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Abstract
Purpose of study: Avian coccidiosis caused by Eimeria spp. and cryptosporidiosis caused by Cryptosporidium spp. are significant parasitic diseases affecting poultry production worldwide. Both pathogens have economic implications and zoonotic potential, yet their prevalence and molecular characteristics remain under-investigated in Jordan.
Methods: A total of 42 fecal samples were collected from broiler chickens across 32 farms in five Jordanian governorates (Ajloun, Jerash, Mafraq, Zarqa, and Balqa). Samples were preserved in 2.5% potassium dichromate and analyzed using integrated parasitological and molecular approaches. Eimeria detection and quantification were performed using salt flotation and a Sedgewick-Rafter counting chamber. Cryptosporidium detection was conducted using modified acid-fast staining following water-ether concentration. Molecular analysis used nested PCR targeting the ITS-1 region for Eimeria spp. and the LSU rRNA gene for Cryptosporidium spp.
Results: All 42 samples (100%) were positive for Eimeria oocysts by flotation, with oocyst counts ranging from 20,400 to 1,532,400 OPG (mean: 220,400 OPG; median: 142,200 OPG). Molecular analysis revealed that Eimeria tenella was the most prevalent species (present in 60.5% of PCR-positive samples), followed by E. acervulina (36.8%) and E. mitis (5.3%). Mixed infections were observed in 26.3% of PCR-positive samples. For Cryptosporidium, modified acid-fast staining detected only 2 positive samples (4.8%), while nested PCR detected 21 positive samples (50.0%), confirming the superior sensitivity of molecular methods. The highest Cryptosporidium PCR positivity was observed in Zarqa (70.0%), followed by Jerash (62.5%) and Balqa (60.0%).
Conclusion: 
This study demonstrates that Eimeria infection is ubiquitous in Jordanian broiler flocks, with high oocyst burdens and frequent mixed infections. Cryptosporidium is highly prevalent (50.0% by PCR), which is significantly higher than previously reported in Jordan (4.8%). These findings underscore the importance of molecular methods for accurate diagnosis and the need for integrated control strategies targeting both parasites.
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1. Introduction
Avian coccidiosis, caused by protozoan parasites of the genus Eimeria, remains one of the most economically important parasitic diseases affecting poultry production worldwide (Williams, 2005). The disease leads to reduced growth performance, impaired feed conversion, increased mortality, and enhanced susceptibility to secondary infections, resulting in substantial economic losses to the poultry industry (Blake et al. 2020). Seven species of Eimeria are known to infect chickens, including E. tenella, E. acervulina, E. maxima, E. mitis, E. brunetti, E. necatrix, and E. praecox, each with distinct pathogenicity and tissue tropism (Long & Joyner, 1984).
Cryptosporidiosis, caused by Cryptosporidium spp. is another significant parasitic disease affecting a wide range of vertebrate hosts, including poultry (Ryan et al. 2014). The zoonotic potential of certain Cryptosporidium species, particularly C. parvum and C. meleagridis, has raised public health concerns globally (Xiao & Feng, 2008; Ali et al. 2024). In chickens, C. baileyi (primarily respiratory/bursal tropism) and C. meleagridis (intestinal, with zoonotic potential) are the most reported species (Helmy 2022; Feng et al. 2022).
In Jordan, the poultry industry plays a vital economic role, yet research on parasitic infections in broiler chickens remains limited. A study by Hijjawi et al. (2016) reported a prevalence of 4.8% for Cryptosporidium in broiler chickens in Jordan using qPCR. Globally, a recent meta-analysis reported a pooled global prevalence of 18.3% for Cryptosporidium in chickens (Li et al. 2024), while Eimeria prevalence in many regions exceeds 80% (Györke et al. 2013).
The small size of Cryptosporidium oocysts (4–6 μm) and intermittent shedding make microscopic detection challenging, leading to underestimation of true prevalence (Current & Garcia, 1991). Molecular techniques such as polymerase chain reaction (PCR) offer improved sensitivity and specificity and allow downstream species identification (Morgan et al. 1998). Similarly, molecular tools for Eimeria detection enable species-level differentiation, which is critical for targeted control strategies (Lew et al. 2003).
This study aimed to: (1) detect and quantify Eimeria oocysts in broiler fecal samples from Jordan; (2) screen for Cryptosporidium oocysts using modified acid-fast staining; (3) perform water-ether concentration to enrich parasitic stages; (4) detect Eimeria spp. and Cryptosporidium spp. using nested PCR; and (5) compare the sensitivity of microscopy versus PCR for Cryptosporidium detection.
2. Materials and Methods
2.1 Study Area and Sample Collection
This study was conducted between July 2025 and December 2025 across 32 broiler farms located in five governorates of Jordan: Ajloun, Jerash, Mafraq, Zarqa, and Balqa. A total of 42 fecal samples were collected from broiler chickens aged between 2 and 6 weeks. Fresh fecal samples were collected directly from freshly voided droppings using sterile disposable gloves and placed into labeled sterile containers.
2.2 Sample Preservation
All samples were preserved exclusively in 2.5% potassium dichromate (K₂Cr₂O₇) at a 1:1 (w/v) ratio. Prior to analysis, samples were washed repeatedly with distilled water or phosphate-buffered saline (PBS) to remove preservative residues.
2.3 Detection and Quantification of Eimeria spp.
2.3.1 Salt Flotation Technique
For each sample, 3 g of the fecal-dichromate mixture was transferred into 10 mL of saturated sodium chloride (NaCl) solution. The suspension was thoroughly homogenized and processed according to the standard fecal flotation protocol (Aurum Biotech, 2025).
2.3.2 Quantification Using Sedgewick-Rafter Counting Chamber
Quantitative enumeration of Eimeria oocysts was carried out using a Sedgewick-Rafter counting chamber (Graticules Ltd. Catalogue Ref. S50). Oocysts were counted systematically under light microscopy, and the number of oocysts per gram (OPG) was calculated according to standard methods (Johnson & Reid 1970).
2.4 Stool Concentration and Cryptosporidium Microscopy
2.4.1 Water-Ether Concentration
Prior to DNA extraction, fecal samples were subjected to water-ether concentration following the method described by Kurniawan et al. (2009).
2.4.2 Modified Acid-Fast Staining
Smears were air-dried, heat-fixed, and stained using modified acid-fast staining according to American Society for Microbiology (2020) guidelines. Slides were examined at 400× magnification and confirmed at 1000× under oil immersion. Acid-fast, round to ovoid oocysts measuring approximately 4–6 μm were considered positive.
2.5 DNA Extraction
Genomic DNA was extracted from fecal sediment obtained after water-ether concentration using the EasyPure® Stool Genomic DNA Kit (TransGen Biotech, China; Code EE301-01), according to the manufacturer's instructions. An initial freeze-thaw cycle (liquid nitrogen and 95°C water bath) was included to enhance oocyst lysis.
2.6 PCR Amplification
2.6.1 Eimeria PCR (ITS-1 Nested PCR)
Detection of Eimeria spp. was performed using a nested PCR assay targeting the ITS-1 region as described by Lew et al. (2003) using species-specific primers for E. tenella, E. acervulina, and E. mitis.
Primary (genus-level) primers:
· EF1: 5′-AAGTTGCGTAAATAGAGCCCTC-3′
· ER1: 5′-AGACATCCATTGCTGAAAG-3′
Species-specific nested primers were used as described in Lew et al. (2003).
2.6.2 Cryptosporidium PCR (LSU rRNA Nested PCR)
Detection of Cryptosporidium spp. was performed using nested PCR targeting the LSU rRNA gene following the protocol described by Koehler et al. (2017).
Primary PCR primers:
· LSU2040F: 5′-CGAATAGCCTTATCTTTGCTATTT-3′
· LSU3020R: 5′-GTCTTCCGCGAAGATCAG-3′
Nested PCR primers:
· LSU2065F: 5′-TTACCATGGAATYAGTTCAGC-3′
· LSU2557R: 5′-AACACCATTTTCTGGCCATC-3′
PCR reactions were carried out using OneTaq® Quick-Load® 2× Master Mix (New England Biolabs) in a thermal cycler (MultiGene™, Labnet International). The thermal profile included an initial denaturation at 95°C for 5 minutes, followed by 34 cycles of 95°C for 30 seconds, annealing at optimized temperatures (53.6–61.1°C depending on primer set) for 30 seconds, and 72°C for 1 minute, with a final extension at 72°C for 10 minutes.
2.7 Gel Electrophoresis
PCR products were analyzed by electrophoresis on 2% agarose gels stained with ethidium bromide and visualized under UV light. A 100 bp DNA ladder was used to determine product size. Electrophoresis was performed at 120V for 35 minutes.
2.8 Statistical Analysis
Data was analyzed using SPSS version 20. Descriptive statistics were used to summarize prevalence, oocyst counts, and species distribution. Chi-square tests were used to compare detection methods and regional differences. A p-value < 0.05 was considered statistically significant.
3. Results
3.1 Overview of Sample Analysis
A total of 42 fecal samples were collected from 32 broiler farms across five Jordanian governorates: Ajloun (10 samples), Jerash (8 samples), Mafraq (9 samples), Zarqa (10 samples), and Balqa (5 samples). All samples were analyzed using integrated parasitological and molecular methods for the detection of both Eimeria spp. and Cryptosporidium spp. A summary of the key findings is presented in Table 1.
Table 1. Summary of Parasitological and Molecular Findings
	Category
	Parameter
	Result

	Eimeria (Microscopy)
	Prevalence
	100% (42/42 samples positive)

	
	Oocyst count range
	20,400 – 1,532,400 OPG

	
	Mean OPG
	220,400 OPG

	
	Median OPG
	142,200 OPG

	Eimeria (PCR)
	PCR-positive
	38/42 (90.5%)

	
	Most prevalent species
	E. tenella (60.5% positive)

	
	Other detected species
	E. acervulina (36.8%), E. mitis (5.3%)

	
	Mixed infections
	10/38 (26.3%)

	Cryptosporidium (Microscopy)
	Positive samples
	2/42 (4.8%)

	Cryptosporidium (PCR)
	Positive samples
	21/42 (50.0%)


3.2 Detection and Quantification of Eimeria spp.
3.2.1 Prevalence and Oocyst Burden
All 42 samples (100%) were positive for Eimeria oocysts using the salt flotation technique, demonstrating ubiquitous prevalence across all farms and regions.
Quantitative analysis using a Sedgewick-Rafter counting chamber revealed that oocyst counts ranged from 20,400 to 1,532,400 oocysts per gram (OPG), with a mean of 220,400 OPG and a median of 142,200 OPG. The distribution of OPG values is presented in Table 2.
Table 2. Distribution of Eimeria Oocyst Counts (OPG)
	OPG Range
	Number of Samples
	Percentage

	< 50,000
	5
	11.9%

	50,000 – 99,999
	4
	9.5%

	100,000 – 199,999
	14
	33.3%

	200,000 – 299,999
	10
	23.8%

	300,000 – 399,999
	6
	14.3%

	≥ 400,000
	3
	7.1%

	Total
	42
	100%


The highest OPG count (1,532,400 OPG) was observed in sample J(7-1) from Jerash, while the lowest (20,400 OPG) was observed in sample M(6-2) from Mafraq.
3.2.2 Molecular Detection of Eimeria Species
Nested PCR targeting the ITS-1 region successfully detected Eimeria species in 38 of 42 samples (90.5%). Four samples (9.5%) did not yield detectable PCR products, which may be attributed to low parasite DNA concentration, PCR inhibition, or species not covered by the primer sets used.
Species distribution (n = 38 PCR-positive samples):
	Species
	Number of Samples
	Percentage

	E. tenella (single infection)
	14
	36.8%

	E. tenella + E. acervulina (mixed)
	8
	21.1%

	E. acervulina (single infection)
	5
	13.2%

	E. tenella + E. mitis (mixed)
	1
	2.6%

	E. acervulina + E. mitis (mixed)
	1
	2.6%

	PCR negative/no product
	4
	10.5%

	Total
	42
	100%


Eimeria tenella was the most frequently detected species, present in 23 samples either alone (14 samples) or in mixed infections (9 samples), accounting for 60.5% of all PCR-positive samples. E. acervulina was detected in 14 samples (36.8% of PCR-positive samples), and E. mitis (Mit1 variant) was detected in 2 samples (5.3% of PCR-positive samples).
Single vs. mixed infection patterns:
· Single-species infections were observed in 19 samples (50.0% of PCR-positive samples), predominantly E. tenella (14 samples) followed by E. acervulina (5 samples).
· Mixed infections were observed in 10 samples (26.3% of PCR-positive samples), most commonly E. tenella + E. acervulina (8 samples).
3.3 Detection of Cryptosporidium spp.
3.3.1 Microscopic Examination (Modified Acid-Fast Staining)
Microscopic examination using modified acid-fast staining showed a low detection rate of Cryptosporidium oocysts. Only 2 out of 42 samples (4.8%) tested positive: sample A (6-1) (Ajloun) and sample B (7-1) (Balqa). The remaining 40 samples were negative by microscopy.
3.3.2 Molecular Detection of Cryptosporidium spp. (Nested PCR)
Nested PCR targeting the LSU rRNA gene demonstrated significantly higher sensitivity compared to microscopy, detecting Cryptosporidium DNA in 21 out of 42 samples (50.0%).
Table 3. Comparison of Microscopy and PCR for Cryptosporidium Detection
	Method
	Positive Samples
	Negative Samples
	Detection Rate

	Modified acid-fast staining
	2
	40
	4.8%

	Nested PCR (LSU rRNA)
	21
	21
	50.0%


PCR detected 19 additional positive samples that were missed by microscopy, representing a 10.4-fold increase in detection sensitivity (p < 0.001, Chi-square test).
3.3.3 Regional Distribution of Cryptosporidium PCR Positivity
Table 4. Regional Distribution of Cryptosporidium PCR Results
	Governorate
	Total Samples
	PCR Positive
	PCR Negative
	Prevalence (%)

	Zarqa
	10
	7
	3
	70.0%

	Jerash
	8
	5
	3
	62.5%

	Balqa
	5
	3
	2
	60.0%

	Mafraq
	9
	4
	5
	44.4%

	Ajloun
	10
	4
	6
	40.0%

	Total
	42
	21
	21
	50.0%


3.4 Co-infection Patterns (Eimeria and Cryptosporidium)
Of the 21 positive samples for Cryptosporidium by PCR:
· 17 samples (81.0%) also had detectable Eimeria co-infection
· 4 samples (19.0%) were positive for Cryptosporidium but had no detectable Eimeria PCR product
4. Discussion
This study provides the first integrated parasitological and molecular investigation of both Eimeria and Cryptosporidium infections in broiler chickens in Jordan, based on 42 samples from 32 farms across five governorates. The results reveal important findings regarding the prevalence, infection intensity, species distribution, and diagnostic challenges associated with these two important protozoan parasites.
4.1 Eimeria Infection: Ubiquitous Prevalence and High Oocyst Burdens
The 100% prevalence of Eimeria oocysts detected in this study is consistent with global reports indicating that coccidiosis is ubiquitous in intensive broiler production systems (Williams 2005; Györke et al. 2013). This finding confirms that virtually all commercial broiler flocks in Jordan are exposed to Eimeria spp. regardless of anticoccidial programs. The universal exposure reflects the resilience of Eimeria oocysts in the environment, their ability to survive for extended periods in litter, and the difficulty of achieving complete elimination even with rigorous cleaning and disinfection protocols.
The oocyst counts ranged from 20,400 to 1,532,400 OPG, with a mean of 220,400 OPG. According to published guidelines (Johnson & Reid, 1970; Long & Joyner, 1984), OPG values above 100,000 are considered indicative of significant infection pressure that may lead to subclinical performance losses. In this study, 78.6% of samples (33/42) had OPG counts exceeding 100,000, suggesting that subclinical coccidiosis is likely an important constraint on broiler productivity in Jordan. The highest OPG count (1,532,400) is among the highest reported in the literature, indicating severe infection pressure in that particular flock. Such high oocyst burdens would be expected to cause clinical coccidiosis characterized by bloody diarrhea, poor weight gain, and increased mortality, consistent with the clinical signs reported from that farm.
The substantial variation in OPG values (from 20,400 to 1,532,400) reflects differences in infection pressure between farms, likely influenced by factors such as stocking density, litter management, ventilation, anticoccidial drug programs, and the level of environmental contamination with oocysts from previous flocks. Farms with continuous production cycles (minimal downtime between flocks) typically have higher oocyst contamination levels (Williams 1999).
4.2 Molecular Characterization of Eimeria Species
Molecular analysis revealed that Eimeria tenella was the most prevalent species, present in 60.5% of PCR-positive samples. This finding is consistent with numerous global studies that have identified E. tenella as the dominant species in broiler flocks due to its high pathogenicity and the development of resistance to certain anticoccidials (Chapman, 2014; Morris & Gasser, 2006). E. tenella specifically targets the ceca, where it causes characteristic hemorrhagic lesions, bloody diarrhea, and potentially death in severe cases. The predominance of this species in Jordanian broilers raises concerns about potential drug resistance, as E. tenella is known to have developed resistance to many ionophore and synthetic anticoccidials globally (Chapman, 2014).
E. acervulina was detected in 36.8% of PCR-positive samples, making it the second most common species. This species infects the duodenum and upper small intestine, causing whitish, elongated lesions that impair nutrient absorption. Although less pathogenic than E. tenella, E. acervulina contributes significantly to reduced feed conversion efficiency and poor growth rates, especially in mixed infections (Williams, 2005). E. mitis was detected in only 5.3% of samples, which is consistent with its generally lower prevalence in broiler flocks globally (Long & Joyner 1984).
The frequent observation of mixed infections (26.3% of PCR-positive samples) is clinically important. Different Eimeria species target different segments of the intestine: E. tenella affects the ceca, E. acervulina affects the duodenum, and E. mitis affects the lower small intestine. Mixed infections therefore cause more extensive intestinal damage than single-species infections (Williams 2005). The most common mixed infection pattern was E. tenella + E. acervulina (8 samples), suggesting that these two species commonly co-circulate in Jordanian flocks. This has implications for control strategies, as vaccines and anticoccidials must be effective against multiple species simultaneously.
Comparison with regional studies reveals similar patterns. In Egypt, El-Sherry et al. (2014) reported E. tenella and E. acervulina as the most common species. In northern Jordan, Al-Natour et al. (2005) found comparable species distribution. These consistent findings across the Middle East suggest that regional poultry production systems face similar coccidiosis challenges and may benefit from standardized control approaches.
4.3 Cryptosporidium Infection: Marked Discrepancy Between Microscopy and PCR
The most striking finding of this study is the marked discrepancy between microscopy (4.8% prevalence) and PCR (50.0% prevalence) for Cryptosporidium detection. This 10.4-fold difference confirms that conventional staining techniques significantly underestimate true prevalence, consistent with previous reports (Morgan et al. 1998; Kurniawan et al. 2009). Several factors explain this discrepancy:
First, Cryptosporidium oocysts are extremely small (4–6 μm) and can be easily overlooked on stained smears, particularly when present in low numbers. Second, intermittent shedding means that not all infected birds shed oocysts at the time of sampling. Third, the modified acid-fast staining technique requires considerable expertise to interpret correctly, as background debris and yeast cells can mimic oocysts. Fourth, the preservation of samples in potassium dichromate may slightly alter oocyst morphology, making microscopic identification more challenging (Kurniawan et al. 2009).
The 50.0% prevalence detected by PCR in this study is substantially higher than the 4.8% previously reported by Hijjawi et al. (2016) in Jordanian broilers. Several factors may explain this difference:
1. Sample size and selection: The previous study tested 284 samples across all livestock species (sheep, goats, cattle, camels, and chickens), with chickens being a relatively small subset. The chicken samples may not have been representative of broiler populations.
2. PCR target: This study used LSU rRNA nested PCR (Koehler et al. 2017), while Hijjawi et al. (2016) used 18S rRNA qPCR. The LSU rRNA gene may offer improved sensitivity for detecting certain Cryptosporidium species.
3. Geographic variation: This study focused on northern Jordan (Ajloun, Jerash, Mafraq, Zarqa, Balqa), which may have higher Cryptosporidium prevalence than other regions due to differences in farming practices, water quality, and wild bird populations.
4. Water-ether concentration: This study incorporated water-ether concentration prior to DNA extraction, which may have improved oocyst recovery and DNA yield (Kurniawan et al. 2009).
5. Sample age and storage: Differences in sample handling and storage conditions between studies may affect DNA integrity.
The 50.0% prevalence is also higher than the global pooled prevalence of 18.3% reported by Li et al. (2024). This suggests that Cryptosporidium infection in Jordanian broilers may be among the highest in the region, warranting further investigation and control measures. Possible explanations for the high prevalence include: (1) widespread contamination of drinking water sources with oocysts; (2) ineffective cleaning and disinfection protocols between flocks; (3) high wild bird populations that serve as mechanical or biological reservoirs; and (4) suboptimal biosecurity practices on many farms.
4.4 Regional Variation in Cryptosporidium Prevalence
Regional variation was observed, with Zarqa showing the highest prevalence (70.0%), followed by Jerash (62.5%) and Balqa (60.0%). Ajloun had the lowest prevalence (40.0%). Although these differences were not statistically significant (likely due to small sample sizes per region), they suggest possible patterns worth investigating in larger studies.
Zarqa and Jerash are known for intensive poultry production with high flock densities and continuous production cycles, which may facilitate parasite transmission. These regions also have more industrial activity and potential water quality challenges. In contrast, Ajloun is a more rural, agricultural area with lower poultry density, and farms may rely on different water sources (e.g. springs and wells versus municipal water). Further research correlating Cryptosporidium prevalence with specific farm management practices (water source, cleaning protocols, downtime between flocks, wild bird access) is needed to identify actionable risk factors.
4.5 Comparison with Microscopy: Implications for Diagnosis
The results of this study strongly support the use of molecular methods (PCR) as the diagnostic standard for Cryptosporidium surveillance in poultry. The finding that 19 of 21 PCR-positive samples (90.5%) were negative by microscopy means that reliance on acid-fast staining would miss the vast majority of infections. This has important implications for both research and clinical practice.
For research studies aiming to estimate true prevalence, PCR is essential. Studies that rely solely on microscopy may report prevalence estimates that are 5- to 10-fold lower than the true values, potentially leading to incorrect conclusions about disease burden and risk factors.
For routine diagnostics in commercial poultry operations, a two-tier approach may be practical and cost-effective:
1. Screening: Modified acid-fast staining (rapid, low-cost, detects heavy infections) can be used as an initial screen. Samples that are strongly positive by microscopy indicate heavy oocyst shedding and likely clinical significance.
2. Confirmatory PCR: For samples that are negative by microscopy but from flocks with persistent health problems (respiratory signs, poor growth, diarrhea), PCR testing can identify low-level infections that may still be economically important or have zoonotic potential.
However, for epidemiological studies and accurate prevalence estimates, PCR is essential. The additional cost of PCR is justified by dramatically improved sensitivity and the ability to identify species through sequencing.
4.6 Zoonotic and Public Health Implications
Although sequencing of Cryptosporidium PCR products is ongoing in this study, the high prevalence (50.0%) detected raises potential public health concerns that deserve attention. C. meleagridis (commonly found in poultry) is a recognized zoonotic species and has been identified in human cryptosporidiosis cases worldwide (Xiao & Feng, 2008; Lin et al. 2022). C. parvum, which can also infect humans, has previously been reported in Jordanian livestock (Hijjawi et al. 2016). C. baileyi, while primarily considered poultry-adapted, has occasionally been reported in immunocompromised humans (Helmy 2022).
Farm workers, veterinarians, slaughterhouse personnel, and their families are at potential risk of zoonotic transmission through direct contact with infected birds, contaminated litter, or aerosolized oocysts (particularly for C. baileyi, which can cause respiratory infections) (Goodwin et al. 1990; Raccoursier & Senties-Cue 2024). Immunocompromised individuals are particularly vulnerable to severe, prolonged, and potentially life-threatening cryptosporidiosis (Xiao & Feng 2008).
Globally, Lin et al. (2022) reported that C. meleagridis isolates from poultry often share identical subtypes with those from human clinical cases, confirming direct zoonotic transmission or common environmental sources. Ali et al. (2024) emphasized the importance of a One Health approach to cryptosporidiosis surveillance, recognizing the interconnectedness of human, animal, and environmental health.
Therefore, the following One Health measures are recommended for the Jordanian poultry industry:
· Personal protective equipment (PPE): Farm workers should wear gloves, boots, and appropriate masks (especially when cleaning houses or handling litter) to reduce exposure to oocysts.
· Hand hygiene protocols: Thorough handwashing with soap and water after handling poultry or cleaning facilities is essential, as alcohol-based hand sanitizers are ineffective against Cryptosporidium oocysts.
· Restricted access: Immunocompromised individuals (e.g. those undergoing chemotherapy, HIV/AIDS patients, transplant recipients) should avoid direct contact with poultry or contaminated litter.
· Safe disposal of litter: Litter removed from houses should be composted, buried, or treated to inactivate oocysts before land application.
· Public health awareness: Targeted educational campaigns for poultry workers about the signs, symptoms, and prevention of cryptosporidiosis are needed.
4.7 Control and Prevention Implications
The high prevalence of both Eimeria (100%) and Cryptosporidium (50%) in Jordanian broiler farms indicates that current control measures may be inadequate. Effective control requires integrated strategies tailored to each parasite.
For Eimeria:
The predominance of E. tenella raises concerns about potential drug resistance, as this species has shown the capacity to develop resistance to ionophores (e.g. monensin, salinomycin, narasin) and synthetic anticoccidials (e.g. diclazuril, toltrazuril) (Chapman, 2014; Peek & Landman 2011). Anticoccidial sensitivity testing is recommended to guide drug selection. A rotational program using different classes of anticoccidials (ionophores, synthetic drugs, and chemical compounds) can help delay resistance development.
Vaccination programs (live attenuated or non-attenuated vaccines) should be considered as an alternative to in-feed anticoccidials (Peek & Landman 2011). Commercial vaccines containing multiple Eimeria species are available and can be administered via spray, drinking water, or gel drops at the hatchery. However, vaccines are most effective when used in rotation with anticoccidials and require careful management to ensure uniform uptake.
For Cryptosporidium:
Unlike Eimeria, there are no licensed, consistently effective drugs for cryptosporidiosis in chickens (Helmy 2022; Khan et al. 2023). Halofuginone, which has some efficacy against Cryptosporidium in calves, has been shown to be ineffective for chemoprophylaxis of C. baileyi in chicks (Lindsay et al. 1987). Ionophores commonly used for coccidiosis control (monensin, salinomycin, lasalocid) have no meaningful activity against Cryptosporidium (Abdullah 2024). Nitazoxanide, paromomycin, and rifamycins have shown some promise in mammalian models but are not approved or practical for routine use in poultry flocks (Khan et al. 2023; Abdullah 2024). Therefore, prevention through biosecurity and environmental management remains the primary strategy.
Key prevention measures for Cryptosporidium include:
1. Waterline management: Cryptosporidium oocysts are highly resistant to chlorine-based disinfectants commonly used in drinking water systems (Weir et al. 2002; Li et al. 2023). Biofilm in waterlines can protect oocysts from disinfection and facilitate their persistence (Piccirillo et al. 2024). Effective strategies include periodic shock disinfection with peroxygen-based products (e.g. hydrogen peroxide, peracetic acid), which have demonstrated efficacy against oocysts (Quílez et al. 2005); use of slightly acidic electrolyzed water for continuous treatment (Li et al. 2023); and routine flushing and scrubbing of waterlines between flocks.
2. Litter management: Oocysts can survive in litter for extended periods, especially under cool, moist conditions. Maintaining dry litter through proper ventilation, drinker adjustment, and regular litter turning reduces oocyst survival and sporulation (Ali et al. 2024). Complete litter removal and replacement between flocks is ideal, but where partial litter reuse is practiced, thorough drying and treatment with ammonia (which inactivates oocysts) is recommended.
3. Biosecurity: Single-age flocks reduce the risk of continuous transmission cycles. Extended downtime (at least 14 days) between flocks allows oocysts to lose viability (Egan et al. 2024). Restricted wild bird access through netting, bird-proofing of buildings, and prompt cleanup of spilled feed is important, as wild birds can carry Cryptosporidium and contaminate water sources (Egan et al. 2024).
4. Monitoring: PCR-based surveillance should be implemented in flocks with recurrent respiratory or enteric issues (Feng et al. 2022; Cao et al. 2020). Early detection allows targeted interventions before clinical disease develops.
4.8 Study Limitations
Several limitations of this study should be acknowledged:
1. Sample size: While 42 samples from 32 farms were analyzed, this represents a relatively small sample given the scale of the Jordanian poultry industry. Larger studies with more samples per governorate are needed to confirm regional prevalence estimates and identify statistically significant risk factors.
2. Cryptosporidium sequencing is ongoing: Species-level identification is not yet available in this report, limiting the ability to conduct detailed zoonotic risk assessment. Completion of sequencing for all 21 PCR-positive samples is a priority.
3. Production parameters not recorded: Key performance indicators such as weight gain, feed conversion ratio, and mortality were not systematically recorded at the time of sampling. Consequently, the economic impact of the detected infections could not be quantified. Future studies should include production data to correlate parasitological findings with economic outcomes.
4. Preserved samples: The use of potassium dichromate-preserved samples, while excellent for maintaining oocyst morphology, may have reduced DNA yield compared to fresh or frozen samples. Some PCR-negative results (especially for Eimeria) may reflect inhibition rather than true absence of infection.
5. PCR inhibition: The observation that 4 samples (9.5%) had positive flotation for Eimeria oocysts but negative PCR suggests possible PCR inhibition. DNA extraction methods that include an inhibitor removal step or dilution of extracted DNA may improve PCR success rates in future studies.
6. Lack of clinical correlation at individual bird level: Samples were collected at the flock level, and clinical signs were recorded at the farm level. Individual bird data on lesion scores, oocyst shedding, and clinical signs would provide stronger correlations between parasitological findings and disease severity.
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  Abstract  

6

  P urpose of study :   Avian coccidiosis caused by   Eimeria   spp. and cryptosporidiosis caused 

7

  by   Cryptosporidium   spp. are significant parasitic diseases affecting poultry production 

8

  worldwide. Both pathogens have economic implications and zoonotic potential, yet their 

9

  prevalence and molecular characteristics remain under - investigated in Jordan.  

10

  Methods:   A total of 42 fecal samples were collected from broiler chickens across 32 farms 

11

  in five Jordanian governorates (Ajloun, Jerash, Mafraq, Zarqa, and Balqa). Samples were 

12

  preserved in 2.5% potassium dichromate and analyzed using integrated parasitological and 

13

  molecular approaches.   Eimeria   detection and quantification were performed using salt 

14

  flotation and a Sedgewick - Rafter counting chamber.   Cryptosporidium   detection was 

15

  conducted using modified acid - fast staining following water - ether concentration. 

16

  Molecular analysis used nested PCR targeting the ITS - 1 region for   Eimeria   spp. and the 

17

  LSU rRNA gene for   Cryptosporidium   spp.  

18

  Results:   All 42 samples (100%) were positive for   Eimeria   oocysts by flotation, with 

19

  oocyst counts ranging from 20,400 to 1,532,400 OPG (mean: 220,400 OPG; median: 

20

  142,200 OPG). Molecular analysis revealed that   Eimeria tenella   was the most prevalent 

21

  species (present in 60.5% of PCR - positive samples), followed by   E. acervulina   (36.8%) 

22

  and   E. mitis   (5.3%). Mixed infections were observed in 26.3% of PCR - positive samples. 

23

  For   Cryptosporidium , modified acid - fast staining detected only 2 positive samples (4.8%), 

24

  while nested PCR detected 21 positive samples (50.0%), confirming the superior 

25

  sensitivity of molecular methods. The highest   Cryptosporidium   PCR positivity was 

26

  observed in Zarqa (70.0%), followed by Jerash (62.5%) and Balqa (60.0%).  

27

 

