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Abstract 
The research is designed to prepare antigens of Brucella melitensis and sonicated 

Salmonella typhimurium and their synergistic effect on some interlukines (IL-4,IL-6) 

and Immunoglobulin-M (IgM) which were evaluated by using enzyme linked 

immunosorbant assay ( ELISA). For this purpose 25 Rabbits randomly divided into five 

groups each group contained five animals. The first group was immunized with 

Brucella melitensis   ev-     -     
9
) cfu/ml and sonicated Salmonella typhimurium 

1000 µg/ml, Subcutaneously. The 2
nd

 group was immunized with. B. melitensis   ev-   

 -     
9
 cfu/ml and sonicated S. typhimurium 500 µg/ml Subcutaneously. The 3

rd
 group 

was immunized with B. melitensis   ev-     -     
9
) cfu/ml. The 4

th
 group was 

immunized with sonicated S. typhimurium1000 µg/ml only Subcutaneously as positive 

control. The 5
th

 group was immunized by P.B.S.(pH7.2) as negative control group. The 

high concentration of IL-4,IL6 was recorded in the  first group, It was (177.54±2.25 and 

252.35±13.35), respectively and the lowest concentration was in the fourth group 

(144.32±4.85 and 119.78±3.34), respectively. Also the results of IgM showed that the 

highest concentration was 501.23±41.22 in the first group, while the lowest 

concentration was 63.99±8.76 in the fourth group. Apparent differences in the levels of 

IL-6, IL-4 and IgM-class antibody in the groups injected with Killed whole cell 

sonicated antigen of Salmonella typhimurium (KWCSA-ST1000 mg/ml) and B. 

melitensis   ev-     -     
9
) cfu/ml and the group injected with KWCSA-ST (500 

mg/ml) and B. melitensis   ev-     -     
9
) cfu/ml as compared with the other groups 

which injected with KWCSA-ST(1000 mg/ml) only and B. melitensis   ev-     -     
9
) 

cfu/ml only. 

الأنترلوكينات  بعضدات السالمونيلا المكسرة عمى ومستض Rev-1تأثير لقاح البروسيلا 
 الأرانبفي  M-والكموبيولين المناعي  (6-وانترلوكين 4-)انترلوكين

كرام عباس عبود  نصر طارق محمد وا 
 المجهرية/ كمية الطب البيطري/ جامعة بغداد الأحياءفرع 

 الخلاصة
المقتولية السيللمويي  الالمةية  ومستضيدات (Rev-1) وسيي  الملليييةالدراسة لتحضير مستضدات البر صممت 
والاةوبييولين المييلع   (6-وأيترليواين 4-م دراسة تأثيرهل التآزري عةى بعض الأيترلواييلت )أيترليواينالماسرة ومن ث

-M  والتيي  تييم تقييمفييل بمحييس المقليسيية الميلعيييةELISA.  إلييىأريييق مسييمت عيييوا يل  52لفيي ا الضييرض  واسييتعم 
-1)  (Rev-1)بمستضيدي البروسيي  الأوليىلمجموعية ميعت ا ,أرايقخمسة مجلميع ا  مجموعة تضميت خمسة 

2  109) cfu/ml  1000 السييللمويي  الالمةية المقتوليية الماسييرةو µg/ml),المجموعيية الثليييية ميعييت  ( تحييت الجةيد
( تحييت الجةييد. (µg/ml 500 السييللمويي  الالمةيية المقتوليية الماسييرةو  cfu/ml (109  2-1)بمستضييدي البروسييي  

تحيت الجةيد. المجموعية الرابعية ميعيت   cfu/ml(Rev-1) (109  2-1)ميعيت بمستضيد البروسيي  ة الثللثةالمجموع
)مجموعية سيييرة(  ( تحيت الجةيد. المجموعية الخلمسية(µg/ml 1000 بمستضد السللمويي  الالمةة المقتولة الماسرة

رلييييواين الرابييييع  يييي  ( اميييي  تحييييت الجةييييد. سييييجةت اعةييييى تراايييييز ل يت.P.B.Sأعييييييت المحةييييو  المةحيييي  المسييييةج  )
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مييل اميي  تراايييز اليييت  يي  المجموعيية الرابعيية أ 13.35±252.35و 2.25±177.54والتيي  اليييت  الأولييىالمجموعيية 
اعةى مستويلتفل     M-ظفرت يتل ج الاةوبيولين الميلع  أامل  ,عةى التوال  3.34±119.78و 144.32±4.85

  ييي  المجموعييية الرابعييية والييي ي ايييلن  قيييد سيييج  ييييزميييل امييي  تراأ 41.22±501.23 والتييي  الييييت الأوليييىالمجموعييية 
63.99±8.76. 

Introduction 
Brucellosis is a zoonotic disease in human and animals caused by Brucella species 

which are gram- negative, non motelic facultative intracellular pathogens (1). 

Brucellosis caused a significant economic loss to owners of domesticated animals due 

to decrease in milk yield, loss of progeny and infertility, but human rarely die from this 

infection (1, 2). Cell-mediated immune response play an essential role in the resistance 

of intracellular pathogens such as Brucellae species. This type of immunity involves 

activation of the bactericidal mechanisms of antigen presenting cells such as 

macrophages and dendritic cells and subsequent expansion of CD4+ and CD8+ T cells 

clones. Brucella antigen activate the production of T helper Type 1 (Th 1) cytokines, 

and an adequate Th 1 immune response is critical for the clearance of Brucella infection 

(4). Antibodies have been shown to have limited role in Brucella immune response (5). 

A panel of monoclonal antibodies (M- Abs) to Brucella outer membrane lipoproteins 

(OMPS) which share antigenic determinants of this family are used to determine the 

presence of common (OMPS) epitops in Brucella (6); To provide immune potentiation 

of live brucellosis vaccine we had to interact some biological adjuvants (7). The 

development of protective immunity against Salmonella typhimurium infection depend 

on cross-talk between humoral and cellular branches of immune system (8). Salmonella 

typhimurium serotypes contained antigenic determinants similar to but not identical 

with antigenic structures shared by smooth Brucellae (spp) (9); IL-4 was initially 

described as an immune response protein that is a growth factor for activated B-cells 

and resting T-cells and mast cells. Also called B-cell stimulating factor-1 (10); It is 

exhibit potent antitumor ability, tumors genetically modified to produce IL-4 were 

rejected, while parental tumors grew progressively (11). and its levels in serum were 

significantly increased during acute cases of brucellosis infection (12). The pro- 

inflammatory IL-6 and TNF-α and anti-inflammatory IL-10 cytokines are released 

during intracellular Brucella infection (13). The aim of this study was to provide the 

host immunity with effective Brucella antigens with intact some biological adjuvant 

such as Salmonella typhimurium sonicated antigen and also to study the synergestic 

effect of these antigens on some interleukins (IL-4, IL-6)and IgM. 
 

Materials and Methods 
- Bacterial  isolate: Salmonella typhimurium which was obtained from pathology 

Unit/ College of Veterinary Medicine/ Baghdad University and the diagnosis were 

confirmed in central public health labrotory  according to API-20E 3.2.2.1system. 

- Enzyme-linked immunosorbent assay (ELISA): ELISA kit Rabbit IL-4, IL6, IgM 

(interleukin-4,6,and IgM), Mybiosourse. USA. 

- Antigen Preparation: Brucella melitensis   ev-     -     
9
) cfu/ml. Killed whole 

cell sonicated antigen of Salmonella typhimurium (KWCSA-S): Prepared according 

to Motive (1992). 

- Detection of protein concentration: The protein concentration of Salmonella 

typhimurium was measured by using Biuret method according to Henry et al.,(1974). 

- Laboratory animal (rabbits) immunization: Twenty five rabbits of both sexes 

were used which were randomly divided into five equal groups (5 animals for each 

group), as follows: The first group was immunized with 1 ml (1000µg/ml) of 
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KWCSA-ST and 1ml (2x10
9
cfu/ml) of B. melitensis (Rev-1) antigen 

subcutaneously. The second group was immunized with 1ml (500µg/ml) of 

KWCSA-ST and 1ml (2x10
9
cfu/ml) of B. melitensis (Rev-1) antigen 

subcutaneously. The third group was immunized with 1 ml (2x10
9
cfu/ml) of B. 

mellitensis (Rev-1) antigen subcutaneously. The forth group (positive control group) 

was injected with 1 ml of (1000µg/ml) of KWCSA-ST subcutaneously. And the fifth 

group (negative control group) was immunized with 1ml PBS (PH 7.2) 

subcutaneously. At day 10 of immunization blood samples were collected from the 

direct puncture of the heart by sterile syringes for blood picture and sera were 

separated for estimate interleukins (IL-4, IL-6) and IgM concentration by ELISA 

kits. At day 14, the first, second, and third groups were given a booster dose of 1 ml 

(2x10
9
cfu/ml) B. melitensis (Rev-1) antigen vaccine subcutaneously. At day 20, 40, 

60, blood samples (3ml) were collected from all animal groups to estimate the 

interleukins (IL-4, IL-6) and IgG concentration by ELISA and Lymphocyte/ 

Neutrophil ratio. 

- Blood samples: Blood samples (3 ml) were collected from the heart puncture of all 

animals at day 10, 20, 30, 40, 50, post immunization. and the serum stored in a deep 

freeze (-20 
º
C) according to Weiss and Wardrop (2010). 

Results 
Immunological test: 

Enzyme linked immunosorbant assay (ELISA) 

- IL-4 concentration: The IL-4 concentration of in the first group, reached 

165.02±1.56 at 10 day post immunization, then elevated to 177.54±2.25 at 20 day; 

subsequently decline to 166.58±3.71, 160.98±0.35 at 40, 60 day post immunization 

respectively, the results showed significant differences  P˃ . 5) in their means at 20 

day as compared with 10, 40 and 60 day. In the second group the concentration of 

Rabbit IL-4 was 160.70±5.41, 168.93±2.06, 159.74±8.57 and 156.37±4.82 at 10, 20, 

40 and 60 days respectively post immunization of rabbit these results showed 

significant differences  P˂  . 5) in their means at (20, 40) day as compared with 10 

and 60 day. There were significant differences  P˂ . 5) between the 1
st
 group as 

compared with other groups. 

Table (1) IL-4 concentration in the immunized rabbits 
Means+ S.E Time 

 

Groups 
60day 40 day 20 day 10 day 

160.98±0.35 

B a 

166.58±3.71 

B a 

177.54±2.25 

A a 

165.02±1.56 

B a 

1
st
 group 

WCSA-ST (1000µg/ml) 

156.37±4.82 

C a 

159.74±8.57 

C b 

168.93±2.06 

B b 

160.70±5.41 

B a 

2
nd

group 

WCSA-ST (500µg/ml) 

145.89±4.60 

B b 

147.11±2.33 

B c 

156.86±5.02 

A c 

154.56±4.47 

A b 

3
rd

group 

Rev-1 2x109cfu/ml 

144.32±4.85 

B b 

146.29±9.26 

B c 

157.79±6.04 

A c 

154.00±5.26 

A b 

4
th

group 

KWCSA-ST 1000 µg/ml 

(positive control) 

141.25±1.88 

A b 

140.08±2.02 

A d 

142.15±5.83 

A d 

142.54±2.92 

A c 

5
th

group 

PBS.(pH7.2) 

(negative control) 

*p<0.05 

Means with different small letters in the same column differ significantly (P<0.05). 

Means with different capital letters in the same row differ significantly (P<0.05). 
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- IL-6 concentration: The concentration of IL-6 in the first group, as shown in table 

(2), reached 128.83±3.89; 134.82±4.86 at day 10, 20, respectively after 

immunization, then elevated to reach 231.25±11.53 and 252.35±13.35 at, 40, 60 

days, respectively after immunization. Results showed significant differences 

(P<0.05) at 10, 20 day and 40, 50 days. A significant differences (P<0.1) at 20 and 

30 day post immunization. The second group showed that the concentration of 

rabbits IL-6 was 140.35±7.36; 179.83±8.16; 205.31±14.15 and 181.75±18.14 after 

10, 20, 40, and 60 days respectively post immunization of rabbits, these results 

showed significant differences (P<0.05) at day 10 as compared with 20, 40 and 60 

there were significant differences  P˂ . 5) between the 1
st
 and 2

nd
 groups as 

compared with other groups. 

Table (2) IL-6 concentration in the immunized rabbits 
Means+ S.E                                               

Time 

 

Groups 
60day 40 day 20 day 10 day 

252.35±13.35 

A  a 

231.25±11.53 

B a 

134.82±4.86 

C d 

128.83±3.89 

C d 

1
st
 group 

WCSA-ST (1000µg/ml) 

181.75±18.14 

B b 

205.31±14.15  

A b 

179.83±8.16 

B  b 

140.35±7.36 

C c 

2
nd

group 

WCSA-ST (500µg/ml) 

189.25±15.34  

A b 

179.18±11.08  

B c 

189.34±5.12 

A  a 

179.43±12.12 

B a 

3
rd

group 

Rev-1 2x109cfu/ml 

131.98±6.44 

Ac 

119.78±3.34 

C d 

130.74±10.76 

B d 

144.00±8.47 

A c 

4
th

group 

KWCSA-ST 1000 µg/ml 

(positive control) 

137.56±7.93 

C c 

171.45±3.45 

A c 

158.71±8.48 

B c 

153.60±4.54 

B b 

5
th

 group 

PBS.(pH7.2) 

(negative control) 

* p<0.05 

Means with different small letters in the same column differ significantly (P<0.05) 

Means with different capital letters in the same row differ significantly (P<0.05). 
 

- IgM concentration: The concentration of IgM in the first group, was shown in table 

(7), reached 501.23±41.22; 266.54±12.55; 177.65±8.59 and 98.63±7.88 at 10, 20, 

40, and 60 days post immunization, respectively. The concentration of rat IgM in the 

second group was 311.44±33.87; 144.76±14.12; 91.77±9.43 and 68.37±8.43 after 

10, 20, 40, and 60 days, post immunization respectively. 

Table (3) IgM concentration in the immunized rabbits 
Means+ S.E  -  concentration                        Time 

Groups 60 day 40 day 20 day 10 day 

98.63±7.88 

D  a 

177.65±8.59 

C a 

266.54±12.55  

B a 

501.23±41.22  

A a 

1
st
 group 

WCSA-ST 

(1000µg/ml) 

68.37±8.43 

D  b 

91.77±9.43 

C b 

144.76±14.12  

B b 

311.44±33.87 

A  b 

2
nd

group 

WCSA-ST 

(500µg/ml) 

66.44±7.98 

C  b 

81.87±11.22 

C  b 

126.87±16.43  

B c 

254.75±21.54  

A c 

3
rd

group 

Rev-1 2x109cfu/ml 

63.99±8.76 

C  b 

77.67±12.12 

C  b 

100.23±12.14  

B d 

140.35±14.29 

A  d 

4
th

group 

KWCSA-ST 1000 µg/ml 

(positive control) 

18.54±8.65 

A  c 

21.76±7.88 

A c 

28.21±9.90 

A e 

24.56±13.12 

A  e 

5
th

group 

PBS.(pH7.2) 

(negative control) 

Means with different small letters in the same column differ significantly (P<0.05) 

Means with different capital letters in the same row differ significantly (P <0.05). 
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Discussion 
Interleukin 4 (IL4) is a cytokine that induces differentiation of naive helper T cells 

(Th0 cells) to Th2 cells. Upon activation by IL-4, Th2 cells subsequently produce 

additional IL-4 in a positive feedback loop. The cells that initially produces IL-4, thus 

has not been identified, but studies suggest that basophils may be the effector cell (15), 

It has many biological roles, including the stimulation of activated B-cell and T-cell 

proliferation, and the differentiation of B cells into plasma cells. It is a key regulator in 

humoral and adaptive immunity. It is also  induces B-cell class switching to IgE, and 

up-regulates MHC class II production and decreasing the production of Th1 cells, 

macrophages, IFN-gamma, and dendritic cell IL-12 (10). Naive CD4 T cells 

differentiate into at least two different sets of effector cells called Th1 and Th2 (16). 

Th1 cells produce IFN-γ and lymphotoxin α  TNFβ , confer cell-mediated immunity 

against intracellular pathogens, and cause autoimmunity. Th2 cells produce IL-4, IL-5, 

IL-10, and IL-13 and are involved in allergy, humoral immunity, and immunity to 

parasites. Of the many conditions that regulate T helper cell differentiation, the cytokine 

environment is the most critical determinant of differentiation into Th1 or Th2. In the 

presence of antigen, IL-12 drives differentiation of CD4 T cells to Th1 effector cells, 

while IL-4 drives naive T cells to become Th2 effectors. Regulation of IL-4 gene 

expression is critically important for the induction of Th2 cell differentiation and, 

therefore, Th2 immune responses (16, 17). So far, studies of tissue-specific IL-4 gene 

regulation have mainly focused on the proximal IL-4 promoter region, and detailed 

information has been accumulated on this region (17). The result of this study showed 

that excessive increases in IL-6, to levels that were observed in serum post bacterial 

infection, (20), this high levels due to enhancement in IL-6 gene expression in 

monocyte which stimulated by S. typhimurium proteins (21). IL-6 plays a crucial role in 

B-cell terminal differentiation and development of secretory IgA responses at mucosae 

(22). In addition to playing a role in acute phase reactions, mammalian IL-6 not only is 

involved in the proliferation and differentiation of T cells and mucosal B cells but also 

is an important component of the host’s response to infection with different Salmonella 

typhimurium species (23). Interleukin-6 (IL-6) is a proinflammatory cytokine that is 

normally tightly regulated and expressed at low levels, except during infection, trauma, 

or other stress. Among several factors that down-regulate IL-6 gene expression are 

estrogen and testosterone. After menopause or and ropause, IL-6 levels are elevated, 

even in the absence of infection, trauma, or stress. IL-6 is a potent mediator of 

inflammatory processes, and it has been proposed that the age-associated increase in IL-

6 accounts for certain of the phenotypic changes of advanced age, particularly those that 

resemble chronic inflammatory disease. Furthermore, the age-associated rise in IL-6 has 

been linked to lymphoproliferative disorders, multiple myeloma, osteoporosis, and 

Alzheimer’s disease, and the relation ship of IL-6 level to age-associated diseases and to 

frailty. Like the syndrome of inappropriate antidiuretic hormone, it is possible that 

certain clinically important late-life changes are due to an inappropriate presence of IL-

6 (24). IgM is the first immunoglobulin expressed by mature B cells. It is also the first 

immunoglobulin expressed in the fetus (around 20 weeks) and phylogenetically the 

earliest antibody to develop IgM antibodies appear early in the course of an infection 

and usually reappear, to a lesser extent, after further exposure; Those antibodies have 

been known for decades to enhance humoral immune responses in an antigen-specific 

fashion (25). During a bacterial infection IgM is the first line of defense The high IgM 

concentration which recorded in the first immunized group, but after a few days other 

antibodies and in particular IgG are produced. Though it takes the immune system 

longer to start producing IgG, once produced it is more effective at killing bacteria than 

https://en.wikipedia.org/wiki/Cytokine
https://en.wikipedia.org/wiki/Th0_cell
https://en.wikipedia.org/wiki/Th2_cell
https://en.wikipedia.org/wiki/Th2_cell
https://en.wikipedia.org/wiki/B-cell
https://en.wikipedia.org/wiki/T-cell
https://en.wikipedia.org/wiki/Cell_growth
https://en.wikipedia.org/wiki/Plasma_cells
https://en.wikipedia.org/wiki/Humoral_immunity
https://en.wikipedia.org/wiki/Adaptive_immunity
https://en.wikipedia.org/wiki/Class_switching
https://en.wikipedia.org/wiki/IgE
https://en.wikipedia.org/wiki/MHC_class_II
http://www.sciencedirect.com/science/article/pii/S107476130100125X#BIB1
http://www.sciencedirect.com/science/article/pii/S107476130100125X#BIB8
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IgM. IgG also is important for the immune system’s ‘memory’. If on another date the 

same bacteria tries to cause a second infection, then this time IgG can be produced from 

the very beginning and prevent infection (26). bacterial infection elicited a relatively 

large population of IgM memory B cells, T cell-dependent IgM memory B cells can be 

elicited at high frequency and can play an important role in maintaining long-term 

immunity during bacterial infection (27). It was conduced from this study, that the high 

levels of many cytokines such as IL-6, IL-4 in the first group which was immunized 

with Brucella melitensis   ev-     -     
9
) cfu/ml and sonicated Salmonella 

typhimurium 1000 µg/ml, Subcutaneously. And the 2
nd

 group which was immunized 

with. B. melitensis   ev-    -     
9
 cfu/ml and sonicated S. typhimurium 500 µg/ml 

Subcutaneously. Have been an indication for the cellular resistance to facultative 

intracellular B. melitensis and Salmonella typhimurium infection.; Also rising levels of 

specific IgM-class antibody in serum specimens of those two groups can be regarded as 

serological evidence of recent infection, although IgM-class antibodies may persist for 

months following acute disease. 

References 
1. Bercovich, Z. (2000). The use of skin delayed type hypersensitivity as an adjunct test 

to diagnose brucellosis in cattle: a review. Vet. Q., 22 (3): 123-130. 

2. Xavier, M. N.; Pairao, T. A.; Poester, F. P.; Lage, A. P. & Santos, R. L. (2009). 

Pathological immunohistochemical and bacteriological study of the tissue 

and milk of cows and fetuses experimentally infected with Brucellaabortus. 

J. Camp Pathol., 140 (2-3): 149-157. 

3. Silva, T. M.; Paxiao, T. A.; Costa, E. A.; Xavier, M. N.; Sa, J. C.; Moustacas, V. S.; 

den Hartigh, A. B.; Carvalho Nata, A. V.; oliVeira, S. C.; Tsolis, R. & 

Santos, L. R. (2011). Putative ATP- binding cassette transporter is essential 

for brucellaovis pathogenesis in mice. Infect Immune., 79 (4): 1706-1717. 

4. Skendros, P.; Pappas, G. & Boura, P. (2009). Cell mediated immunity in human 

brucellosis. Microbes Infect., 13: 134. 

5. Baldwin, C. L. & Goenka, R. (2006). Host Immune Responses to the Intracellular 

Bacteria Brucella: Does the Bacteria Instruct the Host to Facilitate Chronic 

Infection? Critical   eviews ™ in  Immunol.,  6 5 :4 7-442. 

6. Axel, C.; Annet, T.; Michel, S. & Zygmun, I. (1999). Brucella outer membrane 

lipoproteins share antigenic determinants with bacteria of the family 

Rhizobiaceae. Clin. Vaccine Immune., 6: 4627-629. 

7. Denisov, A. A.; Yulia, K.; Olga, M. K.; Alla, V. T.; Larisa, V.; Mikhina, A.; 

Konstantin, M. S. & Roman, V. B. (2010). Immunopotentiation of live 

brucellosis vaccine by adjuvants. Vaccine. 5:F17-22. 

8. Mastroeni, P. (2002). Immunity to systemic salmonella infection. Current Molecular 

Medicine., 2 (4): 393-406. 

9. Corbel, M. J. (1975). The serological relationship between brucella spp., Yersinia 

enterocolitica serotype and salmonella serotype of kuffmann-white group N. 

J. Hyg., 75(1): 151-171. 

10. Li, Y. K. (1988). A study on one strain of brucellacanis isolated from a cow at the 

first time. Zhonghua Liu Xing Bing Xuezazhi. 9 (6): 342-344. 

11. Michael, G. R.; Andreas, K.; Adrian, R.; Barry, S.; Hans, S.; Diethard, G.; Vincent, 

F.; Bruno, R. & Jacques, D. (2003). Smooth and rough lipopolysaccharide 

phenotypes of brucella induce different intracellular trafficking and 

cytokine/ chemokine release in human monocytes. Schools of Biomedical 

science and clinical laboratory sciences. University of Nottingham medical 

school.NG 72 ult. United Kingdom. 

http://www.ncbi.nlm.nih.gov/pubmed/20362624


Al-Anbar J. Vet. Sci., Vol.: 7 No. (2), 2014                                         ISSN: 1999-6527 
 

17 

12. Li, Z.; Chen, L. & Qin, Z. (2009). Paradoxical roles of IL-4 in tumor immunity. 

Cell Mol. Immunol., 6(6):415-422. 
13. Hershey, G. K.; Friedrich, L. A.; Esswein, M. L.; Thomas, T. A. & Chatil, A. (1997). The 

association of atopy with a gain-of-function mutation in the alpha subunit of the 

interleukin- 4 receptor. N. Eng. I. J. Med., 337: 1720-1725. 

14. Soda, K.; Kano, Y.; Kawakami, M. & Konishi, F. (2003). Excessive increase of 

serum interleukin 6 jeopardizes host defense against multi-bacterial 

infection. Cytokine, 21(6):295-302. 

15. Ali, Y. F. & Azza, M. A. (2010). Circulating interleukin-6 and tumor necrosis 

factor receptor-1 predict resistance to therapy of typhoidal salmonellosis. 

Egypt J. Pediatr Allergy Immunol., 8(2): 55-59. 

16. Henry, R. J.; Cannon, D. C. & Winkelman, J. W. (1974). Clinical chemistry, 

Principles and techniques. 2
nd

 ed. Harber and Row Company. England. 

17. Li, Y.; Reichenstein, K.; Ullrich, R.; Danner, T.; Specht, B. V. & Hahn, H. P. 

(2003). Effect of in situ expression of human interleukin-6 on antibody 

responses against Salmonella typhimurium antigens. FEMS Immunol. & 

Med. Microbiol., 37:135-145. 

18. OKmura, M.; Lillehoj, H. S.; Raybourne, R. B.; Babu, U. S. & Hechert, R. A. 

(2004). cell-mediated immune responses to Killd Salmonella enteritidis 

vaccine: lymphocyteprolipheration, T-cell changes and interleukin-6,IL-2 

and IFN-Ү production. J. Microbiol. Infec. Dis., 27(Issue4):255-261. 

19. Ershler, W. B. & Keller, E. T. (2000). Age-associated increased interleukin-6 gene 

expression, late-life diseases, and frailty. Annu. Rev. Med., 51:245-270. 

20. Sokol, C. L.; Barton, G. M.; Farr, A. G. & Medzhitov, R. (2008). A mechanism for 

the initiation of allergen-induced T helper type 2 responses. Nat. Immunol., 

9 (3): 310-318. 

21. Hershey, G. K.; Friedrich, M. F.; Esswein, L. A.; Thomas, M. L. & Chatila, T. A. 

(1997). The association of atopy with a gain-of-function mutation in the 

alpha subunit of the interleukin-4 receptor. N. Engl. J. Med., 337 (24): 

1720-1725. 

22. Abbas, A. K.; Murphy, K. M. & Sher, A. (1996). Functional diversity of helper T 

lymphocytes. Nature, 383: 787-793. 

23. Brown, M. A. & Hural, J. (1997).  Functions of IL-4 and control of its expression 

Crit. Rev. Immunol., 17: 1–32. 

24. Ouchida, R.; Mori, H.; Hase, K.; Takatsu, H.; Kurosaki, T.; Tokuhisa, T.; Ohno, H. 

& Wang, J. Y. (2012). Critical role of the IgM Fc receptor in IgM 

homeostasis, B-cell survival, and humoral immune responses., 109(40): 

E2699-2706. 
25. Yates, J. L.; Racine, R.; McBride, K. M. & Winslow, G. M. (2013). T cell-dependent IgM 

memory B cells generated during bacterial infection are required for IgG responses 

to antigen challenge. J. Immunol., 191(3):1240-1249. 

26. Jolles, S.; El-Shanawany, T. & Williams, P. (2011). Hyper IgM. Department of 

Immunology, University Hospital of Wales. 

27. Bergman, M. A.; Cummings, L. A.; Alaniz, R. C.; Mayeda, L.; Fellnerova, I. & 

Cookson, B. T. (2005). CD4+-T-Cell Responses to Salmonella Flagellin. 

Infection & Immunity., 73(11): 7226-7235. 

28. Simonas, J.; Strid, M. A.; Molbak, K.; Krogfelt, K.; Linnerberg, A. & Tunis, O. 

(2008). Sero epidemiology as a tool to study the incidence of salmonella 

infection in human. J. Epidemiol. Infect., 136(7):895-902. 
29. Galanakis, E.; Makis, A.; Bourantas, K. L. & Papadopoulou, Z. L. (2002). Interleukin-3 and 

Interleukin-4 in Childhood Brucellosis. Infection, 30 (1): 33-34. 

http://www.ncbi.nlm.nih.gov/pubmed/20003817
http://www.ncbi.nlm.nih.gov/pubmed/?term=Soda%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12824003
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kano%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=12824003
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kawakami%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12824003
http://www.ncbi.nlm.nih.gov/pubmed/?term=Konishi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=12824003
http://www.ncbi.nlm.nih.gov/pubmed/12824003
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ershler%20WB%5BAuthor%5D&cauthor=true&cauthor_uid=10774463
http://www.ncbi.nlm.nih.gov/pubmed/?term=Keller%20ET%5BAuthor%5D&cauthor=true&cauthor_uid=10774463
http://www.ncbi.nlm.nih.gov/pubmed/10774463
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ouchida%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22988094
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mori%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22988094
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hase%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22988094
http://www.ncbi.nlm.nih.gov/pubmed/?term=Takatsu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22988094
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kurosaki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22988094
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tokuhisa%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22988094
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ohno%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22988094
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=22988094
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yates%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=23804710
http://www.ncbi.nlm.nih.gov/pubmed/?term=Racine%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23804710
http://www.ncbi.nlm.nih.gov/pubmed/?term=McBride%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=23804710
http://www.ncbi.nlm.nih.gov/pubmed/?term=Winslow%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=23804710
http://www.ncbi.nlm.nih.gov/pubmed/23804710
http://link.springer.com/search?facet-creator=%22E.+Galanakis%22
http://link.springer.com/search?facet-creator=%22A.+Makis%22
http://link.springer.com/search?facet-creator=%22K.+L.+Bourantas%22
http://link.springer.com/search?facet-creator=%22Z.+L.+Papadopoulou%22
http://link.springer.com/journal/15010/30/1/page/1

