
Abstract. – Aim: An experiment was con-
ducted to evaluate the use of Bacillus thuringien-
sis (Bt) as a probiotic to enhance the cellular in-
nate immune response of the African catfish
(Clarias gariepinus) challenged with a bacterial
fish pathogen, Aeromonas hydrophila. 

Materials and Methods: The bacterium (Bt)
was administered orally at three different dietary
doses of 0.5 × 107 (T2), 1.0 × 107 (T3) and 1.5 ×
107 (T4) cfu/g feed to the fingerlings of African
catfish twice daily for15 days. The positive con-
trol group (T1) and negative control group (T5)
was fed without Bt for the same period. On the
16th day, blood and serum samples were with-
drawn to determine the differential leukocyte
count (DLC) and serum bactericidal activity. Af-
ter 15 days feeding, the treatment groups (T2, T3
and T4) and positive control (T1) were chal-
lenged intraperitoneally with the bacterial sus-
pension of 0.2 ml (1 × 108 cfu/ml). The negative
control group (T5) was injected intraperitoneally
with phosphate buffered saline (PBS). On the 3rd
day of post challenge, the DLC was assessed in
all the treatment groups. 

Results: The fish fed with Bt incorporated diet
showed significantly higher (P<0.05) bactericidal
activity during the pre-challenge compared with
the control groups. The highest serum bacterici-
dal activity was observed in T4, the group fed
with diet containing highest concentration of Bt.
Highest survival rates (90%) were recorded in
fish fed with Bt supplemented group (T3 and T4).
Granulocyte counts on the other hand were
higher in treatment groups compared to the con-
trol in both pre and post challenge.

Conclusions: The result demonstrates that Bt
can enhance certain innate immune responses
in African catfish.
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Introduction

Aquaculture fish production has increased sig-
nificantly over the past few decades which has
led to intensive fish culture practices where stres-
sors like over crowding, transport, handling, size
grading and poor water quality are common
problems1. It has been widely demonstrated that
farmed fish are more susceptible to various dis-
ease causing agents in intensive farming. In order
to improve health conditions in the rearing of
aquatic organisms, several alternatives such as
improved husbandry, nutrition, water quality, op-
timal stocking density, use of vaccines, im-
munostimulants2 and probiotics3 have been pro-
posed. The enhancement of the immune system
of fish is considered to be the most promising
method of preventing fish diseases in aquacul-
ture. This enhancement can be achieved through
application of vaccines, which activate the spe-
cific immune response of the fish and are consid-
ered to be the most effective agents. Further the
use of antibiotics and chemotherapeutics to com-
bat fish diseases have several drawbacks includ-
ing the risk of generating resistant pathogens,
bioaccumulation and environmental pollution.
The available commercial vaccines are expensive
for fish farmers and are specific against particu-
lar pathogens4. In contrast to vaccines, immunos-
timulants enhance the non-specific immune re-
sponse of fish2,5, particularly the major compo-
nents of the innate immune system are
macrophages, monocytes, granulocytes and hu-
moral elements, like lysozyme6,7. Several biologi-
cal and synthetic compounds have been shown to
enhance non specific immune system of cultivat-
ed fish2,8-13. Plants and herbal components have
been used as immunomodulators in animal mod-
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els such as mice, fish and chickens14-16. A
promising alternative approach for managing fish
diseases is the use of probiotics or beneficial bac-
teria, which control pathogens through a variety
of mechanisms. Probiotics are defined as live mi-
crobial feed supplements, which beneficially af-
fect the host by the production of inhibitory com-
pounds, competition for chemicals and adhesion
sites, immune modulation and stimulation, and
improving the microbial balance17-19. The benefi-
cial effects of probiotics, in human and animal
nutrition have been well documented20. In recent
times, intensive research has been focused on
probiotics for use in aquaculture21-28.

It has been reported that antibacterial sub-
stances are produced by aquatic bacteria isolated
from various sources, and seem to play an impor-
tant role in the antagonism of pathogenic bacteria
in aquatic ecosystems29-32. A variety of bacteria
including Aeromonas, Pseudomonas, Lactobacil-
lus, Carnobacterium and Bacillus have been
evaluated as probiotics in fish and shellfish23,33-35.
Among which, the Bacillus species are very
much explored as probiotics in the aquaculture
industry21,36-39. They are able to secrete many ex-
oenzymes to improve feed digestion and absorp-
tion, and water quality40,41. Bacillus spp have
been shown to possess adhesion properties, pro-
duce bacteriocins (antimicrobial peptides) and
provide immunostimulation in fish27,42. Recent
studies have demonstrated that spores of Bacillus
subtilis also act as probiotics by promoting the
growth and viability of the beneficial lactic acid
bacteria in the intestinal tracts of humans and
some animals43 and fish27,28.

Bacillus thuringiensis (Bt) is a Gram-positive,
spore-forming bacterium, was first isolated as a
pathogen of silk worm, Bombyx mori by
Ishiwata44 (1901). Soil and sericulture environ-
ments are the primary habitats45. However, it is
widely distributed in a variety of natural environ-
ments including marine and inland water bodies.
Bt produces parasporal crystalline inclusions
commonly known as insecticidal crystal proteins
(ICP), often exhibit strong and specific insectici-
dal activities against several orders of insects46,
but safe to non-target organisms including mam-
mals47. In addition to ICP, strains of Bt produce a
variety of biomolecules exhibiting a wide range
of biological activities. Recent reports have indi-
cated the production of bacteriocins by Bt. Bac-
teriocins are ribosomally synthesized antimicro-
bial compounds that are produced by the bacteri-
um, which inhibit the growth of other microbial

species in the ecological niche. Bt sub-
sp.entomocidus HD9 reported to produce a novel
bacteriocin called entomocin48 and Bt strain 439
produces a bacteriocin known as thuricin49. So
far no attempt has been made to explore the role
of Bt as a potential probiotic candidate in ani-
mals, particularly in fish. Hence the present study
is the first of its kind aimed to investigate the
possible cellular modulation of the innate im-
mune response by dietary administration of the
live Bt in African catfish Clarias gariepinus
against pathogenic bacteria Aeromonas hydrophi-
la infection.

Materials and Methods

Experimental Fish
Healthy fingerlings of African catfish, with an

average weight of 8.37±0.29 g obtained from a
private hatchery at Sungai Petani, Malaysia were
used in this study. Fishes were then acclimatized
for about three weeks prior to the experiment and
the fish were fed with commercial catfish feed
(35% protein and 7% lipid). Chlorine free tap
water was used throughout the course of the ex-
periment. The physico-chemical characteristics
of the water were as follows: temperature,
27±1ºC; pH 7.2; dissolved oxygen concentration,
6.8 mg L-1.

Culture of Bacillus thuringiensis and
Feed Formulation

Bt isolate BtReX02, was obtained from the
Molecular and Microbiology laboratory AIMST
University, Semeling, Malaysia. The isolate was
grown in nutrient broth at 30°C in a shaker. The
culture was then centrifuged at 3900 g for 30
minutes at 4°C. The supernatant was discarded
and the pellet was resuspended in phosphate
buffered saline solution (PBS pH 7.2). The sus-
pension was then washed and recentrifuged four
times. The pellet was used to quantify the num-
ber of colony forming units (cfu) by spread plate
technique onto nutrient agar. The plate was incu-
bated at 30°C for 24 h. The purified and quanti-
fied suspension was kept at 4°C and used for
feed preparation. 

In the present study the feed containing Bt at
three different concentrations 0.5 × 107, 1.0 × 107

and 1.5 × 107 cfu/100 g feed were formulated.
Percentage inclusion of feed ingredients of the
experimental diets are given in Table I. Fish
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Ingredients T1 T2 T3 T4 T5

Fish meal 45.7 45.7 45.7 45.7 45.7
Soyabean meal 16.6 16.6 16.6 16.6 16.6
Rice bran 11.5 11.5 11.5 11.5 11.5
CMC binder 2.0 2.0 2.0 2.0 2.0
Wheat flour 21.0 21.0 21.0 21.0 21.0
Vitamin mix 2.0 2.0 2.0 2.0 2.0
Fish oil 1.2 1.2 1.2 1.2 1.2
Bacillus thuringiensis 0 5 ml 10 ml 15 ml 0

Table I. The composition of ingredients (for 100 g feed) in basal and experimental diets with crude protein (35.3 %) and lipid
(7.6%).

T1-positive control, T2-Clarias gariepinus fed with feed containing Bacillus thuringiensis at 0.5 × 107 cfu/g feed, T3-Clarias
gariepinus fed with feed containing Bacillus thuringiensis at 1 × 107 cfu/g feed, T4-Clarias gariepinus fed with feed contain-
ing Bacillus thuringiensis at 1.5 × 107 cfu/g feed. Cfu: colony forming unit.
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Administration of Aeromonas hydrophila
and Challenge Study

Culture of Pathogen
Aeromonas hydrophila (ATCC 49140) was ob-

tained from ALLEIGHTS Sdn. Bhd, Malaysia
and cultured in nutrient broth (Himedia) for 24
hours at 37°C. The broth culture was centrifuged
at 3500 g for 30 min. The supernatants were dis-
carded and the pellets were re suspended in phos-
phate-buffered saline (PBS, pH 7.4). Then the
bacterial number was calculated by measuring
optical density (OD) in a spectrophotometer
(Thermo Spectronic Genesys, Thermo Scientific,
Waltham, USA) and also confirmed by plate
count method. The final bacterial concentration
was adjusted to 1x108 cfu/ml by serial dilution.
After 15 days of feeding, the three treatment
groups (T2, T3 and T4) and positive control fish
were challenged intraperitoneally with the bacte-
rial suspension of 0.2 ml (1 × 108 cfu ml-1) but
the negative control (T5) was injected intraperi-
toneally with PBS only. Sampling was carried
out on the 3rd day. The presence of Aeronomas
hydrophila was confirmed after reisolating it
from kidney of the fish of all groups which were
sacrificed on the 3rd day. Mortality was observed
in the control group (T1) and morbidity was ob-
served in treatment groups (T2, T3 and T4).

Differential Leukocyte Count
Blood was collected from the caudal peduncle

region using a sterile 2 ml syringes rinsed with
2.7% ethylene diamine tetroacetic acid (EDTA)
solution first and collected using the sterile tubes

meal, dehulled soybean were used as the protein
source. Wheat flour and fish oil were used as the
carbohydrate and lipid sources, respectively. 

The dry ingredients and the required bacterial
culture were mixed thoroughly with water for 10
minutes. Five ml, 10 ml and 15 ml of Bt sus-
pended in PBS at 107 cfu ml-1/100 g feed were
used for dietary treatment groups T2, T3 and T4,
respectively. The probiotics enriched dough was
pelleted by a hand pelletizer, dried at room tem-
perature for 48 hours and then packed in airtight
containers and stored in a freezer at –20°C until
further use. All experimental diets satisfied the
nutrient requirements for growth of African cat-
fish fingerlings50.

Experimental Design
Ten circular plastic aquaria (40 L capacity)

were arranged in AIMST University wet labo-
ratory, Malaysia with continuous aeration. One
hundred fifty catfish fingerlings of uniform size
were randomly distributed in five experimental
groups with each of two replicates following a
complete randomized design. Feed was given at
5% of body weight twice daily at 09.00 and
17.00 hrs. Fecal matter and uneaten feed were
siphoned out and approximately 50% of water
was renewed daily. Four tanks were kept as
controls, two positive (T1) and two negative
(T5), while the other six were treatment tanks
(T2, T3 and T4). Treatment groups T2, T3 and
T4 were fed with Bt diets containing 0.5 × 107,
1.0 × 107 and 1.5 × 107 cfu/g for 15 days and
the control groups fed with feed without Bt in-
corporation.
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coated with 20 µl of 2.7% EDTA solution. Total
leukocyte count (WBC) was determined follow-
ing the method as described previously51.
Methanol fixed blood smears were then stained
using Leishman’s stain for ten minutes. The
slides were washed in tap water and allowed to
air dry before microscopic examination. Two
slides per fish were taken from each replicate
group before and after the Aeromonas hydrophila
challenge. Leukocytes were counted under mi-
croscope through many fields till it reached 100
cells per slides to find out the percentage of
monocytes, granulocytes and lympocytes in the
blood. Absolute numbers of leukocytes were de-
termined using a blood cell counter.

Serum Bactericidal Activity
At the end of the 15 days of feeding, 5 fish of

each replicate group were randomly selected for
serum bactericidal activities studies. Blood was
collected without anticoagulant and kept at room
temperature for an hour. It was then centrifuged
at 2500 g for 10 minutes. The serum was then
collected by a micropipette. The serum was as-
sayed for bactericidal activities described by
Rainger and Rowley52. Aeromonas hydrophila
culture was centrifuged and the pellet was
washed and suspended in PBS. The optical den-
sity (OD) of the suspension was adjusted to 0.65
at 540 nm. Then, the bacterial suspension was se-
rially diluted five times at ten fold dilution.
Serum bactericidal activity was determined by
incubating 2 µl of the diluted Aeromonas hy-
drophila suspension with 20 µl of serum in a mi-
cro vial for 1 hour at 37°C. In the control group,
PBS solution was used instead of serum. After
incubation, the number of viable bacteria was de-

termined by counting the colonies grown on the
nutrient agar plate for 24 hours at 37°C.

Statistical Analysis
The significant differences among treatment

groups were tested by one way analysis of vari-
ance (ANOVA) and the comparison of mean val-
ues was made by the Duncan’s multiple range
tests. A significance level of P < 0.05 was used.
The mean values for pre- and post-challenge pa-
rameters were compared by Student’s t-test. The
statistical analysis was performed by using the
software program SPSS, version 11. (Statistical
Package of Social Sciences, Chicago, IL, USA).

Results

Differential Leukocyte Counts
The differential leukocyte counts of Clarias

gariepinus fed with Bt incorporated diets and
control groups are presented in Table II. The
higher number of granulocytes and monocytes
were recorded in the Bt incorporated diet fed ex-
perimental groups than control group during the
pre-challenge (P < 0.05). Significantly maximum
granulocytes (28.68 ± 1.28) and monocytes
(11.81 ± 0.52) were observed in the higher con-
centration of Bt incorporated diet fed groups dur-
ing pre challenge. The granulocytes were signifi-
cantly higher (P < 0.05) in all the treatment
groups sampled after challenge with Aeromonas
hydrophila compared to before challenge. During
the pre challenge, significantly less numbers of
lymphocytes were recorded in the treatment
groups when compared to control group (P <
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Granulocytes Lymphocytes Monocytes
Dietary

treatment Pre Post Pre Post Pre Post

T1 13.81 ± 0.69dY 23.37 ± 0.43dX 75.62 ± 0.72aX 66.19 ± 1.4cY 8.56 ± 1.24cX 10.19 ± 1.25aX

T2 16.88 ± 0.52cY 26.68 ± 0.75bX 74.31 ± 1.19aX 61.44 ± 0.55bY 8.81 ± 0.24cY 11.87 ± 0.6bX

T3 25.62 ± 1.38bY 29.56 ± 0.97cX 72.63 ± 1.36cX 53.88 ±2.31aY 11.69 ± 0.24aY 16.56 ± 1.39aX

T4 28.68 ± 1.28aY 31.93 ± 1.14dX 64.68 ± 1.76dX 49.5 ± 2.50aY 11.81 ± 0.52aY 18.31 ± 1.66aX

T5 19.75 ± 1.17a 71.5 ± 2.30b 8.75 ± 1.13c

Table II. The effect of Bacillus thuringiensis on differential leukocyte counts of Clarias gariepinus during pre- and post-chal-
lenge with Aeromonas hydrophila.

Mean values in rows and columns containing the similar superscript are not significantly different (P > 0.05). (T1-positive con-
trol, T2-Clarias gariepinus fed with feed containing Bacillus thuringiensis at 0.5 × 107 cfu/g feed, T3- Clarias gariepinus fed
with feed containing Bacillus thuringiensis at 1 × 107 cfu/g feed, T4-Clarias gariepinus fed with feed containing Bacillus
thuringiensis at 1.5 × 107 cfu/g feed, T5-negative control).



0.05). The lymphocyte numbers post challenge
were significantly less (P < 0.05) than the pre-
challenge. There was an increase in monocyte
numbers in all the treatment groups than both
positive and negative control group when fish
were challenged with pathogen.

Serum Bactericidal Activity
The serum bactericidal activity of treatment and

control group are shown in Table III. The serum
bactericidal activity increased significantly (P <
0.05) in Bacillus thuringiensis fed group in com-
parison to the control group (Table III). The high-
est serum bactericidal activity was found in the
treatment fish that was fed with the highest con-
centration of Bt (1.5 × 107cfu/g feed). The bacteri-
cidal activity of serum increased gradually as the
quantity of Bacillus thuringiensis was increased in
the diet. The number of bacterial colonies without
addition of serum was (567±19.34) in the PBS
control. Incubation with control serum decreased
the number of colonies to (521±22.76). The serum
of Bt treated fish decreased the colony numbers to
412±19.9, 365±21.53, and 165±6.37 in T2, T3 and
T4 groups, respectively.

In the present study no mortalities were
recorded during the 15 days of feeding trial fish
fed with Bt enriched diet and control groups.
Higher survival rate (90%) was noticed in T3 and
T4 treatment groups than T1 (negative control)
when fish were challenged with Aeromonas hy-
drophila (Table IV). The Bt fed treatment groups
enhanced the immunity against the challenge
with Aeromonas hydrophila infection.

Discussion

The use of natural immunostimulants seems to
be the most promising method of preventing fish
diseases53. Natural immunostimulants are bio-
compatible, biodegradable and safe for the envi-
ronment and human health54, offering an alterna-
tive to the drugs, chemicals and antibiotics cur-
rently used in fish culture to control disease. In
this regard the use of probiotics in aquaculture is
proving to be highly effective in improving dis-
ease resistance, nutrition and/or growth of cul-
tured organisms. In general, probiotics are ap-
plied in the feed or added to the culture pond as
preventive agents against infections. In this
study, for the first time we have evaluated the ef-
fect of oral administration of Bt as a probiotic
against infections by Aeromonas hydrophila and
its ability in enhancing the innate immune re-
sponse of the Clarias gariepinus. Bt is a Gram
positive, aerobic, endospore forming bacteria,
was administered to Clarias gariepinus through
feed because of its spore forming ability which
was considered as an additional advantage of a
promising candidate probiotics. 

Higher survival rates were noticed in fish, fed
on a supplemented diet with Bt when fish were
challenged with Aeromonas hydrophila infection.
These results suggest that Bt could elevate the
non-specific immune response of African catfish,
so that fish became more resistant to Aeromonas
hydrophila infection. Oral administration of pro-
biotics to Oncorhynchus mykiss was considered
to stimulate cellular rather than humoral immuni-
ty, such as the increase in the proportion of
monocytes and enhanced phagocytic activity23.
The result from the present experiment also re-
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Dietary No of bacterial 
treatment colonies

T1 521 ± 22.76a

T2 412 ± 19.9b

T3 365 ± 21.53c

T4 165 ± 6.37d

T5 567 ± 19.34a

Table III. Effect of Bacillus thuringiensis on serum bacte-
ricidal activity of African catfish before challenge with
Aeromonas hydrophila.

Mean values containing the same superscript are not signifi-
cantly different (P>0.05). (T1-positive control, T2-Clarias
gariepinus fed with feed containing Bacillus thuringiensis
at 0.5 × 107 cfu/g feed, T3-Clarias gariepinus fed with feed
containing Bacillus thuringiensis at 1 × 107 cfu/g feed, T4-
Clarias gariepinus fed with feed containing Bacillus
thuringiensis at 1.5 × 107 cfu/g feed, T5-negative control).

Dietary treatment Survival rate (%)

T1 63
T2 86
T3 90
T4 90
T5 86

Table IV. Effect of Bacillus thuringiensis on survival rate
of African catfish challenged with Aeromonas hydrophila.

T1-positive control, T2-Clarias gariepinus fed with feed
containing Bacillus thuringiensis at 0.5 × 107 cfu/g feed,
T3-Clarias gariepinus fed with feed containing Bacillus
thuringiensis at 1 × 107 cfu/g feed, T4-Clarias gariepinus
fed with feed containing Bacillus thuringiensis at 1.5 × 107

cfu/g feed, T5-negative control.
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vealed an increase in granulocyte and monocyte
in fish fed with feed containing Bt compared to
the fish fed without Bacillus thruingiensis. Earli-
er research showed that oral administration of
Bacillus subtilis could enhance the innate im-
mune responses of Labeo rohita27. It has also
been demonstrated in gilthead seabream that, ad-
dition of Lactobacillus delbrueckii and Bacillus
subtilis either individually or in combination re-
ported to improve the cellular innate immune pa-
rameters26. 

The increase in resistance against Aeromonas
hydrophila in fish fed with Bt can be explained
on the basis of increased bactericidal activity of
serum. Serum bactericidal activity increased in
all the treatment groups (T2, T3 and T4) in com-
parison with the control group. The viable bacte-
rial counts were lower in serum from all Bt fed
groups when compared with the control groups.
The higher bactericidal activities can possibly be
due to a higher concentration of lysosomal en-
zymes in the treatment groups. Similar findings
showed significant increase in complement bac-
tericidal activity of rainbow trout (Oncorhynchus
mykiss) fed with Lactobacillus rhamnosus55. The
present study also corroborates with the reports
of Kumar et al27, which indicated significant in-
crease in the serum bactericidal activity of Labeo
rohita fed with Bacillus subtilis. Taoka et al56 re-
ported that, the probiotics treatment enhanced the
non-specific immune parameters such as plasma
bactericidal activity, resulting in the improve-
ment of fish resistance against Edwardsiella tar-
da infection. 

In conclusion, Bt can be used in aquaculture as
an immunostimulator. It is suggested that some
more experiments need to be conducted using
some other pathogenic bacteria and other species
of fishes in order to establish the role of Bt as an
immunostimulator in aquaculture. To our knowl-
edge, however, this is the first report demonstrat-
ing the probiotic effect of Bacillus thuringiensis
in aquaculture.
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