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Abstract

A cross-sectional study was conducted in Bangladesh to determine the prevalence,
molecular detection, and risk factors of Eimeria spp. infection in native and exotic
chickens under various management systems. A total of 1,500 fecal samples were
collected from different breeds, age groups, and sexes across multiple districts.
Fecal examination using flotation and McMaster techniques identified positive cases,
followed by molecular detection of Eimeria species. A questionnaire survey was also
conducted to assess potential risk factors. Among the 1,500 chickens, 87 (5.8%)
were positive for Eimeria oocysts, with higher prevalence in exotic breeds (7.96%)
than native breeds (4.13%). The prevalence rates were 18.40%, 13.98%, 12.09%,
and 3.40% in Aseel, Broiler, Sonali, and Deshi chickens, respectively, with no infec-
tion found in Naked Neck, Hilly, or Fayoumi breeds. Molecular analysis detected six
Eimeria species: E. tenella was detected in 64 samples (62.07%) and in all breeds
with the highest occurrence in Aseel. E. acervulina was the second most common
species (25.28%), found in 23 samples from Deshi, Broiler and Sonali breeds.

Other species, including E. brunetti, E. mitis, E. necatrix, and E. maxima, were rare
and sparsely distributed. Chickens fed commercial feed (7.88%) had significantly
higher infection rates (p<0.0013) than those on local feed (3.99%). Intensive rearing
systems (15.27%) showed higher infection rates compared to free-ranging systems,
but no infection occurred in intensive systems without litter or semi-intensive sys-
tems. This is the first comprehensive report on infection status of Eimeria in chickens
including all native breeds rearing in different management system in Bangladesh.

Introduction

The poultry industry in Bangladesh has experienced rapid growth over the past
few decades, transitioning from traditional backyard farming to more intensive and
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commercialized systems. This expansion has significantly contributed to economic
growth, job creation, and the availability of affordable protein sources [1]. According
to the Bangladesh Poultry Industries Central Council (BPICC), the country produces
approximately 1.5 million metric tons of chicken meat and over 10 billion eggs annu-
ally [2]. However, this growth has been accompanied by an increased prevalence of
poultry diseases, particularly coccidiosis, which poses a significant challenge to both
commercial and backyard farming systems.

Coccidiosis, caused by protozoan parasites of the genus Eimeria, is one of the
major diseases affecting poultry worldwide. The warm and humid climate of Bangla-
desh, combined with suboptimal management practices and inadequate biosecurity
measures, creates favorable conditions for Eimeria proliferation. The disease leads to
considerable economic losses due to increased mortality, reduced body weight, and
expenses associated with preventive and therapeutic control measures [3].

Several factors contribute to the high prevalence of coccidiosis in Bangladesh,
including poor housing conditions, overcrowding, improper litter management, and
unregulated use of anticoccidial drugs. Additionally, non-scientific rearing practices,
such as mixing old and new litter and maintaining short rest periods between flocks
(8—14 days), further increase disease transmission risks [4,5]. Poor biosecurity prac-
tices, such as farm visitors, live bird markets, and off-site worker accommodations,
also elevate infection risks [6].

Poultry farming in Bangladesh operates under two primary systems: family-based
(traditional backyard) farming and commercial production (small, medium, and large-
scale farms) [7,8]. Backyard poultry farming primarily involves indigenous breeds
such as Naked Neck, Deshi, Aseel, and Hilly chickens, which play a crucial role in
rural livelihoods by providing food security and supplemental income. These low-input
systems are integrated into household activities, relying on scavenging with minimal
external feed supplementation. In contrast, commercial farms focus on high-yielding
breeds such as Cobb 500 broilers and specialized layers. Sonali chickens, a cross-
breed of Rhode Island Red and Fayoumi, are particularly popular for their adaptability
and superior meat quality [9]. However, small and medium-sized farms often face
challenges such as dependence on middlemen, inadequate disease management
knowledge, and misuse of antibiotics and anticoccidials [10,11].

Accurate identification of Eimeria species is crucial for effective disease manage-
ment. Traditional microscopic methods often fail to distinguish between different spe-
cies, leading to diagnostic inaccuracies. Molecular techniques, such as PCR-based
identification, provide higher sensitivity and specificity, enabling precise characteriza-
tion of Eimeria species affecting poultry [12—14].

While previous studies have investigated coccidiosis in commercial broilers and
Sonali chickens [5,9,15—-17], there is limited data on indigenous breeds. Addition-
ally, existing research has primarily focused on specific regions, leaving gaps in
understanding the disease’s prevalence across diverse agro-ecological zones of
Bangladesh. The influence of different rearing systems (backyard, semi-intensive,
and commercial) on coccidiosis prevalence and severity remains underexplored. A
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comprehensive risk analysis across various chicken breeds and management practices is essential for sustainable and
cost-effective poultry production.

This study aims to provide a comprehensive assessment of Eimeria infections in native and exotic chickens under
different management systems in Bangladesh. The specific objectives are:

1. To determine the prevalence of Eimeria infections in different breeds of chickens across various poultry farming
systems.

2. To molecularly characterize Eimeria species using PCR-based techniques for accurate identification.
3. To analyze the key risk factors associated with coccidiosis prevalence, including feeds, rearing systems, and breeds.

The findings of this study will provide valuable insights for poultry farmers, veterinarians, and policymakers to enhance
disease management practices. By identifying high-risk farming systems and chicken breeds, the study will contribute to
the development of targeted interventions, ultimately improving the productivity and sustainability of the poultry industry in
Bangladesh.

Materials and methods
Description of study area and samples

This study was conducted across six major divisions of Bangladesh: Mymensingh, Rangpur, Dhaka, Shariatpur, Comilla,
Rajshahi, Bogura, Narsingdi, and Chattogram (Table 1). A total of 1,500 fecal samples were collected from these regions
to assess the prevalence of chicken coccidiosis and the associated risk factors. This comprehensive geographical cover-
age ensures a representative understanding of the prevalence of coccidiosis across different poultry farming systems in
Bangladesh. Samples were collected from both exotic breeds (Sonali, Broiler, Fayoumi) and native breeds (Deshi, Aseel,
Naked Neck and Hilly) of chicken.

Current anticoccidial practices in Bangladesh

Commercial farms raising both exotic and native chickens commonly use anticoccidial feed purchased from various com-
panies, except for chickens reared in household free-range systems. These commercial feeds typically include anticoc-
cidials, antibiotics, and growth promoters. The current anticoccidial practices in Bangladesh involve a rotational shuttle
program combining ionophore and non-ionophore chemicals. The strategy includes the use of combinations such as
maduramycin with nicarbazin, salinomycin with nicarbazin, monensin with nicarbizin, and sanduramycin with nicarbizin in
alternating months (3 months each combination). Additionally, Decoquinate is used for one month, followed by Ethopabate
for one month, and Clopidol for another month, completing a year-long shuttle program to manage coccidiosis effectively
(Personal communication with company and farmers).

Fecal sample collection and oocysts observation

Atotal of 1,500 fecal samples were collected from 77 farms or flocks across nine districts in six major divisions of Bangla-
desh. From each farm or household, approximately 1525 fecal samples were collected depending on flock size. Fresh
fecal samples (approximately 7—10 grams) were collected by using individual wood stick from freshly voided feces ran-
domly from the flock. Each fecal sample was placed in a plastic container and marked. To maintain diagnostic resolution,
each sample was kept and processed individually; no pooling was performed. The age (young and adult), breed, sex,
rearing system, and feed were noted against the corresponding marking of the samples (Table 2). Samples from male or
female bird were collected upon identification of sex. The samples were then transported through icebox to the laboratory
at the Department of Parasitology, Bangladesh Agricultural University for faecal examination. Samples were stored in the
refrigerator at 4°C if not immediately examined.
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Table 1. The specific locations within each region and their respective geographical coordinates of sample collection areas.

Locality/region Longitude and latitude No of farms/flocks (Total chicken) Samples (N)/
examined birds
Mymensingh Sadar (Town): 24°43'42.08“N, 90°24'28.86"E 17 (6500) 478

Shomvugang: 24°45’44.71"N, 90°26’53.12"E
Vabokhali: 24°40'36.25°N, 90°26'50.54"E
Trishal: 24°35'6.15"N, 90°23'17.20’E

Chor: 24°43'52.31“N, 90°27°'25.10"E
Sutiakhali: 24°41°29.74“N, 90°26'51.65"E
Kalir Bazar: 24°37°55.84“N, 90°27'50.22"E
Nalitabari: 25° 5’5.23N, 90°13’'11.68”"E

Dhaka BLRI (Savar): 23°53'19.31“N, 90°16'26.58"E 10 (2270) 115
Savar: 23°53'52.40°N, 90°15’49.36"E
Rajeer: 23°12'23.27°N, 90° 3'7.40’E
Madaripur: 23° 9'44.83"N, 90°12°12.27"E
Comilla Sarail: 24° 419.23"N, 91° 6'55.02"E 9 (2160) 267
Muradnagar: 23°39'34.83“N, 90°54'23.81"E
Debidwar: 23°36'43.73N, 90°58°'0.31"E
Burichang: 23°33'7.59N, 91° 7°10.08’E
Laksham: 22°57°5.12N, 90°52'4.03"E
Titas: 23°35'45.08“N, 90°50°14.18"E

Shariotpur Sadar (Town): 23°23'94N, 90°37°07E 4 (1500) 95
Amtoli: 23°18'72N, 90°35'82E
Rangpur Gangachara: 25°50°'27.12"N, 89°13'45.70"E 6 (1650) 155

Haragach: 25°49'11.15°N, 89°19'46.66"E
Mithapukur: 25°34’38.39“N, 89°16°’50.97"E

Rajshahi Puba: 24°25'26.40"N, 88°39'26.99’E 4 (250) 85
Bhangura: 24°12'28.98N, 89°21'57.59"E

Bogura Shahbandegi: 24°38'49.74“N, 89°25'9.97"E 8 (730) 95
Town Kaleni: 24°50°0.22°N, 89°22'25.14"E

Narshingdi Birpur: 23°55'44.48N, 90°44’7.76"E 6 (240) 72
Shivpur: 24° 1°43.78°N, 90°43'43.95"E

Chattogram Alikadam Bazar: 21°38'44.37“N, 92°18'26.68"E 13 (860) 138

Matiranga Bazar: 23° 2'33.43“N, 91°52’19.97"E
Marma Borokholo: 22°23'31.92°N, 92° 3'12.85"E

Total 77 (16160) 1500

Note: At least 10 birds were examined from each farm/flock

https://doi.org/10.1371/journal.pone.0327037.t001

At the day of examination, the sample of an individual chicken was blended by a mortar and pistol, and then the floata-
tion technique [18] was applied using saturated sodium chloride solution to concentrate oocysts aiming oocyst screening
(oocysts per gram-OPG) and downward application. Five grams of homogenized droppings were mixed with 45ml NaCl
saturated salt solution (density =1.20 g/ml) and filtered to remove coarse particles. Processed solution was poured through
a tea strainer into a beaker then into a 15ml centrifuge tube. For quantification, the McMaster counting technique as out-
lined by Hodgson [18] was used. A 0.3 ml aliquot of the fecal suspension was loaded into a McMaster counting chamber,
filling both grids (0.15ml per grid). Later the centrifuge tube was covered with a cover slip and allowed to stand for 20 min-
utes and then removed and placed on a slide and examined at 10x and then 40x magnifications to identify the oocyst [19].

Molecular detection of Eimeria species

To determine the species of Eimeria prevailing in different chicken farms of Bangladesh, the microscopically positive sam-
ples were subjected to DNA extraction and PCR. DNA was extracted using DNAzol Reagent (Invitrogen, USA) according
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Table 2. Prevalence of Eimeria infection based on chicken-related risk factor.

Risk factors Categories No of samples | No. of positive | Average No of farms/flocks | No of positive | Significance
examined samples (%) OPG (range) | (coccidiostat used) | farms/flock (%) | (p<0.05)

Exotic Breed Sonali 182 22 (12.09) 133-1066 12(12) 8 (66.67) *
Broiler 186 26 (13.98) 33-1967 13(13) 10 (76.92) *
Fayoumi 235 0 0 5(3) 0
Subtotal 603 48 (7.96)

Native Breed Deshi 382 13 (3.40) 33-133 18(1) 7 (38.89)
Aseel 125 23 (18.40) 66-500 5(5) 5(100) *
Naked Neck 227 0 15 (1) 0
Hilly 138 0 5(0) 0
Subtotal 872 36 (4.13)

Mixed population | Mixed (Sonali+Deshi) 15 1 (Sonali, 6.67) | 66—100 2(1) 1(50.00)
Mixed (broiler+Deshi) 10 2 (Broiler, 20.0) | 33-133 2(2) 1 (50.00) *
Subtotal 25 3(12.0)

Sex Male 255 25 (9.80) *
Female 1245 62 (4.98)

Age Adult (>60 days) 334 2(0.17)
Young (1-60 days) 1166 85 (25.45) *

Rearing system | Intensive with litter 478 73 (15.27) 25 (20) 17 (68) *
Intensive without litter 172 0 7 (5) 3 (42.86)
Semi-intensive with litter 50 0 10 (8) 3(30.00)
Semi-intensive without litter | 154 0 5(3) 2 (40.00)
Free range 646 14 (2.17) 30 (2) 7 (23.33)

Feed Commercial feed 698 55 (7.88) 49 (36) 27 (55.10) *
Local feed 802 32 (3.99) 28 (2) 5(7.14)

Note: Out of 1,500 samples collected from 77 farms/flocks, 87 tested positive for coccidiosis, with 32 farms reporting positive cases and 38 farms using
commercial feed containing coccidiostats.

Risk factor categories marked with * show statistically significant differences (p<0.05) in prevalence based on Chi-square test.

https://doi.org/10.1371/journal.pone.0327037.t002

to the manufacturer instructions with initial breaking of oocyst wall by using a Bead beater. Extracted DNA samples were
tested by PCR using the Eimeria species specific primers (Table 3, Fig 1).
All primers used in this study were synthesized by Macrogen Inc., Korea, and were MOPC-purified to ensure high
specificity and quality for PCR amplification. PCR reactions were performed in a final volume of 25 pL, containing 12.5
ML of 2x PCR Master Mix (Takara, Japan), 0.5 uM of each forward and reverse primer, 2 uL of template DNA, and
nuclease-free water to adjust the final volume. Positive controls included DNA extracted from field isolated Eimeria
species confirmed by sequence analysis. Negative controls consisted of PCR reactions with nuclease-free water in

place of template DNA. These controls were included during PCR run to validate the amplification results and rule out
contamination.

PCR was performed in miniPCR (Oxford) with the following cyclic conditions: 95°C for 5min, 30 cycles at 94°C for
30sec, individual annealing temperature (Table 3) for 30sec, 72°C for 30sec, and a final extension of 72°C for 7 min. The
amplified product of PCR assay was analysed by gel electrophoresis on a 1.5% agarose gel and stained with ethidium
bromide for visualisation of gel under UV illumination.

Species-specific primers targeting the internal transcribed spacer-1 (ITS-1) region were used for initial PCR detection of
Eimeria spp., as described by Haug et al. [20]. The species of Eimeria were confirmed by sequencing the representative
PCR products obtained from PCR using species specific and universal primers (Table 3). PCR products were run on an
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Table 3. PCR primers targeting the ITS-1 of the seven valid Eimeria species [52].

Species

Primer sequence 5' - 3’

Expected Amplicon Size (bp)

Annealing temperature (°C)

Eimeria spp. (universal primer)

5'-AAGTTGCGTAAATAGAGCCCT-3'
5'-AGACATCCATTGCTGAAAG-3’

400-750

56

E. acervulina 5-GGGCTTGGATGATGTTTGCTG-3' 145 57
5"-GCAATGATGCTTGCACAGTCAGG-3"

E. brunetti 5-CTGGGGCTGCAGCGACAGGG-3' 183 65
5'-ATCGATGGCCCCATCCCGCAT-3'

E. maxima 5-TTGTGGGGCATATTGTTGTGA-3’ 162 55
5-CWCACCACTCACAATGAGGCAC-3’

E. mitis 5-GTTTATTTCCTGTCGTCGTCTCGC-3’ 330 57
5'-GTATGCAAGAGAGAATCGGGATTCC-3'

E. necatrix 5-AGTATGGGCGTGAGCATGGAG-3' 160 53
5'-GATCAGTCTCATCATAATTCTCGCG-3'

E. praecox 5'-CATCGGAATGGCTTTTTGAAAGCG-3' 215 56
5-GCATGCGCTAACAACTCCCCTT-3'

E. tenella 5-AATTTAGTCCATCGCAACCCTTG-3' 278 55

5-CGAGCGCTCTGCATACGACA-3'

https://doi.org/10.1371/journal.pone.0327037.t003

Fig 1. Agarose gel electrophoresis showing PCR amplification of representative Eimeria species from field samples. Lane M: 100bp DNA lad-
der; Lane 1: E. tenella (278 bp) from Mymensingh (Sutiakhali); Lane 2: E. acervulina (146 bp) from Mymensingh (Vabokhali); Lane 3: E. brunetti (183 bp)
from Rajshahi (Puba); Lane 4: E. mitis (330 bp) from Comilla (Sarail); Lane 5: E. maxima (162bp) from Dhaka (Savar); Lane 6: E. necatrix (162bp) from

Rangpur (Gangachara).

https://doi.org/10.1371/journal.pone.0327037.9001
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agarose gel, cut, purified, and then single-stranded products were generated using cycle sequencing PCR with forward or
reverse primers. The purified products were run on a Sanger machine (ABI 3730 xl) using the dideoxy chain termination
method at GeneCreate Biotech, China [21].

Representative sequences that were identified in this study were deposited in the GenBank (Accession No. LC855064
-Eimeria tenella; LC855065 — Eimeria necatrix; LC855066 — Eimeria brunetti; LC855067- Eimeria maxima; LC855068-
Eimeria mitis and LC855069- Eimeria acervulina)

Statistical analysis

The data were analyzed using statistical R software. Descriptive statistics were calculated to summarize the prevalence of
coccidiosis across different regions and farming systems. The association between potential risk factors (age, sex, breed,
rearing system and feed) and the presence of Eimeria oocysts was assessed using chi-square tests. A p-value of <0.05
was considered statistically significant.

Ethical considerations and permits

Fecal samples were collected non-invasively from chicken farm litter or from the ground surface in homestead free-
ranging systems, without any handling or disturbance to the chickens. No animals were restrained, touched, or harmed
during the sample collection process. Therefore, ethical approval was not required for this study. All samples were col-
lected with prior verbal consent from farm owners or household heads. Since the study involved environmental sampling
from private properties and did not include animal experimentation, no specific government permits were necessary. Field
access was granted by the respective owners, and no protected areas or government-owned facilities were involved.

Results
Eimeria infection status in chickens

Of the 1500 faecal samples examined microscopically, Eimeria oocysts were detected in 87 (5.8%) samples out of 77
farms/flocks. The prevalence of Eimeria infection varied significantly across farms or flocks based on breed and man-
agement systems (Table 4). Eimeria oocysts were observed in 32 farms/flocks (41.56%) out of 77. Among exotic breeds,
Broiler farms had a prevalence rate of 76.92% (10 out of 13 farms), followed by Sonali farms with a 66.67% prevalence (8
out of 12 farms). Fayoumi farms, however, reported no positive case. For native breeds, Aseel farms had the highest prev-
alence at 100% (5 out of 5 farms), followed by Deshi farms with 38.89% (7 out of 18 farms). Naked Neck and Hilly flocks
demonstrated 0% prevalence (Table 2). In our study six species of Eimeria have been identified from various regions by
PCR, including E. tenella, E. acervulina, E. brunetti, E. mitis E. necatrix, and E. maxima.

Table 4. Risk factor analysis of Eimeria infection in different breeds of chicken.

Risk Factor Chi Sq value Category Odds Ratio 95% CI p-value
Breed x2=20.76, df=2, p<0.001 Exotic vs. Native 2.01 (1.29- 3.13) 0.002
Mixed vs. Native 3.16 (0.93- 10.76) 0.066
Sex ¥2=9.37, df=1, p=0.002 Male vs. Female 2.07 (1.29- 3.32) 0.002
Age x2=300.45, df=1, p<0.001 Young vs. Adult 200.76 (49.07-821.39) <0.001
Rearing System X2=66.25, df=1, p<0.001 Intensive with litter vs. Free range 8.13 (4.54- 14.56) <0.001
Feed x?=10.11, df=1, p=0.001 Commercial vs. Local 2.06 (1.32- 3.20) 0.001

Note: For the breed category, we used Native as the reference group for comparison. An odds ratio of 1 would indicate no association, while values
further from 1 (in either direction) indicate stronger associations.

https://doi.org/10.1371/journal.pone.0327037.t004

PLOS One | https://doi.org/10.1371/journal.pone.0327037  July 15, 2025 7114



https://doi.org/10.1371/journal.pone.0327037.t004

PLO\Sﬁ\\.- One

Breed

The average Oocyst Per Gram (OPG) levels varied significantly across different breeds and management systems,
reflecting the intensity of Eimeria infections. The prevalence of infection varied significantly across different breeds
(x2=20.76, df=2, p<0.001) with 7.96%, 4.13% and 12% infection of exotic, native and mixed population, respectively. The
odds of infection in exotic breeds were significantly higher compared to native breeds (OR = 2.01, 95% CI: 1.29-3.13,
p=0.002) (Table 4). Exotic breeds such as Broiler (13.98%) and Sonali (12.09%) showed significantly higher infection
rates compared to native breeds like Deshi (3.40%) and Aseel (18.40%) (p <0.05). Fayoumi, Naked Neck and Hilly
showed no cases of infection.

Among exotic breeds, Broilers had the highest average OPG range (33—1967) with 13.98% prevalence of infection, fol-
lowed by Sonali (133-1066) with 12.09% prevalence, while Fayoumi showed no positive cases. For native breeds, Aseel
had the highest average OPG (66-500) with 18.40% prevalence, whereas Deshi chickens exhibited lower OPG levels
(33-133) with 3.40% prevalence. The mixed population also displayed varying OPG levels, with Broiler+Deshi combina-
tions reaching 133 at the higher end.

Among Eimeria species E. tenella was detected in 64 samples (62.07%) and in all breeds with the highest occurrence in
Aseel (23 cases) (Table 5). E. acervulina was the second most common species (25.28%), found in 22 samples from Deshi,
Broiler and Sonali breeds. Other species, including E. brunetti (2.3%), E. mitis (3.45%), E. necatrix (3.45%), and E. maxima
(3.45%), were less common and showed limited distribution across breeds. E. tenella, E. acervulina, and E. necatrix were
detected in infected Deshi native chickens. E. mitis was detected in Broiler and Sonali birds while E. brunetti was identified
exclusively in the Sonali breed. Notably, E. necatrix was detected in both Deshi native chickens and Broilers. Mixed infection
was identified in two samples with E. tenella+ E. mitis infection only in Sonali and E. acervulina+E. maxima in Broiler breeds.

Breed age was found to be the strongest risk factor associated with Eimeria infection (x>=300.45, df=1, p<0.001).
Young breeds had a substantially higher prevalence of 25.45%, whereas adult chickens had a prevalence of only 0.17%
(OR =200.76, 95% CI: 49.07-821.39, p<0.001). The wide confidence interval (49.07—821.39) suggests significant vari-
ability, likely due to the very low prevalence in adult chickens.

There was a significant association between sex and the prevalence of infection (x*=9.37, df=1, p=0.002). Males
had a higher prevalence (9.80%) compared to females (4.98%) with the odds of 2.07 (OR = 2.07, 95% CI: 1.29-3.32,
p=0.002).

Rearing system

Samples were collected from various chicken types reared under different management systems in Bangladesh. Deshi
chickens, typically raised as flocks in free-range systems. Naked Neck chickens were predominantly reared in free-range

Table 5. PCR detection of Eimeria species in microscopically positive samples from different breeds under different management systems.

Eimeria species Breed; Positive samples (% infection)

Total detection (87) Deshi (12) Aseel (23) Sonali (25) broiler (27)
E. tenella (54) 8 23 13 10

E. acervullina (22) 3 0 7 12

E. brunetti (2) 0 0 2 0

E. mitis (2) 0 0 1 2

E. necatrix (3) 1 0 0 2

E. maxima (3) 0 0 2 1

E. tenella+E. mitis 0 0 1 0

E. acervulina+E. maxima 0 0 0 1

https://doi.org/10.1371/journal.pone.0327037.t005
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systems, except for two commercial flock kept in a semi-intensive system without litter. Aseel birds were exclusively
raised in intensive systems with litter. Hilly chickens were primarily reared in free-range systems, with one flock managed
semi-intensively without litter. All Sonali and Broiler chickens were kept in intensive systems with litter, whereas Fayoumi
chickens were observed in intensive systems both with and without litter, as well as in semi-intensive systems with litter.

The rearing system was significantly associated with the prevalence of Eimeria infection (x*=66.25, df=1, p<0.001).
Chickens raised under intensive systems with litter had the a significantly higher prevalence (15.27%) compared to those
in litter-free, semi-intensive, or free-range systems (p<0.05). The odds of coccidiosis were significantly higher in chickens
raised in intensive systems with litter compared to those raised in a free-range system (OR = 8.13, 95% ClI: 4.54—14.56,
p<0.001). Notably, no oocysts were detected in samples collected from chickens reared in intensive systems without
litter, semi-intensive systems with litter, or semi-intensive systems without litter. The highest prevalence of coccidiosis was
observed in farms practicing a litter-based intensive system (68%), followed by intensive systems without litter (42.86%).
Semi-intensive systems demonstrated prevalence rates of 30% with litter and 40% without litter.

When analyzed based on rearing systems, intensive farms with litter exhibited the highest prevalence at 68% (17 out
of 25 farms), followed by Intensive without litter at 42.86% (3 out of 7) and free-range farms at 23.33% (7 out of 30 farms).
Farms under semi-intensive systems with and without litter showed 30% and 40% prevalence, respectively.

Feed

The type of feed was found to have a significant impact on the prevalence of coccidiosis (x?=10.11, df=1, p=0.001).
Chickens fed commercial feed had a higher prevalence (7.88%) compared to those fed local feed (3.99%) with the odds
of 2.06 (OR = 2.06, 95% CI: 1.32-3.20, p=0.001). The percentage of farms using coccidiostats varied across breeds and
management systems. Among exotic breeds, 100% of Sonali and Broiler farms utilized coccidiostats, highlighting their
intensive management practices and higher vulnerability to coccidiosis. Conversely, Fayoumi farms had a lower coccidio-
stat usage rate (60%). For native breeds, only Aseel farms consistently used coccidiostats (100%), while Deshi and Naked
Neck farms had minimal usage rates of 5.56% and 6.67%, respectively (Table 2).

Discussion
Infection status of Eimeria in chicken

Rahman et al. [1] who reported 5.8% prevalence of coccidiosis in Gazipur and Badruzzaman et al. [22] reported 7.87%
coccidiosis in Sylhet regions of Bangladesh which are in accordance with the current study. Our study identified six spe-
cies of Eimeria (E. tenella, E. acervulina, E. brunetti, E. mitis E. necatrix, and E. maxima) among the samples corrected
from different regions of Bangladesh. In a study by Alam et al. [17], five Eimeria species, including E. tenella, E. necatrix,
E. acervulina, E. brunetti, and E. mitis were identified in broiler farms in Bangladesh using the ITS1 region specific marker.
In contrast, Siddiki et al. [12] detected seven species, including E. precox. Neither this study nor Alam’s study detected
E. precox, which could be attributed to methodological differences, as Siddiki et al. [12] used conventional PCR targeting
unique single-copy sequences derived from sequence-characterized amplified region (SCAR) markers. Research in Egypt
isolated E. tenella, E. acervulina, E. necatrix, and E. praecox from native chickens [23] which in accordance with our study
expect E. praecox. In India, next-generation sequencing revealed the presence of all seven recognized Eimeria species
in both commercial and indigenous chickens, with E. tenella and E. necatrix dominating [24]. A study in Pakistan identified
four Eimeria species in layer chickens, with E. tenella being the most prevalent (39.93%), and found higher infection rates
in young chickens compared to adults [25].

Among Eimeria species E. tenella was detected in 62.07% of samples and in all breeds of this study. This finding
is consistent with previous studies, such as Alzib et al. [26], which identified E. tenella as a highly pathogenic species
responsible for severe cecal coccidiosis, particularly in intensively managed poultry systems. In Iran, a study found
64% of native chickens infected, with E. tenella being the most prevalent species [27]. Broilers showed the highest
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diversity of Eimeria species, including E. acervulina (44.45%) and less common species like E. mitis and E. necatrix
(7.41% each), indicating their susceptibility to multiple infections likely due to their intensive farming conditions [28].
Sonali chickens exhibited moderate prevalence rates, with infections of E. brunetti and E. maxima (8.33% each), under-
scoring their vulnerability under semi-intensive systems. Indigenous chicken varieties in Bangladesh, such as Common
Deshi, Hilly, and Naked Neck, are known for their disease resistance and survivability [29]. In this study no or lower
overall infection rates of native chicken, suggesting inherent resistance possibly linked to genetic and environmental
factors [30]. None of the sample was positive for E. praecox which is in accordance with findings of Bhaskaran et al.
[31] from India.

Breed

Studies have shown that exotic breeds, including Sonali and Broilers, tend to have higher prevalence rates compared

to native breeds (Table 2). In Nigeria, exotic breeds exhibited a 42.4% prevalence rate, while in Bangladesh, coccidiosis
was found to be the most common disease in Sonali chickens, with a prevalence of 21.27% [32,33]. Another study in
Bangladesh reported coccidiosis as the most frequent disease in Sonali chickens, affecting 49.2% of cases [9]. These
higher rates in exotic breeds may be attributed to poor management practices and biosecurity measures. Genetic predis-
positions and the management practices associated with exotic breeds often exacerbate their vulnerability. In contrast,
native breeds like Deshi have shown lower susceptibility to various diseases, including coccidiosis [34]. In addition, the
low prevalence is associated with extensive farming conditions, with gradual exposure to low levels of oocysts, and the
development of immunity [35,36]. The relatively lower prevalence in Deshi chickens may indicate the potential for using
indigenous breeds in coccidiosis management programs.

The study observed higher prevalence (9.80%) of male birds compared to females (4.98%). This result is consistent
with the previous studies who reported a higher prevalence of poultry coccidiosis in male than female chickens [37]. Sim-
ilarly, Wondimu et al. [38] reported higher prevalence of coccidiosis in male (43.6%) than female chicken (41.2%). How-
ever, most studies found no significant difference in prevalence between male and female chickens [39—41], although one
study reported higher rates in females [42]

For coccidiosis, age is consistently identified as a major risk factor, with young chickens showing higher infection rates
compared to adults [32,43,44]. Lower prevalence in older birds due to the immunity they develop from early exposure to
the infection.

Rearing system

Chickens raised under intensive systems with litter had the highest prevalence (15.27%), while those reared in a free-
range system had a much lower prevalence (2.17%). These results are consistent with findings from Negash et al. [43],
Lawal et al. [32] and Adem et al. [45] where intensive systems were associated with poor litter management and over-
crowding, providing favorable conditions for oocyst sporulation.

In contrast to commercial farms, free-range systems demonstrated a significantly lower prevalence of coccidiosis
(7.14%). This is likely due to reduced bird density, natural feed sources, and minimal use of antibiotics or anticoccidi-
als [46], which may help maintain healthier gut microbiota and stronger immunity in these chickens due to more natural
rearing conditions [32]. In addition, the scavenging village chickens are also less likely to ingest pathogenic level of the
coccidian oocysts during feeding [35,36].

Coccidiosis does not occur typically in all chickens in a flock simultaneously despite the presence of oocysts [47],
as resistance and susceptibility vary among individuals [48]. Factors influencing the spread include population density,
environmental conditions affecting oocyst development, and the development of immunity in previously infected birds [48].
However, the results underscore the higher risk of coccidiosis in farms with intensive management, exotic breeds, and
mixed populations compared to native breeds and extensive systems.
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Feed

Commercial poultry farms often rely on anticoccidial feed containing ionophores, non-ionophore chemicals, antibiot-

ics, and growth promoters as part of their shuttle programs. Similarly, anticoccidial shuttle programs in Bangladesh are
reliance on combinations of maduramycin, nicarbazin, salinomycin, and others. Among the coccidiostat used farms (38
farms), oocysts were detected in 32 farms (84.21%). Farms using commercial feed exhibited a higher prevalence of coc-
cidiosis (55.10%) compared to free-range systems using local feed, which showed only 7.14% prevalence. Rony et al. [5]
reported similar findings of higher coccidiosis prevalence in commercial systems of Bangladesh.

Coccidiostat usage was notably higher in intensive systems, particularly in those with litter, where 80% of farms
included it in their practice which is in accordance with the finding of Kadykalo et al. [49]. Semi-intensive systems, both
with and without litter, also had low coccidiostat usage rates (8% and 3%, respectively). This trend indicates that farms
with intensive management and commercial feed are more dependent on coccidiostats, likely due to higher disease risks
and production demands. Despite the use of coccidiostats, infections still occur with low OPG, because most of anticoc-
cidial drugs just reduce the clinical symptoms but cannot inhibit the infections itself completely [50]. Therefore, the used
anticoccidial drugs effectively reduced the OPGs and inhibited to develop the clinical symptoms in the present study.

Commercial feeds may contain subtherapeutic levels of anticoccidial drugs, which can lead to lower effectiveness
against coccidiosis [51]. Countries with stringent biosecurity measures, improved management practices, and vaccination
programs tend to report lower prevalence rates. The lack of such measures in Bangladesh, coupled with management
practices, likely explains the higher prevalence in commercial systems.

Local feed used in free-range systems is associated with a very low prevalence in this study (Table 2). Local feed often
contains natural ingredients that may improve gut health and immunity [52].

The overall lower rate of Eimeria infection reported in this study could reflect the current status of coccidiosis in Bangla-
desh, largely influenced by feeding and rearing practices in commercial poultry production. One critical factor contributing
to this trend is the widespread use of feed supplemented with anticoccidial drugs. These medications are routinely admin-
istered as a preventive measure to control Eimeria infections, significantly reducing the prevalence and severity of coccid-
iosis in many broiler farms of Bangladesh.

Limitation of the study

This study has several limitations that should be acknowledged. The cross-sectional design captures prevalence at a
single point in time, making it challenging to determine seasonal variations or long-term trends in Eimeria spp. infections.
Additionally, reliance on fecal sampling, while useful for detecting oocysts, does not directly assess clinical severity or
subclinical infections, potentially underestimating the true impact of coccidiosis. The molecular analysis, though effective
for species identification, did not investigate genetic variations or emerging strains that could influence disease dynamics.
Furthermore, data on management and feeding practices were collected through farmer surveys, which may be subject
to recall bias or inaccuracies regarding feed formulations, anticoccidial usage, and disease prevention measures. Another
important consideration is that native chickens reared in free-range systems consume a highly variable diet, which was
not systematically analyzed for its potential influence on coccidiosis prevalence. Future studies should address these lim-
itations by incorporating longitudinal sampling, histopathological analysis, genetic diversity assessments, and controlled
dietary evaluations to provide a more comprehensive understanding of Eimeria infections in different poultry farming
systems.

Conclusion

This study provides a comprehensive assessment of Eimeria infection prevalence in different chicken breeds and man-
agement systems across Bangladesh for the first time. The overall prevalence of Eimeria infection was 5.8%, with
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significant variations across breeds, age groups, rearing systems, and feeding practices. Among exotic breeds, Broilers
and Sonali chickens exhibited the highest infection rates, whereas Fayoumi chickens showed no infections. Among native
breeds, Aseel chickens had the highest prevalence, while Naked Neck and Hilly chickens remained uninfected. The pre-
dominant Eimeria species identified were E. tenella and E. acervulina, with E. brunetti, E. mitis, E. necatrix, and E. max-
ima being less common.

The study highlights that younger birds are significantly more susceptible to infection, with males exhibiting a higher
prevalence than females. Management systems played a crucial role, with intensive rearing on litter being the most signif-
icant risk factor for coccidiosis, while free-range systems demonstrated the lowest prevalence. Additionally, chickens fed
commercial diets had a higher risk of infection compared to those consuming locally sourced feed.

These findings emphasize the need for targeted control measures, particularly in high-risk breeds and intensive farming
systems. Improved biosecurity, optimized litter management, and strategic coccidiostat use could help mitigate Eimeria
infections. Future research should focus on resistance mechanisms in naturally resistant breeds and explore alternative,
sustainable approaches to coccidiosis prevention in poultry production.
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ABSTRACT

Eimeria tenella is the major protozoan parasite that causes coccidiosis in chickens, and its clinical and patho-
logical response shows significant variations among breeds. This disease has a major economic impact on
growers and the poultry industry worldwide. Very little information exists concerning the challenge infections of
native chicken breeds of Bangladesh. The present study was undertaken to investigate and compare the pa-
thology and clinical manifestations of experimental E. tenella infection among native (indigenous) chicken breeds
of Bangladesh (Hilly, Naked Neck, and Deshi), in comparison to the susceptible exotic Sonali breed. In order to
achieve this, a controlled experimental infection was carried out, and weight changes, Feed Conversion ratio
(FCR), OPG counts, lesion severity, qPCR quantification of oocysts output, and dropping score were measured at
6, 10, and 14-Days post-infection (DPI). Distinct breed-specific differences in susceptibility were elicited. Sonali
chickens exhibited the highest oocyst counts, reaching up to 103,200 at 14 DPI, along with significant weight loss
and severe cecal pathology marked by diffuse hemorrhagic lesions. On the other hand, the indigenous breeds had
low OPG counts as low as 100 in Hilly chickens, insignificant changes in weights, and mild pathological features
characterized by reduced inflammation and hemorrhagic enteritis. This study highlights significant breed-
specific differences in susceptibility to E. tenella, offering valuable insights into potential resistance or toler-
ance mechanisms. These findings support the use of native breeds in selective breeding programs aimed at
improving disease resistance and underscore the importance of targeted control strategies for effective coccid-
iosis prevention and management.

1. Introduction

In Bangladesh, commercial poultry farming has expanded rapidly
since the 1980s and now contributes over 50 % to the country's total

Coccidiosis is one of the most economically significant and wide-
spread gastrointestinal diseases affecting poultry worldwide (Dalloul
and Lillehoj, 2006). It is caused by protozoan parasites of the genus
Eimeria, which are obligate intracellular pathogens characterized by a
complex and host-specific life cycle. The disease leads to considerable
morbidity and mortality in chickens, thereby compromising animal
welfare and resulting in substantial economic losses due to decreased
productivity, poor feed conversion, and the cost of treatment and pro-
phylaxis (Blake et al., 2020).Among the seven Eimeria species known to
infect chickens, Eimeria tenella is considered one of the most pathogenic,
primarily targeting the ceca and causing severe hemorrhagic lesions
(Attia et al., 2023). Clinical manifestations include intestinal bleeding,
emaciation, loss of pigmentation, bloody cecal cores, and high mortality,
often accompanied by clusters of schizonts and oocysts in the cecal
mucosa (Habibi et al., 2016).
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meat production (Raha, 2007). Despite this growth, there remains a
critical research gap regarding breed-specific susceptibility to E. tenella,
particularly among native chicken breeds. Most published studies focus
on exotic or commercial hybrids, leaving the resilience and pathological
responses of indigenous breeds underexplored. Understanding how
native breeds respond to Eimeria infection is essential for developing
targeted control strategies, guiding resistance best breed selection, and
improving disease management in low input farming systems.

Native chicken breeds, such as the Hilly, Naked Neck, and Deshi
(non-descriptive local), are presumed to possess greater disease toler-
ance due to their genetic diversity and adaptation to local environments
(Rabbani et al., 2024). The Hilly breed, native to the Chittagong Hill
Tracts, is known for its ruggedness, disease resistance and foraging
ability (Monira and Hussain, 2020; Uddin et al., 2011). The Naked Neck
breed offers superior heat tolerance and growth efficiency, traits well
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suited to Bangladesh's hot, humid climate (Barua et al., 1998; Islam and
Nishibori, 2009). Deshi chickens, widely reared in rural households, are
valued for their meat quality, broodiness, and ability to thrive on
household scraps (Yeasmin and Howlider, 1998). These characteristics
make native breeds a practical and sustainable choice for smallholder
and medium scale farmers, offering resilience against disease, lower
production costs, and vital contributions to rural livelihoods.

This study was designed to address the lack of comparative data on
native Bangladeshi chicken breeds in relation to E. tenella infection.
Specifically, it aims to investigate and compare the pathological and
clinical manifestations of experimental E. tenella infection among three
native breeds (Hilly, Naked Neck, and Deshi) and one exotic breed
(Sonali), which is widely used in commercial production. The objective
is to assess breed specific susceptibility using a comprehensive set of
parameters: body weight changes, feed conversion ratio (FCR), oocyst
per gram (OPG) counts, lesion scores, quantitative PCR (qPCR) for
parasite load, and dropping score. We hypothesize that native chicken
breeds will exhibit greater resistance to E. tenella infection compared to
the exotic Sonali breed under controlled experimental conditions,
thereby providing insights for sustainable breed selection and coccidi-
osis management in Bangladesh.

2. Materials and methods
2.1. Birds and management

The study was carried out at the poultry shed of the Department of
Parasitology, Faculty of Veterinary Science, Bangladesh Agricultural
University. Four chicken breeds were used: three native breeds (Hilly,
Naked Neck, and Deshi-local non descriptive) and one exotic crossbreed
(Sonali), encompassing both exotic and native varieties commonly
raised by farmers across various regions of Bangladesh. A total of 108-
day-old chicks (27 per breed) were included. Sonali (commonly reared
in Bangladesh due to their excellent meat quality) and desi chickens
were procured from a reputable local hatchery at the age of 7 days while
Hilly and Naked Neck chicks were obtained from the Bangladesh Live-
stock Research Institute (BLRI) at the age of 7 days. After 4 days of
acclimation, birds were housed in a cage system under controlled
management. Each experimental unit consisted of three birds per pen,
with nine replicate pens per breed. The cages measured 90 cm in length,
70 cm in width, and 50 cm in height, providing adequate space for
movement, feeding, and behavioral observation. Pens were thoroughly
cleaned and disinfected prior to the trial. Dry wood shavings were used
as a litter and replaced every two days to maintain hygiene and mini-
mize moisture. All birds were provided with ad libitum access to feed
and water throughout the experiment The birds were fed a standard
commercial Sonali starter diet, the composition of which was maize
(62.8 %), soybean meal-45.8 % (29.759 %), full fat soya-37 % (2 %),
dried distillers grains with solubles (DDGS) (1 %), rice bran oil (0.8 %),
salt (0.3 %), limestone powder (1.3 %), and monocalcium phosphate
(0.7 %). The formulated diet contained 20 % crude protein (CP) and
2400 kcal/kg metabolizable energy (ME), supplemented with vitamins
and minerals, and was free from anticoccidial drugs. Daily feed offered
and refusals were weighed to calculate feed intake per replicate pen.
Birds were vaccinated according to standard protocols against New-
castle disease and infectious bursal disease.

2.2. Eimeria isolate and confirmation

Fecal samples suspected of Eimeria tenella infection were collected
from various farms. Oocysts were isolated by centrifugal flotation and
sporulated in 2.5 % potassium dichromate at room temperature (25 °C).
Sporulated oocyst were stored at 4 °C and used within one month.
Infectivity was confirmed by orally inoculating three-week-old Eimeria
free six broiler chicks with 7 x 10* sporulated oocysts per bird. Four
days post-infection, the birds exhibited typical clinical signs of
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coccidiosis (bloody diarrhea, anorexia, somnolence) with 20 % mor-
tality. Necropsy confirmed cecal hemorrhages, clotted blood, cecal core
formation, and mucosal thickening consistent with E. tenella (Sagolsem
et al,, 2021). After 10 days post-infection, sufficient oocysts were
recovered from the feces. DNA was extracted from infected cecal tissue
using a commercial kit, and Polymerase Chain Reaction (PCR) was
performed to amplify the E. tenella gene. The resulting PCR product was
submitted for gene sequencing to confirm E. tenella.

2.3. Experimental infection

All chickens were screened for the presence of Eimeria oocysts two
days prior to the experimental infection and were confirmed to be free of
natural infection. A total of 108 chickens were used (27 per breed). In
each group, six birds per replicate pen were orally infected with 7 x 10*
sporulated E. tenella oocysts per bird using a clean dropper. The
remaining three birds per group served as uninfected controls. Fresh
droppers were used for each inoculation to prevent cross-contamination.
Birds were kept in a cage system, housed in groups within designated
pens, with three birds per pen to maintain replicates. Birds in each
experimental group were housed separately in designated pens
(Table 1).

2.4. Monitoring and sample collection

Clinical signs (lethargy, bloody feces, reduced feed intake, weight
loss, mortality) were recorded daily. Fecal samples were collected from
each pen starting on Day 4 post-infection and oocyst counts (OPG) were
determined using the McMaster technique after flotation in saturated
salt solution (Henriksen and Aagaard, 1976).

Weight gain was calculated as the difference between final and initial
weights at each DPI. The daily feed given to each group of birds was
weighed and the amount left in the feeders was also weighed the
following day to determine the daily feed intake and Feed Conversion
Ratio (FCR) was calculated as feed intake divided by weight gain
(Holdsworth et al., 2004).

At 6, 10, and 14 days post-infection (DPI), birds were euthanized
using manual cervical dislocation, performed in accordance with insti-
tutional animal care and use guidelines of Bangladesh Agricultural
University. This method ensured rapid loss of consciousness and mini-
mized pain and distress during sample collection for lesion scoring,
histopathology, and quantification was performed by qPCR analysis.
Lesions were scored from 0 to 4 using the method described by (Conway
and McKenzie, 2007). Dropping scores were graded on a scale of 0—4
considering the presence of mucus and/or blood as described by
(Johnson and Reid, 1970).

2.5. Histopathology

Cecal tissues were collected for histopathological analysis. Samples
were fixed in 10 % neutral buffered formalin, dehydrated in ethanol,
cleared in xylene, embedded in paraffin, and sectioned at 5 pm. Sections
were stained with hematoxylin and eosin (Lillie, 1965). The sections
were examined under 400 x magnification for histopathological
changes and parasite stages (schizonts, gametocytes, and oocysts).

2.6. Quantification of infection by gPCR

DNA was extracted from combined cecal and fecal contents using the
PureLink® Genomic DNA Extraction Kit (Thermo Fisher, USA). Quan-
titative real-time PCR was performed with species-specific primers for
E. tenella after experimental infection (Blake et al., 2008): TEN—F:
TCGTCTTTGGCTGGCTATTC; TEN-R: CAGAGAGTCGCCGTCACAGT.
Quantitative real-time PCR was performed using Mic qPCR (Biomole-
cular systems, Australia). The total volume of 20 pl contained 10 pl of
SYBR Green Master Mix (Takara, Japan), 0.8 pl of species-specific
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Table 1
Effect of Eimeria tenella infection on body weight gain and feed conversion ratio (FCR) of different indigenous chicken breeds at 6, 10, and 14 days post-infection (DPI)
(n = 108).
Days Post Infection (DPI) 6 DPI 10 DPI 14 DPI
Breed Infection status Weight Gain (g) FCR Weight Gain (g) FCR Weight Gain (g) FCR
Sonali Control 68 + 3.77 2.85 £+ 0.16 127 £ 0.94 2.88 + 0.02 181 +2.83 3.05 + 0.05
Infection 59 + 2.07 3.28 +0.11 98 + 2.26°" 3.75 + 0.09? 122 +1.18" 4.53 + 0.04*
Hilly Control 62 + 4.71 3.27 £ 0.25 101 + 2.36 3.71 £ 0.09 135 + 7.07 4.18 + 0.22
Infection 60 + 5.27 3.49 + 0.33 98 + 3.31° 3.84 + 0.13% 132 + 4.29%° 4.27 4 0.14%°
Naked Neck Control 68 + 5.66 2.99 £+ 0.25 114 £ 5.66 3.32+£0.17 160 + 18.86 3.67 £ 0.45
Infection 63 + 3.06 3.21 £0.16 93 + 5.65" 4.14 + 0.26°° 146 + 6.95¢ 3.9 +£0.19°
Deshi Control 57 £ 4.71 3.57 £ 0.3 96 + 5.66 3.96 + 0.24 126 + 6.6 4.5+ 0.24
Infection 56 + 4.05 3.67 £ 0.28 80 + 5.27° 4.83 +0.33° 123 + 3.61° 4.59 +0.13°

Values are presented as mean =+ standard error (SE). Different superscript letters (a, b, ¢) within the same column at each DPI indicate statistically significant dif-

ferences between breeds (p < 0.05).

primers, 0.4 pl of ROX passive reference dye, 6 pl of nuclease-free water,
and 2 pl of template DNA. Cycling conditions for amplification were as
follows: 95 °C initial denaturation for 1 min, followed by 40 cycles of
95 °C for 15 s and 55 °C for 60 s. Standard curves were generated using
serial dilutions of E. tenella genomic DNA, and parasite load (per gram)
was calculated from Cq values using Mic qPCR software. Biomolecular
grade water was used as no template negative control.

2.7. Data analysis

All statistical analyses were performed using IBM SPSS Statistics
(version 27; IBM Corp., Armonk, NY, USA). Descriptive statistics were
expressed as mean + standard error. Normality of the data was assessed
using Shapiro-Wilk test. Parasitological and pathological parameters,
including oocyst counts, RT-PCR gene copies, lesion scores, and drop-
ping scores, which deviated from normality, were compared among
breeds using the Kruskal-Wallis test. Growth performance parameters
specifically body weight gain (WG) and feed conversion ratio (FCR) at 6,
10, and 14 days post-infection, were analyzed using a general linear
model (GLM) with breed and infection status included as fixed factors
and their interaction tested in the model. Homogeneity of variances was
verified using Levene's test. For post-hoc comparison, Duncan's multiple
range test was applied. All the statistical significance was considered at
p < 0.05.

3. Results

The impact of Eimeria tenella infection was evaluated in four indig-
enous chicken breeds-Sonali, Hilly, Naked Neck, and Deshi at 6, 10, and
14 DPI, focusing on body weight gain, feed conversion ratio (FCR),
oocyst shedding, qPCR parasite burden, lesion development, and fecal
appearance (Tables 1 and 2).

3.1. Clinical signs, weight gain, and feed efficiency

Sonali chickens exhibited the highest susceptibility to E. tenella. At 6
DPI, they were the only breed with detectable oocyst shedding (267 +
14.43 OPG), a qPCR gene copy number of 6.15 + 0 log1, and mild lesion
(score 1) with loose droppings (score 2). Weight gain was slightly
reduced (59 + 2.07 g) compared to controls (68 + 3.77 g), with a
modest increase in FCR (3.28 & 0.11 vs. 2.85 £ 0.16). By 10 DPI, oocyst
output rose sharply (4361 + 163.05 OPG), with elevated qPCR parasite
burden (6.85 + 0 log), and lesion scores (score 3) and fecal scores
(score 3). The infection significantly affected weight gain (98 + 2.26 g
vs. 127 + 0.94 g in controls) and FCR (3.75 £ 0.09 vs. 2.88 + 0.02). At
14 DPI, oocyst shedding peaked (103,200 + 3333.54 OPG), accompa-
nied by severe intestinal lesions (score 4), watery droppings (score 4),
and the highest parasite gene copy number (8.11 £+ 0 log). Sonali
chickens recorded the lowest weight gain (122 + 1.18 g) and poorest
FCR (4.53 + 0.04), underscoring their high sensitivity to infection.

Table 2

Comparative parasitological (oocyst per gram of feces, OPG), molecular (QPCR
quantification), and clinical (lesion score and dropping score) parameters of
different indigenous chicken breeds following Eimeria infection at 6, 10, and 14
days post-infection (DPI) (n = 108).

DPI  Parameters Sonali Hilly Naked Deshi
Neck

Avg. OPG 267 + 14.43" 0+0* 0+0* 0+0*
qPCR b a a a

. Logucopics/g) 15 %0 040 040 040
Lesion Score 1+0° 0+0° 0+0° 0+ 0°
Dropping Score 2+0° 0+ 0% 0+ 0? 0+ 0°

4361 + 100 + 2980 + 1700 +

Avg. OPG 163.05¢ 8.25% 200.03 175.71°
qPCR R 6.11 + 6.37 £ b

10 (Logrocopies/g) 6850 0.01? 0.022° 6320
Lesion Score 3+0° 0+0? 1+0° 1+0°
Dropping Score 3 + 0° 0+0% 1+0° 0+0°

103,200 + 540 + 68 + 1200 +

Avg. OPG 3333.54¢ 31.84° 11.01° 59.98"
qPCR . 6.19 £ L 629+

1 11 + .66 +

4 (Logrocopies/g) 8 0 0* 5.66 £0 0.01°

Lesion Score 440° 1+0° 0+0° 1+0°
Dropping Score 44 0°¢ 0+0° 04+ 0? 0+0°

Values are presented as mean =+ standard error (SE). Different superscript letters
(a, b, ¢) within the same row indicate statistically significant differences between
breeds at the same DPI (p < 0.05).

Statistically significant differences in FCR were found at both 10 DPI and
14 DPL.

Hilly chickens demonstrated strong resistance to E. tenella. They
remained asymptomatic and shed no oocysts at 6 DPIL. At 10 DPI, oocyst
output was low (100 + 8.25 OPG), with no visible clinical signs. At 14
DPI, oocyst shedding increased modestly (540 + 31.84 OPG), with mild
lesions (score 1), but weight gain remained relatively unaffected (132 +
4.29 g), and FCR stayed stable. No statistically significant differences in
FCR were detected at any time point.

Naked Neck chickens showed early susceptibility but quickly
developed resistance. At 6 DPI, there were no detectable oocysts or le-
sions. By 10 DPI, oocyst output increased (2980 + 200.03 OPG), with
mild lesion (score 1) and fecal scores (score 1), and exhibited signifi-
cantly reduced body weight gain (93 + 5.65 g) compared to their con-
trols (114 + 5.66 g; p < 0.05), accompanied by a tendency toward
higher FCR (4.14 £+ 0.26 vs. 3.32 £ 0.17). However, at 14 DPI, oocyst
shedding dropped drastically (68 + 11.010PG), with mild visible le-
sions and normal droppings. This breed showed higher weight gain
among infected birds at 14 DPI (146 + 6.95 g) than Hilly and Deshi and
lower FCR than Deshi, while differences with Sonali were not
significant.

Deshi chickens exhibited moderate and persistent infection patterns.
No clinical signs or oocyst shedding were observed at 6 DPI. At 10 DPI,
oocyst shedding increased, 1700 + 175.71 OPG accompanied by mild
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lesions (score 1) and a significant reduction in weight gain (80 + 5.27 g)
compared to other infected breeds. By 14 DPI, weight gain increased to
123 + 3.61 g, remaining intermediate among the infected groups, while
FCR remained high throughout the infection period (4.83 £ 0.33 at 10
DPI and 4.59 + 0.13 at 14 DPI), significantly higher than some breeds
but showing no further significant changes over time.

3.2. Histopathological finding

Histopathological examination of the cecum at 10 days post-
infection (DPI) with E tenella revealed marked differences in tissue
response among various chicken breeds (Fig. 1). In the uninfected Sonali
chickens, the cecal mucosa displayed normal architecture with intact
villi and no signs of cellular disruption, serving as the negative control
for comparison. In contrast, Sonali chickens challenged with E. tenella
showed severe necrosis of the intestinal villi and accumulation of
necrotic debris in the lumen, indicating extensive epithelial damage and
mucosal compromise.

Deshi chickens exhibited desquamation of epithelial enterocytes
lining the villi, reflecting a moderate level of infection-induced injury.
The Naked Neck breed showed the most profound pathology, including
total villous desquamation and widespread epithelial loss, suggesting a
heightened susceptibility to coccidia infection or a more severe in-
flammatory response. Conversely, Hilly chickens showed only mild
histopathological alterations, including partial desquamation and minor
villous distortion, indicating a relatively lower level of susceptibility or
greater resilience to E. tenella infection.

These breed-specific differences in cecal tissue integrity suggest that
genetic or immunological factors may influence the severity of coccidial
infections. The extensive villous necrosis observed in Naked Neck and
Sonali chickens may impair nutrient absorption and overall gut func-
tion, thereby affecting growth and productivity. The relatively pre-
served mucosal architecture in Hilly chickens supports the hypothesis
that certain indigenous breeds may possess inherent resistance to
E. tenella. Further research into host immune responses and genetic

A. Control (Sonali)

D. Naked Neck (Control)

B. Sonali (Infected )

). ) 7'(# L,,J i
E. Naked Neck (Infected)
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markers of resistance may provide insights for breeding and disease
management strategies in poultry farming.

4. Discussion

In the present study, a relatively high challenge dose of 70,000
sporulated Eimeria tenella oocysts was used to induce consistent patho-
logical lesions and stimulate measurable immune responses, particularly
in native chicken breeds. This dose selection was intentional, as indig-
enous chickens such as Naked Neck, Deshi, and Hilly types are often
considered more resistant or tolerant to various pathogens, including
Eimeria species, compared to commercial hybrids (Pinard-Van Der Laan
et al., 1998). Lower doses ranging from 4000 to 12,000 oocysts have
been reported as sufficient to produce lesions in highly susceptible birds
such as commercial layer and hybrid chickens (Soutter et al., 2021). For
instance, Soutter et al. (2021) used doses from 5000 to 50,000 oocysts
and demonstrated dose-dependent effects on lesion scores and cytokine
responses in different layer breeds. Similarly, Melkamu et al. (2017)
employed 20,000 oocysts to induce infection in broiler chickens, while
Teng et al. (2020) used 50,000 oocysts and showed that higher doses
linearly regulated gene expression of tight junction proteins, affected
growth performance, and intestinal morphology in broilers. Kurkure
et al. (2006) used a dose rate of 50,000 oocysts to evaluate polyherbal
herbal mixture against E. tenella infection in broiler with OPG, histo-
pathology, clinical signs, lesion scores and immunological characteris-
tics (humoral and cell mediated immune response). Notably, Pinard-Van
Der Laan et al. (1998) challenged 4-week-old outbred chickens with a
very high dose of 150,000 oocysts to evaluate genetic resistance to
E. tenella. These reports collectively support the rationale for using a
70,000-o0cyst challenge in our study, as it falls within the upper-middle
range of previously validated infection models and is appropriate for
detecting both immunological and pathological responses in native
breeds presumed to have greater resistance. This higher dose ensures
adequate parasite replication and lesion development for comparative
assessment of resistance and performance traits across breeds.

v

N

F. Hilly (Infected)

Fig. 1. Photomicrographs of the cecum from different breeds of chickens at 10 days post-infection (DPI). Arrows indicate pathological changes. (A) Uninfected Sonali
chicken showing intact and normal villi. (B) Infected Sonali chicken exhibiting severe necrosis of intestinal villi and presence of necrotic debris in the intestinal
lumen. (C) Infected Deshi chicken showing desquamation of epithelial enterocytes lining the villi. (D) Uninfected Naked Neck chicken with normal villous archi-
tecture. (E) Infected Naked Neck chicken demonstrating marked desquamation and damage of villi and epithelial tissue. (F) Infected Hilly chicken showing

comparatively less desquamation and milder villous damage.
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4.1. Sonali chickens

Sonali chickens, a commercial crossbreed widely used in Bangladesh,
exhibited the highest susceptibility to Eimeria tenella infection in this
study. Infected Sonali birds showed a marked reduction in body weight
gain (BWG), elevated feed conversion ratio (FCR), severe bloody diar-
rhea, and pronounced lethargy. Oocyst shedding was significantly
higher in this group, reaching 103,200 oocysts per gram (OPG) at 14
days post-infection (DPI), with corresponding qPCR results confirming
the highest gene copy number (8.11 + 0 log copies/g). Histopatho-
logically, Sonali birds presented with extensive cecal necrosis, villous
atrophy, epithelial desquamation, and hemorrhagic lesions. These
findings align with the observations by (Jatau et al., 2014) and (Blake
et al., 2020), who reported that broiler and commercial hybrid birds are
typically more vulnerable to coccidiosis due to their selection for rapid
growth rather than immunological robustness. The pronounced clinical
and pathological manifestations observed in Sonali chickens suggest a
high pathogenic burden and limited innate resistance, indicating the
need for enhanced prophylactic interventions, such as vaccination and
nutritional support, in commercial production systems relying on this
breed.

4.2. Naked neck chickens

Naked Neck chickens demonstrated intermediate resistance to
E. tenella infection. Despite infection, Naked Neck chickens recorded
relatively higher weight gain among infected breeds and a moderate
FCR, suggesting a capacity for recovery after initial infection (Table 1).
Oocyst shedding was moderate, and the qPCR-detected parasite gene
copy number was significantly lower than that of Sonali birds. Histo-
pathological analysis revealed localized cecal inflammation and
epithelial disruption, but with relatively preserved mucosal architecture
compared to Sonali chickens. The moderate response is consistent with
findings by Ferdushy et al. (2016) and (Hemanth et al., 2024), who
noted that Naked Neck chickens possess heat tolerance and a degree of
disease resilience, possibly linked to genetic adaptations favoring better
gut health and immune modulation. Although not as resistant as other
native breeds in this study, Naked Neck chickens still represent a
promising dual-purpose genotype with moderate tolerance to coccidial
infections, suggesting that selective breeding could further enhance
their resilience.

4.3. Hilly chickens

Hilly chickens exhibited the highest resistance among the studied
breeds. Infected Hilly birds maintained relatively stable BWG and FCR,
with low clinical signs and negligible diarrhea. Oocyst output was the
lowest across all groups (100 OPG at 14 DPI), and qPCR quantification
confirmed the lowest gene copy numbers, indicating minimal parasite
replication. Cecal tissues showed minor to no histopathological alter-
ations, with preserved mucosal integrity and negligible inflammation.
These findings are strongly supported by studies such as those by (Choi
et al.,, 2021) who reported enhanced immune responses and disease
tolerance in native or local ecotypes exposed to coccidial pathogens. The
robust performance of Hilly chickens in the face of E. tenella challenge
highlights their potential value for sustainable, low-input production
systems where coccidiosis remains a major constraint. Their genetic
resistance may be associated with better mucosal immunity, local anti-
gen presentation, and gut microbiota stability, all of which warrant
further investigation.

4.4. Deshi (non descriptive) chickens
Deshi chickens, widely recognized for their hardiness and adapt-

ability, showed moderate resistance to E. tenella infection. Although they
had a relatively higher FCR compared to other breeds likely due to
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inherently slower growth they demonstrated minimal BWG reduction
and less severe clinical signs. Oocyst shedding was moderate, and qPCR
data revealed intermediate gene copy numbers. Histological evaluation
showed mild cecal damage, characterized by focal epithelial erosion and
light lymphocyte infiltration. Earlier studies, including those by Islam
and Nishibori (2009) and Ferdushy et al. (2016), have documented the
resilience of native Bangladeshi chickens to parasitic infections, attrib-
uting it to their natural exposure to environmental pathogens and
resulting immune adaptation. The ability of Deshi birds to withstand
coccidial infection with minimal productivity loss further supports their
role in backyard and small-scale systems, where therapeutic in-
terventions may be limited. However, their low feed efficiency and
production potential remain a challenge for commercial scaling.

Overall, Sonali chickens, representing an exotic breed, were the most
susceptible to E. tenella infection, with severe clinical and performance
impairments. In contrast, the native breeds, especially Hilly and Naked
Neck, exhibited greater resilience marked by lower oocyst shedding,
milder lesions, and sustained growth performance. Statistical analysis
further confirmed breed-specific variations in FCR, particularly for
Sonali. Although lesion scores across breeds did not reach statistical
significance, comparisons between Sonali and the native breeds (Hilly
and Naked Neck) approached significance (p = 0.0513), supporting
observed trends in resistance.

These findings highlight substantial variation in the response to
E. tenella infection among breeds, underscoring the potential of native
chickens for improved resilience through genetic selection or breeding
programs.

5. Conclusion

The comparative analysis of breed-specific responses clearly in-
dicates that native and regionally adapted chickens such as Hilly and
Deshi are more resilient to E. tenella infection than commercial types like
Sonali. Naked Neck chickens fall in between, showing moderate toler-
ance. These differences emphasize the importance of genetic back-
ground in disease resistance and support the integration of indigenous
breeds into poultry development programs aimed at improving sus-
tainability, reducing drug dependency, and enhancing food safety.
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