
Bas.J.Vet.Res.Vol.10,No.2,2010. 

 

 119 

 

EVALUATION OF THE IMMUNE RESPONSES INDUCED BY 

EXPERIMENTAL INFECTION OF (BALB/c) MICE WITH 

SALMONELLA HADAR  

 

 

 
Zoonoses Unit, College of Veterinary Medicine, University of Baghdad, Baghdad,Iraq 

(Received 30March 2010, Accepted 26 December 2010) 

Keywords: Salmonella hadar, humoral immune, LD50. 

 

ABSTRACT 

The present study bases on evaluate the immune responses due to experimental infection 

of (BALB/c) mice by Salmonella hadar . 

 The experiment was carried out on eighty mice of both genders with age range (6 – 8) 

weeks old, the mice were divided randomly into three groups (group A:- contain 20 mice were 

administrated orally with infectious dose (1.5×10
7
C.F.U\ml) ,group B:- contain 40 mice were 

administrated orally with LD50dose (1.5×10
9
 C.F.U\ml) and groupC:- contain 20 mice which 

inoculated orally with 1 ml of PBS (pH=7.2) and consider as control group).  

The  study has noticed that the experimentally infected mice are able to induce humoral 

immune response which represented by producing antibody against Salmonella hadar and this 

production was elevated after two weeks of administration and reach the peak after four weeks 

post infection then decline sharply after passage of six weeks post infection in both groups (A 

and B) but the titration of the antibodies in group B was higher on that recorded in group A. 

It is obvious that S. hadar is able to induce cellular immune response during experimental 

infection with infectious dose and LD50 dose and the results of delayed type hypersensitivity 

have showed increases in the thickness of the right footpads of the mice of both groups (A and 

B) and the highest mean of the thickness was after 24 hours post immunization. 

Finally, we concluded that Salmonella hadar in infected the host was  able to induce both 

humoral and cellular immune responses and these responses are dose dependent. 
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INTRODUCTION 
 The bacterium Salmonellae consider as an important epidemiological zoonotic agent that 

cause diarrhea, enteritis and systemic disorders in both human and animals (1).Immune 

responses to Salmonellae depend on the host species and the Salmonella serotype infecting the 

host. Three lines of defenses are present in intestine (2): 

(i)Natural defenses: stomach acidity, bile salts, mucus, motility and permeability. 

(ii)Innate immune responses: Ag capture, cytokine secretion and Toll like receptors (TLRs). 

(iii)Acquired immune responses namely oral tolerance (OT) and secretory IgA (sIgA) response. 

All of them interact together. 

 It is widely accepted that cell-mediated immunity is more important than humoral 

responses in protection against Salmonella infections (3) ; although most of these studies come 

from S. typhimurium infection in mice where a typical typhoid like infection is produced and 

how far this is true for disease-free gut colonization is unclear (4). 

Both cellular and humoral immune responses are stimulated by intra-peritoneally 

administered heat-killed and live Salmonella vaccines in mice, the difference being the 

stimulation of Th1 or Th2 responses, which either direct B-cells to switch to IgG2α via live 

organism stimulation of Th2/IL-4 or switch to IgG1 following stimulation of IFN-γ, producing 

Th1 cells by killed Salmonella    (5 , 6). 

 The humoral immune response is not completely protective, but the free or cell bound 

antibodies play an important role as opsonizing agents in the initial stages of infection (7). 

Secretory IgA is considered to be particularly important, as these antibodies may bind to the 

bacteria and prevent their uptake by macrophages and epithelial cells of the intestine (8). 

In mice, Th1 cytokines, which enhance cell-mediated responses, are crucial for protective 

immunity against a primary Salmonella infection (9 , 10). Evidence for the importance of Th1 

responses comes from experiments using interferon gamma (IFN-γ) receptor knockout mice and 

mice with neutralizing antibodies to interleukin-12 (IL-12), which are unable to resolve infection 

by an attenuated Salmonella strain (11, 12 , 13). 

The aim of this study was to evaluate the humoral and cellular immune response after 

infection of mice with two doses of Salmonella hadar 

 
MATERIALS AND METHODS 

 Laboratory animals : 

 A total of 80 mice (BALB/c) of both gender with age range (6 – 8) weeks old, which 

obtained from the (National Center of Researches and Drugs Monitor in Baghdad) that adapted 

for two weeks before started experiment then divided into 3 groups: 

 Group (A): contain 20 mice orally administrated with  infective dose (ID). 

 Group (B): contain 40 mice administrated orally with LD50 . 

 Group (C): contain 20 mice administrated orally with phosphate buffer saline. 

 Preparation of the bacteria: 

 In this experiment, Salmonella hadar strain which was isolated from goats and identified 

in the Central Public Health Laboratories/Ministry of Health, and it was preserved in brain heart 

infusion broth and brain heart infusion agar. 

 Preparation of Infectious dose (ID) and LD50 : 

The ID and the LD50 dose of Salmonella hadar were prepared according to(14). 

Each five colonies of S. hadar was removed from brain heart infusion agar and 

inoculated in 10 ml of Brain heart infusion broth at 37 ˚C for 18 hours then centrifuged in 

cooling centrifuge (8000) rpm (round per minute) for 15 minutes then the sediment  was washed 

three times with PBS (pH=7.2) and suspended by using 1 ml of PBS (pH=7.2) and diluted at ten 

fold dilution (10
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 The viable count of the bacteria in each diluent was made according to method of (15) 

and diluention which contain (1.5×10
7
 C.F.U/ml) as infectious dose and (1.5×10

9
 C.F.U/ml) as 

LD50 were selected. 

 Infection of the mice: 

 The mice in group ''A'' were drenched orally with 1 ml of S. hadar suspension contain 

(1.5×10
7
 cells) as ID and group ''B'' mice also were drenched orally with 1 ml of bacterial 

suspension contain (1.5×10
9
 cells) as LD50 while group ''C'' mice was drenched orally with 1 ml 

of phosphate buffer saline (PBS, pH=7.2) and considered as control group. 

 Preparation of soluble antigen (salmonellin): 
Soluble antigen which used for the passive haemagglutination test and skin test was 

prepared according to (16). 

Briefly a bacterial suspension of S. hadar obtained from overnight brain heart infusion 

agar culture was sonicated for 50 minute at intervals in a water-cooled sonicator oscillator at 40 

MHZ/second and the homogenate was centrifuged twice by using cooling centrifuge at 8000 rpm 

for 30 minutes each time to remove cellular debris. The supernatants passed through a (0.22 µm) 

Millipore filter and stored at (-20 ˚C) until used. The protein was estimated by using Biuret kit 

(Randox Lab.) according to (17). 

 The immunological tests: 

(1) The passive haemagglutination test: 

This test was used to estimate the humoral immune response according to method 

of (18) and estimating the titrations of the antibodies in response to S. hadar infection 

in  intervals of 2
nd

 , 4
th

 & 6
th

 weeks post infection. 

* Materials of this test: 

 Sheep RBCs (which preserved in AL-Sever's solution for 72 hours pre-using. 

 Tanned RBCs ''tRBCs'' (the sheep RBCs are mixed with equal volume of tannic acid solution 

(1:20000). 

 Sensitized washed tanned RBCs (Serial dilutions of soluble antigen were prepared by using 

PBS (pH=6.4) to sensitize washed tRBCs and to detect the optimal antigen concentration 

which give a positive reaction with higher antibody dilution). 

 Serum samples (The serum samples were incubated 56 ˚C for 30 minutes in a water bath to 

impair the complement activity). 

(2) The delayed type hypersensitivity test (skin test): 

This test was used to estimate the cell mediated immune response according to method of 

(19). briefly about (0.05) ml of soluble antigen of Salmonella hadar which contain protein at a 

concentration of (800 μg/ml) was injected intradermally in right hind footpad of (A, B and C 

groups) while left hind footpad was injected by (0.05) ml of sterile PBS (pH=7.2) for all groups 

and thickness of skin was measured by Vernier caliber before and 24, 48 and 72 hours post 

injection. 

 
 The statistical analysis: 

Statistical analysis was conducted to determine the statistical differences among the 

tested  groups by using ready–made statistical design: statistical package for social science 

(SPSS). 

 

RESULTS AND DISCUSSIONS 
 

(1) The result of The passive haemagglutination test: 

 All groups have showed negative results for passive heam-agglutination test before 

starting the experiment, but after inducing infection by S. hadar , the group (A) which infected 
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by infectious dose and group (B) which infected by LD50 showed different results of antibodies 

titer at 2
nd

, 4
th

 and 6
th

 weeks after induced infection as showed in the (tables No. 1 , 2). 

 The mice which was infected by infective dose, after two weeks showed antibody titers 

with a mean ± SE(28.00 ± 4.00) but after four weeks, the antibody titers raised to reach a peak 

with a mean± SE (64.00 ± 22.62) while in the six weeks after infection, there was drastic 

reduction in the antibody titers to reach a mean± SE (9.00 ± 2.51). In contrast, the mice were 

infected by LD50 showed antibody titers after two weeks after induced infection with a mean± 

SE (33.00 ± 12.26) then after four weeks from adiminstration, the antibody titers raised to reach 

a peak with a mean ± SE (320.00 ± 235.15) but after six weeks post infection, a drastic reduction 

in the antibody titers to reaches a mean± SE (18.00 ± 5.03). No antibody titers have detected in 

the mice of the control group (C) during the same intervals. 

 Statistically, there was a significant inside and between groups at a level (5%) only. In 

the group (A) there was a significant variation between the value of antibody titers in the forth 

weeks and sixth weeks post infection at a level (5%), while in the level (1%) there was no 

significant variation in the antibody titers among the 2
nd

 , 4
th

 and 6
th

 weeks post infection while 

in group (B) there was only significant variations between the antibody titers in the 4
th

 weeks and 

6
th

 weeks post infection at a level (5%) only, while in the level (1%) there was no significant 

variations in the antibody titers among the 2
nd

, 4
th

 and 6
th

 weeks post infection. 

Also there was significant variations between the antibody titers in the mice of group (A) 

and that found in group (B) at the two levels (5% and 1%) with highest titer of the antibody titers 

of the mice of the group (B) which infected by LD50 dose.        

 

 

Table (1): Means± SE of the antibody titers in mice infected with S. hadar 

 

Weeks after 

infection 

Group (A)  Group (B) Group (C) 

Infectious dose LD50 PBS 

Mean  ± SE* Mean  ± SE Mean  ± SE 

0 0 0 0 

2
nd

   28.00±4.00 33.00±12.26 0 

4
th

   64.00±22.62 320.00±235.15 0 

6
th

  9.00±2.51 18±5.03 0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1): Antibody titers of the three groups (A, B and C) 

 

* SE: Standard error. 
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The present study has noticed that the experimentally infected mice are able to produce 

humoral immune response which represented by production of antibody  

against Salmonella hadar, this is compatible with that mentioned by (20and 21). 

It is noticed that the titers of the antibody were highly in survival mice of group (B) 

which was administrated by large cells numbers of S. hadar (1.5×10
9
 cells) when compared with 

the mice of group (A) which was administrated less numbers of S. hadar (1.5×10
7 

cells), this 

gives an impression that the antibody levels increase with increasing the given dose, so the study 

agrees with (21) in that the antibody response is dose dependent. 

(2) The result of delayed type hypersensitivity test(skin test): 

 The results of delayed type hypersensitivity have showed increases in the thickness of the 

right footpads of the mice of both groups (A and B) and the highest mean of the thickness was 

after 24 hours post immunization then declined after 48 hours and returned to normal thickness 

after 72 hours post injection of soluble antigen as showed in the (Table 2). 

 In group (A), the mean of footpad thickness (measured by mm unit) after 24 hours was 

(1.80 ± 0.01) and after 48 hours was (0.50 ± 0.04) then declined after 72 hours to reach (0.07 ± 

0.04). While in group (B) the mean of footpad thickness after 24 hours was (2.20 ± 0.12) and 

after 48 hours was (0.85 ± 0.15) then declined after 72 hours to reach (0.02 ± 0.02). But, the 

control group (C) does not show any reaction after injection of the soluble antigen of S. hadar. 

          

 

 

 

Table(2):The thickness of the right footpads of mice infected with  S.hadar                              

Periods after 

injection of 

soluble antigen 

Group (A)  Group (B) Group (C) 

Skin thickness Skin thickness Skin thickness 

Mean* ± SE** Mean ± SE Mean ± SE 

0 hours 0 0 0 

24 hours   1.80 ± 0.01 2.20 ± 0.12 0 

48 hours   0.50 ± 0.04 0.85 ± 0.15 0 

72 hours   0.07 ± 0.04 0.02 ± 0.02 0 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2): Thickness of the right footpads of the three groups after injection of 

soluble antigen of S.hadar 

* The thickness of footpads was measured by millimeter unit (mm). 

** SE: Standard error.               Numbers of mice in each group = 4 
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The delayed type hypersensitivity test used to detect the cell mediated immune response 

in the infected mice with live virulent strain S. hadar.  

this cellular immune response induced by Salmonella hadar was appeared resemble that 

recorded by many researchers who have found the same result of cellular immune response 

induced by the some serovars belong to genus Salmonella such as Salmonella dublin (22) and 

Salmonella typhimurium (23) or by other different genus of bacteria such as Listeria 

monocytogenes (24), Shigella dysenteriae (25) and Brucella melitenses (26). 

 The skin test is widely used and considered as a diagnostic method for detecting the 

cellular immune response. The main cause of the skin thickness is the aggregation of huge 

numbers of lymphocytes which may reach to hundred times more than in normal condition; 

specifically previously sensitized T-lymphocytes released the chemokines that attracted the 

phagocytic cells (especially the macrophages) and the inflammatory cells into injection site of 

the antigen.also concluded that the increases in the antibodies level at 4
th

 weeks post infection 

was certainly due to systemic dissemination of the bacterium in the host body and causes 

bacterimia that initiate the B cells to excessive production of antibodies specific for Salmonella 

hadar,this support the consider of Salmonella hadar is invasive strain among Salmonellae 

strains.  

 

 Salmonella بجرثومة  تجررييبً (BALB/c)تقييم الاستجببة المنبعية نتيجةً لإصببة الفئران نوع 

hadar 

 

الخلاصــــــة 

 رغزَجُبً ثغزصىيخ (BALB/c)صًى اانجحش نغزض رقُُى الاسزغبثخ انًُبعُخ َزُغخ لإصبثخ انفئزاٌ َىع 

Salmonella hadar . 

يٍ كلا انغُسٍُ ورزاوحذ أعًبر انفئزاٌ يٍ سزخ إنً صًبَُخ  (BALB/c) أعزَذ انذراسخ عهً صًبٍَُ فأرح يٍ َىع 

 فأرح وعزعذ فًىَبً ثغزعخ الإصبثخ 20احزىد عهً  (A )انًغًىعخ)قسًذ انفئزاٌ عشىائُبً إنً صلاصخ يغبيُع . أسبثُع 

10×1.5)) يهٍ نزز َحزىٌ عه1ًثًقذار 
7
C.F.U 

  
ًً ة40 احزىد عهً (B)وانًغًىعخ   انغزعخ انقبرهخ  فأرح وعزعذ فًىَبً

10×1.5) يهٍ نزز َحزىٌ عهً 1انُصفُخ ثًقذار 
9 

 C.F.U)  وانًغًىعخ الأخُزح (C)  ًفأرح واعزجزد 20احزىد عه 

ًً يغًىعخ انسُطزح وعزعذ  . ( يهٍ نزز يٍ يحهىل دارئ انفىسفبد انًهح1ٍ ثًقذار فًىَبً

       أصجزذ انذراسخ انحبنُخ إٌ انفئزاٌ انًصبثخ رغزَجُبً أظهزد اسزغبثخ يُبعُخ خهطُخ وانزٍ قُسذ ثبسزخذاو اخزجبر انزلاسٌ 

 واٌ إَزبط الأعسبو انًعبدح اررفع ثعذ يزور أسجىعٍُ S. hadarانذيىٌ انًُفعم وانًزًضهخ ثإَزبط الأعسبو انًعبدح نغزاصُى 

يٍ إحذاس الإصبثخ وثهغ اعهً يعُبر خلال الأسجىع انزاثع صى اَخفط ثحذح ثعذ يزور سزخ أسبثُع يٍ الإصبثخ فٍ 

ونكٍ يسزىي الاظذاد فٍ انًغًىعخ ة رفىق عهً يسزىي الاظذاد انذٌ سغم فٍ فئزاٌ انًغًىعخ  (B و A )انًغًىعزٍُ

A .

نهب انقبثهُخ عهً إحذاس اسزغبثخ يُبعُخ خهىَخ عُذ إصبثخ انفئزاٌ ثبنغزعخ الاصبثخ أو  S. hadar اٌ عزصىيخ 

سَبدح فٍ سًك عهذ راحخ انقذو انًًُُ  (انفحص انغهذٌ) حُش أظهزد َزبئظ فحص انحسبسُخ انًزأخز  انغزعخ انقبرهخ انُصفُخ

 سبعخ يٍ 24وكبٌ أعهً يعذل نفزق انسًك نزاحخ انقذو انًًُُ ثعذ يزور  ( B) وفئزاٌ انًغًىعخ  (A )فٍ فئزاٌ انًغًىعخ 

  .S. hadarحقٍ انًسزعذ انذائت نغزصىيخ  

 ثعذ إصبثزهب نهًعُف نهب انقذرح عهً إحذاس اسزغبثخ يُبعُخ خهطُخ وخهىَخ S. hadar أخُزا َسزُزظ إٌ عزصىيخ 

 .وهذِ الاسزغبثخ رعزًذ عهً عزعخ انجكززَب انًحذصخ نلإصبثخ 

 

REFRENCES 

(1) Jawetz, J. ; Melnick, E. and Adelbergs, E. (2007). ''Enterobacteriaceae'' In: Review of 

medical microbiology. 24
th

 ed. by Geo, F. ; Janet S. and Stephen, McGraw–Hill 

companies, U.S.A., pp.256-261. 

(2) Moreau, M.C. (2006). ''Immune Modulation by the Intestinal Microbiota'', in 

''Gastrointestinal Microbiology''. Taylor and Francis Group, LLC. 



Bas.J.Vet.Res.Vol.10,No.2,2010. 

 

 125 

(3) Mastroeni, P. ; Villarreal-Ramos, B. & Hormaeche, C. (1993). ''Adoptive transfer of 

immunity to oral challenge with virulent in innately susceptible BALB/c mice, requires 

both immune serum and T-cells''. Infection And Immunity., 61(9): 3981-3984. 

(4) Barrow, P.A. (2007). ''Salmonella infections: immune and non-immune protection with 

vaccines''. Review article, Avian Pathology., 36(1): 1-13. 

(5) Thatte, J. ; Rath, S. and Bal, V. (1993). ''Immunization with live versus killed Salmonella 

typhimurium leads to the generation of an IFN gamma- dominant versus an IL-4-

dominant immune response''. International Immunology., 5: 1431-1436. 

(6) Thatte, J. ; Rath, S. and Bal, V. (1995). ''Analysis of immunization route relate variation in 

the immune response to heat-killed Salmonella  typhimurium in mice''. Infection and 

Immunity., 63: 99-103. 

(7) Hodgins, D.C. and Shewen, P.E. (1994).''Passive immunity of Pasteurella hemolytica A1 in 

dairy calves: Effects of pre-parturient vaccination of the dams''. Canadian J. of Vet. 

Research., 58: 31-35. 

(8) Barrow, P.A. and Wallis, T.S. (2000).''Vaccination against Salmonella infections in food 

animals: rationale, theoretical basis and practical application’’. In: ''Salmonella in 

Domestic Animals'', Oxford CAB International., Pp: 323-339. 

(9) Eckmann, L. and Kagnoff, M.F. (2001). ''Cytokines in host defense against Salmonella''. 

Microbes Infect., 3: 1191–1200. 

(10) Raupach, B. and Kaufmann, S.H. (2001). ''Bacterial virulence, proinflammatory cytokines 

and host immunity: how to choose the appropriate Salmonella vaccine strain?''. Microbes 

and Infection., 3: 1261-1269. 

(11) Hess, J. ; Ladel, C. ; Miko, D. and Kaufmann, S.H. (1996). ''Salmonella typhimurium aroA-

infection in gene-targeted immunodeficient mice: major role of CD4-TCR-alpha beta 

cells and IFN-gamma in bacterial clearance independent of intracellular location''. J. of 

Immunology., 156: 3321-3326. 

(12) Sinha, K. ; Mastroeni, P. ; Harrison, J. ; de Hormaeche, R.D. and Hormaeche, C.E. (1997). 

''Salmonella typhimurium aroA, htrA, and aroD htrA mutants cause progressive 

infections in athymic (nu/nu) BALB/c mice''. Infection And Immunity., 65: 1566 -1569. 

(13) Mastroeni, P. ; Harrison, J.A. ; Robinson, J.H. ; Clare, S. ; Khan, S. ; Maskell, D.J. ; 

Dougan, G. and Hormaeche, C.E. (1998). ''Interleukin-12 is required for control of the 

growth of attenuated aromatic compound- dependent Salmonella in BALB/c mice: role of 

gamma interferon and macrophage activation''. Infection and Immunity., 66: 4467-4476. 

(14)Al-Naqeeb,M.M.N.(2009) “Study the Pathogenesis of Salmonella hadar which    Isolated 

from Goats in Mice “ M.Sc. thesis, Vet.Med. College, Baghdad Unversity. 

(15) Miles, A.A. and Misra, S.S. (1938). The estimation of the bactericidal power of blood. J. 

Hyg. 38: 732-749. 

(16) Mitove, I. ; Denchen, V. and Linde, K. (1992). Humoral and Cell mediated immunity in 

mice after immunization with live oral vaccines of Salmonella typhimurium anxotrophic 

mutants with two attenuating markers., Vaccine, 10: 61-66. 

(17) Henry, R.J. ; Cannon, D.C. and Winkelman, J.W. (1974). ''Clinical Chemistry, Principles 

and Techniques''., 2
nd

 ed., Harber and Row company , England. 

(18) Boyden, S.V. (1951). ''Fixation of bacterial products by erythrocytes treated with tannic acid 

and subsequent haemagglutination by anti-protein sera''. J. Exp. Med., 93: pp 107. 

(19) Hudson,  L. and Hay, F.C.  (1980).  ''Practical  Immunology'' . 3
rd

  ed. Black-Well Scientific 

Publications, Oxford London. 

(20) Seo, K.H. ; Holt, P.S. ; Vaughn, L.E. ; Gast, R.K. and Stone, H.D. (2003). ''Detection of 

Salmonella enteritidis specific immunoglobulin A antibodies in crop samples from 

chickens infected with Salmonella enteritidis''. Poult. Sci., 82: 67. 

(21) Ishola, O.O. and Ogundipe, G.A.T. (2009). ''Salmonella enterica serovar Enteritidis 

experimental infection in chickens: Effect of the infectious dose on crop immunoglobulin 

A Antibody response''. Is. J. of Veterinary Medicine., 64(1): 1-10. 



Bas.J.Vet.Res.Vol.10,No.2,2010. 

 

 126 

(22) Yousif, A.A. (2000). ''Immunization of pregnant cows and guinea pigs with Aromatic 

dependent Salmonellae''. PhD thesis, Vet. Med. College/Baghdad University. 

(23) ALkhafaji, M.A.J. (2008). ''The synergistic effect of whole Salmonella sonicated antigen 

and alcoholic Celery extract on the immunopathological changes in mice infected with 

Salmonella typhimurium''. Master thesis, Vet. Med. College/University of Baghdad. 

(24) Tsukada, H. ; Kawamura, I. ; Arakawa, M. ; Nomoto, K. and Mistsuyama, M. (1991). 

''Dissociated development of T-cells mediating delayed type hypersensitivity and 

protective T-cells against Listeria monocytogenes and their function difference in 

lymphokine production''. Infect. and Immun., 59: 3589-3595 (abstract only). 

(25) AL-Qaisi, M.K. (2004). ''Pathological and immunological changes for bacillary dysentery 

bacteria in mice and guinea pigs''. PhD thesis, Vet. Med. College/Baghdad University. 

(26) Aid, A.J. (2008). ''Comparative study on effect of two types of probiotics to increase the 

level of immune response in lambs vaccinated with Rev-1 vaccine''. M.Sc. thesis, Vet. 

Med. College/ Baghdad University- Iraq  

 


