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Abstract

This study aims to determine the level of damage and the inflammatory response in the cecal epithelium of
broiler chickens infected with Eimeria spp. The sample population consists of 39 broiler cadavers from Ta-
banan and Bangli Regencies, Bali, Indonesia, which showed clinical signs of weakness, drooping wings, and
bloody stools before death. Subsequently, they were necropsied, and the swollen cecum tissue, with a color
range of pink to black, was sufficiently harvested and placed in a pot filled with 10% neutral buffer formalin.
After fixation for 24-48 hours, the sample was then processed routinely and stained with hematoxylin-eosin
(HE) dyes. The histopathological examination revealed the occurrence of bleeding, epithelial desquamation,
gland necrosis, macrophage infiltration, and various stages of Eimeria spp. development. The presence of E.
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INTRODUCTION

Several population statistics agencies have estimated an in-
crease in the global human population to 9.6 billion by 2050.
During this period, broiler production is also expected to expe-
rience a 121% growth to meet the increased need for animal
protein sources (Mottet and Tempio, 2017). This predicted high
demand is not in line with the prohibition on the use of antibi-
otics for growth promoters (AGP), as stated by Law no. 41/2014
Jo and 18/2009 on Livestock and Health. Antibiotics are drugs
that can suppress the growth of pathogenic bacteria by increas-
ing the population of the beneficial variants. They also stimulate
the formation of antimicrobial compounds, such as free fatty ac-
ids and acidic substances to create an inconducive environment
for the microorganisms. However, the addition of these drugs
to feed is detrimental to livestock and humans because they
cause resistance to bacteria. Another negative effect is that the
residues in the animals’ products, such as meat, eggs, and milk
are harmful to the consumers (Abbas et al,, 2011; Nilsson et al,,
2012). This has led to the development of an ethical, healthy,
and environmentally friendly meat production technique by the
livestock sector. Changes in poultry production practices affect
animal health and increase the rate of infection by several patho-
gens. They can also cause an increase in the incidence of coc-
cidiosis, necrotizing enteritis, impaired nutrient absorption, low
feed conversion efficiency, and death (Allen and Feterrer, 2002).

tenella in the epithelium of the tissue was assumed to be associated with hemorrhage necrotic typhlitis.
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Coccidiosis is an enteric parasitic disease caused by several spe-
cies of protozoa in the genus Eimeria. It is also one of the most
common and economically important poultry infections globally
(Olanrewaju and Agbor, 2014; Shirley et al., 2005). The disease
often occurs after the ingestion of sporulated oocysts by suscep-
tible hosts and is characterized by diarrhea, emaciation, drooping
wings, poor growth, as well as increased morbidity and mortali-
ty. Broilers reared in wet cages with high density can exacerbate
its incidence (Sharma et al, 2013). There are seven species of
Eimeria, including Eimeria tenella, E. maxima, E. necatrix, and E.
brunetti, which are highly pathogenic, while E. acervulina, E. mi-
tis, and E. praecox, are less pathogenic (Gharekhani et al.,, 2014;
McDougald and Fitz-Coy, 2008). Furthermore, each of them has
different preferences in the gastrointestinal tract to affect growth
performance and gut health (Lépez -Osorio et al., 2020). E. tenel-
la, which lives in the mucous membrane of the cecum during
replication causes necrosis of the epithelium, bleeding, and im-
pairs intestinal health (Zaman et al., 2012). The cecum is the main
compartment in the intestine for bacterial fermentation as well
as a reservoir of pathogenic bacteria, and toxins that can cause
oxidative stress after entering the bloodstream (Cason et al,
2007). It also plays an important role in producing beneficial me-
tabolites, such as vitamins, volatile fatty acids (VFA), lactic acid,
and antimicrobial compounds through fermentation (Shang et
al., 2018). The majority of Eimeria spp. infects poultry birds aged
3-18 weeks and can cause death in chicks. In poor cage condi-
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tions, mixed infections are common among the animals, and it is
characterized by the occurrence of 2 or more diseases simultane-
ously (McDougald and Fitz-Coy, 2008).

Due to the prohibition on the use of AGP in poultry feed, it
is important to develop another coccidiostat that can control the
disease as well as prevent resistance and residues in eggs and
meat. Several studies reported that non-sporing bacterial probi-
otics and natural ingredients from plants can be used as substi-
tutes for antibiotics as well as growth-promoting additives. Cao
et al. (2018) stated that the administration of probiotics using
Bacillus spp. can protect broilers from infection and improve their
performance. Wiedosari and Wardhana (2017) also revealed that
adding the powder and essential oil of Artemisia annua leaves to
the feed of animals infected by E. tenella reduced the number of
fecal oocysts. Therefore, this study aims to determine the level
of damage and the inflammatory response in the epithelium of
cecum infected with Eimeria spp.

MATERIALS AND METHODS

Animals

Many broilers chicken are farmed in Tabanan and Bangli
districts, Bali Indonesia because the temperature and humidity
strongly support the growth of chickens. However, poultry pro-
duction in an effort to increase the protein needs of Indonesian
people is often threatened by various diseases, one of which is
the parasitic coccidiosis disease. This disease arises due to re-
strictions on the use of antibiotics for growth promoters (AGP) in
the feed given to broiler chickens.

Samples

The sample population consists of 39 cadaveric broilers from
several villages in Tabanan and Bangli Regencies. Broiler chickens
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Figure 1. Photomicrograph of the cecum from broilers infected by E. fenella. (A) clinical signs of bloody stools, (B) a swollen cecum with dark red color, erythrocytes in the lumen, (C)

several schizont formations and focal infiltration of macrophages in the caecal mucosa, (E) oocyst formations (thin arrows), hemorrhage (bold arrow) and epithelial desquamation (star),
(F) necrosis of the villi. HE stained and x400 magnification.
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before death show clinical sign of weakness, drooping wings and
bloody stools. The feed given to broilers does not contain an
antibiotic growth promoter (AGP). Broiler cadaver samples aged
between 2-4 weeks were then necropsied using a predetermined
procedure followed by anatomical and histopathological exam-
ination to determine the intensity of damage and the inflamma-
tory response of the cecum epithelium.

Histopathological examination

The cecum tissue is taken sufficiently and then put into a
small pot that has been filled with 10% neutral buffer formalin.
The formalin-fixed tissue was then processed and made histo-
logical preparations using hematoxylin-eosin (HE) dye (Kiernan,
2015). The stained cecum tissue preparations were then exam-
ined under a light microscope. The results of the examination
of anatomical and histopathological pathological changes in the
cecum tissue were analyzed descriptively qualitatively.

RESULTS AND DISCUSSION

Anatomical and pathological examination of the samples
from January to February 2022 showed that there was swelling in
the cecum with a pink to blackish-red coloration. There was also
visible fresh blood in the lumen as well as necrosis on its mucosal
surface. A total of 24 cadavers were obtained from Tabanan Re-
gency, where 19 and 5 were aged 2-3 and 3-4 weeks, respective-
ly. Meanwhile, 15 samples were collected from Bangli, where 12
and 3 of them were within the age range of 2-3 and 3-4 weeks,
respectively. Table 1 shows the origin, population, age as well as
the clinical signs of weakness, drooping wings, and bloody stools
experienced by the broilers. Histopathological examination of
the cecum tissue revealed that there was bleeding, epithelial
desquamation, gland necrosis, focal macrophage infiltration, and
various stages of E. tenella development, as shown in Figure 1.
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Table 1. Origin, number, and age of broiler cadaver samples

. Age (week) )
No Sample Origin Total (birds)
2-3 3-4
1 Broiler Tabanan 19 5 24
2 Broiler Bangli 12 3 15
Total 39

In Indonesia, coccidiosis occurs every year due to the tropical
climate with temperatures ranging from 21-30°C and humidity
levels that favor the sporulation of coccidia. Furthermore, be-
tween January and February in Tabanan and Bangli, the disease
is more prevalent among broilers within the age range of 2-3
weeks compared to others aged 3-4 weeks. Although Eimeria
spp can infect all age groups, it is often found at a younger age
due to immature immune systems (Musa et al, 2010). Several
studies revealed that the infection is also influenced by unfavor-
able weather conditions and its management system (Etuk et al.,
2004). High environmental humidity plays an important role in
the completion of the parasite’s life cycle (Ahad et al., 2015). Poor
management practices, such as leaving the bedding wet during
the rainy season and high density also increases the occurrence
of the infection (Khan et al., 2006).

Several studies reported a high rate of mortality in broilers
fed without AGP in both regencies. In the United States, coccid-
iosis control was carried out through vaccination programs as
well as the addition of chemical coccidiostats as ionophores sub-
stitute in feed. The program led to an increase in the prevalence
of the disease along with necrotic enteritis (Cervantes, 2015;
Newman, 2018). A comparative study on the economic impact
of broilers fed with and without AGP showed poor performance
in the untreated samples, which caused high production costs
during the rearing period (Cardinal et al., 2019). Bozkurt et al.
(2014) revealed that infected animals that were fed without the
administration of the drugs did not show any clinical signs of coc-
cidiosis. However, they experienced weight loss and decreased
feed intake along with a poor conversion ratio compared to oth-
ers that were given treatment containing ionophores, enzymes,
probiotics, and essential oils 14 days after infection (Bozkurt et
al., 2014). Belote et al. (2018) stated that the use of enramycin as
a growth promoter reduced swelling and infiltration of inflam-
matory cells in the lamina propria when compared to poultry fed
with non-AGP feed but were equally infected with Eimeria spp
and CL. Perfringens.

Histopathological changes were observed in broilers aged
2-3 and 3-4 weeks with clinical signs of bloody stools, which were
caused by coccidiosis and hemorrhagic typhlitis. The infection
process started with the ingestion of a sporulating oocyst. The ef-
fect of coccidiosis on individual health and productivity depends
on the level of severity. Furthermore, in the digestive tract, E.
tenella destroys the epithelial lining of the host mucosa and then
invades the enterocytes to initiate a multistage replication. This
causes pathological changes, such as increased cell permeability,
leakage of nutrients and plasma proteins, impaired digestion, and
poor protein absorption (Nabian et al., 2018; Madlala et al., 2021).
It also leads to morphological transformation in the intestinal
mucosa in the form of a decrease in the absorption surface area
(Nabian et al., 2018) as well as discomfort, and reduced produc-
tivity (Madlala et al,, 2021). In the intestinal mucosa, the bacteria
have an immunosuppressive effect, which causes susceptibility
to various diseases (Kim et al., 2019). Peterson and Artist (2014)
stated that approximately 70% of the cellular immune system of
poultry is located in the digestive tract. Therefore, it is necessary
to pay attention to gut health while maintaining the working sys-

tem of gut-associated lymphoid tissue (GALT) that are located in
the epithelium, lamina propria, and Payer's patches.

Intestines of broilers play an important role in fermenta-
tion, transportation, absorption of water and nutrients (Stanley
et al, 2014). Severe E. tenella infection often damages the in-
testinal structure (Zhou et al., 2010), reduce feed intake (Morris
et al,, 2007), as well as increase the risk of secondary infection
and death (Wang et al,, 2018). Several studies revealed that the
parasite disrupts the cecum microbiota (Macdonald et al., 2017),
which leads to intestinal dysfunction (Bortoluzzi et al.,, 2019). Fur-
thermore, the results showed that its invasion damaged the villi
of the cecum, thereby leading to epithelial sloughing, bleeding,
and macrophage infiltration in the necrotic area. Desquamation
of the cecal affects the surface area of the goblet cells as well
as their ability to secrete glycoproteins. This secretion helps to
prevent foreign pathogens and toxic materials from affecting its
epithelial surface (Hansson and Johansson, 2010; Round et al.,
2012). It can also stimulate the regeneration process and improve
the absorption function of the cecum epithelium (van der Flier
and Clevers, 2009; McCauley and Guasch, 2015). Laurent et al.
(2001) stated that a decrease in goblet cells along with epitheli-
al desquamation affected the immune response of the intestinal
mucosa. Furthermore, macrophages are the main inflammatory
cells involved in regulating the adaptive immune reaction by
interacting directly with parasites during infection (Heriveau et
al, 2000). The observation of focal macrophage infiltration and
clinical signs correlates with the severity of necrosis in the cecum
epithelium.

AGP substitutes in the form of herbs, probiotics, and enzymes
have been used as animal feed additives, but in limited volume.
Several studies reported that they can improve the productivity
and health of animals. The addition of powder and essential oil of
Artemisia annua leaves in the feed of broilers naturally infected
by E. tenella reduced the damage to intestinal tissue compared
to the untreated group (Wiedosari and Wardhana 2017). This
was because the additives contain high antioxidants and have
strong anti-inflammatory properties in suppressing the infection
(Del-Cacho et al,, 2010). The use of Bacillus amyloliquefaciens as
a probiotic can prevent coccidiosis by stimulating the local di-
gestive tract defense system, as characterized by mild lesions in
the intestinal villi. These findings indicate that the broilers were
resistant to Eimeria maxima infection (Tsukahara et al., 2018).

CONCLUSION

Based on the observations of clinical signs, as well as anatom-
ical and histopathological pathological changes, the cadaveric
broilers from Tabanan and Bangli Regencies had coccidiosis and
hemorrhagic necrotic typhlitis with severe intensity.

CONFLICT OF INTEREST

Authors declare that they have no conflict of interest.

REFERENCES

Abbas, RZ, Igbal, Z,, Blake, D., Khan, M.N., Saleemi, M.K,, 2011. Anticoc-
cidial drug resistance in fowl coccidia: The state of play revisited.
World's Poultry Science Journal 67, 337-349.

Ahad, S., Tanveer, S., Malik, T.A,, 2015. Seasonal impact on the prevalence
of coccidian infection in broiler chicks across poultry farms in the
Kashmir valley. Journal of Parasitic Diseases 39, 736-740.

Allen, P.C,, Fetterer, R., 2002. Recent advances in biology and immunobi-
ology of Eimeria species and in diagnosis and control of infection
with these coccidian parasites of poultry. Clin Microbiol Rev 15,
58-65.

511



Ida Bagus Oka Winaya et al. /Journal of Advanced Veterinary Research (2022) Volume 12, Issue 5, 509-512

Belote, B.L, Tujimoto-Silva, A, Hummelgen, P.H., Sanches, AW.D.,
Wammes, J.C.S., Hayashi, R.M., Santin, E., 2018. Histological pa-
rameters to evaluate intestinal health on broilers challenged with
Eimeria and Clostridium perfringens with or without enramycinas
growth promoter. Poultry Science 97, 2287-2294.

Bortoluzzi, C., Vieira, B.S., Hofacre, C., Applegate, T.J., 2019. Effect of differ-
ent challenge models to induce necrotic enteritis on the growth
performance and intestinal microbiota of broiler chickens. Poultry
Science 98, 2800-2812.

Bozkurt, M., Aysul, N., Kugukyilmaz, K., Aypak, S., Ege, G., Catli, A.U., Akuit,
H., Coven, F, Seyrek, K., Cinar, M., 2014. Efficacy of in-feed prepa-
rations of an anticoccidial, multienzyme, prebiotic, probiotic, and
herbal essential oil mixture in healthy and Eimeria spp.-infected
broilers. Poultry Science 93, 389-399.

Cao, G.T., Zhan, X.A, Zhang, L.L, Zeng, X.F., Chen, A.G,, Yang, C.M., 2018.
Modulation of broilers’ caecal microflora and metabolites in re-
sponse to a potential probiotic Bacillus amyloliquefaciens. ) Anim
Physiol Anim Nutr (Berl) 102, 909-917.

Cardinal, K.M., Kipper, M., Andretta, I., Ribeiro, AM.L., 2019. Withdrawal
of antibiotic growth promoters from broiler diets: performance
indexes and economic impact. Poultry Science 98, 6659-6667.

Cervantes, H.M., 2015. Antibiotic-free poultry production: Is it sustain-
able? J Appl Poult Res 24, 91-97.

Cason, J., Hinton, AJr., Northcutt, J., Buhr, R, Ingram, K., Smith, D., Cox,
N., 2007. Partitioning of external and internal bacteria carried by
broiler chickens before processing. J Food Prot 70, 2056-2062.

Del-Cacho, E., Gallego M, Francesch M, Quilez J, Sdnchez-Acedo C. 2010.
Effect of formation and sporulation during Eimeria tenella infec-
tion. Parasitology International 59, 506-511.

Etuk, E., Okoli, I, Uko, M., 2004. Prevalence and management issues asso-
ciated with poultry coccidiosis in Abak agricultural zone of Akwa
Ibom state, Nigeria. Int J Poult Sci 3, 135-9.

Gharekhani, J., Sadeghi-Dehkordi, Z., Bahrami, M., 2014. Prevalence of
coccidiosis in broiler chicken farms in Western Iran. Journal of
Veterinary Medicine 2014, 980604.

Hansson, G.C., Johansson, M.E., 2010. The inner of the two Muc2 mu-
cin-dependent mucus layers in colon is devoid of bacteria. Gut
Microbes 1, 51-54.

Heriveau, C., Dimier-Poisson, |, Lowenthal, J., Naciri, M., Quere, P,
2000. Inhibition of Eimeria tenella replication after recombinant
IFN-gamma activation in chicken macrophages, fibroblasts and
epithelial cells. Veterinary Parasitology 92, 37-49.

Khan, M.Q,, Irshad, H., Anjum, R, Jahangir, M., Nasir, U., 2006. Eimeriosis
in poultry of Rawalpindi/Islamabad area. Pakistan Vet. J. 26, 85-
87.

Kiernan, J.A., 2015. Histological and Histochemical Methods: Theory and
Practice. 5. Editon, Scion Publising, p. 571.

Kim, W.H., Chaudhari, A.A, Lillehoj, H.S., 2019. Involvement of T Cell im-
munity in avian coccidiosis. Front Immunol 10, 1-8.

Laurent, F., Mancassola, R, Lacroix, S., Menezes, R., Naciri, M., 2001. Anal-
ysis of chicken mucosal immune response to Eimeria tenella
and Eimeria maxima infection by quantitative reverse transcrip-
tion-PCR. Infect Immun 69, 2527-2534.

Lépez-Osorio, S., Chaparro-Gutiérrez, J.J, Gémez-Osorio, L.M., 2020.
Overview of poultry Eimeria life cycle and host-parasite interac-
tions. Front. Vet. Sci. 7, 384.

Madlala, T., Okpeku, M., Adeleke, M.A,, 2021. Understanding the interac-
tions between Eimeria infection and gut microbiota, towards the
control of chicken coccidiosis: a review. Parasite 28, 1-10.

Macdonald, S.E., Nolan, M.J., Harman, K., Boulton, K., Hume, D.A., Tom-
ley, F.M., Stabler, RA., Blake, D.P., 2017. Effects of Eimeria tenel-
la infection on chicken caecal microbiome diversity, exploring
variation associated with severity of pathology. PLoS One 12,
€0184890.

McDougald, LR, Fitz-Coy, S.H., 2008. Coccidiosis in Diseases of Poultry.
Blackwell Publishing Professional. Ames, lowa, USA, pp. 1068-
1085.

512

McCauley, H.A,, Guasch, G., 2015. Three cheers for the goblet cell: main-
taining homeostasis in mucosal epithelia. Trends Mol. Med. 21,
492-503.

Morris, GM., Woods, WG., Richards, DG., Gasser, RB., 2007. Investigating
a persistent coccidiosis problem on a commercial broiler-breed-
er farm utilizing PCR-coupled capillary electrophoresis. Parasitol.
Res. 101, 583-589.

Mottet, A., Tempio, G., 2017. Global poultry production: current state and
future outlook and challenges. World's Poultry Science Journal
73, 245-256.

Musa, I, Saidu, L., Jatau, I, Adamu, J., Out, M., Abdu, P., 2010. Outbreak of
coccidiosis in 5-day old commercial broiler breeder fock in Zaria,
Nigeria. Int. J. Poult. Sci. 9, 1112-1115.

Nabian, S., Arabkhazaeli, F., Seifouri, P., Farahani, A, 2018. Morphomet-
ric analysis of the intestine in experimental coccidiosis in broilers
treated with anticoccidial drugs. Iran J. Parasitol. 13, 493-99.

Newman, L., 2018. New strategies in coccidiosis control to meet customer
demands. Int. Poult. Prod. 26, 15-17.

Nilsson, O., Greko, C., Bengtsson, B., Englund, S., 2012. Genetic diversity
among VRE isolates from Swedish broilers with the coincidental
finding of transferrable decreased susceptibility to narasin. Jour-
nal of Applied Microbiology 112, 716-722.

Olanrewaju, C.A., Agbor, RY. 2014. Prevalence of coccidiosis among
poultry birds slaughtered at gwagwalada main market, Abuja,
FCT Nigeria. The International Journal of Engineering and Science
3, 41-45.

Peterson, LW., Artis, D., 2014. Intestinal epithelial cells: Regulators of bar-
rier function and immune homeostasis. Nat. Rev. Immunol. 14,
141-153.

Round, A.N., Rigby, N.M., Garcia, de la T.A.,, Macierzanka, A., Mills, E.N.,
Mackie, A.R., 2012. Lamellar structures of MUC2-rich mucin: a po-
tential role in governing the barrier and lubricating functions of
interstinal mucus. Biomacromolecules 13, 3253-3261.

Shang, Y., Kumar, S., Oakley, B., Kim, W.K., 2018. Chicken gut microbiota:
Importance and detection technology. Front. Vet. Sci. 5, 254.

Sharma, S., Igbal, A., Azmi, S., Shah, H.A., 2013. Study of poultry coccidio-
sis in organized and backyard farms of Jammu region. Veterinary
World 6, 467-469.

Shirley, M.W., Smith, A.L,, Tomley, F.M., 2005. The biology of avian Eimeria
with an emphasis on their control by vaccination. Advances in
Parasitology 60, 285-330.

Stanley, D., Wu, SB., Rodgers, N., Swick, RA.,, Moore, RJ., 2014. Differential
responses of cecal microbiota to fishmeal, Eimeria and Clostrid-
ium perfringens in a necrotic enteritis challenge model in chick-
ens. PLoS One. 9

Tsukahara, T., Inoue, R, Nakayama, K., Inatomi, T., 2018. Inclusion of Ba-
cillus amyloliquefaciens strain TOA5001 in the diet of broilers
suppresses the symptoms of coccidiosis by modulating intestinal
microbiota. Anim. Sci. J 89, 679-687.

Van, der Flier, L.G., Clevers H., 2009. Stem cell, self-renewal and differenti-
ation in the intestinal epithelium. Annu. Rev. physiol. 71, 241-260.

Wang, D., Zhou, L., Li, W., Zhou, H., Hou, G., 2018. Anticoccidial effects of
areca nut (Areca cathecu L.) extract on broiler chicks experimen-
tally infected with Eimeria tenella. Exp. Parasitol. 184, 16-21.

Wiedosari, E,, Wardhana, A.H., 2017. Anticoccidial activity of Artemisinin
and Extract of Artemesia annua leaves in chicken infected by
Eimeria tenella. JITV 22, 196.

Zaman, M.A, Igbal, Z., Abbas, R.Z,, Khan, M.N., 2012. Anticoccidial activi-
ty of herbal complex in broiler chickens challenged with Eimeria
tenella. Parasitology 139, 237-243.

Zhou, B.H., Wang, HW., Wang, X.Y., Zang, L.F,, Zang, K.Y., Xue, F.Q., 2010.
Eimeria tenella: effects of diclazuril treatment on microneme
genes expression in second-generation merozoites and patho-
logical changes of caeca in parasitized chickens. Exp Parasitol
125, 264-270.



