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ABSTRACT 

Effective control of Infectious Bursal Disease (IBD), an immunosuppressive disease of young chickens, 
remains a challenge in spite of vaccination schedules in use. However, with reports that garlic (Allium sativum) 
has immunomodulatory properties, its ability to enhance immune response of chickens in the event of IBD 
outbreak was investigated. One hundred and fifty day-old cockerels were separated into groups A, B, C, D and 
E with each group comprising 30 birds. Their diet was supplemented with graded doses of garlic meal and at 4 
week-old, some groups were inoculated with 40µl IBD virus inoculum (16 x 104.6 ELD50) via conjunctival 
instillation namely: 0.125% garlic meal + inoculated with IBD virus - group A; 0.25% garlic meal + inoculated 
with IBD virus - group B; 0.125% garlic meal + uninoculated with IBD virus - group C; 0% garlic meal + 
inoculated with IBD virus - group D; 0% garlic meal + uninoculated with IBD virus - group E. At 5 days post-
infection, five (5) randomly selected cockerels from each group were euthanized and weighed, bursae of 
Fabricius were harvested and weighed. Bursa/Body Weight (BBW) ratio for each bird was calculated. Also, 
harvested bursae of Fabricius were processed for histopathological examination. At 2, 4 and 6 weeks post-
infection, ten (10) randomly selected cockerels from each group were bled for the assessment of IBD virus 
antibody titres using quantitative Agar Gel Precipitate Test (AGPT). Mean BBW and antibody titres were 
calculated and significant differences between mean values were determined using Duncan’s Multiple Range 
Test. Results showed that BBW ratios were significantly higher in unsupplemented groups D (3.1 ± 0.4) and E 
(2.7 ± 0.3) than supplemented groups A (2.4 ± 0.6), B (2.3 ± 0.4) and C (2.2 ± 0.2). Also, the results of the 
histopathological examination showed that the unsupplemented and inoculated group D exhibited the most 
severe inflammatory reaction including oedema. Groups A and B showed mild inflammation while groups C 
and E was relatively unaffected. Also, weekly mean IBD virus antibody titres in unsupplemented group D were 
significantly lower (p<0.05) than those of supplemented groups. This study therefore showed that garlic meal 
supplementation in the diet of commercial cockerels infected with IBD virus reduced inflammatory reaction in 
the bursa of Fabricius and increased humoral response. 
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Introduction 

For several years, antibiotics and other 
chemotherapeutic drugs have been included in 
poultry feeds to improve performance characteristics 
and enhance immunity. Chemical feed additives such 
as antibiotic growth promoters, have been extensively 
used in broilers ration to improve productivity. 
However, they are notorious for bacteria resistance 

and their negative impacts on the consumers’ health 
(Rehman and Haq, 2014). Hence, the use of 
phytogenic feed additives to improve productivity 
and the general performance of birds is encouraged 
so as to reduce the health risks and challenges posed 
to both man and animal. Herbs spices like garlic 
(Allium sativum) have been reported to possess useful 
pharmacological substances (Akhtar et al., 1984).  
Allium sativum commonly known as garlic from the 
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onion family Alliceae contains allicin (diallyl-
thiosulfinate) - its most biologically active compound 
(Cavallito and Bailey, 1944). Allium sativum has 
been reported as a plant with antibiotic, anticancer, 
antioxidant, immunomodulatory, anti-inflammatory, 
hypoglycemic and also having cardiovascular 
protecting effects (Reuter et al., 1996). Due to its 
antimicrobial properties, garlic is the highly studied 
medicinal plant used as growth promoter in broiler 
chickens (Freitas et al., 2001; Lewis et al., 2003). 
Garlic which is uncommonly used as plant 
supplement in poultry feeds was found to have some 
positive effects on human and animal health as well 
as immune response which reflect in positive effects 
on the animal performance (Fanelli et al., 1998). 
Garlic supplementation in chickens increase the 
relative weights of the spleen, bursa of Fabricius and 
thymus (Hanieh et al., 2010; Kyo et al., 2001). 
Alliums at low levels in the diet improved the 
humoral immune response against Brucella abortus 
(non-replicating T-cell independent antigen) in 
chickens (Hanieh et al., 2010). Immunosuppression 
in poultry is of a great economic importance because 
affected flocks are susceptible to secondary 
infections, they respond poorly to vaccines and they 
do not perform as good as non affected birds. 
Infectious bursal disease (IBD) is recognized as an 
immunosuppressive disease in young chickens of 3 to 
6 weeks of age. IBD virus which is the etiological 
agent of the disease causes destruction of lymphoid 
tissues, especially the bursa of Fabricius (Reddy et 
al., 1991) which could be fatal. Prevention of this 
disease has always been by vaccination and strict 
biosecurity in spite of which outbreak are still 
recorded (Christensen, 1985; Awolaja and Adene, 
1995). However, with the increasing demand for the 
use of non-conventional feed additives, garlic which 
has already been reported as having an 
immunomodulatory effect could be valuable in the 
control of IBD in poultry production (Clement et al., 
2009). Hence, this present study was planned to 
investigate the effects of garlic on the immune 

response of chickens experimentally infected with 
Infectious bursal disease virus. 

Materials and Methods 

Experimental birds and Management:  One 
hundred and fifty day-old cockerels obtained from a 
commercial hatchery in Ibadan, Nigeria were 
weighed and randomly assigned into 5-treatment 
groups, each group with 3 replicates with 10 
cockerels. This experiment was laid out in a 
Completely Randomized Design (CRD). The birds 
were reared in cages at the Department of Veterinary 
Medicine, University of Ibadan, Nigeria for a period 
of 8 weeks. Norfloxacin was administered to the 
birds for the first five days of life at prophylactic 
dose and multivitamins for another five days. They 
were served commercially prepared chick mash (CP 
20%, ME 13.0 MJ/kg) and water ad libitum. 
Brooding was done for 3 weeks. Newcastle Disease 
Vaccine, Hitchner B1 and La sota strains were 
administered to the birds at both day old and 3 
weeks-old respectively. 

Garlic Meal Supplementation: The cockerels in the 
5 separate groups were tagged A, B, C, D and E. 
Garlic meal supplement was prepared as described by 
Oladele et al., (2012). Some groups were inoculated 
with IBD virus via conjunctival instillation namely: 
0.125% garlic meal + inoculated with IBD virus - 
group A; 0.25% garlic meal + inoculated with IBD 
virus - group B; 0.125% garlic meal + uninoculated 
with IBD virus - group C; 0% garlic meal + 
inoculated with IBD virus - group D; 0% garlic meal 
+ uninoculated with IBD virus - group E. 

Experimental Infection and Sampling: Ten chicks 
from each group were bled at 3.5 week-old via 
jugular venipuncture using 23 gauge needles, into 
plain bijour bottles. Sera were harvested and 
subjected to Agar Gel Precipitation Test (AGPT) for 
the detection of IBD virus antibody. At 4 week-old, 
chicks in Groups A, B and D were inoculated with 
40µl IBD virus inoculum (16 x 104.6 ELD50) via 
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conjunctival instillation. Ten chicks from these 3 
groups were then bled on weeks 2, 3 and 4 post-
infection. Thus, a total of ninety blood samples were 
collected from the chicks post-infection and 
subjected to qualitative AGPT. Positive samples were 
further subjected to quantitative AGPT. At 5 week-
old, five birds from each group were euthanized and 
weighed. Bursal weights were then compared with 
body weights and the ratios obtained were recorded. 

Qualitative Agar Gel Precipitation Test (AGPT): 
Qualitative AGP tests were carried out as described 
by Oladele (2001) using IBD virus serotype 1antigen 
and purified agar. 1.2% purified agar was prepared 
4ml was layered on microscope slides and allowed to 
set. Wells of 0.5cm diameter were made into the agar 
gels such that a central well was surrounded by six 
peripheral wells equidistant from the central well. 
IBD virus antigen (that is, bursal homogenate from a 
clinical and confirmed case of IBD) was dispensed 
into the central well. One of the peripheral wells was 
filled with known positive IBD virus antiserum and 
another well was filled with distilled water to serve as 
positive and negative controls respectively. 
Remaining wells were filled with test sera. Slides 
were placed in humid chambers and incubated at 
37°C for 24 hours. Appearance of precipitin line 
between the central well and any of the peripheral 
wells indicates the presence of IBD virus antibody in 
the test serum which was recorded as positive. 

Quantitative Agar Gel Precipitation Test (AGPT): 
Quantitative AGPT was carried out as described by 
Cullen and Wyeth (1975). Two-fold serial dilutions 
of serum samples were prepared from 1:64. Equal 
volume was dispensed into peripheral wells. Central 
wells were filled with IBD virus antigen. Control 
positive and negative samples were included in the 
test. The highest dilution of each sample that gave a 
positive result was recorded as the IBD virus 
antibody titre of such sample. 

Data Analysis: Data collected were subjected to 
Analysis of variance in complete randomized design. 
IBD antibody titres were transformed and means of 
Bursal/Body Weight ratios that were significant at 
5% probability level were separated using Duncan’s 
Multiple Range Test (DMRT). 

Results 

Bursal/Body Weight Ratio 

Results of the assessment of Bursal/Body Weight 
(BBW) ratios of 5 individual cockerels from each of 
Group A, B, C, D and E are presented in Table 1. It 
was observed that BBW ratio was generally higher in 
unsupplemented Groups D and E than supplemented 
Groups A, B and C, with highest (means ± standard 
error value) being 3.1 ± 0.4 in unsupplemented but 
IBD virus infected Group D and the least being 2.2 ± 
0.2 in supplemented and uninfected Group C. 

Table 1: Bursal/Body Weight ratios of Garlic Supplemented, IBD virus Infected Cockerels at 5 days Post-
infection 

S/No.                                                   Groups 

 

A 
(x 01-3)  

B 
(x 01-3)  

C 
(x 01-3) 

D 
(x 01-3)  

E 
(x 01-3) 

1 1.0 2.8 1.7 4.0 2.1 
2 4.0 1.5 2.7 2.4 3.2 
3 3.4 1.5 1.6 1.9 3.0 
4 1.6 3.8 2.3 3.2 2.0 
5 2.2 1.9 2.6 4.2 3.1 
Mean ± SE 2.4 ± 0.6a

 

2.3 ± 0.4a

 

2.2 ± 0.2a

 

3.1 ± 0.4b

 

2.7 ± 0.3b

 

*Means with same superscript are not significantly (p>0.05) different. **SE, standard error. 
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Histopathology 

Histopathology of the bursae of Fabricius of chicks in 
Group A and B showed mildly enlarged 
interfollicular spaces with infiltration of heterophils 
and macrophages. There was congestion and 
evidence of oedema in follicles. Some follicles were 
depleted. Group D had a more severe reaction with 
more severe inflammatory reaction including 
oedema. Group C and E maintained their tissue 
architecture with relatively fewer inflammatory cells.  

Serology 

IBD virus antibody was not detected in serum of 
chicks in all 5 groups at 3.5 weeks of age, that is, 2 
days pre-infection, using AGPT. Results of 
quantitative AGPT for the detection of IBD virus 
antibody in sera harvested from bleeding of 10 chicks 
from each of the infected groups (A, B and D) at 2, 3 
and 4 weeks post-infection are presented in Tables 2 

– 4. The test result showed that supplemented Group 
A had the highest IBD antibody titre for each of the 
three weeks tested, that is, 2 – 4 weeks post-infection, 
while the unsupplemented Group D had the least 
titres. Mean antibody titres in Groups A and B for the 
three sampling times were significantly higher (P < 
0.05) than in Group D. Mean titres in Group A and B 
increase from 5log2 and 4.6log2 at 2 weeks post-
infection to 6.5log2 and 4.9log2 at 3 weeks post-
infection respectively. Thereafter, there was increase 
in titres to 4.9log2 and 4.6log2 respectively, at 4 
weeks post-infection. On the other hand, titres in 
unsupplemented Group D increased to 3.2log2 at 2 
weeks post-infection. Thereafter, it decreased to 
1.2log2 at 3 weeks post-infection and 0.7log2 at 4 
weeks post-infection. A comparison of the trends of 
IBD antibody titres in the infected groups A, B and D 
is presented in Figure 1. 

Table 2: IBD virus Antibody titres (Geometric) in Garlic Supplemented Cockerels 2- weeks Post-infection 

S/No.  Group A (log2) Group B (log2) Group D (log2) 
1 3 6 5 
2 6 4 6 
3 6 4 6 
4 4 3 0 
5 5 6 0 
6 6 4 0 
7 6 5 6 
8 6 5 5 

9 4 4 4 

10 4 5 0 

Mean ± SE 5.0 ± 0.4a

 

4.6 ± 0.3a

 

3.2 ± 0.9b

 

*Means with same superscript are not significantly (p>0.05) different. 
**SE, standard error.  
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Table 3: IBD virus Antibody titres (Geometric) in Garlic Supplemented Cockerels 3- weeks Post-infection 

S/No. Group A (log2) Group B (log2) Group D (log2)

 

1 6 2 1 
2 7 6 1 
3 6 7 1 
4 6 4 1 
5 7 6 1 
6 7 6 1 
7 7 2 1 
8 7 6 3 
9 6 4 1 
10 6 6 1 
Mean ± SE 6.5 ± 0.2a

 

4.9 ± 0.6b

 

1.2 ± 0.2c

 

*Means with same superscript are not significantly (p>0.05) different. 
**SE, standard error. 

Table 4: IBD virus Antibody titres (Geometric) in Garlic Supplemented Cockerels 4- weeks Post-infection 

S/No. Group A (log2) Group B (log2) Group D (log2) 
1 6 5 1 
2 5 6 1 
3 5 4 0 
4 6 4 1 
5 4 5 0 
6 4 5 1 
7 5 4 1 
8 3 3 0 
9 6 6 2 
10 5 4 0 
Mean ± SE 4.9 ± 0.3a

 

4.6 ± 0.3a

 

0.7 ± 0.2b

 

*Means with same superscript are not significantly (p>0.05) different. 
**SE, standard error. 

Table 5: Mean Geometric titres of IBD virus Antibody in Garlic Supplemented and Infected Cockerels 

Sampling Time Group A Group B Group D 
Pre-infection 0 0 0 
2 weeks post-infection

 

5.0 ± 0.4a

 

4.6 ± 0.3a

 

3.2 ± 0.9b

 

3 weeks post-infection

 

6.5 ± 0.2a

 

4.9 ± 0.6b

 

1.2 ± 0.2c

 

4 weeks post-infection

 

4.9 ± 0.3a

 

4.6 ± 0.3a

 

0.7 ± 0.2b
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Discussion 

This study was carried out to evaluate the effect of 
garlic supplemented diet on humoral immune 
response of commercial cockerels that were 
experimentally infected with IBD virus. Mean BBW 
ratios in garlic supplemented Groups A, B and C 
were significantly lower (p<0.05) than those of 
unsupplemented Groups D and E irrespective of 
whether they were infected with IBD virus or not. 
Infected Groups A and B were expected to have 
bigger bursae in response to infection just like Group 
D. However, garlic is known to exhibit anti-
inflammatory activity (Bongiorno et al., 2008) which 
might be responsible for the lower BBW ratios 
recorded for Groups A and B. This is further 
buttressed by the milder tissue reaction observed at 
histopathology for bursae of Fabricius from Groups 
A and B compared with Group D.  

IBD virus antibody titres post-infection were 
significantly higher (p < 0.05) in supplemented 

Groups A and B than in unsupplemented Group D. 
Peak values were obtained at 3 weeks post-infection, 
that is, 6.5 ± 0.2log2 and 4.9 ± 0.6log2 in Groups A 
and B respectively, while it was 1.2 ± 0.2log2 in 
Group D. This shows enhanced humoral immune 
response in garlic supplemented groups as reported 
by Ghazanfari et al., (2002) and Oladele and Bakare, 
(2011). Earlier works confirmed the 
immunostimulatory effects of garlic in supplemented 
groups which include activities like cytokine release, 
promotion of lymphocyte synthesis, phagocytosis and 
natural killer cell activity (Kyo et al., 1998). All these 
findings suggest that garlic is an immuno-stimulant 
with positive influence on humoral immune 
responses. A comparison of trends of IBD virus 
antibody response post-infection showed consistently 
higher titres in supplemented Groups A and B with 
Group A (0.125% garlic meal) being higher than 
Group B (0.25% garlic meal).  
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Conclusion and Recommendations 

In conclusion, this study has shown that garlic meal 
supplementation in the diet of commercial cockerels 
infected with IBD virus suppressed inflammatory 
reaction in the bursa of Fabricius and enhanced 
antibody responses. Garlic meal supplementation in 
the diet of poultry is therefore recommended as a 
prophylaxis in the event of an outbreak of IBD and as 
an immuno-stimulant.  
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