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Abstract  
       We used two groups of female rabbits .First group was used to study the pathogenesis of 

Escherichiae colli  serotype K1 ,second group was used to study the some immunological parameters 

.Second group was divided into three sub  groups ,first was intravaginal inoculation with live bacteria 

(0,5*104),second was intravaginal inoculation with capsular antigen and third group was used as 

control .After suitable period blood and autiopsies were collected from all subgroups to study humoral 

immunity ( titration ,immunoglobulin isotype ,total protein concentration ) and cellular immunity 

(Leukocytte inhibition factor  ,Macrophage migration inhibition factor  ,skin test ) . Specific antibody 

titer was showed with capsuller antigen and cell free culture antigen and specific leucocyte inhibtion 

factor and macrophage migration  inhibition factor were showed in test group and not seen in control 

group . We  concluded from this study that vaginal of rabbit female is part of common mucosal 

immune system because specific titer and cellular immunity  were  seen in intestinal parts.                                                 

 الخلاصة
قولونتة  استعملت مجموعتين من الحيوانات اناث ارانب ( فالمجموعة  اوللةا اسةتت مت فةا ةراسة  اوم ابةت  ل ات رةا اوا ر ةتا ال        

حةت لاما المجموع  الثانت  فقة  اسةتت مت فةا ةراسة  اعةع المعةامي  المنادتة  ل ة   ثةمت الةا ع عة  مجةامت  اوللةا لق 1Kالنوع المصلا 
لحةةة ات ةللتةةة  ( امةةةا  10مةةةب امةةةا الثانتةةة  فلقحةةةت امثتتةةة  المح  ةةة  تت  يةةة    /لحةةة   104*0.5 ق المهبةةةب ت ات رةةةا ل ت  يةةة  عةةةن   رةةة

 اج جمةة  الة م لمقةا   نثةتجت  لزةا اجة اج مةن الجهةاي التناسةلا لاجةة ل عة  فتة   حتةان  معينة  مةت  المجموعة  الثالثة  اسةتت مت  ثةت.    
عة  التلورة  ل راس  المناع  التل.تة  لزةا المعةام   لافةناك اليلو يةولين ل   ية  البة ل ين اليلةا لالمنا من  ب المجامت من القنا  الهتم  

عامب  ثبتط زج   الت يا البتع لعامب  ثبتط زج   البلع  البي  حية  اههة ت ال راسة  ابة اة متتصصة  مة  مثتتة  المح  ة  ل  مب 
ع  ج لجةةوة فةة لن معنورةة  فةةا عامةةب  ثبةةتط زجةة   الت يةةا لعامةةب  ثبةةتط زجةة   الةةبللمثتتةة  الم رعةة  الحةة  مةةن الت يةةا ل ةةتلئ تينةةت النتةةا 

  اليبيةة    نثةةتنتج مةةن زةةتة ال راسةة  انال. قةة  المتا تةة  المهبلتةة  فةةا انةةاث اورانةةب زةةا جةة ج مةةن الجهةةاي المنةةاعا المتةةا ا العةةام حيةة
 لوح ت دتارات متتصص  لمناع  خلور  فا اج اج من الجهاي الهتما  

Introduction  
            Vaginal colonization of E.coli is associated with various genitourinary, 

obstetric and neonatal complications and early onset neonatal septicemia and 

meningitis (Schiffer et al., 1976). Vaginal E.coli have been reported to be sexually 

transmissible to male partner (Hebelka e tal. ,1993)vaginal E.coli is reservoir along 

the fecal ,vaginal ,urinary / neonatal course of transmission .the extraintestinal E. coli 

infection ,and most dominant strains of E. coli have the K1 antigen ( Yasuoka et al., 

2002 ;Watt et al. ,2003).There is relation between the K1 capsular polysaccharide of 

E.coli and invasiveness (Schiffer et al.,1976; Yasuoka et al.,2002).  Several reports 

suggest that the K1 capsular polysaccharide confers invasiveness upon E. coli and 

there are indications that polysaccharide exerts an antiphagocytic  effect similar to 

that observed with other encapsulated bacteria (Pluschke et al., 1983).the aim of study 

as follow 

1- Using animal model to study the pathogenesis of bacteria and     immunological 

properties after intravaginal immunization with capsular k1 antigen and live 

bacteria of E.coli.                  .                                                                     

2- Detection of certain cytokines including chemokines ,the IL-1α and IL-8 

concentration in serum of rabbit . 
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Materials and Methods :  
- Animals 

 Rabbits were elected as test experimental animals .They were brought from 

local market and of local breed (Orcyctalagus cuniculus) the sexing were females(1-

1.5)kg.  

II- Antigens 

1. Viable antigen (live bacteria of E. coli K1) dose (0.5104)cfu/ml was used in 

immunization protocol. 

2. Non viable antigen (capsular antigen) was prepared as (Kwapinsiki,1972) .The 

dose was 10 international unit was prepared with compared with WHO standard 

tube 1975, and this antigen was used in immunization protocol. 

III- Immunization protocol 

1. First group of animals that inoculated with live bacteria by inoculated (0.1)ml of  

(0.5104)cf4/ml of live bacteria intravaginal and this inoculation was done at  

intervals of 2 days up to 14 days of ten the 14 days, the animals left one week and 

one of them was taken after 6 days and study the immunologic investigation. 

Second animal was taken after 12 days and third was taken after 18 days. 

2. Second group of animals that inoculated with capsular antigen by inoculated 0.1ml 

of (10Iu capsular ag) in vaginal and intervals 2 days. Until  14 days and the 

animals were left for 32 days. 

3. Macrophage stimulation. 

Macrophage were stimulated by using casein digest (1.2g for 100ml D. W. and 

sterilized by autoclave) 5ml of casein digest was injected in peritoneal cavity 

(Bloom and Bennett, 1966). 

 This stimulation was occurred in second group of animals and after 72hrs the 

peritoneal  fluid was collected and used in macrophage migration inhibitory study. 

4. skin test  

0.1 ml of capsular antigen (prepared as 3.8.1) was injected in the skin  by 

using sterile syringe (size 1ml) and the erythrema and induration were recorded after 

(4)hrs, (24)hrs,( 48 )hrs    , (72)hrs. (Tompkins et al., 1973). 

 

Three groups of animal were killed and autiopsies of genital  tract (vagina, 

horns, fallopian tubes and ovary) intestinal tract (duodenum and appendix),these 

autiopsies were opened by clean scissor and laid in clean Petri dishes and the mucosa 

were scrabed with 10 ml formal saline and laid in clean tubes ,centrifuged at 3500 

rpm/30 minute .then solution was formed 
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Figure (1) The study on immunological methods on rabbits mucosa 
 

 

Results :  
1-Infection Model 

 E. coli K1 experimental lapin vaginosis were produced in its mild from where, 

fever, vaginal congestion and or slight secretions were noticed. E coli K1 was isolated 

in 1/3 of the infected rabbits (table 1). 

2- Immunological Model  

 E.coli K1 stimulate mucosal and systemic humoral immune responses as well 

as mucosal and systemic cellular immune responses when rabbits were immunized 

with lives and capsular material as specific immunologic test were indicated.Specific 

antibodies appeared in serum and mucosal parts in rabbits that inoculated with 

bacteria and capsular antigen (tables 2,3).  

The  titers was not showed in normal rabbits and the mean of protein 

concentration was 122g/L and the mean of mucosal Ig 3.35g/L  . 

Immunoglobulin isotypes was determined in serum rabbit by using single 

radial immunediffussion plates and also was tried to determine isotypes in mucosal 

Igs but no results were appeared. 

The percents of leucocyte migration inhibition were studied in rabbits in three 

sites the peritioneal fluid, peripheral blood and vaginal mucosa. The antigens that 

were used in this test were capsular antigen (cap) and cell free culture antigen (cfc) 

(table 4) the present of inhibition was calculated as the equation 

 

suspension 

supernatant pellet 

LIF 

(Soborg ,1969) 
Ig Extraction 

Tube 

agglutination 

(Kwapiniski 

,1972) 

PHA 

(Boyden 

,1951) 

Ig class 

SRID 
Ig 

concentration 

(bishop  etal ., 

1985) 

Centrifuged 3500 

rpm for (30) min 

 Mucosa  was scrabed with 

10 ml formal saline 

autiopsies 

Formal saline 

Petri dish 
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Percent inhibition=1-[(mean area of migration with antigen)/(mean area of 

migration without antigen)].,1973).al et(Tompkin 100    
 

Delayed type  hypersensitivity reaction was studied in rabbits by using 

capsular antigen. Positive results were determined using various calibration double 

fold thickness was measured  in the rabbit after 24 hr , 48hr and 72hr and the signs 

were erythrema and indurations and the indurations 10mm to 28 mm . 

IL-1 and IL-8 ELISA were used to determine the concentration of  

IL-1 and IL-8 in the rabbits groups and used the equations for standard showed that 

concentrations of IL-1 in test groups (live bacteria and rabbits with capsular ag) 

were higher than normal, and the concentrations of  IL-8 in test group had higher 

concentrations than normal. 

 

Table (1): The parameter that used to determine the infection model 

Parameters  Group1 Group2 Group3 

Dose 5105.0   
5105.0   

4105.0  /ml 

Volume 0.1 0.1 0.1 

Fever + + + 

Pus cell - + + 

Redness of mucus 

membrane 
+ - + 

E. coli - - + 

secretion + + + 

 

Table (2): Specific antibody titers and correlate with concentration in rabbit 

treated live bacteria 

 
Anticapsular Anti cfc 

Concentration 

 g/L 

serum mucosal serum mucosal serum mucosal 

Rabbit 

1 
640 

D=64 

320 

D=64 

104.43 

1.26 

A=64 A=32 0.52 

O=64 O=32 8.6 

V=32 V=32 4.9 

H=32 H=32 4.9 

Rabbit 

2 
640 

D=64 

640 

D=64 

111.805 

0.52 

A=64 A=32 0.89 

O=64 O=32 8.6 

V=64 V=32 0.89 

H=32 H=32 3.47 

Rabbit 

3 
320 

D=64 

640 

D=64 

119.17 

0.158 

A=64 A=32 1.26 

O=64 O=32 1.26 

V=64 V=32 0.15 

H=32 H=32 4.94 

     x  =111.8 x =2.82 
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Table (3): Specific antibody titers and correlate with concentration in rabbit that 

received capsular antigen. 

 
Anticapsular Anti cfc Concentration g/L 

serum mucosal Serum mucosal serum mucosal 

Rabbit 

1 
1280 

D=64 

640 

D=32 

119.17 

1.26 

A=32 A=32 0.52 

O=64 O=32 4.49 

V=32 V=32 0.52 

H=32 H=32 16 

Rabbit 

2 
640 

D=64 

640 

D=32 

119.17 

4.94 

A=64 A=32 1.26 

O=32 O=32 6.79 

V=32 V=64 23.6 

H=32 H=32 16 

Rabbit 

3 
320 

D=32 

640 

D=64 

119.17 

23.6 

A=64 A=32 8.63 

O=64 O=32 23.6 

V=64 V=32 19.6 

H=32 H=32 16 

     x =119.17 x =11.12 

D=duodenum . H=horn.  A=Appendix. I=Immunoglobulin 

O=Ovary and fallopian tubes x = the mean V=Vagina 

 

 

 

Table (4): Immunoglobulin isotypes in rabbits 

Type of treatment  IgG mg/dL IgA mg/dL IgM mg/dL 

live bacteria 

2937.9 130.8 238.7 

2864.4 130.8 332.8 

2937.9 229 64.3 

x =2913.4 x =163.53 x =208.6 

capsular antigen 

2173.7 229 322.8 

2937.9 130.8 322.8 

2864.4 130.8 64.3 

x =2658.66 x =163.52 x =236.6 

Control 

normal saline 

2173.7 130.8 64.3 

2937.9 23.2 322.8 

x =2555.8 x  =77 x =193.5 
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Table (5) :Leucocyte migration inhibition study rabbits 

 peritoneal Peripheral blood Vagina mucosa 

Type of 

treatment  
cfc cap cfc cap cfc cap 

live 

bacteria 

40 50 65 86 43 58 

34 59 25 50 29 65 

40 50 59 75 42 59 

x  =38 x =53 x =49.6 x =70.3 x =38 x =60.6 

capsular 

antigen 

44 50 44 50 29 50 

25 50 44 50 44 59 

40 50 40 60 39 62 

x =36.3 x =50 x =42.6 x =53.3 x =37.3 x =57 

S=10.01 S=0 S=2.3 S=5.7 S=7.6 S=6.2 

Normal  

saline 

10 3 5 5 5 5 

15 5 9 9 5 9 

x =12.5 x =4 x =7 x =7 x =5 x =7 

S=3.5 S=1.4 S=2.8 S=2.8 S=0 S=2.8 

x = mean  s= standard deviation 

 

Table( 6): IL-1  and IL-8 concentrations in rabbits 

Type of treated  IL-1 concentration pg/ml IL-8 concen pg/ml 

live bacteria 
161.7662 118.798 

164.20528 121.312 

capsular antigen 
82.90288 73.6832 

101.060416 173.2146 

normal saline 
33.3398 34.07 

25.44918 65.5012 

 

Discussion: 
       A mild form of  E. coli k1 experimental lapin vaginosis was noticed with the 

formation of fever vaginal congestion and or slight secretion,it appears that 0.5* 104  

colony forming units is the dose required for production of vaginosis by E. coli . Pus 

cells ,clue cells ,vaginal secretion and the organisms were detected  .These signs  of 

bacterial vaginosis were noticed  after 2 days from intravaginal inoculation . This is 

probably related to the essential barrier provided by the epithelial cells at the end of 

cevix uterus and fallopian tubes  ,this single cell layer was initially thought to reside 

in a sterile environment that was only infrequently exposed to bacteria constitutively 

present in the ectocervix and vagina for example viable free and sperm associated 

bacteria are found in the uterine lumen of the mouse . Clearance of viable bacteria 

occurred within approximately 48 hrs following mating and was associated with 

phagocytosis of bacteria as well as the presence of antimicrobial product (Parr and 

Parr ,1985; Thaper et al. , 1990 ; Johansson et al. ,1997 ;Kozlowski et al. ,2002)  

                E.coli k1 antigen  stimulate local and systemic humoral responses. The 

specific antibody  against capsule antigen or cell free culture antigen in both systemic 

and local, Inoculation of antigen intravaginally induced specific antibody .The nature 

of antigen crucial role in immune response of female genital tract (Wassen et al. 

,1996). Successful local immunizations have been reported with mostly live 



 2007 : (14المجلد ) /( 4العدد ) / مجلة جامعة بابل / العلوم

 284 

microorganisms as vectors while in soluble antigen have been found to be poorly 

immunogenic (Russell, 2002) .    

            This has been explained to be consequence of the lack of organized lymphoid 

tissue and M cells in the female genital tract .Its thought that replicating antigen 

provide better delivery of antigen because they infect local tissue and may be more 

easily taken up by antigen processing cells ,such as phagocytic cells as compared to 

soluble antigen alone ,however ,except for defined up take mechanism , the 

requirements for antigen presentation to T cells in female reproductive , well met by 

the presence of Langerhans dendritic cells ,macrophages and even epithelial cells that 

express MHC class Ι and Ι Ι and which specifically activate T cells , whether these 

mucosal antigen presenting cell can initiate a local IgA response or whether is a 

dependence for trafficking of APC to immunocomptent cells T and B cells in regional 

lymph nodes is not well understood (Wassen etal. ,1996) capsular antigen of B 

streptococcal was not found elicit antibody in mice after intravaginal inoculation 

(Hordness etal .,1997), while in  rabbits that  intravaginal inoculation E.coli K 1 

capsular antigens was found to elicit the production of specific antibody with high 

titers in the present study. 

          Little variation in Ig isotypes was detected in rabbit serum immunized with live 

and capsular antigens ,the concentration of IgG,IgA and IgM were higher in 

immunized than control .This result was not unusual, since   infection stimulate the 

lymphocytes responsible for production of antibodies  (Wu etal .,2000), mice 

intravaginaly inoculated with protein of Streptococcus mutans coupled to the B 

subunit of Cholera toxin lead to increased the serum IgA,IgG (Wu etal. ,2000) .     

Study of LIF and MIF in rabbits were  demonstrated  in three groups of rabbits one 

group was considered as control groups and other as tested groups,No migration 

inhibition in  control group  and the means of MIF and LIF were   (12.5 , 4, 7 , 7, 5,7) 

while in test groups showed inhibition of migration and the means of MIF and LIF  

were (36, 50,42.6,53.3,57) these results were similar to that reported by  (Tompkins et 

al. ,1973). Hypersensitive skin reaction was used as an in vivo   to study cell mediated 

immunity in rabbits against capsular antigen and the result of this test was positive 

and this indicate that capsul;ar antigen stimulated cell mediated immunity in vivo as 

well as in vitro, this similar to (Tompkins et al. ,1973). the rabbits inoculated with live 

bacteria showed an IL-1α concentration  were( 161.766, 164.2052) pg/ml and that  

with capsular antigen were ( 82.9028 and 101.06) pg/ml while in control group  were 

(33.339 and 25.44)pg/ml, this also demonstrated the concentration of IL-8 in these 

groups of rabbits and found its concentrations in test groups were higher than in 

control groups . this is probability due to the activity of IL-8 as chemotactic agent in 

inflammation  (Ko et al. ,1993). 

 From this study we concluded that vaginal of female rabbit is part of common 

mucosal immune system .     

 

References  
Bishop,. M. C.;  Dben -Von Laufer, J.L.; Fody, E.P.; and thirty three contributors 

(1985) Clinical, Chemistry, Principles, Procedures and correlation s,  pp181-182, 

the Murray printing company,  Philadelphia.  

Bloom, B. R. and Bennet,t B.(1966) Mechanism of a reaction invitro associated with 

delayed-type hypersensitivity. Science; 153: 80-82. 

Boyden S.V.(1951) The adsorption of protein on erythrocytes treated with tannic acid 

and subsequent haemagglutination by anti- protein serum J. Exp.Med 93: 107.  



 2007 : (14المجلد ) /( 4العدد ) / مجلة جامعة بابل / العلوم

 285 

Hebelka, M.; Lincoln, K.and Sandberg, T.(1993) Sexual acquisition of acute 

pyelonephritis in a man. Scand. J. Infect. dis, 25: 141- 143. 

Hordnes, K.; Tynning, T.; Brown, T.A.;Haneberg, B.and Jonsson, R. (1997) Nasal 

immunization with group B Streptococci can induce high levels of specific IgA 

antibodies in cervicovaginal secretions of mice. Vaccine 15:1244-1251. 

Johansson,E.L.;Rask, C.; Fredriksson, M. Eriksson, K.  Czerkinsky, C. and Holmgren, 

J. (1998)Antibodies and antibody secreting cells in the female genital tract after 

vaginal or intranasal immunization with Cholera Toxin B.subunit or conjugates. 

Infect. Immun. 66: 514. 

Kozloswski, P.A.; Williams, S.B.;  Lynch, R.M.;  Flanigan, T.P.;  Patterson, R.R.; 

Uvin, S.C. and Neutra, M.R. (2002) Differential induction of mucosal and 

systemic antibody responses in women after nasal, rectal, or vaginal 

immunization:  influence of menstrual cycle.  The  Journal of Immunology 169: 

566-574. 

Kwapinski, J.B. (1972)Methodology of Immunochemical and Immunological 

Research.Wiley -interscience, New York 267-3 

Parr, E.L. and Parr, M.B. (1985) Secretory immunoglobulin binding to bacteria in the 

mouse uterus  after mating. J. reprod. Immunol. 8: 71-82. 

Pluschke,  G.;  Mayden, J.;  Achtman, M. and Levine, R.P. (1983) Role of capsule and 

the O- antigen in resistance of O18:k1 Escherichia coli  to complement -mediated 

killing. Infection and Immunity, 42(3): 907-913. 

Russell, M.W.(2002) Immunization for protection of the reproductive tract: A 

Review. AJRI. 47: 265-268. 

Schiffer, M.S.; Olveira,  E.; Glode, M. P.;  McCracken, G.H. and Sarff, R.J. (1976) A 

review : relation between invasiveness and the k1 capsular polysaccharide of 

Escherichia coli . Pediator Res. 10(2): 82-87. 

Soborg, M. (1969) Interaction of human peripheral lymphocytes and granulocytes in 

the migration -inhibition reactions. Acta. Med. Scand. 185: 221. 

Thapar,  M.A.; Parr, E.L.;  Parr, M.B. (1990) Secretory immune responses in mouse 

vaginal fluid after pelvic, parenteral or vaginal immunization. Immunology 70: 

121-125. 

Tompkins, W.A.; Schultz, R. M. and Rama Rao, V.S. (1973)  Depressed cell- 

mediated immunity in newborn rabbits bearing fibroma virus induced tumors. 

Infection and Immunity 7(4):613-619. 

Wassen, L.;  Schon, K.;  Holmagern, J.; .Jertborn,  M. and Lycke, N. (1996) Local 

intravaginal vaccination of the female genital tract . Scand. J.Immunol. 44: 408-

414. 

Watt, S. Lanotte, P.;  Mereghetti, L. Schouleur, M.M.;  Picard, B. and Quentin, R. 

(2003) Escherichia coli strains from pregnant women and neonates: Intraspecies 

genetic distribution and prevalence of virulence factors. Journal of Clinical 

microbiology. 41 (9): 1929-1935. 

Wu, H.Y.; Abdu, S.; Stinson, D. and Russell, M.W. (2000) Generation of female 

genital tract antibody responses by local or central (common) mucosal 

immunization 68 (10):  5539- 5545. 

Yasuoka, M.O.; Thein, W.B.; Tsukamoto, T.;  Yoshikawa, H. Hayashikawa, H. and 

Hayashi, H.(2002) Vaginal Escherichia coli share common virulence factor 

profiles, serotypes and phylogeny with other extraintestinal E. coli. Journal of 

Microbiology 148: 2745 - 2752.  


