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INTRODUCTION 

Avian coccidiosis is a common parasitic disease of broiler chickens caused 

by single protozoan parasite of the genus Eimeria that infects the intestinal tract. 

Coccidiosis causes a substantial economic cost to the poultry industry that is 

calculated on more than $800 USD million in annual losses 1. Losses are 

attributed to feed medication for prevention and treatment, mortality, 

malabsorption, inefficient feed utilization, and impaired growth rate. Coccidiosis 

ranked number one out of ten of the diseases that are concern for the poultry 

industry. The clinical and subclinical disease costs the industry a tremendous 

amount of money. Over the past several years, the industry’s use of coccidia 

vaccines has increased due mostly to side effects associated with ionophores.”In 

broiler chickens, coccidiosis prevention and control has been achieved since the 

1950s by the use of two main tools: anticoccidial agents through the feed 2 and 

live vaccines, either attenuated or non-attenuated live oocysts 3 .Vaccination of 

birds seems to be a safer and promising tool to control avian coccidiosis. Many of 
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the commercial vaccines are being used in different parts of the world with 

variable results due to the fact that coccidial strains from different geographical 

regions exhibit different antigenicity 4. Currently,  almost  all commercially  

available  anticoccidial  vaccines  contain live  oocysts  of  attenuated  or  non-

attenuated   lines that  are  produced  by  propagation  in  the  natural host.  One  

vaccine,  however,  is  dependent  upon  the injection of hens with non-viable 

antigens from Eimeria maxima  gametocytes  that  stimulate  production  of 

maternal  antibodies 5,  and  has been introduced in some countries 6 . An 

advantage of live vaccines is that they stimulate a range of immune responses 

that occur naturally when birds are infected with Eimeria species. Never-the less, 

such vaccines are costly to produce and it is desirable to seek alternative means 

of immunization that are intrinsically safer and efficacious, and that do not 

depend upon in vivo propagation. Considerable effort has  therefore  been  made  

to  develop  new  vaccines harnessing  recent  advances  in  biotechnology.  Much 

research has been carried out on the selective presentation to the host of specific 

molecules that can induce protective immunity 7 but, despite early optimism, this 

approach has not yet resulted in a commercial vaccine. The purpose of the 

present study was to determine the protective efficacy of a live attenuated 

anticoccidial vaccine (LivaCox® T) in inducing protection against two field strains 

of E. tenella.  

 

MATERIAL AND METHODS 

1. Eimeria isolates 

Two field strains identified as E. tenella from El-Behera and Matrouh 

governorates in Egypt were collected from floor raised, naturally coccidia-infected 

broiler farms. The chickens in these farms suffered from bloody diarrhea, had a 

daily mortality of 0.1 – 2.2 % and were not vaccinated against coccidiosis. Oocysts 

identified as E. tenella were harvested from cecal contents of the birds by the 

method described 8. Oocysts were allowed to sporulate in 2.5 % potassium 

dichromate with aeration and stored at 4 C.  

 Pure E.tenella strains were obtained from a single oocyst from each field 

sample according to the method used by 9.  

Sporulated oocysts obtained were propagated in coccidium- free chicks, 

nine 2- week- old broiler chicks were housed from 1-day- old in a disinfected 

isolated room and raised on wire- floored cages. Each chick was caged 

individually.  They were assigned into 3 groups (two infected groups and one 

none infected- control group), each contained three chicks. Each of two strains 

was inoculated into the crop of 14-day-old chicks using an insulin syringe. Each 

chick was inoculated orally with 1 ml of the inoculim containing 7.000 sporulated 

oocysts. Directly before inoculation, feacal samples from the chicks were tested 

and shown to be free from Eimeria oocysts. At the end of experiment, high 

numbers of oocysts from each strain were obtained.  

 

2. Test vaccine and vaccination method 
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A commercial batch of LivaCox® T, trivalent live anticoccidial vaccine (Batch 

no. 120611), produced by Biopharm, Research institute of Biopharmcy and 

Veterinary Drugs Company, was used.  The vaccine comprises oocysts of 

E.tenella, E. maxima and E. acervulina. The vaccinal oocysts were suspended in 

sterilized distilled water and each chick was inoculated through eye drops of 

diluted vaccine at one day old age.  

 

3. Experimental birds 

A total of 90 one-day-old commercial broiler chicks were reared for 6 weeks 

in floor pens where feed and water were supplied without restriction. The chicks 

were fed a ration that was free from anticoccidial drugs. All of the birds were fed 

commercial starter ration (23 % protein) during their first 2 weeks of life and 

commercial grower ration (21 % protein) from the third week until the end of the 

experiment. 

All of the chicks received human care in compliance with the Animal Care 

Guidelines of the National Institutes of Health, and the local ethics committee 

approved the experimental design. All chicks were routinely vaccinated against 

Newcastle disease, infectious bronchitis, infectious bursal disease and Avian 

Influenza. 

 

4. Experimental design 

All of the chicks were randomly allocated into six subgroups (15 chicks each, 

each one of them included three replicates, five chicks each). The first subgroups 

were kept as vaccinated non challenged (VNC). The 2ed the control subgroup 2, 

non-vaccinated, non-challenged (NVNC). The third and fourth vaccinated 

challenged subgroups, while 5th and 6th non vaccinated challenged subgroups 

with isolates EL-Behera and Matrouh isolates respectively. 

Three chicks were kept in each subgroup for scarification and lesion scoring 

on the seventh day post challenge (PC). All of the chicks were ranked by restricted 

randomization procedures that normalized the initial body weights among the 

different groups.  

The experimental design is summarized in Table 1. 

On the day of hatch, birds in the vaccinated subgroups (1,3and4) were 

vaccinated with the commercial live attenuated anticoccidial vaccine (LivaCox® T), 

through eye drops.  

At 28 days of age, chickens in vaccinated challenged and non-vaccinated 

challenged (3, 4,5and6) subgroups received a challenge by direct inoculation of 

4×104 sporulated oocysts of E. tenella. Before infection, fecal samples from all 

non-vaccinated subgroups were examined microscopically to confirm that an 

absence of coccidial infection. No oocysts were detected in the nonvaccinated 

subgroups. Fecal samples were examined also from the vaccinated group from 

the fifth day postvaccination and oocysts were detected in the droppings of this 

subgroups. All of the chickens in the infected subgroups were housed in isolated 

pens and chickens of the control subgroup were housed separately from the 
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infected chickens and were attended by separate staff. The end of experiment at 

42 days of age (2 weeks PC) 

  

5. Assessment parameters for evaluation of challenge  

1. Feed consumption and the feed conversion ratio (FCR)  

Were calculated also on the day of challenge and weekly for 2 weeks after 

the challenge. 

 

2. Mortality and performance parameters 

Deaths due to coccidiosis were recorded.  

All of the birds were individually weighed weekly starting from the 28th day 

of age until the end of the experiment (2 weeks PC) to assess weight gain during 

the infection period.  

 

3. Cecal lesion scores and dropping scores 

Three birds from each subgroup were sacrificed 7 days PC. Cecal lesions 

caused by E. tenella were scored according to 10.  

 

4. Dropping scores were graded (0–4) 

According to the consistency of the droppings and the presence of mucus 

and/or blood 11. 

 

5. Cecal mucosal scraping scores 

The cecal scraping score was graded (0–4) according to the number of 

oocysts in the mucosal scrapings of the ceca at necropsy 7 days PC. A 

semiquantitative scoring system was used according to the method described by 
12. Cited 13. 

 

6. Oocyst count 

The oocyst count per gram of fecal material (OPG) was evaluated from the 

seventh to the 13th day PC. Three fecal samples from each replicate were 

collected, and OPG was counted using the McMaster counting technique as 

described 14. 

 

7. Statistical analysis  

The data were compared between groups using a statistical analysis 

computer package (SAS Institute). All of the data are presented as the mean ± 

SE. The data were statistically analyzed using analysis of variance followed by 

Duncan’s multiple range tests 15 .The data were deemed significant if p was <0.05. 

 

RESULTS 

Performance parameters 
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The total BW gain per group from days 28 to 42 is presented in Table 2. 

Birds in the control subgroup 2 (NVNC) had the highest average total BW gain 

compared to other subgroups and followed by subgroup 1 (VNC). 

Interestingly, the final BW gain was significantly higher in the VC subgroups 

3and 4 compared with the NVC subgroups 5 and 6. Also the subgroups 3and5 

challenged by El-Behera isolate has better BW in comparison with subgroups 

4and6 challenged by Matrouh isolate.  

 

Table 3.  Shows total FCR  

Birds in the control subgroup 2 (NVNC) had the lowest FCR values between 

all groups; however, the FCR values of the VC3 and VC4 were significantly lower 

than the FCR values of the NVC5 and NVC6 .Also the subgroups 3and5 challenged 

by El-Behera isolate has better FCR in comparison with subgroups 4and6 

challenged by Matrouh isolate .  

 

Table 4.  Shows that the highest mortality rate was observed in the NVC6 

group (2.15birds), while one bird out of 15 birds was recorded in NVC5 and VC4 

subgroups. No deaths were recorded in the other subgroups. 

 

Cecal lesion, dropping, and mucosal scrapping scores 

NVNC subgroups was significantly the lowest (nil score) (Table 4). 

The VC subgroups showed significantly improved lesion scores compared 

with the NVC groups. 

It is recorded that Lesion scores at 7 days PC were more severe in 

subgroups challenged by Matrouh isolate (4and6) in comparison with subgroups 

challenged by El-Behera isolate (3and5). While, VNC subgroup (1) showed lesion 

score about 0.3 (Table 4). 

 

Concerning cecal mucosal scrapings and dropping scores 

The score in NVNC control subgroup (2) was significantly the lowest (nil 

score) (Table 4).The VC subgroups showed significantly improved mucosal 

scraping and dropping scores compared with the NVC groups. Also, results 

indicated that subgroups challenged by Matrouh isolate (4and6) had high scores 

in comparison with subgroups challenged by El- Behera isolate (3and5).  

 

The total OPG from the seventh to the 13th day PC is presented in 

Table (5).  

The control NVNC subgroup (2) was negative for E. tenella oocysts 

throughout the experiment. While, the VNC subgroup (1) exhibited the lowest 

oocyst count compared with the other challenged subgroups. 

The oocyst counts of the NVC subgroups (5and6) were significantly (p<0.05) 

higher than the VC subgroups (3and4). Also, results indicated that subgroups 

challenged by Matrouh isolate (4and6) high oocyst count in comparison with 

subgroups challenged by El-Behera isolate (3and5). 
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From results concluded that weight gain, FCR, mortality rate, lesion score, 

mucosal scraping score, dropping score and oocyst count were improved in 

vaccinated chicks with LevaCoxT® after challenge, and the results are better to El-

Behera isolate than Matrouh isolate. 
 

 Table 1. Experimental design 

Subgroups Vaccination at one day Challenge at 28 day 

1 vaccinated non challenged Eye drop Not done 

2
  
non vaccinated non challenged Not done Not done 

3 vaccinated challenged with El-Behera strain Eye drop 4×10
4 

sproulated 

oocyst 

4 vaccinated challenged with Matrouh strain Eye drop 4×10
4 

sproulated 

oocyst 

5 non vaccinated challenged with El-behera 

strain 

Not done 4×10
4 

sproulated 

oocyst 

6 nonvaccinated challenged with Matrouh 

strain 

Not done 4×10
4 

sproulated 

oocyst 

 

 

Table 2.   Effect of challenge with two field strains of E. tenella on weight gain in vaccinated and 

non-vaccinated challenged broiler chickens  

Subgroups/body weight BW gain1 (28–35 

days) 

BW gain2 (35–42 

days) 

Total BW gain (g) 

(28–42 days) 

1  VNC 680±92b 590±90b 1,350±140b 

2
   
NVNC 730±64a 756±120a 1,480±130a 

3  VC with El-Behera strain 640±90b 585±75b 1,210±140b 

4  VC with Matrouh strain 595±70b 535±132b 1,120±172b 

5 NVC with El-Behera strain 570±100b 520±120b 1,115±150b 

6 NVC with Matrouh strain 560±110b 505±180b 1,098±320c 

1–6 (six subgroups), BW: body weight 

VNC: vaccinated, non-challenged, NVNC: non-vaccinated, non-challenged 

VC: vaccinated, challenged, NVC: non vaccinated, challenged, 

Each value represents the mean ± standard error.  

Values with different letters within the same column are significantly 

different (p<0.05). 

 
Table 3.  Effect of challenge with two field strains of E. tenella on feed conversion ratio in 

vaccinated and non-vaccinated broiler chickens 

Subgroups\ FCR FCR1 (28–35 days) FCR1 (35–42 days) Total FCR (28–42 days) 

1
st

 VNC 1.95±0.22 
b 

2.05±0.38
b 

1.68±0.22
b 

2
nd  

NVNC 1.58±0.14
b 

1.72±0.25
ab 

1.50±0.13
b 

3 VC with El-behera strain 1.98±0.28
b 

2.13±0.27
b 

1.74±0.22
a 

4 VC with Matrouh strain 2.06±0.30
ab 

2.45±0.60
b 

1.77±0.21
a 

5 NVC with El-Behera strain 2.02±0.16
b 

2.32±0.75
b 

1.85±0.32
a 

6 NVC with Matrouh strain 2.23±0.35
a 

2.82±0.70
b 

1.92±0.52
a 

1–6 (six subgroups), CR feed conversion ratio 

VNC: vaccinated, non-challenged, NVNC: non-vaccinated, non-challenged 
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VC: vaccinated, challenged, NVC: non vaccinated, challenged, 

Each value represents the mean ± standard error.  

Values with different letters within the same column are significantly 

different (p<0.05) 
 

Table 4. Effect of challenge with two field strains of E. tenella on mortality rate, lesion scores, 

cecal scraping scores, and dropping nature scores in vaccinated and non-vaccinated broiler 

chickens 

Subgroups\ items Mortality 

No/15birds 

Lesion score Mucosal 

scrapping 

Dropping 

score 

1
 
  VNC 0.15 0.30±0.55c 0.30±0.50c 0.00c 

2  NVNC 0.15 0.00±0.00d 0.00±0.00d 0.00c 

3 VC with El-Behera strain 0.15 2.00±1.73b 0.67±0.58c 1.00b 

4 VC with Matrouh strain 1.15 2.33±1.16b 2.00±1.00b 2.00b 

5 NVC with El-Behera strain 1.15 3.00±0.00a 3.00±1.00a 3.00a 

6 NVC with Matrouh strain 2.15 3.67±0.58a 3.33±0.58a 3.00a 

1–6 (sex different subgroups), No number of dead birds, VNC vaccinated, 

non-challenged, NVNC non-vaccinated, non-challenged, VC vaccinated, 

challenged,                                        NVC non-vaccinated, challenged, each value 

represents the mean ± standard error. Values with different letters within the 

same column are significantly different (p<0.05). 
 

Table 5.  Effect of challenge with two field strains of E. tenella on oocyst counts (×10
3
) in 

vaccinated and non-vaccinated broiler chickens. 

Subgrou

p/ oocyst 

count 

7
th

 day 8
th

 day 9
th

 day 10
th

 day 11
th

 day 12
th

 day 13
th

 

day 

Total 

1
 
   VNC 2.7±0.1d 1.5±0.1e 1.4±0.1e 1.5±0.03

c 

1.4±0.05

c 

0.0±0.0

c 

0.0±0.0

c 

8.5±0.2e 

2   NVNC 0.0±0.0d 0.0±0.0c 0.0±0.0c 0.0±0.0d 0.0±0.0c 0.0±0.0

e 

0.0±0.0

e 

0.0±0.0d 

3 VC with 

El -

Behera 

strain 

7.2±0.3d 13.8±0.7

d 

14.1±0.2

c 

16.8±0.8

c x 

11.4±0.1

b 

3.8±0.3

c 

0.4±0.0

c 

67.5±1.5c 

4 VC with 

Matrouh 

strain 

8.3±0.6e 14.9±0.4

d 

32.0±1.0

b 

65.0±1.0

b 

11.0 

±1.0b 

3.3±1.5

b, c 

1.3±0.1

c 

135.8±1.8

b 

5 NVC 

with El-

Behera 

strain 

18.6±0.5

c 

20.0±1.0c 42.2±1.1

b 

48.0±1.0

b 

32.5±0.5

a 

1.9±0.2

c 

0.8±0.1

c 

164.1±0.8

b 

6 NVC 

with 

Matrouh 

strain 

36.9±5.6

a 

112.3±2.

1a 

60.9±4.3

a 

40.5±8.3

b 

5.7±1.4c 4.2±0.6

b 

3.2±0.1

b 

263.7±8.5

a 

1–6 (sex different subgroups), VNC vaccinated, non-challenged,                                   

NVNC non-vaccinated, non-challenged, VC vaccinated, challenged,                                             
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NVC non-vaccinated, challenged, each value represents the mean ± standard 

error.  

Values with different letters within the same column are significantly 

different (p<0.05). 

 

DISCUSSION  

Live anticoccidial vaccines have proved to be an effective alternative to 

anticoccidial drugs for the control of chicken coccidiosis.  A number of live 

anticoccidial vaccines, such as Coccivac, Immucox, Paracox and LivaCox have 

been available in the world market for several years, and these vaccines have 

contributed significantly to the control of chicken coccidiosis 16.   

The LivaCox® T is a live vaccine comprising an attenuated oocyst of E. 

tenella, E. maxima and E. acervulina for the control of coccidiosis in broiler 

chickens.  The formulation of this live vaccine is different from those of other 

anticoccidial vaccines which contain all non-attenuated oocysts (e.g. Coccivac1, 

Immucox1 vaccines). 

Worldwide  usage  of  live  vaccines,  in  particular virulent vaccines, has been 

low in standard broilers  compared with their usage in breeding-stock and in 

heavy meat birds because of the potential problem of transient slight drop in 

weight gain after vaccination, which in turn may effect broiler producers’ 

confidence in  using  these  vaccines  for  the  consideration  of economic  

benefits 17.  

A common practice for the evaluation of immune responses to vaccination 

against coccidiosis in chickens is the challenge of vaccinated birds with 

homologous or heterologous strains of Eimeria spp. 18. 

In the present study, the infection of birds in the experimental subgroups 

with two strains of E. tenella resulted in a significant reduction in performance 

parameters (FCR, final BW gain, and mortality rate). The reduction in growth may 

have been due to the existence of cecal lesions caused by E.tenella and the 

subsequent malabsorption of nutrients, anorexia, and listlessness of birds 19, and 

the reduction in performance parameters is more severe in the experimental 

subgroups challenged by Matrouh isolate. Mortality due to E. tenella is strongly 

influenced by the pathogenicity and virulence of each strain 20. 

Numerous commercial vaccines are used in many parts of the world to 

control coccidiosis in chickens.  

In terms of mortality rate, 100% of the VC subgroup (3) challenged by El-

Behera isolate survived throughout the experiment and mild to moderate lesion 

scores were observed in these birds may have been due to the immunity 

conferred by the vaccination 21,22,23. However, VC subgroup (4) challenged by 

Matrouh isolate showed one bird dead out of 15 birds and the performance 

parameters are reduced than subgroup (3). Mortality caused by different strains 

have also been observed 24, 25. 

In contrast, mortality was observed in the NVC5 and NVC6 subgroups with 

rate 1.15 and 2.15 birds, respectively (Table 4). 
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Differences in the increase in the fecal oocyst count may have a direct 

correlation with the severity of the disease (Table 5). However26 argued that due 

to the great variability in the oocyst count at different time intervals of the 

disease, this parameter was not reliable for evaluating the intensity of disease. 

These results demonstrated that LivaCox® T produced acceptable 

protection in birds infected with the two different strains of E. tenella but the best 

protection was observed in birds infected with the El- Behera strain. This 

protection was indicated by the absence of mortalities in all of the VC subgroup 

(3) challenged by El- Behera strain and decrease mortalities in the VC subgroup 

(4) challenged by Matrouh strain; improved body weight, lesion scores, mucosal 

scrapings , dropping scores, and decreased oocyst counts in VC subgroups. The 

variation in protection obtained by using LivaCox® T against the two field strains 

of E. tenella observed here suggests that the use of local strains of E. tenella may 

give better protection. The use of local strains (rather than a commercial vaccine) 

to protect against coccidiosis has previously been shown to be valid27. Found a 

higher oocyst count in LivaCox-vaccinated groups compared with local 

gametocyte-vaccinated chickens. 
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