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ARTICLE INFO ABSTRACT 

Keywords   In the present study 125 broiler chicks (Arbo) one-day old were used as experimental birds. 
The chicks were divided into five groups each of twenty-five chicks. The 1st group kept as 

control, the 2nd group was non-vaccinated and challenged, the 3rd group was infected with 

Eimeria tenella at the 15th days of age and challenged, the 4th group was vaccinated and 
challenged, and the 5th group was vaccinated and challenged. The chicks in the 4th group were 

vaccinated by locally prepared necrotic enteritis (NE) vaccine adjuvanted with Aluminum 

hydroxide at a dose of 0.5 ml subcutaneously at the age of seven days and boostered at age of 
eighteen days. The chicks of the 5th group were vaccinated by locally prepared NE vaccine 

adjuvanted with Montanide oil. The challenged groups (2, 3, 4 and 5) were challenged at age 

of 27, 28 and 29 days with C. perfringens type A whole culture at dose of 3 ml contains 109 

colony forming unites (Cfu). Serum samples were collected after challenge at thirty-five 

days. The results showed that higher immune response, lower mortality rate and increase in 
body weight gain in chicks of group 5 compared to chicks of groups (1, 2, 3 and 4). In 

conclusion vaccination of broiler chickens with alpha toxoid using montanide oil is 

recommendable to be used for better controlling and eradication of necrotic enteritis. 
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1. INTRODUCTION 

 
Necrotic enteritis (NE) and subclinical related diseases are 

important infectious diseases in poultry industry in whole 

world causing high economic loss due to high mortality 

rate and poor feed conversion rate (Timbermont et al., 

2011). Necrotic enteritis is caused by C. perfringens type A 

and a lesser extent type C, which able to produce major 

toxins (alpha, beta, epsilon, iota, and necrotic enteritis B 

like toxin NetB) (Engstrom et al., 2003). Alpha toxin was 

proposed to be the main virulence factor for necrotic 

enteritis in poultry (Gholamiandehkordi et al., 2006). C. 

perfringens is gram-positive, anaerobic and spore forming 

bacterium. It widely distributed in soil, dust, litter, 

contaminated feed and found as normal inhabitant of 

intestinal microbiota (Songer and Mear, 1996).  

There is a clear relation between coccidia infection and NE 

by physical damage to GIT epithelium due to development 

of Eimeria stages leading to open direct access to intestinal 

basal layer (Wade et al., 2015). Also, some viral diseases 

like infectious bursal disease (IBD), chick anemia virus and 

Marek’s disease have been suggested to promote the 

development of NE under field conditions (Lee et al., 

2011). Ration rich with non-starch poly saccharide (NSPs) 

such as arabinoxylans and β-glucans are also hydrophilic, 

with the ability of increasing the viscosity of the intestinal 

contents and predisposing the bird to NE (Iji and Tivey, 

1998). Occurrence of NE could also be affected by anti-

nutritional factors such as protease inhibitors, lectins, 

tannins, and mycotoxins (Clarke & Wiseman, 2010).  

  Typical clinical signs of NE include depression, 

reluctance to move, diarrhea, ruffled feathers, decreased 

appetite, dehydration, and birds dying within 1–2 hr after 

onset of clinical signs (Timbermont et al., 2011). Small 

intestine is usually distended with gas and contains a foul-

smelling dark brown bile-stained fluid, the intestinal wall is 

usually thin and extremely friable (Van Immerseel et al., 

2004). The mucosal surface is typically covered by a 

multifocal to coalescing yellow-green to yellow-brown 

loosely to tightly adherent diphtheritic pseudomembrane 

(Cooper et al., 2013). These birds have an enlarged, firm, 

and pale liver with multiple scattered yellow necrotic foci 

and occasionally the gall bladder and bile duct walls are 

thickened and both cavities are distended with bile 

(Lovland and Kaldhusdal, 1999).  

Several antibiotics were used to control NE as lincomycin, 

bacitracin, and Tylosin in water, or bacitracin, lincomycin, 

virginiamycin, and avoparcin, in feed (Brennan et al., 2001; 

Collier et al., 2003).  

Probiotics are those live microorganisms which have 

antimicrobial and growth promoter effects due to 

preventing gut colonization by pathogens as C. perfringens 

by the mechanism of competitive exclusion as Bacillus 

subtilis and B. licheniformis (Sokale et al., 2019). 

Prebiotics referred to oligosaccharides as Mannan 

Oligosaccharides (MOS), Fructo-Oligosaccharides (FOS) 
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and B-glucan that are not digested by enzymes but can 

selectively stimulate the replication of intestinal bacterial 

flora, which have beneficial effects on the host's health, 

also have a significant effect on reducing mortalities caused 

by NE and on increasing chickens’ weight gain and feed 

conversion rates (Murshed and Abudabos, 2015). 

Phytogenic feed additives (PFA) are a categorized sensory 

and flavoring compounds, which consist mainly of plant 

extracts as carvacrol, thymol, capsaicin, cineole, etc.. which 

have antimicrobial efficacy against pathogenic bacteria, 

such as Escherichia coli and Clostridium perfringens 

(Mountzouris et al., 2011; Yang et al. (2015).  

After banning of antibiotics vaccination either by C. 

perfringens and/or its toxins has been an effective way to 

control its infections in animals, alpha toxoid may serve as 

an effective immunogen by producing specific IgY and IgA 

in serum (Kulkarni et al., 2007; Zekarias et al., 2008). 

The aim of this study is to prepare alpha toxoid with 

different adjuvants (MontanideTM ISA 71and aluminum 

hydroxide) and assessment the toxoid by measuring body 

weight gain, feed conversion rate, mortality rate, lesion 

scoring and immune response in vaccinated and 

unvaccinated chickens.  

 

2. MATERIAL AND METHODS 

 
2.1. Bacterial Strains:  

2.1.1. Clostridium perfringens type A strain:  

A locally isolated strain obtained from diseased broilers 

chikens and identified by microbiological ways and PCR in 

animal health institute was used for vaccine preparation 

and for experimental challenge (whole culture each 3ml 

contain 109 cfu). 

2.1.2. Eimeria tenella oocysts: 

Eimeria tenella oocysts were obtained kindly from animal 

health institute each 1ml contain 105 Eimeria tenella 

oocysts.  

 

2.2. Laboratory animals: 

2.2.1. Mice: 

Mice with average weight of 20-25gm were used for safety 

tests, determination of toxigenic C. perfringens by mice 

lethiality test, serum neutralization test and determination 

of minimum lethal dose (MLD) during vaccine preparation 

and evaluation. 

2.2.2. Chickens: 

One day old 125 broiler chicks (Arbo) used as experimental 

birds were kept on the floor "using shaving wood as litter." 

in animal health institute, Tanta under normal breeding 

temperature. Chicks were fed on ration not containing 

anticlostridial feed additives (Fat hens) and water from tape 

water. 

2.3. Vaccine preparation:  

2.3.1. Necrotic enteritis vaccine: 

Clostridium perfringens type A toxoid was prepared 

according to Gadalla et al. (1974). The prepared toxoid was 

divided into two equal parts. Aluminum hydroxide was 

added to first part in a percentage of 20 aluminum 

hydroxide:80 antigen. While the second part was 

adjuvanted with montanide gel (SEPPICR, France) in a 

ratio of 71 montanide: 29 antigen. Purity and safety test for 

two vaccines were carried out according to British 

Veterinary Pharmacopeia (2007). 

 

2.4. Experimental design: 125 one-day old broiler chicks 

were divided into 5 groups (25 chicks\group): 

Group 1: kept as control. 

Group 2: non-vaccinated and challenged. 

Group 3: infected with Eimeria tenella at 15th days of age 

as predisposing factor and increase severity of NE and 

challenged. 

Group 4: vaccinated by locally prepared NE vaccine 

adjuvanted with Aluminum hydroxide by dose of 0.5ml 

subcutaneously at age of seven days and boostered at age 

of eighteen days and challenged. 

Group 5: vaccinated by locally prepared NE vaccine 

adjuvanted with Montanide oil by dose of 0.5ml 

subcutaneously at age of seven days and boostered at age 

of eighteen and challenged. 

All groups 2, 3, 4 and 5 were challenged with 3ml of 

freshly prepared C. perfringens type A whole culture 

contain 109 Cfu for successive 3days from 27th days-old. 

 

2.5. Blood samples 

Blood samples were taken from wing vein of broiler chicks 

using plastic syringe. The samples were kept in refrigerator 

for 24hrs to separate plasma. Then the samples were 

centrifuged at 1000 rpm for 5mins, the separated sera were 

collected for SNT and ELISA. 

 

2.6. Organ samples 

Organ samples from sacrificed birds were taken at age of 

35th day old from middle part of small intestine and liver 

for gross lesion observation according to Prescott et al. 

(1979). Lesions were scored from 0 to 4 (0: no apparent 

lesion, 1: thin friable wall of small intestine, 2: focal 

necrosis and/or ulceration, 3: patchy necrosis and/or 

ulceration, 4: severe extensive necrosis). 

Small intestine and liver samples were taken from different 

groups and preserved by formalin 100% for 

histopathological examination according to Banchroft et al. 

(1996). 

Mortalities and clinical signs were recorded during the 

experimental study. Also mean body weight of all groups 

was measured at the end of experiment to compare between 

vaccinated and unvaccinated groups. 

 

2.7. Statistical analysis: 

Data were analyzed by SPSS version 24 (IBM Corp. 

Released 2016. IBM SPSS Statistics for Windows, Version 

24.0. Armonk, NY). Results were expressed as Mean ± SD. 

One-Way ANOVA was run to test differences in body 

weight and antibody titer in ELISA test between groups, P< 

0.05 was considered statistically significant  

 

3. RESULTS 

 
3.1. Clinical signs: 

In groups (1): chicks showed no marked clinical signs. In 

groups (2 and 3): From 24:48hr post challenge, the birds in 

both groups showed decrease feed consumption, increase 

water intake, ruffled feather, and brownish diarrhea tinged 

with blood especially in group A (Figure 1). In vaccinated 

groups (4 and 5): No marked clinical signs were detected 

post challenge, also there is no mortality has been occurred. 

 

 
Figure 1 Chick shows ruffled feather, decrease feed consumption, increase water intake 

and brownish diarrhea tinged with blood. 
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3.2. Postmortem examination: 

In group (1) the intestine and liver were apparently normal 

(score lesion 0) (Figure 2). In unvaccinated groups (group 2 

& 3), score lesion varied between 2 to 4 as described in 

table 1, the postmortem examination showed ballooning of 

intestine, congestion of intestinal mucosa, friable intestinal 

wall, intestinal mucosal wall showed necrosis and 

ulceration as well as severe congestion in liver and in some 

cases jaundice liver (Figures 3-6). On the other hand, there 

were no apparent lesion detected in scarified birds obtained 

from vaccinated groups (group 4&5) either by gel or oil 

vaccine (score lesions between 0 to 1 as described in table 

(1) and Figure (7). 

 
Table 1 Lesion score in different groups after challenge with C. 

perfringens 
Groups Group1 Group 2 Group 3 Group 4 Group 5 

Score   0 25 ____ ____ 17 20 

Score 1+ ____ ____ ____ 8 5 

Score 2+ ____ 7 6 ____ ____ 

Score 3+ ____ 8 7 ____ ____ 

Score 4+ ____ 10 12 ____ ____ 

 

 
Figure 2 Control group show normal  intestine and liver 

 

 Figure 3 Postmortem examination in unvaccinated groups showed severe congestion in 

small intestine 

Figure 4 Postmortem examination in unvaccinated groups showed intestinal necrosis and 

ulcerations 
 

 
Figure 5 Postmortem examination in unvaccinated groups showed liver with multiple 

focal necrosis and petechial hemorrhage 

 

 
Figure 6 Postmortem examination in unvaccinated groups showed jaundiced liver with 

petechial hemorrhage 

 

 
Figure 7 Postmortem examination in vaccinated groups showed apparently normal 

intestine 

 

3.3. Histopathological examinations: 

Unvaccinated groups (group 2 and 3):  

Intestine: There were diffuse coagulative necrosis with 

inflammatory cell infiltration in superficial mucosa and 

sometimes it extended to deeper mucosa. Meanwhile, there 

were edema and necrosis in the muscle layer. Also, 

bacterial rod bacilli were found in the lumen of the 

intestine (Figure 8 A) 

Liver: There were multiple necrotic areas in hepatic 

parenchyma with variable degenerative changes in adjacent 

hepatocytes. Also, there were marked lymphocytic 

infiltration and edema in portal vein (Figure 8 B). 

 

 
Figure 8 Histopathological examination in unvaccinated groups: A showed intestinal 

desquamation of mucosal lining epithelium, fusion of the villi with massive inflammatory 

infiltration in lamina propria, mucosal necrosis and lymphoid depletion in lamina propria 

(H&E x400), B showed multiple necrotic areas in hepatic parenchyma, congestion of 

portal vein, degeneration in hepatocytes with lymphocytic infiltration (H&E x400) 
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Vaccinated group (group 4 and 5): 

Intestine: The intestine was apparently normal with mild 

desquamation in intestinal villi. Also, there were mild 

lymphocytic infiltration in mucosa and submucosa. 

Meanwhile, the muscle layer was apparently normal 

(Figure 9 A) 

Liver: The hepatic parenchyma appeared apparently normal 

with mild lymphocytic infiltration in portal vein (Figure 9 

B & C) 

 

 
Figure 9 Histopathological examination in vaccinated groups: A showed normal 

intestinal villus (H&E x400), B showed normal hepatic parenchyma, C mild edema in 

portal vein with normal hepatocyte and mild lymphocytic infiltration around portal vein 

(arrow) (H&E x400) 
 

3.5. Result of SNT 

SNT results revealed that, the group 4 vaccinated with gel 

gave protective antibody level 6 IU/ml. While, the group 5 

vaccinated with oil gave high protective antibody level 8 

IU/ml.  Meanwhile, there was no antibody level in 

challenged unvaccinated groups (1, 2 and3). So, the high 

antibody titers in vaccinated groups were protect chickens 

against alpha toxin and lower the mortality due to NE in 

comparison to those of non-vaccinated groups (Table 3). 

 

3.4. Body weight and feed conversion ratio (FCR): 

In group (1): the mean body weight of chicken at the 35th 

day was 2.28 kg; mortality rate was 0% and FCR was 1.53.  

-Unvaccinated group:  In group 2 after challenge the mean 

body of chicken at the 35th day was 2.18 kg, 2 chicks died, 

and the mortality rate was 8% and FCR was 1.65. While 

group 3 the mean body of chicken at the 35th day was 2.10 

kg, 4 chicks died, and the mortality rate was 16% and FCR 

was 1.71.  

-Vaccinated group:  In group 4 after challenge, the mean 

body of chicken at the 35th day was 2.22 kg, 1 chick died, 

and the mortality rate was 4% and FCR was 1.59. 

Meanwhile, in group 5, the mean body of chicken at the 

35th day was 2.30 kg, no chick died and FCR was 1.52 

(Table 2). 

 

Table 2 Effect of necrotic enteritis vaccine on the communitive mortality and production performance in broiler chicken 
Group No. Species Consumed feed/bird 

through 35 days 

Body weight (kg) at age of 35 days 

(Mean ± SD) 

Mortality through 

35 days 

Mortality percentage FCR 

Control 1 25 Arbo 3.5 kg 2.28 ± 0.19 0 0% 1.53 

Unvaccinated 2 25 Arbo 3.5 kg 2.18 ± 0.36 2 8% 1.65 

3 25 Arbo 3.5 kg 2.10 ± 0.22 4 16% 1.71 

Vaccinated 4 25 Arbo 3.5 kg 2.22 ± 0.24 1 4% 1.59 

5 25 Arbo 3.5Kg 2.30 ± 0.19* 0 0% 1.52 

 
Table 3 Immune response of broiler chicken vaccinated with necrotic 

enteritis vaccine using SNT 
Group Treatment After the 2nd vaccination at age of 35 day 

1 Control 0 IU/ml 

2 Unvaccinated 0 IU/ml 

3 Unvaccinated 0 IU/ml 

4 Vaccinated with gel 6 IU/ml 

5 Vaccinated with oil 8IU/ml 

 

3.6. Result of ELISA 

One-Way ANOVA results showed that there were highly 

statically significant differences between groups regarding 

the humeral immune response using ELISA (P<0.001*), 

the highest antibody titer recorded in group 5 

(1.461±0.150) which represented the vaccinated group with 

Montanide. Meanwhile, the chickens vaccinated with gel 

gave a high antibody titer (1.255±0.047) but less than the 

group 5. On the other hand, the unvaccinated groups 1, 2 

and3 showed the lowest antibody titer (0.496±0.098), 

(0.497±0.097) and (0.499±0.099) respectively (Table 4) 

 
Table 4  Comparison of humeral immune response between different groups 

by ELISA 
Group Treatment After 2nd dose 

of vaccination 

One-Way ANOVA 

1 Control 0.496±0.098 

P<0.001 

2 Unvaccinated 0.497±0.097 

3 Unvaccinated 0.499±0.099 

4 Vaccinated with gel 1.255±0.047 

5 Vaccinated with oil 1.461±0.150* 

 

4. DISCUSSION 

 
Necrotic enteritis and subclinical related diseases are 

important infectious diseases in poultry industry in whole 

world causing high economic loss due to high mortality 

rate and poor feed conversion rate. These economic losses 

may cost the poultry industry billions dollars annually 

(Engeström et al., 2003; Timbermont et al., 2011). 

It was well known that vaccination is the cornerstone in 

controlling infectious diseases and it is known that flocks 

with high titers of maternal antibodies against alpha toxin 

had lower mortality during the production period than 

flocks with low titers (Heier et al., 2001).  

In both vaccinated groups either with aluminum hydroxide 

or mantonideTM ISA 71 adjuvant and in control group (1) 

showed no marked clinical signs after challenge due to 

presence of antibodies that neutralize the effect of alpha 

toxin produced by C. perfringens culture challenge. Also, 

mortality rate was 4% and 0% respectively. While 

unvaccinated groups showed marked clinical signs of NE 

and mortality was 8% and 16% respectively. These results 

agreed with (Timbermont et al., 2011; Prescott et al., 

2016). 

Our result revealed that the score lesion varied between 2 

to 4 in unvaccinated groups while in vaccinated groups 

score lesions between 0 to 1 and in control group score 

lesion was 0. This result explained the role of vaccination 

in controlling NE. This finding in agreement with Van 

Immerseel et al. (2004) and Keyburn et al. (2008). 

Histopathological results of intestine and liver from 

different groups were in agreement with Olkowski et al. 

(2006) and Cooper et al. (2013). 

Measurement of performance parameters as body weight, 

FCR and mortality rate is useful to estimate the disease 

induction and vaccine trials for controlling the NE and 

related subclinical diseases. The statistical analysis of body 

weight in different groups reflected that there was 

significant difference between five groups (P < 0.05) after 

experimental challenge however all broiler chickens were 

reared under the same conditions and eating same quantity 

and quality of feed ration. These results run parallel with 
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saleh et al. (2011), Timbermont et al. (2011), Forder et al. 

(2012) and Wade et al. (2015). 

The result of SNT was 0 IU/ml in unvaccinated groups and 

control group while in group 4 was 6 IU/ml and group 5 

was 8 IU/ml these results reflected role of MantonideTM 

ISA 71 adjuvant in stimulating specific components of 

either humeral or cell-mediated immune response. 

Selecting the ideal or the most suitable adjuvant is one of 

the important tools in improving the efficacy of the 

vaccine. An ideal adjuvant is one which can stimulate the 

humeral immune response early (onset), and promote 

production of high antibody titers (strength/intensity) that 

would last long (duration). It should also stimulate the 

cellular immune response.   

The results of SNT in this study were agreed with other 

studies according to El-Meneisy et al. (2007), Zekarias et 

al. (2008), Keyburn et al. (2008), Coursodon et al. (2010), 

Cooper et al. (2013) and Mot et al. (2014). 

ELISA procedure is a rapid, specific, and sensitive 

serological assay which has been used   for the detection of 

several bacterial toxins. ELISA results come in parallel 

with the results of SNT. These results agreed with El-

Meneisy et al. (2007) and Cooper et al. (2013), who 

showed that the vaccination of chickens with NE vaccine 

resulted in strong and specific antibody against alpha toxin 

of Clostridium perfringens type A   

 

5. CONCULOSIONS 
 
In conclusion vaccination of broiler chickens with alpha 

toxoid using montanide oil is recommendable to be used 

for better controlling and eradication of necrotic enteritis. 
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