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Oral administration of Allium sativum extract protects
against infectious bursal disease in chickens

Sufen ZHAO, Yuanyuan JIA, Weiwei ZHANG, Lili WANG, Yunfei MA (✉✉), Kedao TENG (✉✉)

College of Veterinary Medicine, China Agricultural University, Beijing 100193, China

Abstract Garlic (Allium sativum, Liliaceae) has been
safely used for more than 5000 years, and research on
garlic extract is rapidly increasing because of its multiple
biological functions. The in vivo effects of oral adminis-
tration of garlic mixture (GM, water-soluble extract) on
infectious bursal disease virus (IBDV)-infected specific
pathogen free male white leghorn chicken were examined
through histopathological, immunohistochemical, and
Western blot analyses, and enzyme-linked immunosorbent
assay. The results confirmed the protective effects of oral
administration of 5 mg$kg–1 BW GM (Group GM1) on
bursal lesions after IBDV infection. In particular, protein
expression of IBDV in the bursa decreased in Group GM1,
indicating that GM administration decreased IBDV
replication in the bursa. Furthermore, immunoglobulin
M- and A-bearing B lymphocytes significantly increased 7
days post infection in bursae in Group GM1 (P< 0.01),
suggesting that the oral administration of 5 mg$kg–1 GM
offers moderate protection against B cell destruction after
IBDV infection. During infection, the concentration of
bursal interferon gamma (IFN-g) increased and peaked in
Group GM1 earlier than in Group T (IBDV-exposed),
demonstrating that GM administration prompted the
production of IFN-g to protect against IBDV infection.

Keywords garlic, infectious bursal disease virus (IBDV),
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1 Introduction

Infectious bursal disease (IBD), caused by the IBD virus
(IBDV), is an acute, highly contagious, and immunosup-
pressive viral disease that infects young chickens[1–4].
Because IBDV infection may increase susceptibility to

other pathogens[5] and because of the slow growth rate of
infected chickens and their weak responses to subsequent
vaccinations[6], IBD causes considerable economic losses
in the poultry industry worldwide[7,8]. IBDV infects and
destroys actively dividing immunoglobulin M-bearing
(IgM+) B lymphocytes in the bursa[9,10]. VP2 (41 kDa),
a major viral capsid protein of IBDV, confers virulence,
cell tropism, and antigenic variation[8,11,12]; therefore, VP2
is the obvious target for molecular techniques for IBDV
detection[13].
Vaccinations and egg-yolk antibodies are effective

preventive and therapeutic options for IBD. Antiviral
drug usage has greatly progressed over the past decades;
however, some of these drugs may induce viral drug
resistance and lead to cell toxicity[14]. Garlic (Allium
sativum, Liliaceae), a rich source of bioactive compounds,
has been safely used as a flavoring, preventive, and
curative agent for more than 5000 years worldwide[15,16]. It
is also notable for its antiarthritic, antimicrobial, antith-
rombotic, antitumor, hypoglycemic and hypolipidemic
properties[17,18]. Furthermore, garlic has antiviral activity
against several viruses[19]. Flavonoids and organosulfur
compounds are the two main classes of biological
functional components in garlic[20,21]. Allicin, which has
virucidal activities, is the predominant thiosulfinate in
fresh garlic extract[22]. Moreover, garlic oil (GO), an oil-
soluble garlic extract, is commercially used as a functional
food worldwide[23]. The major sulfides in GO include
diallyl sulfide (57%), allyl methyl (37%), and dimethyl
sulfide series (6%)[15,24]. Our previous study has shown
that GO plays an active role in resistance against IBDV
infection[25]; however, GO administration methods are
limited because of its solubility. Therefore, we designed a
method to extract the water-soluble allicin (garlic mixture,
GM) from crushed garlic by steam distillation, but the
antiviral effects of GM are little known. Thus, in the study
reported here, we examined the effects of oral administra-
tion of GM on bursal tissue damage in IBDV-infected
specific pathogen-free (SPF) male white leghorn chickens,
on changes in bursal IgM+ and immunoglobulin A-bearing
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(IgA+) B lymphocytes, on distribution and load of IBDV in
the bursa, and on changes in interferon gamma (IFN-g)
concentrations in the bursal homogenate through histo-
pathological, immunohistochemical, and Western blot
analyses, and enzyme-linked immunosorbent assay
(ELISA).

2 Materials and methods

2.1 Ethics statement

The Beijing Municipal Committee of Animal Management
and The Ethics Committee of China Agricultural Uni-
versity approved the protocols for animal use and
experimentation. All efforts were made to minimize animal
suffering.

2.2 Preparation of GM

Fresh garlic bulbs (5000 g) were peeled, washed, chopped,
and homogenized with distilled water (25000 mL). After
fermentation in a warm bath, the homogenized mixture
was subjected to steam distillation twice, and 800 mL of
the distillate was collected. A water solution of hydro-
xypropyl-β-cyclodextrin was added to the distillate for
preparing the cyclodextrin inclusion compound of allicin.
Subsequently, potassium sorbate was dissolved in a
suspension of this inclusion compound, which was then
diluted to 1L with distilled water. Finally, the garlic extract
(pH 6.5) was passed through a filter (pore size 0.45 µm),
and the allicin content was determined as 1.5 mg$mL–1

using the HPLC method.

2.3 Animals and viruses

SPF chickens (Merial Vital Laboratory Animal Technol-
ogy Co. Ltd, Beijing, China) for the different experimental
groups were housed in separate poultry isolators. Feed was
provided ad libitum during the experimental period; the
amount of water was carefully recorded everyday and
provided on demand according to the experimental design.
A Chinese virulent strain of the IBDV (BC6/85; CVCC
AV7) was obtained from the China Institute of Veterinary
Drug Control (Beijing, China). The experimental groups
were inoculated with two hundred 50% mean bird
infectious doses of BC6/85 or 0.01 mol$L–1 phosphate
buffered saline (PBS) by eye dropper.

2.4 Experimental design

In total, one hundred and twenty 14-day-old SPF chickens
were randomized into four groups of 30 chickens each:
control (Group C), IBDV-exposed (Group T) and GM
administered (Groups GM1 and GM2). When the chickens

were 19 days old, GM was added to the water of Groups
GM1 (5.0 mg$kg–1 BW per day) and GM2 (0.2 mg$kg–1

BW per day) for 9 days. Furthermore, when the chickens
were 21 days old, Groups T, GM1, and GM2 were
inoculated with IBDV BC6/85 by eye dropper. At 1, 2, 3,
4, 5, and 7 days post infection (dpi), five chickens in each
group were individually weighed, euthanized by cutting
the jugular veins after anesthesia, bled for 3–5 min, and
then dissected. Group C was only intraocularly adminis-
tered sterile PBS and euthanized similarly. Clinical signs of
the virus-inoculated chickens were visually examined;
bursae from each infected and uninfected chicken were
sampled and weighed. The bursal weight index was
calculated by dividing bursal weights (g) of chickens and
their bodyweights (kg). Moreover, paraffin sections of
bursa were prepared for the observation of histopatholo-
gical lesions by hematoxylin and eosin staining and for the
detection of viral antigen, IgM+ and IgA+ B lymphocytes
by immunoperoxidase staining. The bursal homogenate
was collected for measuring the IFN-g and IBDV VP2
protein concentration by ELISA and Western blot analysis,
respectively.

2.5 Histopathological examination

Bursal samples of all groups were fixed in 4% parafor-
maldehyde, dehydrated in ascending concentrations of
ethyl alcohol, cleaned in benzene, and embedded in melted
paraffin wax (P3808; Sigma-Aldrich, St. Louis, MO,
USA). The paraffin sections were then cut into 4-mm-thick
slices and stained with hematoxylin and eosin. The stained
sections were microscopically observed for assessing
histopathological changes.

2.6 Immunoperoxidase staining

For immunolabeling of IgM+/IgA+ B lymphocytes and
viral antigens, the paraffin sections were first incubated
with one of the following antibodies: goat polyclonal
antibody against IgM (A30-102A; Bethyl Laboratories,
USA; 1:900) or against IgA (A30-103A; Bethyl Labora-
tories; 1:300); mouse monoclonal antibody against VP2
(provided by Harbin Veterinary Research Institute, Chi-
nese Academy of Agricultural Sciences, Harbin, China;
1:1000). The sections were incubated with biotinylated
rabbit antibody to goat IgG (16-13-06; Kirkegaard and
Perry Laboratories, USA; 5 µg$mL–1) or biotinylated goat
antibody to mouse IgG (SP9002; Zhongshan Golden
Bridge Biotechnology, Beijing, China) and then with
horseradish peroxidase (HRP)-conjugated streptavidin
(SP9002; Zhongshan Golden Bridge Biotechnology).
Subsequently, the sections were treated with 3,3′-diami-
nobenzidine-4HCl and H2O2 (ZLI-9017; Zhongshan
Golden Bridge Biotechnology) and counterstained with
hematoxylin.
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2.7 Extraction of cytoplasmic proteins, SDS-PAGE and
Western blot analysis

At 1, 2, 3, 4, 5, and 7 dpi, all bursal samples were frozen in
liquid nitrogen and ground into fine powder; 100 mg of
each sample was homogenized in 1 mL cold PBS. The
obtained homogenates were mixed with an SDS-PAGE
sample loading buffer (P0015; Beyotime Institute of
Biotechnology, Jiangsu, China), boiled, treated in an ice
bath, and centrifuged. The five treated bursal samples of
each group were vortexed, and the supernatant was pooled.
The pooled sample was loaded onto slab gels, and the
separated proteins were transferred onto a nitrocellulose
(NC) membrane. Subsequently, the nitrocellulose mem-
brane was incubated with mouse monoclonal antibody
against VP2 (1:1000) or against β-actin (sc-47778; Santa
Cruz Biotechnology Inc., Shanghai, China; 1:2000) and
incubated with HRP-conjugated goat antibody to mouse
IgG (CW0102; Beijing ComWin Biotech Co. Ltd, Beijing,
China; 1:2000). After washing, the NC membrane was
incubated with ClarityTM Western ECL Substrate (170-
5060; Bio-Rad Laboratories Inc., Hercules, California,
USA), and immunoreactive proteins were visualized on an
imaging system (VersaDoc; Bio-Rad).

2.8 Preparation of bursal homogenate and ELISA

At 2, 3, 4, 5, and 7 dpi, all bursal samples were
homogenized as described earlier and centrifuged. IFN-g
concentrations in the clarified homogenates were measured
using an R&D ELISA kit (R&D Systems Inc., Minnesota,
USA) according to the manufacturer’s instructions.

2.9 Statistical analysis

Statistically significant differences were analyzed using
one-way analysis of variance through multiple compar-
isons using SPSS Statistics Base 17.0 (SPSS Inc., Chicago,
USA). Data were given as mean (M) � standard deviation
(SD). P< 0.05 was considered statistically significant.

3 Results

After infection with IBDV BC6/85, Groups T and GM1
developed clinical symptoms and characteristic lesions at 2
to 4 dpi; these groups gradually recovered from the
infection at 5 dpi. However, more serious bursal lesions
appeared in Group GM2, with severe edema until 7 dpi.

3.1 Effects of GM on the bursal weight index of the IBDV-
infected chickens

In particular, the mean bursal indexes of Groups GM1 and
GM2 at 1 to 7 and 2 to 7 dpi, respectively, were higher than
the mean bursal index of Group T. In particular, bursal

indexes of Group GM1 at 3 dpi and of GM2 at 3 to 4 dpi
were remarkably high (P< 0.05). Moreover, bursal
indexes of Group T were significantly lower than those
of Group C at 4 to 7 dpi (P< 0.05). However, a significant
decrease was observed in Groups GM1 and GM2 at 5 to 7
and 7 dpi, respectively (P< 0.05) (Fig. 1).

3.2 Effects of GM on the bursal structure and changes in the
B lymphocyte of the IBDV-infected chickens

A few injured bursal lymphoid follicles persisted in Group
T at 7 dpi, and local infiltration of lymphocytes (LIL) and
fibrillation were investigated in the interfollicular areas
(Fig. 2a, Fig. 2b). Many LIL and a considerable number of
original bursal lymphoid follicles were detected, with
orderly cortical and medullary epithelial cells and many
lymphocytes in the cortex and medulla in Group GM1 at 7
dpi (Fig. 2c, Fig. 2d). In contrast, the most serious
pathological changes, such as congestion, edema, hemor-
rhage and heterophil accumulation, were observed in
Group GM2, and a remarkable number of degenerated
tissues accumulated in the bursal tube, with few lymphoid
follicles observed at 7 dpi (Fig. 2e, Fig. 2f).
Based on these data, the cell types in the bursae of

IBDV-infected chickens were further investigated by
immunohistochemical analysis. After infection, the num-
ber of bursal IgM+ B lymphocytes rapidly decreased.
Furthermore, at 7 dpi, a few IgM+ B lymphocytes were
scattered in the tissues where lesions involuted in Group T,
and LIL were IgM negative (Fig. 3a, Fig. 3b). However, a
high number of IgM+ B lymphocytes were detected in the
cortex and medulla at 7 dpi in Group GM1 (Fig. 3c,
Fig. 3d). Also fewer IgM+ B lymphocytes were observed
up to 7 dpi in the bursal epibiotic area (EA) of Group GM2
(Fig. 3e, Fig. 3f). Similar to the changes found in IgM+ B
lymphocytes, IgA+ B lymphocytes were observed in the
cortex and medulla after 5 dpi in Group GM1, and LIL
were IgA negative (Fig. 3g, Fig. 3h). Few IgA+ B
lymphocytes were observed up to 7 dpi in Groups T
(Fig. 3i, Fig. 3j) and GM2 (Fig. 3k, Fig. 3l). At 7 dpi, IgM+

B lymphocytes were enumerated in five fields/bursa/
chicken, and the number of IgM+ B lymphocytes in
Group GM1 and the epibiotic area in Group GM2 were
significantly higher than that in Group T (P< 0.01)
(Fig. 3m). The number of IgA+ B lymphocytes in Group
GM1 was significantly higher than that of Group T at 7 dpi
(P< 0.01) (Fig. 3n).

3.3 Effects of GM on the expression of bursal viral antigens
of the IBDV-infected chickens

After infection, VP2 immunoreactivities revealed an
increase–decrease phenomenon, which peaked at 2 to
4 dpi. At 7 dpi, many VP2 immunoreactivities were
concentrated in the medulla of injured bursal lymphoid
follicles, and some diffusely distributed in the cortex and
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interfollicular areas in Group T (Fig. 4a). However, a few
VP2 immunoreactivities exhibited diffuse distribution in

the plicae in Group GM1 (Fig. 4b). Group GM2 revealed
the strongest VP2 immunoreactivities, with most accumu-

Fig. 2 Effect of GM on the bursal structure changes of IBDV-infected chickens. At 7 dpi, a few injured bursal lymphoid follicles were
still observed in Group T, and local infiltration of lymphocytes (LIL) and fibrillation were investigated in the interfollicular areas (a, b).
Many LIL and a high number of original bursal lymphoid follicles were detected with orderly cortical and medullary epithelial cells and
many lymphocytes in the cortex and medulla in Group GM1 (c, d). The most serious congestion, edema, hemorrhage and heterophil
accumulation were observed in Group GM2, and a high number of degenerated tissues accumulated in the bursal tube, with few lymphoid
follicles (e, f). Arrows indicate fibrillation. Arrowheads indicate LIL.

Fig. 1 Effect of GM on the bursal weight index of IBDV-infected chickens. Mean bursal indexes of Groups GM1 and GM2 at 1 to 7 and
2 to 7 dpi, respectively, were higher than the mean bursal index of Group T. Among them, bursal indexes of Groups GM1 and GM2 at 3
and 3 to 4 dpi, respectively, were remarkably higher (P< 0.05). Bursal indexes of Group Twere significantly lower than those of Group C
at 4 to 7 dpi (P< 0.05). However, a significant decrease occurred in Groups GM1 and GM2 at 5 to 7 and 7 dpi, respectively (P< 0.05).
Data were given as mean�SD. Data simultaneously marked with different letters indicate significant differences (P< 0.05).
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Fig. 3 Effect of GM on the B lymphocyte changes of IBDV-infected chickens. A few IgM+ B lymphocytes were scattered in the tissues
where lesions involuted in Group T, and LIL were IgM negative (a, b). A high number of IgM+ B lymphocytes were detected in the cortex
and medulla in Group GM1 (c, d). Fewer IgM+ B lymphocytes were observed in the bursal epibiotic area (EA) of Group GM2 (e, f). At 7
dpi, many IgA+ B lymphocytes were observed in the cortex and medulla in Group GM1, and LIL were IgA negative (g, h). Few IgA+ B
lymphocytes were observed in Groups T (i, j) and GM2 (k, l). At 7 dpi, IgM+ B lymphocytes were enumerated in five fields/bursa/
chicken, and a significantly higher number of IgM+ B lymphocytes in Group GM1 and the epibiotic area of Group GM2 was observed
than in Group T (P < 0.01) (m). The number of IgA+ B lymphocytes in Group GM1 was significantly higher than that in Group T at 7 dpi
(P< 0.01) (n). Solid arrows and arrowheads indicate scattered IgM immunoreactivities and IgM+ B lymphocytes, respectively. Feint
arrows and arrowheads indicate scattered IgA immunoreactivities and IgA+ B lymphocytes, respectively. Data are given as mean�SD.
**, P< 0.01 between Groups GM1 and T; ##, P< 0.01 between Groups GM2 and T.
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lated in the degenerated tissues (Fig. 4c). Western blot
analysis (Fig. 4d, Fig. 4e) confirmed the low VP2
expression in Group GM1.

3.4 Effects of GM on IFN-g concentrations in the bursal
homogenate of the IBDV-infected chickens

After infection, bursal IFN-g concentrations increased in
the chickens. IFN-g concentrations in Groups T and GM1
initially increased and subsequently decreased, with a
significant increase at 4 and 5 dpi in Group T and 2 to 4 dpi
in Group GM1 (P< 0.05). A significantly high bursal IFN-
g concentration was observed in Group GM2 at 4 and 7 dpi
(P< 0.05). The IFN-g concentration peaked at 3 dpi in
Group GM1, 2 days earlier than in Groups T and GM2
(Fig. 5).

4 Discussion

IBD is an economically important, immunosuppression-
related infectious disease of young chickens worldwide[26].
BC6/85 is a standard virulent IBDV strain and is widely
used in China for evaluating the efficacy of IBDV
vaccines[13]. The present study confirmed our previous
reports that 3-week-old chickens infected with IBDV BC6/
85 exhibit clinical symptoms and characteristic pathologi-
cal changes[13,27]. Therefore, the above model is suitable
for assessing the preventive and therapeutic effects of GM.
IBDV infection severely depletes the B lymphocytes and

destroys bursal tissues, in addition to severely depleting the

medulla of the follicles[27–30]. In the present study, a high
number of lymphocytes were detected in the lymphoid
follicles in Group GM1 at 5 to 7 dpi; therefore, we
speculated that a number of B lymphocytes were preserved
because of the oral administration of 5 mg$kg–1 GM.
Further research revealed a markedly higher number of
IgM+ and IgA+ B lymphocytes in Group GM1 than in
Group T, suggesting that the higher bursal weight indexes
in Group GM1 were associated with the high number of
preserved IgM+ and IgA+ B lymphocytes. Our data
suggest that the oral administration of 5 mg$kg–1 GM
confers moderate protection against B cell destruction after
IBDV infection. Similar to the present findings, Salman et
al. and Milner reported that garlic derivatives activate
stimulatory properties in lymphocytes[17,31].
Garlic is favored for its antiviral properties, and our

previous research indicated that the oral administration of
10 mg$kg–1 GO decreases IBDV replication[25]. Therefore,
we investigated IBDV replication and distribution in the
bursa. Western blot analyses and immunoperoxidase
staining exhibited low IBDV VP2 expression in Group
GM1, indicating the anti-IBDV effect of oral administra-
tion of 5 mg$kg–1 GM. Kim et al. indicated that IFN-g is
crucial in inducing antiviral effects by immune cells such
as macrophages and cytotoxic T lymphocytes[32]; these
results are consistent with our results: bursal IFN-g
concentration increased in the IBDV-infected chickens,
and that in Group GM1 peaked at 3 dpi, 2 days earlier than
the peak observed in Groups T and GM2. Therefore, we
assume that IBDV infection stimulates IFN-g production
and that the oral administration of 5 mg$kg–1 GM

Fig. 4 Effect of GM on the expression of bursal viral antigens of IBDV-infected chickens. At 7 dpi, many VP2 immunoreactivities were
concentrated in the medulla of injured bursal lymphoid follicles, and some diffusely distributed in the cortex and interfollicular areas in
Group T (a). A few VP2 immunoreactivities exhibited diffuse distribution in the plicae in Group GM1 (b). The strongest VP2
immunoreactivities were observed in Group GM2, with most accumulated in degenerated tissues (c). Western blot analysis (d, e)
confirmed the low VP2 expression in GM1.
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strengthens the stimulating effects. T lymphocytes were
first detected at 4 dpi; 65% of bursal cells are T
lymphocytes at 7 dpi[32], and these lymphocytes play a
substantial role in conferring resistance against IBDV[33].
Furthermore, our data revealed that LIL are neither IgM+

nor IgA+ B lymphocytes, which were the most likely T
lymphocytes and were observed more frequently in Group
GM1. Similar to our findings, Kim et al. reported
Tlymphocyte infiltration in IBDV-infected bursa using
immunohistochemical analysis[32]. Moreover, IBDV infec-
tion recruited activated macrophages into the bursa[27].
Thus, local infiltration of T lymphocytes and macrophage
activation may confer antiviral activities through high
IFN-g concentrations.
In the present study, IBDV infection caused bursal

lesions in Groups T, GM1, and GM2. A higher bursal viral
load and serious pathological lesions were observed in
Group GM2 because the administered concentration of
GM (0.2 mg$kg–1) possibly did not reach the minimal
effective antiviral dose. Adverse effects of garlic, such as
abdominal pain, appetite loss, bloating and bad breath, are
well known; an excessive intake of garlic may also
adversely affect the liver and muscle cells[19]. Our pilot
studies have revealed that the oral administration of
10 mg$kg–1 GM for 4 days causes vent pecking in 60%
chickens (data not shown). Therefore, we speculate the
presence of some other pungent components in GM.
Further studies must be conducted for optimizing a simple
and low-cost extraction method for GM.

5 Conclusions

These results show that the oral administration of
5 mg$kg–1 GM regulates the secretion of bursal IFN-g,
decreases bursal viral load, and protects the bursal
structure and lymphocytes against IBDV infection. In
conclusion, GM has an antiviral activity against IBDV.
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