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ABSTRACT

This study was carried out to determine the efficacy of a formalin-killed alum-precipitated Salmonella pullorum vaccine
prepared by the Livestock and Poultry Vaccine Research and Production Centre (LPVRPC), BAU, Mymensingh,
Bangladesh. Immunization with this vaccine induced serum antibody titers that peaked in 2-week following both primary
and booster vaccination (P<0.05), and started to decline following 4-week of both vaccinations. Both primary and booster
vaccination induced detectable antibody responses that were able to react with whole cells S. pullorum as determined by
passive haemagglutination test (PHA). Both vaccinated chicken and mice showed maximal resistance following challenge
with a virulent isolate of S. pullorum (P<0.01). In differential leukocyte counts in mice, a significant increase of
lymphocytes was observed after primary immunization (P<0.01). Sera from vaccinated chickens conferred superior
protection over naive chickens from lethal challenge with S. pullorum (P<0.01). Finally, this result indicates that S.

pullorum vaccine is effective for controlling pullorum disease and antibody is crucial for protection.
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Introduction

Salmonella infections (Salmonellosis) are major problems
for poultry industry in Bangladesh and have public health
importance (Islam et al., 2007; Haider et al., 2008). The
disease produced by Salmonella pullorum is called
pullorum disease (also called bacillary white diarrhea),
acute and chronic septicemic in nature; which is most
significant because the causal agents of the disease are
transmitted vertically from parents to offspring and mostly
affect the growing stage (2-3 weeks of age) birds with
great affinity to domestic fowl and turkey. But S. pullorum
also isolated from other birds and mammals have little
commercial significance in terms of disease production.
The importance of salmonellosis in poultry sector has
received great attention throughout the world. Among the
infectious diseases, the prevalence of salmonellosis was
recorded in breeding flock (Saleque et al., 2003). It is
potentially responsible for various pathogenic processes in
man and animals including poultry (Freeman, 1985).

The genus Salmonella, a member of the bacterial family
Enterobacteriaceae (OIE, 2008), is a Gram-negative, non
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spore-forming, non-flagellated and non-capsulated short
rod, 1.0-2.5 um in width, capable of producing septicemic
disease in both domestic and wild birds (Buxton and
Fraser, 1977). S. pullorum possesses the 1, 9, and 12 O
antigens.

The disease occurs worldwide, although effective control
programs have reduced its incidence to low levels in many
countries (Shivaprasad, 1997). As S. pullorum is a verti-
cally transmitted disease, it has a great importance in con-
text of Bangladesh and has been reported by several inves-
tigators (Hossain et al., 2006; Islam et al., 2006). The
major emphasis for preventing infections is to avoid the
introduction of pathogens into the farms by increased bio-
security (Gifford et al., 1987) along with vaccination
(Barman et al., 2005). Vaccine available is both live (usu-
ally based on the Houghton 9R strain) and bacterins
(killed/inactivated vaccine). If the parent birds are vacci-
nated against Salmonella spp, the chicks are protected by
maternal antibodies in the hatchery ((Barman et al., 2005).

The Livestock and Poultry Vaccine Research and
Production Center (LPVRPC) incorporated with its parent
organization, the Department of Microbiology and
Hygiene, Bangladesh Agricultural University (BAU)
Mymensingh are producing a formalin-killed alum-preci-
pitated S. pullorum (SP) vaccine. The vaccine is being
tested for its purity, safety, potency and efficacy in the
laboratory and field. Bashak (2011) and Das (2011) rep-
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orted that SP vaccine effectively induced antibody
production and protected the vaccinated chicken against
challenge infection, but the mechanism of protection still
remains unknown. Therefore, present study was designed
to assess the immunogenicity, protective activity and
mechanism of protection of SP vaccine produced by
LPVRPC, BAU, Mymensingh, Bangladesh.

Materials and Methods

Study area and duration

The present research was conducted at the Department of
Microbiology and Hygiene, BAU, Mymensingh during
the period of July 2011 to November 2011.

Experimental mice and chicken

A total of seventy (70) 10-week-old mice (Balb/c) were
used in this study, collected from the Experimental
Animal Shed of the Department of Microbiology and
Hygiene, BAU, Mymensingh. Twenty 8-week-old layer
birds (Shaver Brown strain) were selected. The birds were
obtained with the courtesy of Phenix Hatchery Ltd.,
Gazipur. Another twenty 12-week-old High Sex Brown
chicken were taken for passive protection testing which
were not vaccinated with SP vaccine. The mice and birds
were provided with nutrient diet, pure water, and other
managemental requirements with proper bio-security.

Purity and safety test of Salmonella pullorum vaccine
The SP vaccines were collected from LPVRPC, BAU.
Five blood agar (BA) plates were inoculated with SP
vaccines and incubated at 37°C for 24-48 hours in the
incubator for the growth of aerobic and anaerobic orga-
nism. Thus the collected SP vaccine which did not exhibit
the growth of aerobic and anaerobic organism was used
for vaccination. The safety test was carried out following
the method of Dorsey (1963) and Matsumoto and Helfer
(1977). Ten mice were inoculated subcutaneously (s/c)
with 0.5 ml of each vaccine and the vaccine considered
safe if the inoculated mice remained alive and healthy
during the observation period for 10 days.

LD, dose determination in mice

S. pullorum were cultured in nutrient broth overnight at
37°C in a shaker incubator and after 12 hours growth, cen-
trifuged at 1500 rpm for 5 minutes. Then the supernatant
was decanted off and PBS was added and bacterial mass
was re-suspended in PBS by shaking. This process was
repeated three times. The pellet was then dissolved with
sufficient amount of PBS and OD value was measured at
550 nm and the OD value was adjusted to 2.8. A 250, 100,
50 and 25 pl bacterial suspension or PBS were injected
intra-peritonially in mice (n=10) of five different groups,
respectively. Death pattern was monitored for subsequent
10 days. A 10-fold dilution of the original suspension
were made and spread on NA media for counting of CFU
(S. pullorum: 8.9x10% CFU/mI). A 25 ul dose contained
the LDx,.

Experimental immunization of chicken and mice

Experimental chickens were divided into two groups;
group A and group B. The chickens in group A (n=10)
were vaccinated with the SP vaccine following manufactu-
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rer’s instructions, 0.5 ml (0.625x10° CFU) each, s/c, at 8-
week of age for primary vaccination. These birds were
revaccinated with a booster dose of the vaccine through s/c
route after 4-week (at 12-week of age) of primary
vaccination. group B chickens (n=10) were kept as non-
vaccinated controls. The experimental mice were divided
into two groups; group A and group B. Group-A mice
(n=10) were injected i/m with the SP vaccine solution
(100 pl/mouse) containing 1.25x10% CFU/mI. A booster
vaccination was given 4-week after the primary
vaccination with the same dose. Mice in group B (n=10)
were considered as non-vaccinated control.

Collection and preservation of sera

The sera were collected from vaccinated chickens at 8
(before primary vaccination), 10 (after primary vaccina-
tion), 12 (after primary and before booster vaccination), 14
(after booster vaccination) and 16 (after challenge) weeks
of age and from mice at 10 (before primary vaccination),
12 (after primary and before booster vaccination) 14 (after
booster vaccination) weeks of age. Sera were collected
from both non-vaccinated control chickens and mice at the
same date. The collection and preservation of sera were
accomplished according to the method described by
Heddleston and Reisinger (1960).

Passive haemagglutination (PHA) test

The serological analysis was conducted by Passive
Hemagglutination Assay (PHA) to determine the titer of
antibody of the sera collected from both vaccinated and
non vaccinated chickens and mice following the method
described by Tripathy et al. (1970). Briefly, an amount of
50 ul of PBS was first poured in each well up to 8t well of
horizontal row of microtiter plate. 50 pl of test serum was
added in the 1twell. Two fold dilutions of serum ranging
from 1:2 to 1:256 were made by transferring 50 pl of the
mixture from the It well to 2" well and thus continuing
successively up to the 8" well from where an excess
amount of 50 pl of the mixture was poured off. A volume
of 50 ul 0.5% somatic antigen sensitized hRBC was taken
in each of the eight wells. 9t and 10t well of horizontal
row of microtiter plate was used for control. 50 pl PBS
and equal volume of control serum was added in the 9t
well and 50 pl PBS and equal volume of sensitized RBC
was added in the 10" well. The content of the wells of the
test system and control were mixed by gentle agitation of
the microtiter plate and kept at room temperature for 4-5
hours. Agglutination resulting from mixing of test serum
and somatic antigen sensitized hRBC in the test system
was observed very carefully. Deposition of diffuse thin
layer of clumping of hRBC on the bottom of the well
considered as positive and the result were recorded. The
PHA titer was the highest dilution of test sera where
complete haemagglutination occur due to the reaction of
specific antibody and antigen sensitized tanned hRBC.

The results of haemagglutination (HA) were recorded by
the deposition of diffuse thin layer of clumping of RBC on
the bottom of the wells, which indicated HA positive, and
a compact buttoning with clear zone indicated HA nega-
tive. The reciprocal of the highest dilution of sensitized
tanned hRBC was considered as titer of the serum.
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Preparation of challenge dose

Stock S. pullorum was cultured in 5 ml nutrient broth at
37°C for overnight. Then an aliquot of the culture was
inoculated into 50 ml of fresh medium and further in-
cubated at 37°C for another 12 hours in a shaker incu-
bator. Then cultures were centrifuged and washed twice
with PBS and adjusted to an OD of 2.80 at 550 nm wave
length.
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Fig. 1: Serum antibody titers against S. pullorum vacci-

nation. Chickens were immunized at 8-week of age and boosted at 12-week
of age through s/c route at the dose rate of 0.5 ml/bird (1.25x10°/ml CFU).
Blood was drawn at 8-, 10-, 12-, 14-, and 16-week of age. Serum antibody
titers against SP antigen were determined by PHA test. The graph shows the
mean + SE values (n=5 chicken/group)"P<0.05 by student’s t-test.
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Fig. 2: Survival rate of chicken challenged intramus-

cularly with virulent isolate of S. pullorum. chickens were
immunized twice with SP vaccine at 8-week and boosted at 12-week of age of
birds through i/m route at the dose rate of 0.5 ml/bird (1.25x10%/ml CFU).
Control chickens were injected twice with 0.5 ml PBS/bird. Survival rate of
chicken was monitored following i/m challenge with 10LDg, dose (0.25 ml) of
mice. The survival rate was monitored for subsequent 10 days. (n=10 chicken
per group). “P<0.01 by Mantel-Cox Log rank test.
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Fig. 3: Serum antibody titers against S. pullorum vacci-

ne in mice. Mice were immunized at 10-week of age and boosted at 12-
week of age through i/m route at the dose rate of 100 pl/mice (1.25x10%%/ml
CFU). Blood was drawn at 10- and 14-week of age. Serum antibody titers
against SP antigen were determined by PHA test. n=5 mice/group. *P<0.05 by
student’s t-test.
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Differential Leukocyte Count (DLC) in mice

To calculate the physiological parameter (DLC), 10-week-
old mice were selected. Mice were divided into two
groups (A and B). Mice in group A were vaccinated i/m
with a 50 pl (1.25x10'° CFU) dose of SP vaccine and
boostered at 12-week of age using same dose and route.
Group B was non-vaccinated control. For blood profiling,
a drop of blood was taken from tip of the tail of mice of
both groups at 10-, 12-, and 14-week of age. DLC was
performed after staining with Wright’s stain.

Protection test in mice
Two weeks after final immunization, mice were challen-
ged intramuscularly with 1.5 mice LDsg, of S. pullorum
and the mortality of challenged mice were monitored for
the subsequent 10 days.

Protection test in chickens

A 10 LDg, dose of mice (0.25 ml S. pullorum: 2.22x10%3
CFU/0.25 ml) was used as a challenge dose for chicken
which corresponds 90-100% mortality at 10-week-old
naive chicken. Two weeks after final immunization both
vaccinated and control groups of chicken were challenged
and the mortality was monitored for subsequent 10 days.

Passive protection test in chickens

A 250 pl pooled serum from vaccinated or control chicken
was mixed with mice 10 LDy, dose of S. pullorum and
incubated at 37°C for 30 minutes. The suspension was
then administered intramuscularly (total 250 pl/chicken)
to a group of 10 chicken as per the method described by
Saha et al. (2006).

Statistical analysis

Statistical analysis of antibody titer was performed using
paired-t-test. Differences in leukocyte count were analy-
zed by Mann-Whitney test. Significance in survival rates
of chicken and mice were analyzed by Mantle-Cox Log
rank test. A P-value of <0.05 was considered statistically
significant.

Results

Purity and safety test of S. pullorum (SP) vaccine

After inoculation of about 0.1 ml of SP vaccine onto BA
medium, it was incubated for 24-48 hours at 37°C and the
growth of organisms were checked. No growth was detec-
ted indicating that the vaccine was biologically pure. After
inoculation of 0.5 ml of SP vaccine into the mice (n=10)
subcutaneously, the mice were kept under observation for
10 days. There was no clinical sign or mortality within the
observation period. Therefore, the vaccine was safe.

PHA test in chickens

The pre-vaccination antibody titer was <4+00 in chickens
of all groups. After 2- and 4-week of primary vaccination
the antibody titers of group A was 89.6+15.676 and 57.6+
6.4, respectively. Antibody titer of non-vaccinated control
group B was <4.00+00. At both 14- and 16-week after the
booster vaccination, the antibody titers of group A were
140.8+31.35 and 102+15.676, respectively. PHA titer of
non-vaccinated control group was <4+00 at both 14- and
16-week of age (Fig. 1 and Supplementary table 1).

Protection test in chicken

After the challenge with virulent S. pullorum, the birds in
both groups were observed for 10 days. All birds of the
group A were resistant to virulent challenge exposure
whereas all birds in group B showed signs and symptoms
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of infection within two days of post challenge and all
control birds died within 7 days of post challenge (Fig. 2).

PHA test in mice

The pre-vaccination antibody titer was 5+1.09. After 2-
week of booster vaccination the antibody titer was 51.2+
7.83 (Fig. 3 and Supplementary table 2).
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Fig. 4: Survival rate of mice, challenged intramuscularly

with virulent isolate of SP antigen. Mice were immunized with
SP antigen at 10-week age and boosted at 12-week of age through i/m route at
the dose rate of 0.5 ml/mice (1.25x10'%/ml CFU). Survival rate of mice was
monitored following i/m challenge with 1.5 LDg, dose of SP. The survival rate
was monitored for subsequent 10 days. n=10 mice per group. “P<0.01 by
Mantel Cox Log rank test.
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Fig. 5: Percentage of lymphocyte in mice after vaccina-
tion with S. pullorum. mice were immunized at 10-week and boosted at
12-week of age through i/m route at the dose rate of 100 pl/mice (1.25x10%°/ml
CFU). The mice were bled at 10-, 12- and 14-week of age. Percentage of
lymphocyte in mice after vaccination was performed by Wright’s stain. The
graph shows the mean+ SE (n=5 mice/group). “P<0.01 by Mann-Whitney test.
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Fig. 6: Survival rate of chicken after passive protection

test. An amount of 250 pl of pooled serum from vaccinated chicken was

mixed with mice 10LDy, dose of SP antigen and incubated at 37 °C for 45

minutes. These suspensions were then administered intramuscularly (@ 500

plichicken) to a group of 10 chickens and mortality was monitored for
subsequent 10 days. “P<0.01 by Mantel Cox Log rank test.
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Protection test in mice

After giving the challenge, the mortality of challenged
mice was monitored for the subsequent 10 days. All
vaccinated mice were protected from the challenge infec-
tion. On the other hand, all the control mice died within 5
days of post challenge (Fig. 4).

DLC

DLC was determined in both vaccinated and non
vaccinated mice at 10-, 12- and 14-week of age. The lym-
phocyte count was 59+0.70, 67+0.94, and 63+1.18, res-
pectively (Fig. 5 and Supplementary table 3).

Passive Protection test in chicken

After giving the passive protection infection, the
mortality of the chickens was monitored for subsequent
10 days. The chickens that received pooled sera from
vaccinated animals were protected (100%) from lethal
challenge infection (Fig. 6).

Discussion

The SP vaccine is used for prevention of Salmonellosis in
layer birds. As an essential part of efficacy test, the LDg,
of virulent S. pullorum was determined in this study. The
efficacy of the experimentally prepared SP vaccine was
determined by a combination of PHA titer, protection
test, passive protection test and counting of leukocytes.
The results of the study showed that vaccine was biologi-
cally pure. PHA test of sera from vaccinated and control
bird was conducted for the determination of antibody titer
following the method described by Tripathy et al. (1970).
The pre-vaccinated PHA titers of sera of all vaccinated
chickens were recorded as <4+0.00, which was similar to
the findings of Ferdous (2008), Yeasmin (2010) and
Jannatun (2010).

The antibody titers in this study ranged from 64 to 256
after 2-week of booster vaccination i.e., the lowest
antibody titer was 64, and the highest titer was 256. This
finding is similar to that of Bhattacharyya et al. (2004)
who observed that the antibody titer induced by primary
vaccination first reached to a peak and declined gradually
thereafter. Rahman et al. (2005) used rapid serum plate
agglutination test and tube agglutination test to determine
the antibody titer. The authors mentioned that antibody
titers of the vaccinated birds increased quickly and reach-
ed the peak at 2-week after booster vaccination.

The mean value and SE of antibody titer measuring by
PHA test at 2- and 4-week of primary and booster vacci-
nation of group A were 89.6+15.67, 57.6+6.4, 140.8+
31.35, and 102.4+15.67, respectively. The highest mean +
SE titer was 140.8+31.35 at 2-week after booster vaccina-
tion. That result was in agreement with the statement of
Rahman et al. (2005), who found that the antibody titer
reached peak at 2-week after booster vaccination in
chicken. In the present study, it was observed that the
PHA titer of group A reached to peak at 15 days after
primary vaccination and gradually declined as was
observed in 28 days (P<0.05). The same observation was
evident after the booster vaccination (P<0.05).

Vaccinated chickens were challenged with virulent S.
pullorum with a dose of 250 ul containing 8.9x1013 CFU
i.e., 10LDg, of mice. The mortality of the inoculated chic-
ken were monitored for the subsequent 10 days and found
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that all chicken survived for more than 10 days. On the
other hand, 100% control chicken were died within 7 days
of post infection (P<0.01). These results indicated that SP
vaccine prepared by LPVRPC conferred 100% protection
in vaccinated chicken after challenge with virulent S.
pullorum.

In differential leukocyte count in mice, lymphocyte counts
were 59+0.70, 67+0.94, and 63+1.18 at 10 (pre-vaccina-
tion)-, 12-, and 14-week of age, respectively. Vaccination
induced an 8% increase of lymphocyte count in vaccinated
mice compared to control group after primary vaccination
(P<0.01) but differences were not observed after booster
vaccination (Neutrophil and monocyte remained in normal
range). The results of passive protection test indicate that
humoral immune response might be the principal factor in
the protective immune response against S. pullorum.

Conclusion

This study revealed that administration of SP vaccine
prepared by LPVRPC conferred 100% protection in vacci-
nated chicken after challenging with virulent Salmonella.
Antibody titer was peaked on 15-day after both primary
and booster vaccination (P<0.05). The results also indicate
that humoral immune response might be the principal
factor in the protective immune response against S.
pullorum. The results of this research showed that SP
vaccine induced an antibody response both in mice and
chicken as determined by PHA test (P<0.05). Vaccinated
animals were protected from lethal challenge. Passive
transfer of serum conferred protection, suggesting that
humoral immune response is crucial for protection.
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