The Iragi Journal of Veterinary Medicine, 42(1):28-34. 2018

The immune response of rabbits immunized by Salmonella typhimurium and

Lactobacillus acidophilus
Ikram A. A. Al-Samarraae and Alaa A. Kareem
Department of Microbiology, College of Veterinary Medicine, University of Baghdad, Iraq.
E-mail: dr.ikram_abbas2014@yahoo.com
Received: 12/10/2017
Accepted: 9/1/2018
Publishing: 28/6/2018
Summary

Antigens prepared from sonicated Salmonella typhimurium (KWCSA-ST) and Lactobacillus
acidophilus (KWCSA-LBA) were used to evaluate synergistic effect on interlukine production (IL-
2, IL-4) and Immunoglobulin-G (IgG) which were evaluated by using Enzyme Linked
Immunosorbent Assay and Delayed Type Hypersensitivity-skin test at day 20 post immunization.
Twenty five rabbits of both sexes, 2-3 Kg body weight, were divided into five equal groups; the
first group immunized by KWCSA-ST (1000 pg/ml) and KWCSA-LBA (1000 pg/ml), the second
group by KWCSA-ST (1000 pg/ml) and KWCSA-LBA (500 pg/ml), the third group by KWCSA-ST
(1000 pg/ml) as positive control, the fourth group by KWCSA-LBA (1000 pg/ml) as positive
control and the fifth group was injected by P.B.S. (pH7.2) as negative control group
subcutaneously. The result of delayed type hypersensitivity showed an increase in the means of
erythema and induration in the 1% group after 24hrs and 48hrs while the 4™ group recorded the
lowest mean after 24hrs and 48hrs. These means showed significant differences (P<0.05) compared
with injection by 1:2 and 1:4 diluted Ag. While the results of 1gG showed that the highest
concentration was at 35" day in the first group while the lowest concentration at 35" day in the
fourth group with significant differences (P<0.05). Also the high concentration of IL-2, IL-4 was
recorded in the first group at 35" day and the lowest concentration was in the fourth group at 35"
day with significant differences (P<0.05); also the results showed significant differences (P<0.05)
between the 1%, 2", 3 compared with 4™ and 5" groups.
Keywords: Salmonella typhimurium, Rabbits, Lactobacillus acidophilus, Immunoglobulin-G.

Introduction is the major growth factor of T lymphocytes
Salmonella typhimurium is a common (6). Interleukin 4 (IL4) is a cytokine that
facultative intracellular pathogen that causes induces differentiation of naive helper T cells
Salmonellosis. Intracellular  survival and (Thg cells) to Th2 cells (7).
replication are important virulence Lactobacillus acidophilus are commensally
determinants and bacteria can infect constant in the intestine causing interaction
phagocytic and non — phagocytic cells (1). with host cells and stimulated the immune
Symptoms were ranging from systemic system (8); induce different cytokine profiles
infection to gastroenteritis, depending on the by mononuclear cells in vitro (9). The
particular bacterial serovar and the infected consumption of Lactic acid-producing bacteria
host species (2 and 3). The host defense strengthens  the  non-immunological  anti-
mechanism against S. typhimurium, is mainly infective defenses of the gastrointestinal tract
cell mediated immunity and requires the because of the production of antimicrobial
cooperation of various effector cells, such as T substances, such as mucin production, which
lymphocytes, granulocytes, and monocytes/ cause stabilization of the gut mucosal barrier
macrophages. The functional activities of these and improvement of gut motility (10).
cells are regulated by a complex network of Enhance the expression of Toll-like receptor
cytokines (4). The host defense mechanism (TLR), and T cell-related mRNA expression
against Salmonella species occurs through the levels in the gut, increase the number of
neutrophils, followed by mononuclear cells. intestinal  epithelial ~ lymphocytes  (IELS)
These inflammatory cells produce cytokines as expression CD3, CD4, CDg, and T cell receptor

TNF-q, IFN- v, IL-1, IL-2, IL-6, IL-8 (5). IL-2 (TCR) og and improve systemic antibody
response (11). The current study had been
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conducted to explore the interaction effect of
S. typhimurium and L. acidophilus in
enhancing the immune response in immunized
rabbit, by stimulating some interleukines (IL-2
and IL-4).

Materials and Methods

Salmonella  typhimurium  which  was
obtained from Pathology Department /College
of Veterinary Medicine/ University of
Baghdad and the diagnosis was confirmed in
the Central Public Health Laboratory
according to AP1-20E system and L.
acidophilus was identified and characterized
by Veterinary public Health Department/
College of Veterinary Medicine/ University of
Baghdad.

Sonication was used to Kkill whole S.
typhimurium cell according to (12) procedure
and Kill whole L. acidophilus cell according to
(12 and 13) procedures to obtain antigens.
The proteins concentration of S. typhimurium
and L. acidophilus were measured by using
Biuret method (14). Twenty five albino rabbits
of both genders (6-7 month of age) were used
and randomly divided into five equal groups,
as follows: The first group was immunized
byl ml (1000 pg/ ml) of killed whole cell
sonicated antigen- S. typhimurium (KWCSA-
ST) and 1ml (1000 pg/ ml) of killed whole cell
sonicated antigen- L. acidophilus (KWCSA-
LBA) each antigen given single in the neck at
the same time subcutaneously. The second
group was immunized by 1ml (1000 pg/ ml) of
KWCSA-ST and 1ml (500 pg/ ml) of
KWCSA-LBA each antigen given single in the
nick at the same time antigen subcutaneously.

The third group was immunized by 1 ml
(1000pg / ml) KWCSA-ST antigen only in the
neck subcutaneously. The forth group (positive
control group) was immunized by 1ml (1000
pg/ ml) of KWCSA-LBA antigen only in the
neck subcutaneously. And the fifth group
(negative control group) was injected with 1ml
of PBS (PH 7.2) subcutaneously. Blood
samples were collected by the direct puncture
of the heart with sterile syringes (15) at day
10, 21, 35 and 49 post immunization and sera
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were separated for estimating interleukines
(IL-2, 1L-4) and IgG concentration by ELISA
kits. A booster dose was given of 1 ml
KWCSA-ST subcutaneously for 1%, 2" and 3"
groups at day 14 post immunization. Delayed
type hypersensitivity-skin test was done for all
immunized rabbits at day 20 post
immunization (16); at the site of flank after
prepared aseptically in the four sites of
injection for using dilution of whole cell
bacterial sonicated antigen at different
concentrations: concentrated Ag, 1:2, 1:4 and
PBS (PH7.2) as a control by intradermal
injection of all immunized groups. The
erythema and induration of the skin of the
injected sites were measured after 24, 48 and
72 hours post injection by using stander
vernier caliper.

Immunologic  tests: Delayed  type
hypersensitivity ~ (DTH)-skin  test  for
immunized groups were carried out on 1, 2, 3
and 4 at 20" day. This test was done according
to method described by (16) and ELISA Kits
(IL-4, 1L-2). Shanghai (China), and IgG.
Cusabio (China).

Results and Discussion

Delayed Type Hypersensitivity (DTH) —
skin test: A significant (P<0.05) increase in
size of erythema on skin occurs at 24 and 72
hours, this was in agreement with (17), later
author reported that higher size was observed
in animal vaccinated with combined vaccines;
killed whole cell sonicated antigen- S.
typhimurium (KWCSA-ST 1000ug/ml) and B.
mellitensis (Rev-1) antigen (2x10°cfu/ml)
compared with control group. Also other
researchers used whole cell sonicated antigen-
S. typhimurium and killed whole cell sonicated
antigen- Cryptococcus neoformans (18). And
(19) observed that Trichinella spiralis-specific
DTH responses were significantly augmented
more in mice fed L. casei than in control mice
and significantly enhanced T. spiralis-specific
antibody 1gG2b in both types of rats; DTH
response is considered to be a manifestation of
Thl cell-mediated immunity (Table, 1 and 2).
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Table, 1: Mean of diameter erxthema in rabbits immunized bz KWCSA-ST and KWCSA- LBA.

Means + E S (mm)

G1

G2 G3 G4

Ag

Crude 9.40 £0.40 8.00£0.71 7.20£0.37 6.60 £ 0.51
A a A a A a A a

1:2 8.60 £ 0.40 7.00 £ 0.54 6.20 £0.37 5.60 £ 0.51
A ab A ab A ab A ab

1:4 7.80 £0.49 6.00 +0.63 5.80 +£0.37 4.40 £0.40
A b A b A b A b

PBS 2.40+0.24 1.80£0.37 1.80£0.20 1.20+£0.20
A c A c A c A c

Crude 7.40 £0.51 6.80 £ 0.37 6.60 +0.40 5.40+ 0.37
B a A a A a A a

1:2 6.40 £ 0.51 5.80 £ 0.58 5.60 £ 0.40 4.20+ 0.39
B ab A ab A ab A ab

1:4 5.60 = 0.60 4.80+0.20 4.60 +0.40 3.20+£0.39
B b A b B b A b

PBS 2.00 £0.44 1.40 £0.24 1.40 £0.24 1.40£0.24
AB ¢ AB ¢ AB ¢ A c

Crude 4.20+0.37 3.20+0.20 3.00+£0.31 2.60 £0.24
C a B a B a B a

1:2 2.60 £0.24 2.00 £ 0.00 2.00+0.31 1.80 £0.20
C b B b B b B b

1:4 2.00 £ 0.00 1.60+£0.24 1.20£0.20 1.20+£0.20
Cob B b C ¢ B b

PBS 1.20£0.20 1.00 £0.00 1.00 £0.00 1.30£0.30
B c B ¢ B ¢ A b

1% group-KWCSA-ST 1000 pg/ml & KWCSA-LBA 1000 pg/ml , 2™group-KWCSA-ST 1000 pg/ml &KWCSA-LBA 500 pg/ml, 3"%group-
KWCSA-ST 1000 pg/ml (positive control), 4"group-KWCSA-LBA1000 pg/ml (positive control).

*(P<0.05). Means having with the different small letters (between Groups) in same column and capital letters (between days) in same row
differed significantly.

Table, 2: Mean of thickness in rabbits immunized bx KWCSA-ST and KWCSA-LBA.

Hours Group Gl G2 G3 G4
Ag
24 Crude 3.60+0.24 3.20+0.20 3.10+0.20 2.52+0.22

B a B a B a B a

1:2 3.00+£0.31 2.60 £0.24 2.80 +£0.49 2.34+0.17
B ab B ab A a B a

1:4 2.20 £0.37 2.40+0.24 2.30+0.24 2.20 +0.16
AB b A b B a B a

PBS 0.800 +0.12 0.760 +0.04 0.700 +0.07 0.700 +0.07
A C A cC A b A b

Crude 5.40 £0.20 5.20£0.24 440 +0.24 3.50 +0.27
A a A a A a A a

1:2 4.00£0.32 3.80 £0.20 3.80+£0.34 3.20+£0.32
A b A b A ab A ab

1:4 2.40+0.24 3.00 £0.32 3.50 £0.22 3.05+0.20
A C A cC A b A b

PBS 0.800 +0.12 0.740 £ 0.16 0.760 +0.09 0.760 +0.09
A d A d A cC A c

Crude 3.20 £0.20 2.60+0.24 2.34£0.27 1.50 +0.22
B a B a C a C a

1:2 2.00+£0.31 1.60+0.24 1.66 +0.18 1.32+0.19
C b C b B b C a

1:4 1.40+0.24 1.20+0.12 152 +0.15 1.22+0.13
B b B bc C b C ab

PBS 0.680 +0.10 0.700 +0.12 0.740 +0.08 0.720 £ 0.07
A C A C A C A b

1% group-KWCSA-ST 1000 pg/ml & KWCSA-LBA 1000 pg/ml , 2™ group-KWCSA-ST 1000 pg/ml &KWCSA-LBA 500 pg/ml, 3™ group-
KWCSA-ST 1000 pg/ml (positive control), 4™ group-KWCSA-LBA1000 pg/ml (positive control).
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The serum concentration of 1gG at 35 day day 35 (21); (22) mentioned that IgG titer from
was significantly (P<0.05) higher than 10, 21 sera of mice at 2 weeks after infection with the
and 49 days post injection in group immunized typhimurium. Auther (23) used lactic acid
by KWCSA-ST (1000 pg/mL) and KWCSA- bacteria as adjuvant, when they assayed the
LBA (1000 pg/mL) (Table, 3), similar finding levels of antibody responses after either oral or

was reported proved that Immunoglobulin-G systemic administration of antigen, they found
antibody response were stimulated to both the the levels of antibody to be higher in mice
heterologous antigen (recombinant given the bacteria than in control mice. Their
pneumococcal antigen) rPspA and Salmonella results suggested that lactic acid bacteria as
lipopolysaccharide (LPS) and outer membrane feed supplements in mice was able to enhance
proteins (OMPs), after a single oral several factors of both humoral and cellular
immunization in BALB /£ mice (20); also other immune responses, also (24) investigated the
author reported that 1gG in mice during S. differential impacts of L. johnsonii and L.
typhimurium infection at 7 to 35 days raised on paracasei on the development of mucosal and
day 15 and continued to increase slightly until systemic antibody responses in mice.

Table, 3: Mean of 1gG concentration in the immunized rabbits with different antigens by ELISA.
IgG concentration(ng/L) -Meanst S E

DEVS]

Groups 10 21 35 49
1% group 493+0.11 570 £0.14 5.98 +0.45 542 +0.11
KWCSA-ST 1000 pg/ml and KWCSA-LBA 1000 pg/ml B a A a A a AB a
2"group 4.81+0.09 5.67 £ 0.56 5.34 £ 0.05 5.17 £0.26
KWCSA-ST 1000 pg/ml and KWCSA-LBA 500 pg/ml B a A a A a AB a
3"group 473+0.14 5.56 + 0.54 5.30+£0.32 5.07 £0.79
KWCSA-ST 1000 pg/ml (positive control). B a A a A a AB a
4"group 4.61+0.08 5.40 £0.51 520 +£0.18 524 +0.74
KWCSA-LBA1000 pg/ml (positive control). B a A a AB a A a
5"group 3.36 £ 0.06 3.37£0.09 3.38+£0.09 3.39+0.7
PBS. (pH7.2) (negative control). A b A b A b A b

*(P<0.05). Small letters means significant different between groups, capital letters means significant different between days.

Interleukin-2 concentration at 35 day was important role in regulating the Thl Th2
significantly (P<0.05) higher (152.96 + 4.84) imbalance underlying the immunomodulative
than other, in the first group these results (25) effects of lactic acid bacteria (LAB) (26).

it showed that S. typhimurium was capable of A significant highest concentration of IL-4
eliciting significant levels of IL-2 production was recorded at 35 day, in the first group
in immunized mice, whereas no significant (596.77+22.16) (Table, 5), similar finding
variation in the levels of IL-2 induced by porin noted by others (17), the later reported
of Enteritidis or Escherichia coli (Table, 4). significant increase of IL-4 concentration in
Also it was recorded significant increase of IL- immunized rabbits with killed whole cell
2 concentration in rats immunized by Kkilled sonicated antigen-S. typhimurium (1000ug/ml)
whole cell sonicated antigen- typhimurium and and B. mellitensis (Rev-1) antigen 2x10°cfu/ml
neoformans (18). L. acidophilus showed compared  with  control  group. Oral
negative correlation with L. acidophilus with administration of heat-killed acidophilus strain
Thl cytokine (IL-2), T regulatory cytokine L-92 (L-92) which significantly suppressed
(IL-10) but positive correlation with Th2 serum ova lbumin (OVA)-specific IgE levels
cytokine (IL-4) in patients group compared for a long period. Cytokines such as interferon
with healthy control group who had the (IFN)-y, interleukin (IL-4) and IL-10 and Igs
reverse correlation. L. acidophilus influence such as total IgE and OVA-specific IgE were
the inflammatory cytokines towards normal produced at significantly lower levels by
balance with suppression of augmented Th1,T- splenocytes of acidophilus strain L-92 (L-92)
regulatory responses and stimulation of treated mice, compared with those of control
suppressed Th2 response, T-reg cells play an mice. Other author (27) it was suggested that
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acidophilus strain L-92 (L-92) may modulate
immunity through a mechanism that does not
involve polarization of the immune response
toward Th1l. T-reg cells play an important role
in regulating the Thl Th2 imbalance
underlying the immunomodulative effects of

lactic acid bacteria (LAB) causing significant
decrease in IL-4 and IL-10, which were both
Th2 cytokines. It was observed that mice given
the bacterium intranasally had greater
expression of IL-12, IFN-y, and TNF-a. in their
mediastinal lymph node cells (27 and 28).

Table, 4: Mean of IL-2 concentration in the immunized rabbits with different antigens by ELISA.

DEV]
Groups
1% group
KWCSA-ST 1000 pg/ml and KWCSA-LBA 1000 pg/ml
2" group
KWCSA-ST 1000 pg/ml and KWCSA-LBA 500 pg/ml

3™ group

KWCSA-ST 1000 pg/ml (Positive control).
4™ group

KWCSA-LBA1000 pg/ml (positive control).
5™ group

PBS. (pH7.2) (Negative control).

IL-2 concentration(ng/L) -Meanst S E

10 21 35 49
147.63+1.92 147.33+1.89 152.96 +4.84 148.00 + 1.51
A a A a A a A a
141.75+£2.69 140.36 £6.68 147.82 +2.67 146.36 £ 1.28
A a A a A a A a
14218 £2.47 139.33+4.96 146.78 £2.83 143.52 +3.67
A a A a A a A a
140.67 +2.28 133.28+6.49 14496 +2.25 142.06 +2.39
A a A a A a A a
100.00 £2.84 105.36+3.06 103.09 +2.71 107.15 + 3.66
A b A b A b A b

DEV
Groups

1% group

Table, 5: Mean of IL-4 concentration in the immunized rabbits with different antigens by ELISA.

10

*(P<0.05). Small letters means significant different between groups, capital letters means significant different between days.

IL-4 concentration(pg/L)-Meanst S.E

35 49

21

592.34 +10.72 568.14 + 10.96 596.77 +22.16 589.11 + 9.68
KWCSA-ST1000 pg/ml and KWCSA-LBA 1000 A a A a A a A a
pg/mi
2" group 581.93+13.89 560.96 +12.63 591.61 + 14.47 584.19 + 14.05
KWCSA-ST1000 pg/ml and KWCSA-LBA 500 A a A a A a A a
pg/mi
g 578.39+1326 557.23+21.80  580.64+6.01  583.54 + 20.42
group
KWCSA-ST1000 pg/ml (positive control). A a A a A a A a
4% group 57226+7.22 54451+2557  555.16+6.31 567.74 + 9.87
KWCSA-LBA1000 pg/ml (positive control). A a A a A a A a
5 group 30000+6.92 303.87+831  307.96+822  309.96 +7.52
A b A b A b A Db

PBS.(pH7.2) (negative control).
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