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Abstract 

The aim of this study was to know the protective immunity of broilers immunized with attenuated Eimeria tenella (E. tenella) on 

homologous and heterologous challenges. The protective immunity was represented by oocyst production and histopathological 

changes of cecum. The previous experiment already produced attenuated E. tenella through serial passages of precocious lines in 

naive chicken. Four groups of chickens were separately divided into two non-immunized control groups and two immunized with 

attenuated E. tenella groups, and each group was challenged with homologous and heterologous strains. The results showed 

significant difference in oocysts production (p<0.01) and histopathological changes between control and immunized groups. 
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1. Introduction  

The World Health Organisation has now recommended restrictions in the type of antimicrobials used in food-

producing animals, livestock development and disease control. The consequence of this withdrawal for the poultry 

industry in Indonesia is reduction of productivity due to an increased incidence of infection by certain pathogens. 

This restriction of the use of antibiotic is necessarily anticipated with appropriate substitutes for prophylactic and 

cure antibiotics to microorganisms infection.  

 Faced with these restrictions, the use of vaccine to control infectious disease is expected to be able to avoid 

dependence upon the use of antibiotic and other chemical agents. Moreover the use of vaccine is safer and more 

natural, effective and effecient to enhance resistance and to obstruct the development of infectious agent. One of 

potential vaccine materials that has been explored is live vaccine of oocysts that can be developed, produced and 

applied in mass quantity. 

The development of live vaccine using low-virulence precocious lines of oocysts of Eimeria can be used as an 

alternative for more efficient and effective protection and cost compared to other avian coccidiosis vaccines, such as 

killed and/or sub unit vaccine. Previous study stated that low-virulence precocious lines of oocysts of Eimeria could 

result in serial passage precocious lines of oocysts Eimeria at naive chicken. That evidence showed that 

pathogenicity of Eimeria can be attenuated by modification of prepatent period of life cycle of parasite and it is 

hoped to become a stage for induction of protective immunity in chicken. In fact there are many coccidiosis cases 

present in several poultry farms due to E. tenella infection. 

Therefore prevention and/or protection program of cecal coccidiosis is needed using low-virulence precocious 

lines of oocysts E. tenella. This is very beneficial particularly for protection and economical value if vaccination 

program is performed by using E. tenella, a pathogen that frequently attacks many poultry farms.  

The previous experiment already produced attenuated E. tenella through serial passages of precocious lines in 

naive chicken. Live vaccines using low-virulence precocious lines of the parasites are expected to be efficient and 

cost-effective. To be effective, low-virulence precocious lines of the parasites (attenuated E. tenella) must exhibit 

potency of protectice immunity in chicken particularly on the challenge of homologous and heterologous strain. 

2. Methods  

Precocious lines of E. tenella was to be developed incorporation in an efficacious live vaccine, attenuation of 

parent strain of  E. tenella with modification of the prepatent period by serial passage for precocious development to 

result in E. tenella live vaccine which has characterization of potency of protection against homologous and 

heterologous challenges.

All birds used in this work were CP707 strain, which were supplied from the minimal diseases breeding flock 

on-site at the Animal Research Institute. Day-old chicks were transferred to positive pressure isolator in a designated 

clean chicken rearing room, which was isolated from all experimental areas. Strict bio-security procedures were in 

place and appropriate staff training was completed to ensure no contamination of the coccidian-free birds would 

occur. Feces from the isolators were monitored weekly to ensure no coccidial infections were present. The birds 

were reared to at least three weeks of age before they were removed and used for parasite work.  

Low-virulence precocious lines of the parasites, attenuated local isolate E. tenella were used to immunize naive 

chickens. 

Animals used in these experiments were forty male CP707 strain broilers at two weeks old which were divided 

into four groups and each group consisted of ten broilers. All broilers at each group adapted during 7 days and were 

placed in individual battery cages and given standard diet (Charoen Pockphand) that did not contain coccidiostat. 

All broilers were given food and drink ad libitum. After adaptation, the first and second group were administered 

with distilled water and they were then challenged with 1 x 10
4 un-attenuated homologous (parent strain) and 

heterologous of E. tenella strain respectively two weeks later. The first two groups were positive control groups of 

homologous strain and heterologous strain. The third and fourth group were administered with 1 x 104 attenuated 

homologous (precocious lines of E. tenella of parent strain) and they were then challenged with 1 x 104 un-

attenuated homologous (parent strain) and heterologous of E. tenella strain respectively two weeks later.    

After challenge infection, half of chickens in each group were sacrificed on day 4 for histopathological 

examination on both macroscopic and microscopic changes. Macroscopic examination of the changes was made by 

looking at the score of cecal lesion while the microscopic change was made to see the development of intracellular 
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parasites in each chicken group using HE staining1. The other half of chickens in each group were observed on 

clinical symptoms that began after infection. The total production of the observations made on days 7-12 after 

infection using the flotation method and calculated using the New McMaster Chamber. All the above procedures 

were performed on all chickens groups both positive control groups and administered with precocious lines of E. 

tenella groups.  

Microscopic changes occurring included the development of intracellular parasites as many as per 10 crypts of 

Lieberkuhn2 using a microscope with a magnification of 400 times. The pattern of daily oocyst production will 

describe patterns of daily oocyst production and subsequent total will describe the level of protective immunity 

development of the host after immunization and the challenge. 

Data on clinical symptoms and the development of intracellular parasites as a result of infection with E. tenella

were analyzed with comparative and descriptive analysis for each chicken group. Macroscopic examination data in 

the form of the cecal lesion scores were analyzed by Kruskal-Wallis One Way Test. Total production of oocysts and 

the number of intracellular parasites that evolved from each chicken group was analyzed using t test3.

3. Results and discussion  

3.1. Clinical symptoms and histopathological changes  

The administration of precocious line of E. tenella on naïve chicken group that were then challenged using 

homologous parent strain and heterologous of E. tenella showed that both almost similar that is there was no up to 

light clinical symptoms. In contrast, there was significant difference between administered with precocious line of E.

tenella (immunized attenuated E. tenella) groups and positive control groups. On the one hand, the positive control 

groups showed obvious clinical symptoms such as diarrhea that began on the fourth day after challenge which 

became more progressive and accompanied by the presence of blood. Depression, anorexia and weakness were 

visible on those chickens. These conditions were seen until the tenth day after infection.  On the other hand, 

immunized with precocious line of E. tenella groups showed a slight decrease on appetite and had watery stool.   

      Based on microscopic observations on the cecum, histopathologic damage scores were obtained which included 

inflammatory cells, degeneration, necrosis hemorrhage, and damage to the mucosa of the cecum as shown in Table 1 

and Fig. 2. 

Table 1. Comparison of score of histopathological changes between administered 

precocious line chicken groups (Immunized chicken groups) and  positive control 

groups 

Treatment groups Means ± SD 

The 1st group                                              3.34a ± 0.01 

The 2nd group                                              3.41a ± 0.42 

The 3rd group                                              1.34b ± 0.42 

The 4th group                                              1.22b ± 0.31 

Superscript is different in same column represented significantly difference (p<0.05) 

 Statistical analysis using the Kruskal-Wallis test showed significant difference (p < 0.05) between positive 

control groups and immunized chicken groups. Cecal damage score was high at positive control groups showing 

high pathogenicity in chickens that had not been administered with precocious line of E. tenella. In contrast, the 

group that had already been administered with precocious line of E. tenella and then challenged with homologous 

and heterologous strains showed a lower lesion scores than positive control group.  Therefore, there was significant 

decline of histopathological damage of cecum (Table. 2). From the observation on the positive control groups there 

were much inflammation, damage in the form of erosion and swelling, bleeding a little accumulation of erythrocyte 

cells. In addition, epithelial cells underwent degeneration and necrosis in the mucosa of the cecum.  
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Fig. 1. The comparison of oocyst production between non immunized and immunized chicken groups of attenuated E. tenella. **, p<0.01

The damage on administered with precocious line groups was lighter compared to that on positive control group 

such as less inflammation, less damage to the mucosa and only a small fraction undergoing changes, degeneration 

and necrosis. Of the two different groups, the developmental stage of the parasite seen surrounded by inflammatory 

cells was the body's response to antigens entering the chicken (Fig. 2). Some changes in anatomic pathology in the 

cecum of chickens after being infected with E. tenella oocysts that can be seen included cell degeneration, 

inflammation, necrosis, hemorrhage, and mucosal erosions.  

Table 2.  The comparison lesion score between non immunized attenuated E.

tenella and immunized attenuated E. tenella which then challenged with 

homologous and heterologous strains, respectively 

Treatment groups Means ± SD 

The 1st group                                              3.34a ± 0.01 

The 2nd group                                              3.41a ± 0.42 

The 3rd group                                              1.34b ± 0.42 

The 4th group                                              1.22b ± 0.31 

Superscript is different in same column represented significant difference (p<0.05) 

The presence of inflammation indicated that infectious process (E. tenella) in the host was running. In addition to 

inflammatory cells, it was also found that epithelial cells underwent inflammation (swelling) due to the cell's 

defense against infection. Damage occurring to the mucosa was caused by the development of schizonts, gametes 

and oocysts of E. tenella on mucosal epithelial cells, especially at the top. Forms of mucosal damage were in the 

form of swelling and erosion. On average, in the immunized precocious line groups mucosal epithelial damage seen 

in pathology was not a serious damage. This was due to the damage occurring only in the upper part of the mucosa 

and not up to the crypt area or muscular layers. In fact, more or less mucosal damage caused a reduction in the 

surface area of the cecum mucosa to absorb nutrients4. Thus in chickens infected with E. tenella impaired absorption 

of nutrients can occur and it can potentially affect the weight of the chicken. 
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Fig. 2. The increase of protective immunity (decrease of damage target cell by parasite). a and b,  non immunized attenuated E. tenella.(parent 

strain); c and d, immunized attenuated E. tenella which were then challenged with homologous and heterologous strains, respectively; arrow, 

development of parasites. 

The number of parasites (total schizont) in the cecum histopathology preparations was counted at each of ten 

randomly Liberkhun crypts in each preparation5 with a magnification of 400 times. Administered with precocious 

line groups showing a pattern of growing number of schizont in the mucosa of the cecum was significantly different 

compared to positive control groups that means the development of parasite to become sexual generation was a 

similar pattern (Fig. 2). 

Total of oocyst production on administered with precocious line groups were reduced significantly compared to 

that on positive control group (Fig. 1). The decrease in the production of oocysts of groups administered with 

precocious line was about ± 85-90 % compared to that of positive control group.

Positive control groups showed clear clinical symptoms such as bloody diarrhea, depression, decreased appetite, 

and weakness. This was because positive control group had not been exposed to E. tenella antigens previously so 

that protective immunity had not been established to respond to incoming antigens. Clinical symptoms were a 

manifestation of the development of the parasite occurring in the cecum to the damage caused by endogenous 

development. Bloody diarrhea was caused by rupture of the mature schizont stage that occurs in the cecum epithelial 

cells in large quantities so that the blood vessels were damaged. The amount of blood coming out in some cases 

caused anemia and followed by weakness and decreased appetite. Morbidity due to infectious caused depression in 

the infected chickens. Administered with precocious line groups showed no obvious clinical symptoms and chickens 

survived. This was because the chicken had known antigens inducing protective immunity. The responses were 

related to the role of cell mediated immunity in the intracellular parasite infections such as E. tenella.

Changes anatomical pathology; Severity of attack or coccidiosis infection was influenced by the number of 

parasites that infected (dose of infection), immune power and age of host. Ten thousands of oocysts of E. tenella

dose in this study led to pathological changes in the mucosa of the cecum where mucosal bleeding was visible as 

evidenced by histopathologic form of bleeding, tissue degeneration and necrosis and infiltration of inflammatory 

a b

dc
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cells covering almost three- quarters of the field of view of the sample under a microscope to infection first. It 

caused each age group level chicken not to be infected so the chicken had not been stimulated both cellular 

immunity via cell-mediated and humoral immunity. This was because the chicken’s body was not familiar with 

incoming antigens. Once chicken was infected with Eimeria antigens and recovered from the infection, it will have 

immunity. Yet, this immunity had short lifespan, unless the chickens were always associated with coccidia6.

On the fourth day post-infection at mucosal bleeding cecum, there was the tunica propria layer infiltration of 

eosinophils, lymphocytes, monocytes and plasma cells in the mucosa and sub- mucosa of the cecum7. In the 

muscular layer, focal necrosis was seen around the blood vessels. In addition to the above description of the damage, 

there was also damage to the layer of the muscular externa. In these circumstances the release of tissue degeneration 

due to infection Eimeria spp was on the seventh day of the release of tissue degeneration8.

The extent of damage was minor in administered with precocious line groups due to immune-formed but it was 

still partially parasitic since it still showed the ability to inflict significant lesions. One of the factors that affected 

immunity against coccidiosis was exposure to parasite antigens in the host9. The previous research found a refractile 

body antigen (indicated as SO7) in the sporozoite of E. tenella which were able to provide real protection against 

lesions of the cecum and weight loss in chickens inoculated with a form of SO7 antigen9.

After passing the infectious agent of non-specific immune system, the development of the infectious agent 

should not be disturbed or in accordance with the life cycle and then continue in the face of specific components of 

the immune system. This was in contrast to the control group, in which oocysts were able to pass components of the 

non-specific and specific immunity. Specific immune system 's main role involved B cells and T cells and 

macrophages as the cell processor (APC)11. The role of the specific immune system was caused by the chicken 

experiment at the first contact with the infectious agent that oocysts directly responded to specific immunization 

process that was also running as it should, so the infectious agent in the continuing development of its life cycle in 

the host did not run perfectly until eventually a number of oocysts produced and released through feces decreased10.

The presence of inflammation indicated that infectious process (E. tenella) in the host was running. In addition to 

inflammatory cells, it was also found that epithelial cells underwent inflammation (swelling) due to the cell's 

defense against infection. Damage occurring to the mucosa was caused by the development of schizonts, gametes 

and oocysts of E. tenella on mucosal epithelial cells, especially at the top. Forms of mucosal damage were in the 

form of swelling and erosion. On average, in the immunized precocious line groups mucosal epithelial damage seen 

in pathology was not a serious damage. This was due to the damage occurring only in the upper part of the mucosa 

and not up to the crypt area or muscular layers. In fact, more or less mucosal damage caused a reduction in the 

surface area of the cecum mucosa to absorb nutrients4. Thus in chickens infected with E. tenella impaired absorption 

of nutrients can occur and it can potentially affect the weight of the chicken. 

4. Conclusion  

Attenuated E. tenella through serial passages of precocious lines in naive chicken could induce protective 

immunity which was represented by declining oocyst production and histopathological changes in cecum to 

homologous and heterologous challenges. 
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