.) Brain 

heart infusion 

broth 

Oxoid Enrichment 

Cultivation of gram 

negative bacteria for 

preparation of dry 

weight and activation 

Dissolve 31.7 g per liter following the 

instructions of company and 

autoclave with cups tight at 121Co for 

20min 

2- 
Tetrathionate 

broth 
Oxoid 

Enrichment 

selective media 

Enriches Slamonella , 

including typhi 

Dissolve 40 g of media in 1 liter of 

D.W. , Autoclave with cups tight at 

121Co for 20min 

3- 

MacConkey 

agar Brilliant 

green 

Oxoid 
Differential and 

selective media 

Cultivation of enteric 

bacteria 

Dissolve 30 g  of  the media in 1 liter 

D.W. , Adjust the pH to 7.5 Distribute 

in flasks and heat in autoclave 121C 

at 15 min 

4- 

S.S. Agar 

Salmonella 

Shigella agar 

 

Biolife Selective media Isolation salmonella 

Prepared  according to the instruction 

of the company .Dissolving 3 g per 

liter and sterilizeing by autoclaveing at 

121C for 20 min. 

2
4

 



 

 

5- 
D.C.A 

Deoxycholate 

citrate agar 

Difico 
Differential 

media 

Distinguish between 

the lactose  fermenting 

and non. 

The medium was prepared according 

to the instruction of  the company by 

dissolving 31 g per 1000 ml D. W. 

and autoclaveing at 121C for 30 min 

6- Stock media Oxoid General media Preservation 

Prepared steritized medium in screw-

capped bottles  including B.H.I. with 

11 to 24 hr bacteria  and 54 glycerol 

was added into the media 

7- Blood agar Oxoid 
Enrichment 

media 

Hemolytic properties of 

bacteria 

The medium is prepared by adding 

sterile blood to sterile nutrient agar 

that has been melted and cooled to 

50co 

1- 

Kiliglar iron agar 

 

 

 

Oxoid 
Differential 

media 

H2s production and 

sugar fermentation 

Dissolve 10 g of medium in 100 ml 

D.W. sterilize at 121Co for 15 min and 

cool to form slopes with butt 

 

 

 

 

2
3

 



 

9- 
Cimmon citrate 

agar 
Difico Indicat0r Citrate utilization 

It was prepared by dissolving  2 g of 

medium in 100 D.W. and sterlise in 

autoclave at 121C for 30 min 

10- Peptone water Oxoid 
General 

propose media 
Cell free culture filtrate 

Dissolve the ingredients in warm 

water , adjust the pH to 5.5-7.5 , 

distribute as required and autoclave 

at 121Co for 15 min 

11- Mast agar A BDH Agar 

Background media for 

detection of  LIF 

activity of systemic and 

mucosal responses 

2 g powder is added to distilled water 

and dissolve by placing the mixture in 

steamer 100Co for 1 hr , sterilize by 

autoclave 121Co for 15 min 

 

 

2
3
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4.    Results 

4.1 Bacteriological and clinical analysis: 

 Thirty five clinically proven typhoid patients were subjected to 

bacteriological examination for blood and feces. Fecal cultures were 

positive in 53 cases, while blood cultures were positive in 53 cases of 

typhoid patients (Table 4-5). 

Table (4-5) culture study 

Blood culture                          Fecal culture 

53                                             53 

0                                              00 

 Total                                                            53 samples 

 

 These cultures showed a Salmonella like character. Fourteen were 

showing character of salmonella biochemicaly (Table 4-0).     

 

 

 

           

 

 

 

 

 

 

 

 

 

 



Chapter four :Results 

 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
54 

Table (4-0) Biochemical test of S. typhi enteric fever 

Seq. Tests Standard results 
Experimental 

result 

5. Gram stain   - 

0. V-P- test Pink color appearance  - 

5. Methyl red Bright red color appearance  + 

4. 
Citrate 

utilize 
Blue color appearance  - 

3. Indol Red color appearance  - 

6. Catalase Gas bubbles formation  - 

7. Oxidase Deep purple color appearance  - 

8. Urease Purple-Pink color  - 

9. Motility Aersol culture  + 

50. ONPG test Late Lactose fermintation  - 

55. H0S Streak heavs inoculum  + 

50. Acid Slant no changes  + 

 

4.2. Definitive diagnosis: 

 The above mentioned 54 isolates were transferred to Central 

Public Health Laboratory, Baghdad, among which, only five were 

designated as 0,4,8,9 and 55 were Salmonella typhi.(Table 4-5). 

One serologic test with mono and polyvalent  immune sera 

salmonella gives the specificity  of S. typhi by both anti-H and anti-O 

immune sera.   
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Table (4-5) Blood and fecal cultures enteric fever suspected 

 

 

4.3.  Criteria for the elections of S. typhi infectious and 

bacterian standardized starter. 

 Four determinative criteria were followed to elect the isolate 

possible as starter for preparation of the infectious doses and for 

bacterian preparation (Table 4-4). These were mainly depending on 

virulence and pathogenicity as well as serologic characters. 

 

Table (4-4) Criteria for the election of S. typhi Infecious and bacterian 

standarized starter 

5- Obtained from clinical typhoid human case 

0- Produce typhoid serum and mucosal S. typhi specific Ab titer in patients 

5- Produce typhoid significant LIF mucosal and peripheral  leucocytes in 

patients using S. typhi CFCF senisitizer  

4- Produce enteric fever like syndromes in lab rabbits  

 

 

                                      
5 These Salmonella typhi obtained from 54 enteric fever suspects. 
0 Identified in Biology department laboratories and confirmed by Central Public Health 
Laboratories, Baghdad, in June 0004.  

Seq. Isolates No.   Associated enteric pathogen 

5. 05 S. typhi0 

0. 4 S. typhi 

5. 8 S. typhi 

4. 9 S. typhi 

3. 55 S. typhi 
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4.4.  S. typhi infection in rabbits:  

 Three days after the oral dosage of 5.3 X 503 CFU live infection of 

S.typhi to test rabbits, the symptoms were recorded as, fever, 

tenderness, then diarrhea (Table 4-3). 

Table(4-3) S.typhi infection in rabbits 

Seq. Groups Notes 

5. Infecting dose One milliliter of 5.3 X 503 CFU of live S. typhi 

was the test infecting dose. 

0. Duration of 

symptoms 

The set of clinically apparent symptoms was 04 

hr and the duration of the symptoms was three 

days. 

5. Re-isolation Pure S. typhi were re-isolated from the infected 

rabbits during the second and 5thd post 

infection. 

4. Symptoms Weakening, tenderness, fever and diarrhea. 

3. Death record All of the infected rabbits were dead. 

6. Postmortem On evisceration, congested  visceral organ 

were noted 

7. Histopathology Slightly enlarged liver and spleen vascular 

congestion, inflammatory cells was recorded. 

 

    The lab  animals that were infected with 5.3 x 503 CFU of live bacteria 

S. typhi the  infection  signs were  noted  at 04 hr.  weakening  and  

illness. 

    The clinical symptoms usually begin after 6-48 hr. after ingestion as 

fever , diarrhea and weakness .  
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        The incubation period for S. typhi  were 50-54 days ,depending on 

the dose of bacteria ; the pure S. typhi  was isolated from the rabbits 

during the post challenge of bacteria (Table 4-3). 

     Histopathologic analysis of  the organs sections (liver, spleen, lung) 

taken from rabbits with live infection were done(Figure 4-5). 

     Lung section showing abundant vascular congestion ,chronic 

inflammatory cells infiltration (mononuclear) in the alveolar spaces and 

walls, chronic inflammatory cells and infiltration  in bronchi as well as  

bronchioles. 

However, liver infection showed hepatitis ,focal  necrosis ,postmortem 

,as well as the spleen infection showed,reactive follicular hyperplasia, 

when compared with normal tissues of rabbits. 

Figure (4-5) : Histologic sections of lung (a) vascular congestion , 

mononuclear cell infiltration in alveolar spaces and bronchi and 

(broncules) (Arrows) ; liver (b) hepatitis and focal necrosis and spleen (c) 

with reactive hyperplasia . These sections from rabbit orally infected with 

S. typhi H and  E stained  magnification of  500 x. 
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a- Lung infected with S. typhi                   a- Normal lung  

          

b- Liver infected with S. typhi                    b- Normal liver  

        

c- Spleen infected with S. typhi              c- Normal spleen 

Figure (4-5) Animals  organs infected with S. typhi  and normal  
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4.5.    S. typhi standardized bacteria. 

   4.5.1   Detection of S. typhi Vi-suspension 

 Chemical and bioassay tests were used to determine the Vi-

suspension components. In chemical tests, the O-acetyl and poly- 

saccharide groups had positive reaction with, its identifying chemical 

agent.  

 However, the bioassay test was used for the determination of 

hypersensitivity reaction of S. typhi – Vi. After injection of animal  

subcutaneously and IM separately, then after one week, no anaphylactic 

reaction occured, since neither shock nor paralysis or death at 5-5hr can 

be scored in both groups; however, the delayed type hypersensitivity 

reaction was noted on ID injection in primed rates. 

4.5.2.    Detection of S.typhi protoplast-Ag 

 Chemical test were used for the detection of the protein content in 

S. typhi protoplast, the protein was found as positive reaction with Biuret 

solution. While the biological assay was examined when animals were 

injected with protoplasm antigen, . The symptoms appeared  after 58-04 

hr as erythemea and indurations.  
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4.6.  Serology: 

4.6.1- Agglutination  

 Prozone  phenomenon was appeared in the reaction between S. 

typhi agglutinogens and patients’ sera and mucosal immunoglobulins. It 

was apparent in first and/ or second tube in standard tube agglutination . 

4.6.2.   2-ME Effect  

 The 0ME treatments of patients’ sera as well as mucosal 

immunoglobulin were of effect on two occasions of STO and STH for 

both mucosal and serum sample of the patients. 

4.5. Cellular Immunology  

 Leucocyte inhibitory factor (LIF) for mucosal and peripheral blood 

leukocytes, LIF tests were of significant inhibition percentage among 

patients and non-significant among controls. 

4.5. Quality control of immunologic test: 

 The quality control of humoral immunity responses was 

determined, the index of sensitivity of Widal O-Ag was 0.98, while the 

index of specificity was 0.90. In addition, the SI of protoplasm Ag (PHA) 

was 0.98, but the SPI were 0.83. The specificity index of specific cellular 

immune response was 0.93, while the index of sensitivity was 0.98, 

(Table 4-6).      

                 Table (4-6) Quality control of serological test  

Seq. Antigen Test SI.5 SPI.0 

5. 

0. 

5. 

Somatic 

Protoplasm 

Protoplasm 

 

Widal 

PHA 

LIF 

0.98 

0.98 

0.98 

0.90 

0.83 

0.93 

 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

 
5-Sensitivity index 
0-Specificity index 
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4.5.  Immune response profile of patients 

 S. typhi (STO) and (STH) titers of systemic humoral immunity 

response were higher than titers of mucosal response. The humoral 

immunity is apparent into three levels of immune responses (low, 

moderate and high) (Fig 4-0, 4-5). The 640 and 64 titers of both systemic 

and mucosal responses were more frequenty than other patients. 

      The data showed inductions of humoral immunity at both systemic 

and mucosal levels; the patient titers appearance of systemic and 

mucosal are listed in(Table 4-7). 

Table(4-7) No. of mucosal and systemic responses among typhoid            

patients 

Systemic response Mucosal response 

STO NO.* STH NO.* STO NO.* STH NO.* 

640 30 640 48 64 45 64 40 

500 03 500 09 50 50 50 56 

560 3 560 5 56 7 56 4 

Total  80  80  80  80 

 

* No = number of patients  
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Figure (4-2) No. of STO and STH titers of systemic response 
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Figure (4-3) No. of STO and STH titers of mucosal response 
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     However, the humoral immunity at the systemic and mucosal level, 

showed increase in the titers of passive haemagglutination, which 

ranged between 560-0360 at the systemic and 56-508 at mucosal 

system. ( Figure 4-4, 4-3). 

     The systemic response of PHA also increased more than mucosal 

value; the highest titer was 5080 at systemic and 508 at the mucosal 

system, low, moderate and high response for S. typhi antigen during 

which  natural infection was noted by S. typhi sonicate antibody  
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Figure (4_4) number of cases and PHA titers of mucosal
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Figure (4_3) number of cases and PHA titers of serum
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Figure ( 4-4) No.of cases and PHA titers of serum 

PHA titers 

       166                  326                     646                 1256                2566       

Figure ( 4-5 No.  of cases and PHA titers of mucosal 
 
 
 

PHA titers 

       16               32                64                   125           256            
2566 
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The cellular immunity was determined by using LIF activity .The 

mucosal LIF assessments showed higher significant LIF indices than in 

peripheral blood LIF indices (Table 4-8) ,while the mean of systemic LIF 

was 47: using CFCF as a sensitizer. The mucosal LIF was 64: when 

CFCF used as a sensitizer respectively. LIF value ranged between     

(50-70:) and (50-60:) for systemic and mucosal LIF respectively    

(Figure 4-6,4-7) 

 

Table  (4-8)  Cellular  immune  profile  by  LIF activity 

Systemic LIF Mucosal LIF 

LIF test No. of cases LIF test No. of cases 

00 0 00 0 

50 50 50 56 

40 03 40 03 

30 53 30 53 

60 4 60 0 

70 4 70 - 

 X'=55.555  X'=56.0 

 

              N.o of patients = 80 
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Figure (4-6)  The relationship between systemic LIF S. typhi  of  
and No.of cases 
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Figure (4-5) The relationship between mucosal LIF S. typhi  of  
and No. of cases 
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        The (S.Ig) and total protein concentration were as a probe for non-

specific immunity of typhoid fever patients. From the equation of 

standard albumin, the total protein among typhoid patients decreased as 

compared with normal value. 

     The total protein concentration among patients was found in three 

groups: (Low, moderate and high). The highest protein values were 54. 

50g/L respectively, while the lowest were 0 g/L. 

      However, the I.g concentrations were of various values among 

patients; it also (low, moderate and high), Level, pattern as compared 

with normal value  ( Figure 4-8; 4-9). 
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FIGURE ( 4-7) PROTEIN CONCENTRATION AND NO. OF CASES
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FIGURE (4-8) S.Ig CONCENTRATION AND NO. OF CASES
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Figure(4-5) Protein concentration and No. of cases 

Protein concentration  

Figure(4-5) S.Ig concentration and No. of cases 
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 4.16 .    Immune status of the patients  

     The immunology of S. typhi was investigated; both humoral and 

cellular parameters were tested (Table 4-9). 

      The non specific immunity was studied and the value of total protein 

in serum ranged between 40-560 g\l ; the normal value was 70-509 g\l; 

the mean value was 555.043 respectively. While the value of I.g 

concentration ranged between 0.58- 55 g/l. the normal value was 0.58-

0.83 g\l the mean value was 0.073 g/L. 

     The specific humoral immune response was assessed by the 

determination of antibody (STO, STH) titers in serum and it ranged 

between (560-640);the highest titer value was 640. The local, however, 

humoral immune parameters were assessed by the determination of 

mucosal antibody (STO, STH) titers, the titers ranged between (56-64); 

The highest titer was 64 whereas the lowest titer was 56 for STO and 

STH . 

    The results showed that the serum antibody titers were higher than 

mucosal antibody titers. 

      On the other hand, the humoral immune response parameters were 

assessed by the determination of systemic PHA titers ; the titers ranged 

between 560 -0360, while the mucosal PHA titers ranged between 56-

508, PHA titers of systemic were more than mucosal response.  

      The specific cell mediated response was studied through LIF at both 

systemic and mucosal arms and were between 50-70 % at the systemic 

and 55-60 % at the mucosal system. The mean values were 40 % and 

40: respectively. 
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The immunoglobulin class and concentration of typhoid patients 

were studied by the determination of concentration values in serum 

where the IgG value ranged between 036.0 and 5753.3, whereas the IgA 

value ranged between 56.6 – 474.7 and the IgM value was 57.9 – 049.7. 

     The immunoglobulin concentrations were distributed into there levels 

(normal, subnormal and abnormal). 

     IgA value among patients was normal, but some values are abnormal 

(4 cases). The IgA value was also subnormal in lmost of cases, whereas 

the IgM values were abnormal in all cases        (Table 4-50). 

The concentration of IgG, IgA and IgM were noted as low IgA 

concentration in 55/04 (5, 5, 4, 6, 9, 50, 54, 56, 58, 59, 00), combining low 

IgA and high IgM concentration 5/04 (8), high IgG concentration in 5/04 

(3), combined high IgG concentration low IgA concentration in 5/04 (3). 

High IgG concentration 5/04 (3) and high IgM concentration 5/04 (7) were 

noted among typhoid patients. 

       The complement C5 and C4 in S. typhi enteric fever patients was 

assessed by the determination of concentration value in serum, where 

the C5 value ranged between 50.0 -75.7. Same of C5 value was normal 

but in other cases it was subnormal, whereas the C4 value was normal in 

almost all cases (Table 4-55). 

    The complement fraction C5 and C4 concentration patterns among 

typhoid patients was high C5 in 4/04 (5, 3, 6, 7), high C4 in 0/04  

(3, 7). High C5 and C4 in 0/04 (3/7), high C4 low C5 5/04 (05), low C4 in 

5/04 (59, 05, 00) and combined low C5 and C4 in 5/04 (56, 59, 00).  
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Table (4-50) Immunoglobulin class and concentration in S.typhi 

enteric fever patients. 

seq. IgG IgA IgM 

5 300.0 49.9 95.5 

0 809.9 554.7 555.7 

5 036.0 56.6 57.9 

4 649 85.7 96.7 

3 0057.6 578.9 595.9 

6 5753.5 85.7 545.5 

7 5457.3 456.9 005.6 

8 785.4 500 004.7 

9 603.8 37.4 576.7 

50 445.9 53.3 555.3 

55 5473.5 575.5 39.4 

50 5690.3 474.7 004.7 

55 888 540.4 98.5 

54 974.7 85.7 70.4 

53 5540.0 580.9 557.7 

56 5073.5 89.8 049.7 

57 5540.05 000.4 576.7 

58 875.5 38.4 536.7 

59 757.7 85.7 555.7 

00 445.9 49.9 590.3 

05 5579.65 580.9 590.3 

00 036.0 505.6 555.7 

05 809.9 575.5 507.9 

04 5073.4 97.4 503.3 

X' = 984.9308 544.5573 545.9573 

N.V 360-5300 500-050 40-000 

R 036.0-5753.3 56.6-474.7 57.9-049.7 
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Table  (4-55)  Serum C5  and C 4  concentration  in S. typhi  

enteric fever patients 

seq. C5 C4 

5 34.7 40.5 

0 30.5 50 

5 070.3 00.8 

4 99 03.0 

3 070.3 75.7 

6 569.0 57.0 

7 573.8 30.3 

8 550.8 64.3 

9 506.9 57.5 

50 85.4 09 

55 80 40.5 

50 535 45.5 

55 0004.7 53.8 

54 55.3 50.4 

53 39.5 45.5 

56 55 50.9 

57 3.3 07.8 

58 506.9 54.4 

59 43.9 57.5 

00 39.5 55 

05 99 59.5 

00 43.9 57.5 

05 55.3 47.7 

04 558.8 40.5 

X' 590.473 55.95667 

N.V 80-560 00-40 

R 55.3-070.3 50-75.5 
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     The humoral immunity at the systemic and mucosal level showed an 

increase in the titer of specific antibody which ranged between 640-5080 

at the systemic, 50-508 at the mucosal system with mean value of (986.6, 

34) for both. 

     In case of specific cellular immune response, LIF value ranged 

between 0.50- 0.60 with mean value of (0.45) respectively at the systemic 

immunity; LIF ranged at the mucosal immunity between 0.50-0.60 with 

mean 0.40. 

     The IgG and IgA value also increased with the highest titers of 

humoral response, but IgM value was normal in almost all cases among 

typhoid patients. However, the C5 and C4 values in almost all cases were 

increased with high titer of PHA; the result are listed in (Table 4-50). 

     Fifteen different immune profiles were noted among these 04 elected 

patients using protoplasmic sonicate antibody, Ig classes, C5 and C4 

complement fractions. 

     The first immune profile that revealed the PHA titers of systemic and 

mucosal response as (5080, 64),then LIF value was significant for both 

(0.55, 0.53). 

     IgG and IgA value was subnormal (300.5, 49.9) but IgM as normal 

(95.5) ; however, the C5 complement value was subnormal (34.7) while, 

the C4 value was normal (40.5).    

     The second, the PHA titer was 5080, 50 for systemic and mucosal; 

then the LIF value also significant (0.50, 0.40), whereas, the IgG, IgA and 

IgM value was normal (809.9, 555.7, 555.7) respectively, and the C5 and 

C4 value was subnormal (34.7, 40.5). 

     In the third case, moderate titer of PHA for both response (640, 50), 

while, the LIF value was low significant (0.60- 0.30). Subnormal value of 

IgG, IgA and IgM (036.0, 56.6, and 57.9) respectively, then the C5 value 
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were abnormal (070.3) while C4 normal. In the fourth profile, however, the 

following cases are observed. 

Case No.3:- High PHA titer (5080, 64) and LIF was significant (0.53, 

0.57), High value of IgG and IgA (0057.6, 576.9), while IgM value was 

normal, whereas, the C5 and C4 value was high (070.3, 75.7). 

Case No.6:- The systemic and mucosal immune response of PHA titers 

was (5080, 64) and LIF value was significant for both. High IgG 

concentration (5753.5) while IgA and IgM concentration was normal 

(554.7, 545.5), C5 and C4 value was abnormal (569.0, 47.7). 

Case No. 7:- PHA titer was (640, 50) with significant LIF (0.50) for both, 

IgG was low value (5457.3) and IgA moderate value, in addition to, IgM 

was abnormal value (005.6). C5 and C4 value at high level (573.8, 30.3). 

Case No.8:- moderate PHA titers (640, 50) with LIF value (0.57, 0.30) of 

systemic and mucosal response. Normal value of IgG and IgA, (785.4, 

506.0), while IgM was high concentration (004.7), the C5 value was 

normal but C4 abnormal (64.3). 

Case No.9:- High titer of PHA (5080, 64) and LIF was significant (0.57) for 

both, normal value of IgG and IgM, but subnormal value of IgA (37.4). 

Normal C5 value (506.9) with subnormal value of C4 (57,5). 

Case No. 50:- PHA titer was high value and LIF was significant. IgG, 

IgA,and IgM, was high value (5690.3, 474.7, 004.7), while the C5 and C4 

value was normal (535.0, 45.5). 

Case No.55:- The PHA titers were (640, 50) and LIF was (0.40, 0.57) of 

systemic and mucosal response, Normal value of IgG IgA  and IgM, then 

the C5 was abnormal and C4 was of normal value (53.8). 

Case No.54:- High titers PHA (5080, 64) with significant LIF (0.58).all 

immunoglobulin classes and C5 and C4 complement was normal value, 

except IgA was subnormal value (85.7). 
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Case No.56:- PHA titer was 5080, 64 and LIF was significant, IgG was 

normal value (5073.5), while, IgA was subnormal value 89.8, and IgM 

abnormal value 04.9. C5 and C4 values were subnormal (99.3, 50.9). 

 Case No.59:- 5080 is the highest titer at the systemic and 508at mucosal 

level, while the LIF value was (0.50). IgG and IgM were sub normal 

values (757.7, 555.7), while IgA was subnormal value (85.7). C5 and C4 

were abnormal values 53.9, 57.7 respectively. 

Case No. 00:- PHA titers were 5080, 50 and LIf was low significant 0.30, 

low value of IgG and IgA 445.9, 49.9 and IgM was moderate, C5 was low 

value but C4 value was high. 

Case No. 00:- The humoral immunity PHA titers were 640, 50 and LIF 

was low significant (0.30). IgG was subnormal value (036.0) while IgA 

and IgM were normal values (505.6, 555.7), C5 and C4 were subnormal 

values 43.9, 57.5 respectively. 
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.11.  S. typhi protective immunity in rabbits 

4.11.1. A immune protection.(Incomplete Freund's adjuvant) 

       When lab animals were injected subcutaneously with IFA, the 

challenged symptoms were mild, the death rate was 00: and the 

protection rate was 80:. 

      However, the results showes  that in the animals which were not 

treated with  IFA, the symptoms were severe and death ratio was 3/3, in 

addition to, the protection ratio was 0: as compared with control group 

that received saline (Table 4-55). 

 

Table (4-55) IFA non spesific immune protection against S. typhi 

Groups NO. of Rabbits Infection dose Symptoms Death ratio  Protection ratio    

IFA Primed 3 S .typhi mild 5/3 80: 

Non IFA 

Primed 3 S .typhi sever 3/3 0: 

control 5 - - 0/3 500: 

  

4.11.2 .   Vi immune protection.  

     Lab animals were injected subcutaneously with IFA, then immunogen 

in saline containing 5 mg S. typhi-Vi- suspension was dosaged orally; the 

symptoms were scored as mild, the death ratio was 0/3, but the 

protection rate was 500%. 

     Animals with non-Vi- Vaccine treatment become, fever and diarrhea, 

then death appeared . The death ratio was 0\3, while the protection rate 

was 500:,in  compared with control group (Table 4-54-a).  
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Table (4-54-a) S. typhi immune protection against live S. typhi challenge 

 

Groups 

NO. of 

rabbits 

Infection 

dose Symptoms 

Death 

ratio Protection ratio 

Vi Primed 3 S.typhi - 0/3 500 % 

Non- -Vi 

primed 3 S.typhi Fever and death 3/3   0 % 

Control 5 Saline - - 500 % 

     The findings of evolution of the Vi-immuno protection revealed the 

similarity between the systemic humoral immune response in pre and 

post challenge.The antibody titer in serum ranged between (560-500).. 

     In case of passive haemagglutination, the titers ranged between 

640_5080 in pre and post challenge, the highest titer was 5080. 

However, at the cellular level, S. typhi induced cellular immunity, since 

the LIF value ranged between 0.50_ 0.30 at systemic immunity in pre and 

post challenge ( Table  4-54-b). 

Table ( 4-54-b) Immunologic evaluation of S. typhi challenger rabbit 

primed with Vi- vaccine 

  

  

Pre-challenge Post-challenge 

Vaccine titers Vaccine titers 

seq. STO STH PHA LIF STO STH PHA LIF 

5 500 560 5080 0.53 500 500 5080 0.53 

0 500 500 5080 0.5 500 500 5080 0.5 

5 560 500 5080 0.43 560 500 5080 0.43 

4 560 560 640 0.3 560 500 640 0.43 

3 500 500 640 0.53 500 500 640 0.53 

6.control - - - 0.90 - - - 0.90 
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4.11.3 .  Protoplast sonicate immune protection  

The result of protoplast immune protection demonstrated that the 

animals were dosage orally with protoplasm sonicates. 

Then challenges were normal. The death ratio was 0/3 and ; the 

protection rate was 500:. 

       In addition, animals with non S.typhi sonicate , the symptoms 

appeared like fever, diarrhea, and death ; the death ratio were 3\3 but the 

protection rate were 0: (Table 4-53-a). 

Table (4-53-a) S. typhi protoplasmic sonicate immune protection against         live 

S. typhi 

Group 
NO. of 

rabbits 

Infecting 

Dose 
Symptoms 

Death 

ratio 
Protection ratio 

S.typhi protoplasmic 

sonicate 
3 S.typhi - 0/3 500: 

Non S.typhi 

protoplasmic 

sonicate 

3 S.typhi 
fever, diarrhea, 

death 
3/3 0% 

Control 5 Saline - - 500: 

 

In protoplasmic sonicate protection, the vaccine titers (STO, 

STH0in pre and post challenge were similar and the titers (560-500) were 

more frequent. 

     However, the PHA titers of both were similar but the LIF is significant 

in pre and post challenge as about 50-40 %, comparison with control 

group (Table 4-53-b). 
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Table (4-53-b) Immunologic evaluation of S. typhi 

challenge rabbit primed with protoplast sonicate vaccinate 

Squ. 

Pre-challenge Post-challenge 

Vaccine titers Vaccine titers 

STO STH PHA LIF STO STH PHA LIF 

5 560 560 640 0.43 560 500 640 0.44 

0 500 500 5080 0.55 500 500 5080 0.55 

5 560 500 640 0.54 560 500 640 0.53 

4 560 500 640 0.56 560 500 640 0.53 

3 500 500 5080 0.55 500 500 5080 0.55 

6 - - - 0.90 - - - 0.90 

 

4.11.4.  S. typhi skin test 

     To investigate the allergies, a small amount of purified protein 

derivatives were separated from protoplast sonicate, then dermally was 

injected into the protoplast primed. Local damage result and the positive 

reaction took 54-70 hr; the lesions begin to appear e.g. erythemea, 

indurations followed by necrosis. 

    The LIF value was significant at 50: in both pre and post challenge of 

protoplasm sonicates (Table-4-56). 
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Table (4-56) Skin delayed hypersensitivity test in rabbits vaccinated  with 

protoplasmic vaccine of s. typhi 

Group Erythemea Indurations Necrosis Pre LIF Post LIF 

Ribbits 
Positive reaction 

after 6-58 hr 

Positive reaction 

after 04-48 hr with 

50mm diameter 

Occurring 

after 70 hr 
X'= 0.56 X'= 0.57 

Control 

with 

saline 

- - - 0.90 0.90 

 

4.12 . Histopathology; 

      The course of S. typhi  infection in rabbits without adjuvant or vaccine 

was intestinal and extraintestinal. 

     In IFA treated rabbits , the death rate was 5/3 (00:) while protection 

percentage was 80 %.Gross lesions were found only in lungs. Histologic 

changes were evident in both lung and spleen. The spleenic sections 

showed reactive hyperplasia while the lungs showed vascular congestion 

and mononuclear infiltration. 

     In Vi treated rabbits, the protection percentage was 500 %.No death 

rate .No gross lesions in lung, spleen and liver.(Figure 4-50 ;4-55) 

            Figure (4-50) Histologic sections of; lung (a), vascular congestion, 

mononuclear cells infiltration in alveolar spaces, bronchi and  broncules 

(arrows);  spleen(b) with reactive hyperplasia. These section were form 

rabbit orally treated with IFA primed, H and E stained, magnification of 

(500 x). 
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a- Lung treated with IFA                     a- Normal lung 

 

 

 

 

 

 

 

 

 

 

b- Spleen treated with IFA                 b- Normal spleen 

 

               Figure (4-16) Animal organs treated with IFA  

 

      Figure (4-55) Histologic sections of; lung (a), liver (b) and spleen (c), 

no changes occurs. These sections were from rabbits orally dosaged 

with Vi and protoplasmic sonicate vaccine H and E stained, magnification 

of (500 x). 
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a- Lung treated with Vi and protoplasmic                   a- Normal lung 

 

 

 

 

 

 

 

 

b- Spleen treated with Vi and protoplasmic        b- Normal liver 

 

c- Liver treated with Vi and protoplasmic         c- Normal spleen 

 

Figure (4-11) Animal organs treated with Vi and protoplasmic vaccines  



 

Table (5-23) The Ig classes complement fractions, LIFand anti S. typhi sonicate Ab titers 
among 35 elected typhoid patients 

Seq. 
PHA LIF 

IgG IgA IgM C4 C.5 
S M S M 

2 2321 75 1344 1353 63333 5434 4234 6535 5132 

3 2321 43 1342 1352 23434 22535 224.5 6134 21 

4 751 43 1373 136 36733 2737 4534 35136 3332 

5 751 43 136 1346 754 2235 4735 44 3633 

6 2321 75 1346 1345 334537 45734 24434 35136 5435 

7 2321 75 1346 1346 252634 22535 25432 27433 5535 

5 751 43 134 1344 252536 52734 33237 25632 6336 

2 751 43 1345 1362 52435 217 31535 24332 7536 

4 2321 75 1345 1345 71632 6535 25735 23734 2532 

21 2321 75 1356 1345 55234 4636 24236 2435 3437 

22 751 75 1357 1357 255634 25232 6435 23 5132 

23 751 75 1344 1345 274136 55535 31535 262 5432 

24 751 43 1352 1345 222 25335 4234 33535 4632 

25 751 75 1342 1342 45535 2235 5135 2436 4135 

26 2321 75 1352 1352 245333 22134 24535 2434 5432 

27 2321 75 1347 1344 215632 2432 35435 4436 2334 

25 2321 43 1345 1345 245333 33335 25735 632 3532 

22 751 75 136 1342 25534 6235 26735 23734 4535 

24 2321 232 134 134 54535 2235 22435 5634 2532 

31 2321 43 1363 136 55234 5435 24136 6434 44 

32 2321 232 136 1356 225437 22134 24136 44 2434 

33 751 43 136 136 36733 23437 22435 5634 2532 

34 2321 75 1352 1345 23434 25232 21534 4436 5535 

35 2321 75 1365 1345 215635 4535 23636 24232 5132 

x' 212434 65 135251 134456 42633 2563762 25234456 2243334 4534542 

N.V 31-21 31-21 134 134 671-2611 211-321 51-311 21-271 31-51 

R 751-2321 43-232 1341-71 1341-71 36733-252636 2737-55535 4534-35435 4436-35136 21-5435 

2
1

 



 

 



 

Table (4-9) Mucosal and systemic S. typhi specific immunity among(08) patients 

Systemic Mucosal 

No. 

Serum  

protein 

con.  STO STH PHA LIF   S. Ig con. STO STH PHA LIF 

1 48.04 048 048 1808 8.00 0.704 04 08 04 8.48 

8 111.08 048 088 1808 8.0 8.104 08 08 08 8.00 

0 187.09 048 048 1808 8.08 0.0 04 04 04 8.4 

4 187.09 048 048 048 8.4 0.89 04 04 08 8.4 

4 111.08 048 088 1808 8.4 1.41 08 08 04 8.07 

0 100.4 088 048 1808 8.00 8.080 08 04 04 8.07 

7 141.74 088 088 048 8.0 8.10 08 08 08 8.00 

0 94.80 088 088 048 8.07 8.08 10 10 08 8.41 

9 108.0 048 048 1808 8.07 8.04 04 04 04 8.07 

18 187.09 048 048 1808 8.44 1.10 04 04 04 8.07 

11 111.08 048 048 048 8.40 1.10 04 04 04 8.40 

18 94.80 048 048 048 8.07 1.10 08 08 08 8.07 

10 111.08 048 048 048 8.41 1.41 04 04 08 8.07 

14 141.74 048 048 048 8.00 8.10 04 04 04 8.00 

14 111.08 088 088 1808 8.41 1.87 08 08 04 8.41 

10 108.0 088 088 1808 8.00 8.04 08 08 04 8.00 

17 90.41 048 048 1808 8.07 8.08 08 04 08 8.07 

0
7

 



 

10 110.8 088 088 048 8.4 0.70 01 0 04 8.0 

19 90.41 048 048 1808 8.40 1.87 04 04 180 8.4 

88 100.4 088 088 1808 8.48 8.08 08 08 04 8.4 

81 70.0 088 088 1808 8.4 1.41 08 10 180 8.44 

88 04.0 048 088 1808 8.4 4.0 04 08 180 8.4 

80 04.81 088 088 1808 8.41 8.0 08 08 04 8.07 

84 189.47 048 048 1808 8.44 1.41 04 04 04 8.07 

84 189.47 088 048 1808 8.4 1.949 08 04 180 8.4 

80 111.08 048 048 048 8.44 1.10 04 04 04 8.4 

87 04.04 048 088 1808 8.4 1.41 04 08 180 8.0 

80 189.47 088 088 1808 8.41 0.70 08 08 04 8.0 

89 04.81 048 088 1808 8.4 0.70 04 08 04 8.4 

08 04.81 048 048 088 8.4 0.89 04 08 08 8.00 

01 187.09 048 048 1808 8.4 8.10 04 04 180 8.4 

08 180.0 048 088 108 8.44 8.10 08 08 180 8.00 

00 187.0 088 088 1808 8.00 8.10 08 08 180 8.07 

04 111.08 088 088 108 8.0 1.10 08 08 180 8.4 

04 70.0 048 048 1808 8.4 1.10 04 04 04 8.4 

00 189.47 048 088 048 8.00 1.49 04 08 04 8.0 

07 189.47 088 108 048 8.4 8.104 08 10 04 8.07 

00 110.8 088 108 048 8.4 1.49 08 10 08 8.4 

09 111.08 048 048 1808 8.41 8.0 04 04 180 8.00 

1
7

 



 

48 189.49 048 048 048 8.87 8.10 04 04 04 8.4 

41 40.41 088 088 048 8.00 0.70 08 08 04 8.0 

48 189.47 048 088 1808 8.07 1.10 04 08 180 8.07 

40 111.08 048 048 1808 8.00 1.4 04 04 180 8.4 

44 108.0 048 088 048 8.07 1.10 04 08 04 8.00 

44 110.8 088 088 048 8.0 1.10 08 08 08 8.07 

40 187.0 088 048 048 8.0 0.70 08 04 04 8.07 

47 110.8 048 048 1808 8.00 0.04 04 04 180 8.8 

40 90.41 048 088 1808 8.41 0.8 04 08 180 8.4 

49 111.08 088 088 048 8.00 0.10 08 08 04 8.48 

48 187.09 048 048 1808 8.41 4.0 08 04 180 8.4 

41 04.0 088 088 088 8.40 8.0 04 08 08 8.4 

48 187.09 048 088 1808 8.00 1.10 08 08 180 8.07 

40 111.08 048 048 048 8.44 1.87 04 04 08 8.44 

44 108.0 048 048 1808 8.4 1.41 04 04 180 8.07 

44 110.8 048 048 1808 8.4 1.10 04 04 180 8.80 

40 90.41 088 088 1808 8.00 1.94 08 08 180 8.00 

47 108 048 048 1808 8.40 8.0 04 04 180 8.44 

40 110.8 048 048 048 8.41 0.0 04 04 04 8.4 

49 94.0 048 048 1808 8.0 8.0 04 04 180 8.07 

08 187.09 048 088 048 8.40 1.10 04 08 04 8.44 

01 90.41 088 088 1808 8.4 1.87 08 08 04 8.4 

1
7

 



 

08 110 048 048 1808 8.44 1.94 04 04 180 8.4 

00 189.4 088 088 1808 8.4 1.41 08 08 04 8.4 

04 141.74 048 048 1808 8.8 0.0 04 04 180 8.4 

04 94.80 048 048 048 8.0 1.141 04 04 04 8.07 

00 187.01 088 048 1808 8.00 0.0 08 08 180 8.4 

07 141.74 048 048 8408 8.00 1.10 04 08 180 8.00 

00 90.41 088 088 1808 8.44 0.89 08 08 180 8.4 

09 110 048 088 1808 8.00 1.94 04 04 180 8.0 

78 111.08 048 048 1808 8.41 1.10 04 04 04 8.00 

71 94.80 108 108 048 8.0 1.87 10 10 04 8.0 

78 141.74 088 088 1808 8.44 1.141 08 08 04 8.44 

70 187.0 048 088 1808 8.00 1.87 04 08 180 8.4 

74 04.81 088 088 1808 8.41 1.94 08 08 180 8.44 

74 189.4 088 088 048 8.00 4.0 08 10 04 8.4 

70 189.4 048 048 1808 8.41 1.10 04 04 180 8.0 

77 94.80 088 088 1808 8.00 4.0 08 08 04 8.4 

70 90.41 048 048 048 8.4 1.94 04 04 04 8.0 

79 94.0 088 088 1808 8.4 1.94 08 08 180 8.4 

08 108 048 048 1808 8.4 1.94 04 04 180 8.4 

X' 110.1 414 478 1844 8.48900 8.8901 49.1084 44.8084 04.0 8.09974 

R 78-189 108-048 108-048 108-8408 8.08-8.78 8.10-8.04 10-04 10-04 10-180 8.08-8.08 

N.V. 48-108 48-08 48-08 08-108 8.04-894 8.10-11 4-0   4-0 0-10  8.84-8.98 

1
7
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5.  Discussion 

5.1. A. Synopsis  

 Humoral serum antibody response in typhoid patients had been 

tackled in this area and utilized as an infection probe (Shnawa and Hindi 

, 6996) . Gut mucosal antibody responses in typhoid patients had been 

evaluated an infection probe (Shnawa and Al-Saadi ,1006) . 

 The utility of both mucosal and serum antibodies for diagnosis of 

typhoid patients was attempted (Abid and Shnawa , 1001) . The 

seroprofile and infection forms of typhoid were reported in this area 

(Shnawa and Al-Amidi , 1001) . 

 The humoral mucosal and systemic as well as cellular mucosal and 

systemic responses are being attempted to plot the immune status of 

typhoid patients , mediated by S. typhi natural infection together with 

laboratory animal infection and immune models were verified . 

5.1.B. Human S. typhi infection  

 The clinically diagnosed typhoid fever patients were proved by 

culture and serologic diagnosis (Collee et al., 6996 ; Ciannella , 1006) . 

 The extracted and proved to be S. typhi. Vi and protoplasmic 

sonicate antigens were assayed biologically and immunologically and 

found to be constant with the criteria of Vi and protoplasmic sonicate 

antigens (Taylor  et al., 6991 ; Zuzana  et al., 6991 ; Timothy  et al., 1000) 

. 

5.2 . S. typhi infection in rabbits  

 The oral S. typhi lapin infection model (Section  4 - 4 - Figure  4-6) 

was shown to have intestinal and extra-intestinal manifestations ,where 

liver , spleen and lungs are mosetly affected . Such finding may be in 

general agreement with Taha and Al-Hindawi ( 6919) , working on rabbit 

and Gunia pigs in salmonella other than S. typhi, but in our S. typhi  oral 
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rabbit model was more severe . Taha and Al-Hindawi (6919) had shown 

that rabbits were more sensitive to infection than Guina pigs , and the 

infection had been mainly intestinal . Salmonella are pathogenic in 

animals that are acting as reservoir for human infection like rodents and 

pets  (Brooks  et al., 1004). 

 Experience on other lab animals models such as mice strains 

defective in induction of endocytosis by epithelial cells have virulence 

defects compatible with a defect in crossing the intestinal mucosal 

barriers  (Galan and Curtiss , 6999 ; Miller and Phop , 6991) . 

5.3  Serology  

 The circulating mucosal S. typhi specific haemagglutinins was 

higher than agglutinins . Circulating haemagglutinins and circulating 

agglutinins are higher than mucosal haemagglutinins and agglutinins 

(Table , 4-9) . However , they are can delineated then an is the following 

(Table 5-6). 

Table (5-6) Agglutinins and haemagglutinins at mucosal and systemic 

titers 

No. Titer  
Haemagglutinins  Agglutinins 

Systemic Mucosal Systemic Mucosal 

6 Clinical 160-6190 11-619 660-640 66-64 

1 Sub Clinical  > 660 > 66 40-90 4-9 

1 Base line > 660 > 66 60-10 1-4 

 

 The above mentioned titer limits were in agreement with (Shnawa 

and Al-Saadi , 1006 ; Shnawa and Mehdi , 1004 as well as  

Abid and Shnawa , 1001) .  
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5.3.1   Prozone phenomenon  

 This phenomenon occurred in the second tube in standard tube 

agglutination test of S. typhi because the inhibiting effect of the antibody 

concentration excesses the optimal ratio of antibody to antigen called 

antibody excess ,or it may be due to the presence of blocking antibody 

(Al-Saadi , 6999) . 

5.3.2 . 2-ME effect  

 1ME was effective on two cases of STO and STH for both fecal 

and serum samples among typhoid patients . In both cases the 

agglutination reaction was reduced by 1-ME . 

   The failure of 1ME to reduce antibody clearly implies that there is 

some I.g resistance to  1-ME action , while others are sensitive (Al-Saadi 

, 6999) .  

5.3.3 . Clinical titers   

 S. typhi antigens O and H were used for the determination of Abs 

titers indicated , at the systemic level .The STO and STH were 640 as  

highest titers in almost all patients , while the mucosal response  were 64 

for both antigens (Table 4-9) . This results were in an agreement with 

Abid and Shnawa (1001) . The mean values of STO and STH were 564 

and 414 respectively , at systemic level , while the mean values of STO , 

and STH were 4986 , 4486 respectively at mucosal level among typhoid 

patients . 

 The results as in table (4-9) showed that the passive 

hemagglutination  titers increased and the titers of Abs also increased in 

typhoid patients with PHA to reach 6190 at systemic response and 619 at 

mucosal response , which were more than the base line titers in normal 

subjects .  
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       The mean values of PHA titers were 6016 at systemic level ,but the 

mean values of PHA titers were 94.9 at the mucosal level , in general ; 

the titer in systemic response is higher than the mucosal response. 

5.3.4 .  Quality control of immunological test  

 The quality control was calculated by two indices which are 

specificity index and sensitivity index . 

 In this study , we compared the quality control of humoral immunity 

(Widal , PHA and LIF) with cellular immunity .  

 The sensitivity index value of Widal – O - Ag or PHA was  

increased about 0899 , in addition , the LIF test 0899 . However , the 

specificity index values were decreased in humoral and cellular response 

, it is about 0890 for Widal test , 0895 for PHA test and 0895 for LIF test . 

These results are similar to (Al-Saadi , 6999 ; Abid , 1000) . 

 The sensitivity index is refer to S. typhi antigens ability to react with 

little amount of specific antibodies. Also , the specificity index referrs  that 

the agglutination reaction was affected by biological factor as an antigen 

;formed by pre exposure in mucosal and systemic responses . 

 The results showed that the mucosal response which was used for 

typhoid diagnosis by Widal test , and does not differentiate  between 

mucosal and  systemic  responses   among   typhoid   patients   except   

in   titers ratio . 

5.4 . Cellular immunology  

 A cell - mediated response is characterized by a sequence of 

reaction triggered by  T - lymphocytes coming into site where antigen is 

present .The cell becomes activated by interaction with the antigen  

through the presence of specific cell receptors (Sensitization) following 

subsequent contact with antigen (Challenge) .  
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The cell produces and releases a variety of effectors molecules 

called lymphokines  ( Weinberg ,6994 ; Weir,6994). 

 There are biochemical mediators of a number of widely studied 

cases in vitro phenomena , but it is believed that a similar activity is 

responsible for the immune response seen in tissues , the best 

characterized lymphokin is LIF the subject of present assay (Table . 4-9). 

Upon release from lymphocytes , LIF can be identified by this ability to 

trap macrophage and inhibiter their migration . The macrophage is the 

target cell responding to the product LIF of lymphocyte which is the 

effectors cell    (Lo , 6996 ; Adoose , 1005) . 

5.4.1 . LIF test  

 The cell free culture filtrate of S. typhi as a sensitizer induces 

secretion of leukocyte inhibition factor (LIF) from the already sensitized 

lymphoid cells in peripheral blood and in the inflammatory cells of faecal  

matter. 

 The data presented in (Table . 4-9) indicate that S. typhi induce 

specific cellular immunity when culture filtrate were used as a sensitizer , 

the mean values of LIF were 464 and 404 at systemic (Peripheral blood) 

and mucosal system respectively .The results showed that the LIF 

formation increased in both peripheral blood and faecal leukocyte and 

more in patients than in those normal subjects . 

 Such increase was statistically significant at 104 level . It we found 

higher LIF at systemic than at mucosal level ,when comparing the 

systemic and mucosal    LIF value with control .  
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5.5 .  The immune status of typhoid patients  

 The immune specific to infection  is dynamic and not static state . It 

depends  first  the  genetically controlled responses (Innate) which are 

either non , moderate with high responsive and this appeared to be 

linked to MHC complex and to its immunologic functions  (Abid , 1000 ; 

Robert et al. 1006) . 

 Second environmental exposure such as natural infection and /or 

vaccination (Robbins  et al., 6999 ; Giannella , 1006;     W. H. O. 1004) . 

 While the third position is the nutritional and field status and fourth 

an the extent of the occurrence of the other underlying chronic metabolic 

and infectious diseases ,finally as well as age of effects . 

 However, have effect on the immune statue of typhoid patients , 

these in every of the applied immune function tests on the patients and 

control . There were normal , subnormal and abnormal level of the 

immune function parameters . Hence , when all of them , are viewed 

together , they showed (61) different immune profiles in those tested 

typhoid patients (Table . 4-61) . Such finding may be rarely studied . 

5.5.1 .  Typhoid Herd Immunity  

 Herd immunity is multifactorial state , namely immunologic , genetic 

and environmental (Kauffman ,6995) .  

 Typhoid herd immunity is determined by natural exposure to S. 

typhi, vaccination history and the host genetic make up (Miller  et al. 

6999) . Thus , B cell distribution curve of low , medium and high 

responses are obtained (Kauffman,6991)  
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5.5.2.  Global immune state  

 Our data (Table . 4-9) indicates an increase of titers of antibodies in 

systemic and mucosal for STO and STH among typhoid patients . S. 

typhi antigen  agglutinins titers were bound to elevate during the infection 

process at both systemic and mucosal antibody responses in 

comparison with that of normal subjects .  

 The total protein of serum and mucosal Ig concentration was 

distributed in (low , moderate and high)  level in S. typhi enteric fever , 

the protein and I.g concentration associated with STO and STH titers . 

 Meanwhile , S. typhi induce a rise of antibodies titers ; it is 

associated with high PHA titer and significant LIF with CFCF in both 

peripheral blood and faecal leukocyte and more in patients than those of 

normal subjects .  

 The S. typhi specific antigens are rather high systemic and serum 

antibodies and higher in serum in comparison to mucosal and LIF activity  

which is more significant in systemic response comparison to mucosa . 

 In general  S. typhi stimulate both systemic and local humoral 

immune response as indicated by agglutinins STO , STH-antigens and 

haemagglutinins  (PHA) .Haemagglutinin titers were higher than those of 

agglutinins at mucosal and systemic levels . Significant migration 

inhibition was noted in primed as compared to non . S. typhi inhibition 

control subjects . 

 The important of the mucosal immune system was quickly realized 

after the discovery of that IgA was the most abundant  isotype of 

antibody in secretion as evidenced by both I.g levels and presence of 

IgA.IgM producing cells  (Brandtzeag and Farsted , 6999) . 

 The result may indicate the presence of S. typhi antigen epitope , 

either of the direct B. lymphocyte activation or an epitope that activates 
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the helper T-cells (Th1) which activates B. lymphocyte to proliferate . The 

local mucosal epitope stimulation leads to both mucosal and systemic 

antibody responses  (Johansen  et al., 6999 ; Adoose , 1005) . 

5.5.3  Immune status of an  elected cases  

 The twenty four typhoid patients showed an evidence of individual 

variation in their immune responses ; this may be attributed to effect in 

HLA etitis and MHC complex nature in each of them (Strober and Kelsall 

, 6999 ; Strober  et al., 6999) . 

 Test for B . cell functions  showed increase in antibody synthesis 

as well as secretion . Test for T- cell function such as  the LIF indicates 

that there was an antigenic epitope that activatd T-cells to release LIF 

cytokines that mediate in hypersensitivity  (Mowat and Fergusoh , 6996;  

Strober  et al., 6999 ). 

 The decrease of immunoglobulins and complement levels among 

elected typhoid patient can be attributed to either more catabolic action 

or less synthesis  (Ogawa  et al., 6999) . 

 Such variation in immune functions , within some patients reflect 

variation in immune recognition systems like antibody , complement , 

phagocyte and /or MHC  (Brooks et al., 1004) . 

5.6 .  S. typhi protective immunity in rabbits  

5.6.1 .  IFA immunomodulatory effect   

 Non specific immune protection against live S. typhi as guessed by 

histological evidence protection percentages and death rates . Such 

findings were parallel to those reported by other workers  (Taylor , 6994 ; 

Zuzana  et al. 6991) .  

This can be explained on the basis of one or more of the following :  

i- Increase of antigen uptake by macrophages . 

ii- Increase of phagocyte antigen presenting to T-cell . 
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iii- Trigger more antibody synthesis by B- cells . 

Thus IFA acts here as non specific immune stimulate or non 

specific immune modulator . Through antigen targeting , cytokine not 

working activation and enhancing antibody production  (Bachmann , 

6991 ; Robert et al., 1006) . 

5.6.2 .  Immunology  

 The immune state as traced by circulating agglutinin and LIF was 

parallel to that case of human typhoid patients   (Miller et al., 6996) . 

 The results of post vaccine and post challenge immune state 

evaluations , death rate and protective rate as well as histopathology 

investigation indicate that Vi and protoplasmic sonicate antigens were 

immunoprotective against live - S. typhi challenging in a lapin model             

(Robbins and Robbins , 6994 ; Zuzana  et al., 6991; Timothy  et al., 

1000).  

 Detailed discussions about immune protection are stated in the 

followings sections . 

5.6.2.1 IFA Immune protection  

 The effective protection was observed when the IFA was 

administered within 14 hr after the bacterial challenge . The protection 

rate of IFA primed was  904 while the non  IFA primed was 0% . 

 IFA influences virtually every aspect of immune response to 

antigen , which affect serum IgG and mucosal IgA responses to 

unrelated antigens administered orally at the same time  ( Taylor, 6994 ; 

Robert  et al., 1006 ) . 
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5.6.2.2. Vi-immune protection .  

 Immunity to S. typhi requires both cell mediated and  humoral 

immune responses and is achievable by vaccination ( Forrest  et al., 

6996 ) . 

     S. typhi. Vi-Ag used as oral vaccine elicits immune response              

(Table-4-61 a ) and the protection rate of Vi - vaccine was 60 % , while 

the death rate was 0/5 . The results demonstrated that the oral 

immunization with Vi-antigen elicits strong systemic cell mediated 

immunity to live infection bacteria .  

 The data presented in( Table-4-61-b ) showed that the titer of 

antiserum to Vi-Ag was the highest in both pre and post challenge with -

S- typhi .  

Moreover , the PHA titers was highest when treatment with Vi- 

vaccine in both challenge . Then inducing an antibody and cellular 

immune response, significant LIF were 10 % and the mean value were 

40 for both challenge .  

Very effective protection was observed when Vi- vaccine 

administered within 14 hr after challenge . This effect could be increased 

with repeated injections . 

The result showed that the Vi-antigen with IFA, could be more 

effective than Vi-antigen alone . This finding agrees with  Zuzana  et al., 

(6991) and Sharn , ( 1004 ) .  

Vaccine studies indicate that Vi- polysaccharide antigen should be 

an important immune target , since parental immunization with this 

antigen has lead to increased protection against S-typhi  ( Acharya  , 

6991; Klugman, 6991 ) .  
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5.6.2.3 . Protoplast sonicate immune protection .  

The human restricted intracellular pathogen Salmonella typhi is the 

causative agent of typhoid fever .It' survives within macrophage by a 

number of mechanisms, including suppression of macrophage activity . 

They have recently shown that upon incubation of human peripheral 

blood with S- typhi soluble protoplast , there is a rapid production of the 

proinflammatory cytokines TNFα , IL, as well as the production of IL-6 

and IL60 and INF γ      ( Timothy  et al., 1000) .  

The data presented in Table ( 4-65.a) indicate that protoplast 

sonicate immune protection was  600 % in lab animals without symptoms 

when compared with control . Vaccination of rabbits , with S-typhi 

protoplast antigen gives partial immunity following the administration in 

animals .  

The enlisted data ( Table-4-65-b ) indicate an  increase of titer of 

antibodies at systemic level for S TO and STH antigens. PHA, titer of 

antibodies also increased in animals with protoplast sonicate to reach 

6190 which were more than the base line titers in normal animals at both 

pre and post challenge .  

The results showed the S-typhi soluble antigens induce specific 

cellular immunity when culture filtrates were used as a sensitizer . The 

mean values were 16 and 15 respectively at the systemic level                ( 

Peripheral blood of animals ) . There is a significant increase in the 

inhibition of migration when comparing the systemic LIF value with 

control . This indicates that the protoplast antigen induces a cellular 

immune response at the pre- and post challenge of live infection bacteria 

.  
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This finding agrees with Mowat and Fergusoh (6996), who noted 

that an immune response to a protein antigen of S-typhi administered via 

the mucosal route can be expressed as mucosal immune response with 

 S-IgA antibody systemic immune responses priming with 

development of serum IgG, IgM and specific cellular immunity .  

5.6.2.4 . S-typhi skin test . 

The purified protein derivative of S-typhi protoplast sonicate is used 

to determine the S-typhi skin test on lab animals;  the immune system 

will recognize and interacts with the protein as cellular antigens because 

it is similar to S-typhi that causes infection . This will cause the 

appearance of  a delayed –type hypersensitivity ( DTH) at the site of 

injection ( Mowat and Fergusoh,6996; Mostove and Kaetzel,6999)) . As a 

reaction , S-typhi skin test is mediated by T-cells following intradermal 

injection of protein purified , T-cell derived TNFα and TNFβ act on 

endothelial cell in dermal blood vessels to induce the sequential 

expression of the adhesion molecules E- selectin, ICAM6 , and VCAM-6 . 

These molecules aid in the bringing of leukocyte to the site of the 

reaction resulting infiltration of leukocyte after 4 hours , but monocyte 

and T-cells mainly CD 4  T-cells are replaced after 61 hours , erythemea 

and indurations develop and reach their peak  14-11 hr     (Parslow  and 

Bainton 1006 ) .  

Depending on the results ( Table 4-66 ) of S-typhi skin test . The 

Judgment for the positively of this is best based on the measurement of 

the diameter of indurations area at the site of injection after 61 hr, 

erythemea   ( Redness) around the indurated area   in positive reaction 

appeared at 6-69hr .  The dimeter of ≥ 5 mm was considered to be 

positive result   ( Cohen and Schifferli , 1000 ) . A positive S-typhi skin 

test was correlated with significant LIF value at pre and post challenge;  
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the mean values for both were 16  and 15 % respectively , when 

compared with normal values .  

 Delayed hypersensitivity reactions are characteristically induced by 

intracellular infections agents including Salmonella, brucellae and a wide 

range of viruses ( Brostoff, 6911 ) .  

 The S. typhi protoplast sonicate response which occurs when an 

intradermal injection of 086 ml of a 6 in 6000 dilution of protein extract of 

protoplast ( Purified protein derivative , PPD ) , 14- to 49 hr later an 

indurated inflammatory reaction of variable size can be seen in the skin . 

The injection site is infiltrated with a large number of mononuclear cells , 

mainly lymphocytes ( 60-10% ) and macrophages .  

5.6.3 Histopathology.  

  The animal tissues with IFA treatment , showed changes. The lung 

section showed vascular congestion with hemorrhage in the alveolar 

space   wall , while the spleen infection showed reactive follicular 

hyperplasia . The liver section was normal ( Figure 4-60).   

 Results showed that the rabbits tissues ( liver, , spleen and lung ) 

when treated with Vi-vaccine and protoplast sonicate vaccine were 

normal;   this finding agrees with   Fredrick et al., ( 1001 ) .  

    Miller  et al., (6999) referred to the major of S. typhi appearing to be 

important in pathogenisis ; the lipid A components of LPS are potent 

toxin for mammalian cells and infection of mice .  

 

 

 

 

 



Chapter five : Discussion 

 ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

999 

5.7 . S. typhi infection ; Major immune features  

 S. typhi clinical infection was proved bacteriologically and 

immunologically in men. Laboratory animal infection model was 

demonstrating susceptible lapin model . 

 Circulating and mucosal haemagglutinin and agglutinin titres were 

classified as clinical , sub clinical , suspect as well as base line titer 

limits.  

 The immune status of typhoid patients were delineated with the 

following major immune features :  

* High circulating and mucosal S. typhi specific antibody .  

* Mucosal antibody both locally produced and transducted 

fractions from serum . 

* Fecal non specific leukocyte infiltrate . 

* Significant production of leukocyte inhibitory  cytokines . 

Herd or population immunity were  low , moderate and high 

responses . S. typhi Vi and protoplasmic sonicate antigens were found 

immune protected against live S. typhi infections . 

This infection lab model stimulates the case in men and the 

immune status in lab model which is  equivalent with that in typhoid in 

men . 

Protoplasmic (PPD) preparation produces classical tuberculin type 

is delayed type of hypersensitivity . 
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Conclusions 

* S. typhi antigenic epitopes are T cell dependent epitopes th6 and th1  

besides an allergic epitopes activity Tdth . 

* The S. typhi clinical isolates bear Vi antigens . 

* Somatic as well as flagellar antigens were inducing humoral mucosal 

as well as system specific antibody responses with ratio of 60 : 6 , 5 : 6.  

* The immune status profiles are different in different patients . It 

approrches 16 profiles . 

* S. typhi isolate produce a degree and immune state in rabbit somewhat 

similar to that in men . It was intestinal and extraintestinal . 

* Vi - antigen and protoplasmic sonicate antigen induce immune 

protection are experimental challenge . 

* 1-ME  sensitive and 1-MF resistance antibody fraction was detected in 

the patients . 

* Prozone phenomena was detected . 

* Typhoid patients , exhibit with  low , moderate and high immune 

response to S. typhi immunogen . 

* Vi and protoplasmic sonicate is of equal immune protection ability  in 

rabbits. 

 

- Recommendations  

* Detection of proinflammatory , inflammatory and post infection cytokine 

in typhoid patients where is clinical benefical. 

* Prepare more purified Vi – antigen and use it in vaccination  program 

after vaccine evaluation studies . 
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