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ABSTRACT

This study examined the body weights and immune response to Salmonella typhimurium vaccine of
three popular breeds of broiler chickens (Arbor acre, Ross 308 and Cobb 500) reared in the tropics. A
total of 75-day old chicks comprising 25 each of Arbor acre, Ross 308 and Cobb 500 broiler chickens
were used for the study. The birds were inoculated with Salmonella typhimurium vaccine on day 14.
Body weights were taken on days 7, 14, 21 and 28 from 12 birds from each breed while the blood
samples were collected on day 14, 17 and 21 for immunological studies. Cobb 500 showed superiority
in terms of body weight at day 7 (147.60+£3.16 g) (before inoculation) and 14 (553.07+13.68 g),
21(842.79+20.86 g) and 28 (1340.25+55.71 g). The IgA and IgG levels of the three breeds of broiler
chickens were not affected by breed before inoculation with Salmonella vaccines. However, on the 3" day
post inoculation when the birds were 17 days old, the IgA level was significantly (P<0.05) at the highest
in Cobb 500 chickens (0.92+0.15ug/ml) while Arbor acre and Ross 308 broilers had IgA levels of
0.38%0.06 ug/ml and 0.48+0.09 ug/ml respectively. The results revealed that there are breed differences
in the immune response to Salmonella typhimurium vaccine across three broiler breeds
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INTRODUCTION

The major challenge to the overall success of broiler production in Nigeria is the high rate of infectious
diseases. One of the infectious diseases of broiler chickens with high economic impact is Salmonellosis
caused by Salmonella bacteria (Oguntade et al., 2021). Salmonella enterica serovars Enteritidis and
Typhimurium are a common cause of human foodborne illness globally (Knodler and Elfenbein, 2020).
The fatality rate from invasive salmonellosis in African adults and children is estimated to be 22-25%
(Hohmann, 2001) Contaminated poultry products, including chicken meat and eggs, are a frequent
cause (Bearson et al., 2017). Salmonella enterica infection rarely causes clinical symptoms in poultry
(Barrow et al, 2012), and chickens are reported to be asymptomatic carriers of Salmonella
(Shanmugasundaram et al., 2019). However, subclinical physiological and behavioral indicators may
exist as Salmonella infection can induce immune stress in chickens, impacting welfare and
performance. Thus, the prevalence of Sa/monella in broiler flocks and other products is an important
production, food safety, and human health concern, but little research has focused on the pathogen
resistance of broiler breeds that differ in growth rate (Shanmugasundaram et al., 2019).

Both innate and adaptive immune responses are stimulated by Sa/monella infection within the chicken
gastrointestinal system, involving both cytokine action (Brisbin, 2011) and antibody responses. Dar et
al. (2019) orally challenged 4-day old Cobb broiler chicks with S. fyphimurium and reported elevated
serum levels of immunoglobulins (Ig) M and IgG as well as increased mRNA expression of the
cytokines such as interferon-gamma (/FN-y), interleukin (/L-12, and /L-18). In a study evaluating the
susceptibility to intra-abdominal Salmonella enteritidis infection of two commercial broiler breeds and
their crosses, Swaggerty et al. (2005) found that one parent breed and one crossbred breed had a greater
number of heterophils at the infection site and increased mRNA cytokine expression. This study
therefore was set to determine the immune response of three breeds of broiler chickens to Salmonella
typhimurium vaccine as this will help in formulating treatment strategies for management of salmonella
infections in poultry

MATERIALS AND METHODS

The research was carried out at the Poultry Unit of the Livestock Teaching and Research Farm of
Ambrose Alli University, Ekpoma, Edo State.

A total of 75 broiler chickens were used for this study. These consisted of 25 birds each of Ross 308,
Arbor acre and Cobb 500 broiler chickens. The experiment lasted for 4 weeks. All the experimental
birds were wing tagged for proper identification and subjected to the same management practices
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throughout the experimental period. The chicks were brooded for three weeks and medication and
vaccinations were carried out accordingly. The birds were fed commercial broiler diets ad libitum and
provided with clean water.ad libitum.

Qualitative Bacteriology of Salmonella spp

Qualitative bacteriology and Salmonella typhimurium assessment was performed at day-old and 1 day
before inoculation at day 13 to ensure that the birds were free of Salmonella typhimurium before
inoculation. At dayl, 15 birds (n = 5 birds/breed) were randomly selected and their vents aseptically
swabbed. Swabs were individually incubated in 10 mL trytpic Soy Broth (TSB) diluted with phosphate-
buffered saline (PBS) for 24 h at 37 °C. Swabs were plated on bismuth sulfite agar (BSA) plates and
incubated at 37 °C for 24 h. Qualitative bacteriology of Salmonella spp was repeated on day 13 with 24
birds (n = 8 birds/breed) using the same protocol as done at day-old. Each swab from day 13 was plated
on BSA as well as BSA + NAL plates to confirm birds are negative for Salmonella spp. and NAL-
resistant Salmonella typhimurium, respectively.

Inoculation with Salmonella typhimurium vaccine

Salmonella vaccine (AviPro ® 109 ST4 Concentration, Elanco Salmonella control solutions, USA
by/Fabricado en los EE.UU.por: Elanco US Inc.) was purchased from reputable Veterinary source in
Ibadan, Oyo state. At day 14, the experimental birds were inoculated with Salmonella vaccine. This
was done via subcutaneous injection of Salmonella vaccine at 0.5mL (LDso) per bird as recommended
by the manufacturer.

Data collection

Mortality was recorded daily. Body weight was taken on day 7, 14, 21, and 24 from 12 birds from each
breed were selected while the blood samples were collected on day 14, 17 and 21 for immunological
analyses. Approximately 2 mL blood samples were collected through the wing vein by using sterile
needle and syringe and decanted into plasma separation tubes. Blood was centrifuged for 10 min at
2,000 x g and 15 °C to separate plasma. The body weight was measured using sensitive scale (Camry
digital scale @ Echas Scientific Nigeria limited).

Determination of Plasma IgA and IgG

Plasma was stored at —80° C for immunological analyses. An ELISA kit (Bethyl Laboratories Inc.,
Montgomery, TX, USA) was used to determine immunoglobulin A (IgA) and immunoglobulin G (IgG)
concentrations. The manufacturer protocol was religiously followed using the recommended sample
dilutions (1:1000 for IgA, and 1:100,000 for IgG). Absorbance was measured on a plate reader at 450
nm. A standard curve was generated for each plate to calculate sample IgA and IgG concentrations

(ng/ml).

Statistical analysis

Data on body weights and immunoglobulin were subjected to One-way analysis of variance using the
procedure of SAS (2014) for the fixed effect of breed. The mean differences were separated using
Duncan’s multiple range test of the same software. The below model was adopted:

Yij = p+ bi + eij; Where, Yij = individual observation; p = overall mean; bi = fixed effect of ith; breeds
(1, 2, 3,); eij= experimental errors which is evenly distributed.

RESULTS AND DISCUSSION

Body weights of broiler chickens challenged with Salmonella typhimurium vaccine as affected by
breeds: The body weights of three breeds of broiler chickens (Arbor acre, Ross and Cobb 500)
inoculated with Salmonella typhimurium vaccine is showed in Table 1. The results showed that at day
7 before inoculation, Cobb 500 broiler chickens had significantly (P<0.05) highest body weight
(147.60+3.16 g) followed by Ross (133.804+4.89 g) and Arbor acre (9123.80+3.66 g) also, Cobb 500
broiler chickens showed significant (P<0.05) superiority in terms of body weights (553.07 g) at the day
of inoculation (day 14) higher body weight in Ross 308 (535.33+£17.16 g) and arbor acre (498.67+13.02
g). Cobb 500 broiler chickens recorded significantly (P<0.05) highest body weight (842.79 g) at day 21
(7™ day post inoculation) than body weight (801.80+27.89 g) obtained for Ross 308 while Arbor acre
broiler chickens recorded the lowest body weight (731.93+22.38 g). At Day 28 (14™ after inoculation),
the body weight (1340.254+55.71 g) of Cobb 500 broiler chicken was significantly (P<0.05) outwit those
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of Arbor acre and Ross 308 broiler chickens which were not significantly (P>0.05) different from each
other.

Table 1 Body weights of broiler chickens challenged with Salmonella typhimurium vaccine as
affected by breed

Breed Body weights (Days)

Day 7 Day 14 (day O PI) Day 21 (day 7 PI) Day 28 (day 14 PI)
Arbor acre 123.80+3.66° 498.67+13.02° 731.93+£22.38° 1110.20+64.20°
Ross 308 133.80+4.89° 535.33+17.16% 801.80+27.89* 1057.25+94.60°
Cobb 500 147.60+3.16* 553.07+13.68* 842.79+20.86° 1340.25+55.71°

Note: a, b Means within the same column with different superscripts are significantly different (P<0.05)
PI: Post inoculation

In this study, the significantly heaviest body weight of Cobb 500 compared to Arbor Acre and Ross 308
broiler chickens before inoculation with Salmonella typhimurium vaccine could be due to genetic
differences in growth rates among these three broiler chicken breeds. In addition, Cobb 500 broiler
chickens showed superior body weights at days 0 and 7 post-inoculation with Salmonella typhimurium
vaccine. Further, on day 14 post-inoculation, when the chickens were 28 days old, Cobb 500 broiler
chickens had the heaviest weight, significantly.

The highest body weights of Cobb 500 broiler chickens at days 0, 7 and 14 post-inoculation as compared
to Arbor acre and Ross 308 could suggest an improved performance of this breed and thus showcasing
breed-specific adaptive immunity. This result is consistent with previous studies reporting on growth
rates broiler chickens of different breeds. For instance, Hristakieva et al. (2014) observed that Cobb
500 was significantly heavier than Ross 308 by 6.29% under the same experimental conditions. In
another experiment by Benyi ef al. (2015), it was reported that Cobb 500 was outperformed Ross 308
in terms of body weight. In addition, according to earlier research by Petricevic et al. (2011), Cobb 500
and Ross 308 were heavier than Hubbard chickens. Thus, the findings of this study align with those of
the aforementioned authors regarding the superior body weight of Cobb 500 broiler chickens over Ross
308 and Arbor Acre broiler chickens.

The IgA and IgG of broiler chickens challenged with Salmonella typhimurium vaccine as affected
by breeds

Table 2 shows the IgA and IgG of broiler chickens challenged with Salmonella typhimurium vaccine
as affected by breeds. We reported no significant difference in the levels of IgA and IgG across the
three breeds of broiler chickens before inoculation with Salmonella typhimurium vaccine.

Table 2 The IgA and IgG of broiler chickens challenged with Salmonella typhimurium vaccine as

affected by breed
Breeds Before inoculation (13™day Day 3 Post inoculation (17" Day 7 Post inoculation (21
old) day old) day old)
IgA (ug/ml) IgG (pg/ml) IgA (ug/ml) IgG (ng/ml) IgA IgG (ng/ml)
(pg/ml)
Arbor acre 1.09+0.08? 2.33+0.63% 0.38+0.06° 1.40+0.132 0.28+0.04*  1.03%0.22*
Ross 308 0.70+0.42° 1.03+0.092 0.48+0.09® 1.63+0.30? 0.35+0.05*  0.72+0.05*

Cobb 500 0.34+0.11* 1.77+0.322 0.92+0.15* 1.84+0.372 0.31+0.05*  0.83+0.09°
Note: a, b Means within the same column with different superscripts are significantly different (P<0.05)

This is because the three-broiler chicken breeds were not previously infected before inoculation.
However, the levels of I[gA were significantly (P<0.05) highest in Cobb 500 broiler chickens (0.92+0.15
png/ml) followed by Ross 308 (0.48+0.09 pg/ml) and Arbor acre broiler chickens (0.38+0.06 ug/ml) at
day 3 post inoculation when the birds were 17" day old. A higher level of IgA in Cobb 500 broiler
chicken at day 3 post inoculation suggests its immune capacity to confer protection against infection.
Specifically, IgA specializes in protecting the body against bacterial growth and colonization by
protecting epithelial surface from infection (Macpherson et al., 2012). Thus, the abundance of IgA in
Cobb 500 broiler chickens could suggest immune response potential of this chicken breed to salmonella
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infection which aligns with the report by Woof and Mestecky (2005) that immunoglobulin A (IgA), is
a major serum immunoglobulin and the predominant antibody class in the external secretions that bathe
mucosal surfaces plays key roles in immune protection. Dar et al. (2019) orally challenged 4-day old
Cobb broiler chicks with S. typhimurium and reported elevated serum levels of immunoglobulins (Ig)
M and IgG as well as increased mRNA expression of the cytokines

CONCLUSION

This study examined the body weights and immune response to Salmonella typhimurium vaccine of
three popular breeds of broiler chickens raised in the tropics. The results revealed that Cobb 500 broiler
chickens was heaviest in body weights than Arbor acre and Ross 308 broiler chickens both before and
post inoculation with Salmonella typhimurium vaccine. In addition, Cobb 500 broiler chickens had
highest levels of IgA at 3 days post inoculation thus showcasing immune response potential of this
breed of chicken against Salmonella infection.
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