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Summary: Fimbrial proteins are important for adhesion and colonization of Bordetella bronchiseptica in the upper 
respiratory tract. In this study, determination of immunogenicity of the fimbrial proteins isolated from different strains of B. 
bronchiseptica and their protective efficacy against letal challenge was aimed. For this purpose, fimbrial proteins of seven standard 
strains and clinical isolates of B. bronchiseptica were partially purified by gel filtration chromatography and analysed by SDS-
PAGE. In microagglutination test, whole cell F415 was used as the antigen and the agglutination of sera from mice immunized with 
the purified fimbrial proteins was observed at titers of 1:128 for strains 219 and 4617 and the isolate CA; 1:256 for strain F415 and 
the isolate UK7; 1:512 for the isolate UK6 and 1:4096 for strain 3036. In addition, by ELISA against F415 fimbrial antigen, the anti-
fimbriae antibody levels of the immune mouse sera were observed at serum dilutions of 1:6400 for UK7; 1:3200 for UK6, F415 and 
3036; 1:1600 for CA; 1:800 for 219 and 1:400 for 4617. The protective values of the fimbrial proteins against letal challenge with 
strain F415 in mice immunized with the fimbrial proteins (2x25 μg/dose) were; 100% for F415 and 3036, 84% for UK6 and 50% for 
UK7, but no protection was observed with the other strains and isolates. In conclusion, fimbrial antigens were determined to have 
important protective efficacy and anti-fimbriae antibody levels were found correlated with that protective efficacy. 
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Bordetella bronchiseptica fimbriya proteinlerinin farelerde immunojenite ve koruyuculuk etkisinin 
araştırılması 

Özet: Bordetella bronchiseptica’nın üst solunum yollarında adhezyonu ve kolonize olmasında fimbriya proteinleri önemlidir. 
Bu çalışmada, B. bronchiseptica’nın farklı suşlarından elde edilen fimbriyal proteinlerin immunojenitesi ve canlı bakteri 
uygulamasına karşı koruyucu etkinliğinin belirlenmesi amaçlandı. B. bronchiseptica’ya ait toplam 7 standart suş ve klinik izolata ait 
fimbriya proteinleri, jel filtrasyon kromatografisi yoluyla kısmi olarak saflaştırıldı ve SDS-PAGE ile analiz edildi. Saflaştırılan 
fimbriya proteinleri ile bağışıklanan farelerin serumlarıyla F415 suşuna karşı yapılan mikroaglutinasyon testinde; 219 ve 4617 suşları 
ile CA izolatı için 1:128, F415 suşu ve UK7 izolatı için 1:256, UK6 izolatı için 1:512 ve 3036 suşu için 1:4096 titrede aglutinasyon 
gözlendi. Ayrıca, bağışık fare serumlarında, F415 fimbriya antijeni kullanılarak yapılan ELISA’da, UK7 için 1:6400; UK6, F415 ve 
3036 için 1:3200; CA için 1:1600; 219 için 1:400 ve 4617 için 1:400 titrede antikor düzeyi belirlendi. Fimbriya proteinleri ile 
bağışıklanan farelerde (2x25 μg/doz), F415 suşu ile yapılan canlı bakteri uygulamasında ise fimbriya proteinlerinin koruyucu 
değerleri; F415 ve 3036 suşları için %100, UK6 için %84 ve UK7 için %50 olarak saptandı, diğer suş ve izolatlar için herhangi bir 
koruyucu değer gözlenmedi. Sonuç olarak, fimbriya antijenlerinin önemli koruyucu etkinliğe sahip olduğu ve anti-fimbriya antikor 
düzeyi ile bu koruyucu etkinlik arasında uyumlu bir ilişki olduğu belirlendi.  
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Introduction 
Bordetella bronchiseptica is the causative agent of 

important respiratory diseases in domestic and wild 
mammalian animals including dogs, cats, pigs and 
experimental animals like rabbit, guinea pig and 
transmitted to humans, especially to immuncompromised 
patients (1, 2, 7, 9, 15). B. bronchiseptica produces most 

of the virulence factors of B. pertussis, the etiologic 
agent of whooping cough, including adenylate cyclase-
hemolysin (AC-Hly) (10), filamentous hemagglutinin 
(FHA) (6), pertactin (15), Fim D (31), outer membrane 
porin proteins (24), dermonecrotic toxin (16) and 
fimbriae (4, 18, 19, 27). Among those proteins, fimbriae, 
FHA, and pertactin have roles in adherence and 
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colonization of the bacteria in the upper respiratory 
system (4, 6, 15, 31).  

Fimbriae important in humoral immune response 
against B. bronchiseptica (4, 18,19) was also included in 
a vaccine for cats (13). Fimbriae was initially demonstrated 
to be constituted of three antigenically related 21, 22 and 
24 kDa fimbrial major subunit proteins by Lee et al. 
(1986) and shown to be expressed in variant quantities 
effecting the host species specificity of B. bronchiseptica 
strains (4). By different studies, fimbrial subunits of B. 
bronchiseptica were determined as Fim2, Fim3, FimX 
(expressed only at very low levels), FimA, FimN and 
FimD (3, 8, 13, 20, 21, 26, 28). Although being the 
minor fimbrial subunit, 40 kDa FimD, have important 
role in adhesion by affecting the expression of the major 
fimbrial subunits and being necessary in formation of the 
fimbrial structure (8, 31).  

In this study, the immunogenicity and the protective 
immunity of the purified fimbrial proteins of B. 
bronchiseptica strains were comparatively evaluated.  

 
Materials and Methods 

Bacterial strains, antisera, media and culture 
conditions: B. bronchiseptica reference strains used in 
this study were F415 (Liverpool University, England), 
219 and 3036 (Goetheborg University, Culture Collection, 
Sweden) and 4617 (ATCC). The clinical isolates; CA, 
UK6, UK7 were received from Ankara University, 
Faculty of Veterinary Medicine, Microbiology 
Department (Turkey). The strains and the isolates used in 
the study were confirmed by re-identification with 
biochemical tests as described by Holt et al. (1996) and 
lam agglutination with anti-F415 mouse sera.  

Bordetella strains were grown on Bordet Gengou 
agar with 20% sheep blood and Modified-Cohen-
Wheeler agar prepared as prescribed previously, B. 
bronchiseptica for 24 hours, B. pertussis for 48 hours at 
37°C (25, 30). The colonies of all the strains were small 
and domed showing the virulent phase phenotype. Serum 
obtained from mice immunized with B. bronchiseptica 
F415 standard strain and B. pertussis fimbriae (Fim2,3) 
were used as the positive controls. Sera from mice which 
were injected PBS were used as the negative controls. 

 Whole cell extracts of the strains: B. 
bronchiseptica strains grown on modified Cohen-
Wheeler agar were harvested with PBS (pH: 7.4) and 
centrifuged at 5 000 x g for 20 min. The pellet was 
resuspended (30%) in TSA buffer (10 mM Tris, 0.145 M 
NaCl, 0.1% Na azid, pH: 7.2) containing 5 mM MgCl2 

and 2 M urea. After incubation at 60°C for 45 min in 
water bath, the suspension was centrifuged for 30 min at 
20 000 x g at +4°C (12) and the supernatant was 
obtained.  

Purification of fimbriae: The supernatant was 
dialysed against TSA buffer and applied to gel filtration 

on 2.6 x 60 cm column of Superdex 75 by using FPLC 
system (Biopilot, GE Pharmacia, Uppsala, Sweden) 
equilibrated with TSA buffer (pH:8.0). The elution of the 
fractions was performed with TSA buffer. The protein 
peaks were combined separately and the fimbrial proteins 
were obtained from the second peak. 

Immunizations: Groups of 4 weeks old mice (14-16 g) 
consisting of 10 animals were immunized intraperitoneally 
with 0.5 ml of whole-cell proteins or the fimbrial 
proteins subcutaneously twice at 15 day intervals. For 
this purpose, whole cell proteins (1.5 x 1010 bacteria 
cfu/ml) inactivated at 56°C for 30 min and the fimbrial 
proteins (12.5 µg and 25 µg/ml) adsorbed to aluminum 
hydroxide gel (0.45 mg aluminum/dose, Sigma A8222) 
according to the manufacturer’s instructions were used 
(30). Mice were bled 14 days after the second 
immunization and antibody levels were determined by 
microagglutination test and ELISA.  

SDS-PAGE and western blot: The samples boiled 
for 2 min were separated by SDS-PAGE according to the 
method of Laemmli (1970) with the separating gel of 
10% for the heat-urea extract and 12.5% for the purified 
proteins. The gels were either stained by silver stainning 
or electrophoretically transferred to nitrocellulose 
membrane (0.2 µm, Sigma, N8017, St Louis, MO, USA) 
premoistened in electroblot buffer (30.3 g Tris, 144.2 g 
glycine/L) as described by Towbin et al. (1979). The 
transfer was performed at 1.5 mA/cm2 for 1 h. The 
nitrocellulose membrane blocked by 10% skimmed milk 
in PBS containing 0.05% Tween 20 overnight at 4°C was 
incubated with anti-F415 mouse serum diluted 1/100 for 
2 h. Skimmed milk (5%) in PBS containing 0.05% 
Tween 20 was used as the dilution buffer. The membrane 
was incubated with mouse IgG alkaline phosphatase 
conjugate (Sigma, A3438) diluted 1/30 000 for 1 h and 
the reaction was developed by incubation with alkaline 
phosphatase conjugate substrate kit (Bio-Rad, 170-6432, 
Hemel Hempstead, UK), consisting of nitroblue 
tetrazolium and 5-bromo-4 chloro-3 indolyl, until the 
bands were visible. The reaction was stopped by 
incubating the membrane in distilled water for 10 min. 

Dot blot immunoassay: The purified proteins were 
applied onto the nitrocellulose membranes (0.2 µm, 
Sigma, N8017) and blocked with 5% skimmed milk in 
TBS (20 mM Tris-HCl, 500 mM NaCl; pH: 7.5) 
containing 0.05% Tween 20 overnight at 4°C, also used 
as the dilution buffer. The membranes were incubated 
with anti-B. bronchiseptica F415 sera and anti-Fim2,3 of 
B. pertussis specific sera diluted 1/200 for 2 h at room 
temperature (4). The enzymatic detection of the dots was 
performed as described in Western Blot analysis.  

Microagglutination assay: Two fold serial dilutions 
of anti-fimbrial sera (50 µl) were made in 96 well round-
bottom microtiter plates starting at 1:4 and ending at 
1:8192. An equal volume of bacterial suspension (optical 
density of 1.2 at 630 nm) of B. bronchiseptica strains and 
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isolates, as well as two strains of B. pertussis, Saadet and 
Tohama prepared in PBS by inactivation with 
formaldehyde (0.25%) was added to each well. The 
plates were shaken gently and incubated at 37°C for 2 h 
and at 4oC for 18 h. The reciprocal of the last dilution of 
agglutination was recorded as the serum titer (4, 23).  

ELISA: Flat-bottomed ELISA plates were coated 
with 100 μl of 4 µg/ml of F415 fimbriae protein prepared 
in 0.05 M bicarbonate buffer (pH 9.6) and kept overnight 
at room temperature. After blocking with 2% fetal calf 
serum (Sigma, F2442) in PBS containing 0.05% Tween 
20 for 1 h, 100 μl of anti-B. bronchiseptica or anti-
fimbriae sera two-fold serially diluted beginning with 
dilution of 1:100 to 1: 12 800 (PBS, 0.05% Tween 20, 
2% fetal Calf Serum) were added to the microwells. 
After incubation for 2 h, goat anti-mouse Ig G alkaline 
phosphatase conjugate (Sigma, A3438) diluted 1:30 000 
was added and incubated for 2 h at room temperature. 
The reaction was developed with pNPP (para-
Nitrophenyl Phosphate disodium hexahydrate, Sigma, 
N9389) substrate tablets (1 mg/ml) (Sigma-Aldrich) 
dissolved in 10% ethanolamin (Sigma, 398136) 
containing 0.5 mM MgCl2 (pH 9.8). The plates were read 
at 405 nm in ELISA reader. The cut-off was determined 
as twice the mean adsorbance value of the negative sera. 

Mouse protection test: Initially, the letal effect of B. 
bronchiseptica F415 strain to mice by intraperitoneal 
injection of live bacteria was determined by LD50 (letal 
dose 50) test meaning the minimum bacterial 
concentration which kills half the number of the mice in 
7 days (29). Seven groups of mice each consisting of six 
mice immunized with two doses (12.5 and 25 μg) of 
fimbrial proteins were challenged intraperitoneally by the 
strain F415 with 4 LD50 (2 x 109 bacteria) doses fifteen 
days after the second immunization and the number of 
survivors per group after challenge was recorded in 7 
days (18, 22). 

 
Results 

Whole cell extracts of the strains: The major 
immuno-dominant antigens of B. bronchiseptica by SDS-
PAGE analysis of the urea-heat extracts of different 
strains were determined as FHA (220 kDa), AC-Hly (200 
kDa), 40 kDa protein, 35 kDa protein and fimbrial 
subunits (21 kDa, 22 kDa). Western blot analysis of 
extracts of the strains with anti-whole cell F415 serum 
revealed the immuno-reactivity of these proteins (Fig 1).  

Purification of fimbriae: Fimbrial proteins were 
partially purified from seven different strains of B. 
bronchiseptica by gel filtration chromatography using 
Superdex 75 column. Three protein peaks were obtained 
and the fractions of each peak were collected separately. 
The partially purified fimbriae observed by SDS-PAGE 
analysis at the second peak of the chromatogram was 
basically constituted of 2 fimbrial subunit proteins (21 

and 22 kDa). Variations of fimbrial proteins belonging to 
different strains were observed as determined by SDS-
PAGE analysis (Fig 2). The fimbrial proteins were 
confirmed by dot-blot analysis using anti-B. bronchiseptica 
F415 sera and anti-Fim2,3 of B. pertussis specific sera.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Evaluation of B. bronchiseptica extracts of different 
strains by SDS-PAGE (A) and Western Blot (B) analysis. Sera 
from mice immunized with strain F415 was used in Western 
Blot.  (A) Lanes 1) F415, 2) 219, 3) UK6, 4) UK7, 5) 3036 6) 
4617, 7) CA   (B) Lanes 1) 3036, 2) UK6, 3) F415, 4) 4617. 
Molecular weight marker (BioRad) is shown by the arrows on 
the left. FHA, AC-Hly, 40 kDa and 35 kDa proteins, and 
fimbrial proteins (21 and 22 kDa)  are shown by the arrows on 
the right.   
Şekil 1. Farklı suşlara ait B. bronchiseptica ekstraktlarının 
SDS-PAGE (A) ve Western Blot (B) analizi ile 
değerlendirilmesi. Western Blot analizinde F415 suşu ile 
bağışıklanan fare serumu kullanıldı. (A) Şeritler 1) 3036, 2) 
UK6, 3) F415, 4) 4617. Molekül ağırlık belirteci (BioRad) 
solda oklarla gösterilmektedir. FHA, AC-Hly, 40 kDa ve 35 
kDa proteinler ve fimbriya proteinleri (21 ve 22 kDa) sağda 
oklarla gösterilmektedir. 

 
 
 
 

 

 

 

 

 
 

 

Fig 2. SDS-PAGE analysis of fimbrial proteins of B. 
bronchiseptica strains. 
Lanes  1) 219, 2) 4617, 3) F415, 4) UK6, 5) CA, 6) UK7, 7) 3036  
The fimbrial proteins and their molecular weights are shown by 
the arrows. 
Şekil 2. B. bronchiseptica suşlarından saflaştırılan fimbriya 
proteinlerinin SDS-PAGE ile analizi.  
Şeritler  1) 219, 2) 4617, 3) F415, 4) UK6, 5) CA, 6) UK7, 7) 3036 
Fimbriya proteinleri ve molekül ağırlıkları oklarla gösterilmektedir. 
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Microagglutination assay: The aglutinin response 
of mice immunized twice with two doses of the partially 
purified fimbriae obtained from 7 B. bronchiseptica 
strains were determined. Concerning the agglutinin titers 
of anti-F415 fimbriae sera against B. bronchiseptica 
strains, no or slight agglutinin titres were obtained with 
the Standard strains 219 and 4617. Higher titers were 
observed in the strains F415, 3036 as well as in the 
clinical isolates UK6 and UK7. In the same manner, no 
or low agglutinin titres were obtained with the 
immunizations using 219, 4617 and CA fimbriae. The 
agglutinin titers were relatively high with the 
immunizations using fimbriae of strains F415, 3036 and 
the isolates UK6 and UK7. Better results were obtained 
with the immunization dose of 25 µg (Table 1). 
Furthermore, the agglutinin titers of anti-fimbriae sera of 
mice immunized with B. bronchiseptica strains and 

isolates when whole cell antigens of B. pertussis Saadet 
and Tohama strains were used ranged from no reaction to 
256 and no reaction to 128, respectively, however, the 
number of non-reactive sera with Tohama strain was very 
high. Cross-reactivity among the strains was also 
detected. The noteworthy data was the high 
microagglutination titer of anti-3036 fimbriae with the 
other strains except 4617 and 219 and the lowest titer of 
anti-219 fimbriae against the other strains. 

ELISA: The IgG antibody response of mice 
immunized with fimbriae of B. bronchiseptica strains 
against F415 fimbrial antigen was determined by ELISA. 
High antibody levels were observed for anti-fimbriae of 
the isolates UK6, UK7 and the strains F415, 3036 with 
serum dilutions of 1:3200 - 1:6400. Antibody response at 
decreased dilutions of 1:1600, 1:800 and 1:400 was 
detected for CA, 219 and 4617 respectively (Table 2). 

Table 1. Microagglutination titers of sera from mice immunized with two different doses (12.5 μg and 25μg) of fimbrial proteins of 
B. bronchiseptica strains  
Tablo 1. B. bronchiseptica suşları fimbriya proteinleri ile 2 farklı dozda (12.5 μg ve 25μg) bağışıklanan fare serumlarına ait 
mikroaglutinasyon titreleri  

 Anti- 
FimF415 titer 

Anti- 
Fim219 

titer 

Anti- 
Fim3036 

titer 

Anti- 
FimUK6 

titer 

Anti- 
FimUK7 

titer 

Anti- 
Fim CA 

titer 

Anti 
Fim4617 

titer 

Negative 
sera 

Test 
Antigens 12.5 / 25μg1 12.5 / 25μg 12.5 / 25μg 12.5 / 25μg 12.5 / 25μg 12.5 / 25μg 12.5 / 25μg PBS 

CA 128 / 128 N / 32 64 / 512 64 / 128 64 / N 64 / 128 128 / 128 N2 
4617 N / N N / N N / 8 N / 8 N / 256 N / 8 256 / 4096 N 
219  4 / 64 16 / 16 4 / 32 4 / 64 4 / 64 4 / 128 4 / 512 N 

F415 128 / 256 N / 128 128 / 4096 128 / 512 128 / 256 64 / 128 64 / 128 N 
UK6 32 / 64 N / 8 128 / 1024 64 / 512 32 / 64 8 / 16 32 / 128 N 
UK7 32 / 32 N / 16 128 / 2048 128 / 512 32 / 128 16 / 16 64 / 128 N 
3036 64 / 64 N / 128 256 / 4096 256 / 512 64 / 128 16 / 64 64 / 256 N 

Saadet3 ……. / 256 …... / N  / 256 ….. / 128 ….. / 128 …... / 128 …... / 128 N 
Tohama3 ……. / N   ..….. / 8  / 128 .….. / 32 ….. / N …... / N ..…. / N N 

1: Mice were immunized twice 2: Negative sera (from PBS injected mice) 3: Bordetella pertussis strain  
1: Fareler iki defa bağışıklandı 2: Negatif serum (PBS enjeksiyonu yapılan farelerden) 3: Bordetella pertussis suşu 
 

 
Table 2. IgG antibody response in serially diluted sera of mice immunized with the purified fimbrial proteins of B. bronchiseptica 
strains in ELISA using F415 fimbriae antigen. 
Tablo 2. Seri dilusyonları yapılmış B. bronchiseptica suşlarına ait saflaştırılmış fimbriya proteinleri ile bağışıklanan fare 
serumlarının ELISA’da (test antijeni F415 fimbriya) IgG antikor yanıtı.  

   Antibody  Dilutions     
 Fimbrial proteins  
used in immunization 

1:100 1:200 1:400 1:800 1:1600 1:3200 1:6400 1:12800 

UK6  +  +  +  +  +  +  -  - 
UK7  +  +  +  +  +  +  +  - 
F415  +  +  +  +  +  +  -  - 
3036  +  +  +  +  +  +   
CA  +  +  +  +  +  -  -  - 
219  +  +  +  +  -  -  -  - 
4617  +  +  +  -  -  -  -  - 
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Besides, low antibody levels with serum dilutions of 
1:100 or 1:200 were observed for sera of mice 
immunized with whole cell B. bronchiseptica standard 
strains and isolates in ELISA based on F415-fimbriae, 
with the exception of strain 3036, giving positive 
reaction at serum dilution of 1:1600 (Data not shown).  

Protection against letal challenge: Mice immunized 
with 12.5 μg of the fimbrial proteins were not protected 
against intraperitoneal challenge of 4 LD50 of strain 
F415, except the mice immunized with the challenge 
strain (Table 3), however, protection was obtained with 
25 μg of the fimbrial proteins belonging to some of the 
strains. Immunization with the fimbrial proteins of F415 
and 3036 protected 100% of the mice, UK6 and UK7 
protected 84% and 50% of the mice respectively. No 
protection was observed with 4617, CA and 219 strains.  

 
Discussion and Conclusion 

In the present study, the immunogenicity and 
protective immune response of the fimbrial proteins 
obtained from 7 B. bronchiseptica strains were discussed. 
For this purpose, fimbrial proteins were partially purified 
after urea-heat extraction of the bacteria as described by 
Irons et al. (1985). The extracts of B. bronchiseptica 
strains were determined to possess the major antigens; 
FHA (220 kDa), AC-Hly (200 kDa), 40 kDa protein, 35 
kDa protein and fimbrial subunits which have important 
roles in pathogenicity by SDS-PAGE and western-blot 
analysis (Fig 1). The synthesis of FHA and AC-Hly was 
also demonstrated previously by determination of 
hemagglutination and hemolytic activities of these 
antigens (5). The presence of fimbrial subunit proteins 
altered depending on the strains as one or two bands at 
21 and 22 kDa.  

The immuno-reactivity of the fimbrial proteins was 
also determined by dot-blot analysis with anti-B. 
bronchiseptica mouse sera. Besides, determination of the 
positive reaction although not strong with B. pertussis 

anti-Fim2,3 polyclonal sera was important for 
confirmation of the fimbrial subunits. The identity 
between the nucleotide sequences of the fim2 and fim3 
genes belonging to B. bronchiseptica and B. pertussis 
encoding the major fimbrial subunits was determined as 
74% and 94%, respectively (27) and B. bronchiseptica 
fimbrial subunits were characterized with western blot 
analysis by using antisera raised against B. pertussis 
serotype 2 and 3 fimbriae (21, 27). Detection of specific 
antibody response for 35 kDa and 40 kDa proteins by 
western blot analysis of the strains showed the 
importance of these proteins in whole-cell immunization. 
The 35 kDa protein is probably an outer membrane porin 
protein (24) also shown to be recognized by B. pertussis 
serotype 2 sera (21). The 40 kDa protein is supposed to 
be FimD, minor subunit of fimbriae (8, 31). 

For determination of the immunogenicity of the 
fimbrial proteins, mice were immunized with 12.5 
µg/dose and 25 µg/dose of the proteins. (Table 1). In this 
frame, the microagglutination titers of anti-fimbriae sera 
belonging to the strains F415, 3036, and the isolates UK6 
and UK7 were moderately high against the challenge 
strain F415 in comparison with the strains 4617 and 219 
as well as the isolate CA. The immunoreactivity of anti-
fimbriae sera of strains F415, UK7, CA, 4617 with B. 
pertussis Saadet strain (serotypes 2 and 3) in 
microagglutination test, but no reaction with Tohama 
strain (serotype 2) showed that these B. brochiseptica 
strains cross-reacted with serotype 3 of B. pertussis. The 
reactivity of anti-fimbriae 3036 and UK6 sera with both 
Saadet and Tohama strains showed the cross-reactivity 
with both serotypes 2 and 3. Anti-fimbriae 219 sera 
reacted only slightly with Tohama strain (Table 1). 

Considering the data from our previous study, the 
microagglutination titres of anti-fimbriae sera are lower 
than that of anti-whole cell sera of the same strains 
against strain F415 (1:512 to 1: 2048), except two strains 
4617 and 219 (5). The high level of antibody response 

Table 3. Protection efficiency in mice immunized with fimbrial proteins of different B. bronchiseptica strains after intraperitoneal 
challenge with live B. bronchiseptica F415.  
Tablo 3. Değişik B. bronchiseptica suşlarına ait fimbriya proteinleri ile bağışıklanmış farelerde periton-içi canlı B. bronchiseptica 
F415 uygulamasına karşı korunma. 

Fimbrial proteins 
used in 

immunization 

Mice 
(immunized with 2x12.5 μg fimbriae)

alive/total 

 
Protection  

% 

Mice 
(immunized with 2x25 μg fimbriae)  

alive/total 

 
Protection  

% 
F415 6/6 100 6/6 100 
3036 0/6 0 6/6 100 
UK6 0/6 0 5/6 84 
UK7 0/6 0 3/6 50 
4617 0/6 0 0/6 0 
CA 0/6 0 0/6 0 
219 0/6 0 0/6 0 
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was probably due to the other agglutinogen proteins, 
FHA and pertactin in addition to the partially purified 
fimbriae. These results were compatible with the high 
level protection (80-100) of mice immunized with whole 
cell strains against challenge with strain F415 (5).  

High IgG antibody titers of anti-fimbriae belonging 
to strains F415 and 3036 and the isolates UK6 and UK7 
were obtained in ELISA (Table 2) in accordance with the 
results of Burns et al. (1993) also compatible with the 
results of microagglutination test. The antibody titers 
were decreased for CA, 4617 and 219. For most of the 
strains, the antibody response against the fimbrial 
antigens seemed to be weaker than the response against 
the rest of the immunologically important antigens 
occurring after whole-cell immunization, proposing the 
importance of strain difference and the efficiency of the 
other immuno-dominant antigens in immune response (6, 
10, 15). 

Four out of 7 groups of mice immunized with the 
fimbriae of different strains were protected at 50-100% 
against 4LD50 intraperitoneal challenge with strain F415. 
Immunization with fimbriae of F415 and 3036 protected 
100% of the mice consistent with the results obtained 
with F415 fimbriae based-microagglutination and 
ELISA. Although this was expected for the challenge 
strain F415, the high protective efficiency of F415 
fimbriae against many virulence associated antigens is 
still important. The microagglutination and ELISA 
results were also considerable for the isolates UK6 and 
UK7 with the protection efficiencies of 84 and 50% 
respectively. Mice immunized with the strains 4617, 219 
and CA were not protected and the serological test results 
were moderately lower than the other strains.  

In conclusion, the level of antibody response to 
fimbriae of various B. bronchiseptica strains was found 
in some extent protective against experimental infection 
in mice. As the protection efficiency of the fimbriae of 
different strains varies from one to another, the fimbriae 
belonging to F415, 3036 and UK6 strains would be used 
as one of the protective antigens for developing an 
efficient B. bronchiseptica subunit vaccine. In addition, 
F415, 3036 and UK6 fimbriae have the potential to be 
used as diagnostic antigens for evaluation of the infection 
status and monitoring of vaccine efficacy. Further 
investigations will be necessary to evaluate the potential 
use of the fimbriae in vaccine and diagnostic purposes in 
the natural host.  
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