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			Abstract | Chicken infectious anemia virus (CIAV) is an important immunosuppressive pathogen of poultry worldwide. This study investigated CIAV in Egyptian broiler flocks showing clinical signs consistent with runting–stunting syndrome (RSS). Between January 2023 and March 2024, samples were collected from 100 commercial broiler farms in ten Egyptian provinces and screened for CIAV DNA by conventional PCR. Four farm-level pooled samples, originating from Giza and Beheira provinces, were PCR-positive. Tissue homogenates from the four positive cases were inoculated intramuscularly into one-day-old specific-pathogen-free (SPF) chicks, and CIAV was successfully propagated from two samples. Experimental infection was associated with anemia, lymphoid depletion, bone-marrow hypocellularity, and characteristic gross and histopathological lesions. CIAV-specific antibodies were detected by ELISA following experimental infection. Whole-genome sequences of two isolates, deposited in GenBank under accession numbers PV686782 and PV686783, were identical to each other and clustered within genotype III according to the classification used in this study. They showed 99.8–100% nucleotide identity with selected previously reported Egyptian strains, 98.4% identity with the Del-Ros vaccine strain, and lower identity with selected Chinese and Australian strains. The findings confirm the circulation of CIAV among the investigated Egyptian broiler flocks and highlight the importance of continued molecular surveillance and investigation of its contribution to immunosuppressive disease complexes in broilers.
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			Introduction

			Chicken infectious anemia (CIA) is an economically important immunosuppressive disease of poultry caused by chicken infectious anemia virus (CIAV). Infection can result in growth retardation, increased mortality, higher susceptibility to secondary infections, poor vaccination responses, increased antimicrobial use, and carcass condemnation, particularly when young or immunologically susceptible birds are affected (Umar et al., 2014, 2017; Li et al., 2023). CIAV infection in broiler chickens can therefore contribute to considerable health and production problems. Both horizontal and vertical transmission play important roles in maintaining the virus within poultry populations (Abdien et al., 2022).

			CIAV was first reported in Japan in 1979 (Yuasa et al., 1979). In Egypt, the virus was first identified in 1990 (El-Lethi, 1990), and subsequent studies have documented its continued detection in commercial chicken flocks (Zaki and El-Sanousi, 1994; Hegazy et al., 2010, 2014; El-Samadony et al., 2025). More recent studies have focused on the molecular detection and genetic characterization of CIAV circulating in Egyptian poultry, providing further information on its epidemiology and genetic diversity (Hussein et al., 2016; Abdel-Mawgod et al., 2018, 2024; Abdelhalim et al., 2021; Aziz et al., 2025).

			Chicken infectious anemia virus belongs to the genus Gyrovirus within the family Anelloviridae (Kraberger et al., 2021). It is a non-enveloped virus with a circular, single-stranded DNA genome of approximately 2,298–2,319 nucleotides (Ducatez et al., 2006). The CIAV genome contains three major partially overlapping open reading frames (ORFs) encoding the viral proteins VP1, VP2, and VP3, with reported coding lengths of approximately 1,350, 651, and 366 nucleotides, respectively (Fang et al., 2023). VP1 is the major capsid protein and is an important target of neutralizing antibodies. It also contains variable regions associated with viral genetic diversity and has therefore been widely used for molecular characterization of CIAV strains (Franzo et al., 2025; Schat and van Santen, 2008). Considerable amino acid variation has been reported within VP1, particularly around residues 139–151.

			Several phylogenetic classification systems have been proposed for CIAV. Earlier VP1-based analyses identified three major genotypes, designated I, II, and III (Snoeck et al., 2012). Genotypes II and III have been reported widely, whereas genotype I was historically associated predominantly with Australian isolates (Kim et al., 2010). Subsequently, an additional genotype, designated genotype IV, was proposed and was suggested to have arisen through recombination between viruses assigned to genotypes II and III (Ou et al., 2018). Because CIAV genotype nomenclature has varied among studies, genotype assignments should be interpreted in relation to the reference sequences and classification approach used in each phylogenetic analysis.

			VP2 is a multifunctional non-structural protein with dual-specificity phosphatase activity and contributes to the proper folding and assembly of the VP1 capsid protein (Rosario et al., 2017). VP3, commonly known as apoptin, induces apoptosis in susceptible cells, including hematopoietic cells and thymocytes, and is closely associated with CIAV pathogenesis and immunosuppressive effects (Castaño et al., 2019).

			Chickens are considered the principal natural host of CIAV, although serological and molecular evidence of gyrovirus exposure or detection has also been reported in other avian species (AbdAlla et al., 2022). Infection may occur in either clinical or subclinical forms (Schat, 2003). Young susceptible chickens, particularly during the first few weeks of life, may develop anemia, growth retardation, weakness, and increased mortality. Typical gross lesions include thymic atrophy, bone-marrow depletion or pallor, and subcutaneous or muscular hemorrhages (Adair, 2000). Subclinical infection is also important because immunosuppression may impair vaccine responses and increase susceptibility to concurrent infections (van Santen et al., 2001).

			Accurate diagnosis of CIAV is important for surveillance and control in poultry populations. Polymerase chain reaction (PCR) has been widely used for molecular detection of CIAV in Egyptian poultry and provides a rapid and sensitive method for identifying viral DNA in clinical samples (AboElkhair et al., 2014; Cavanagh, 2001). For primary propagation of CIAV, bioassay in susceptible one-day-old specific-pathogen-free (SPF) chicks following intramuscular inoculation has been described as a sensitive approach (Schat and van Santen, 2020). Serological assays such as ELISA are also useful for monitoring CIAV antibody responses within poultry flocks. In addition, nucleotide sequencing and phylogenetic analysis allow investigation of the genetic relationships among circulating field strains, previously reported isolates, and vaccine strains, and can provide useful information on CIAV molecular epidemiology (Saini and Dandapat, 2009).

			Pathologically, CIAV infection is characterised by lesions involving hematopoietic and lymphoid tissues. Reported findings include yellowish or gelatinous bone marrow, generalized lymphoid depletion, particularly in the thymus, liver enlargement or mottling, congestion, and hemorrhages affecting internal organs and skeletal muscles. Hemorrhagic lesions may also occur in the breast and thigh muscles, proventricular mucosa, heart, and subcutaneous tissues (Chandrashekaraiah et al., 2020). Control of CIAV in commercial poultry relies largely on appropriate breeder immunization to ensure transfer of protective maternal antibodies to progeny. Breeder vaccination programs in Egypt have included CIAV vaccine strains such as Cux-1, Del-Ros, and 26P4 (Todd, 2000; Aziz et al., 2025).

			Runting–stunting syndrome (RSS) is a multifactorial condition affecting broiler chickens, particularly during early life, and is characterized by poor growth, uneven flock performance, ruffled feathers, and diarrhea (Kang et al., 2012). CIAV has previously been detected in broiler flocks affected by RSS in Egypt and has been proposed as one of several infectious agents that may contribute to the development or severity of this syndrome (Aly et al., 2004). However, detection of CIAV in RSS-affected birds does not by itself establish the virus as the sole cause of the syndrome. Accordingly, the present study aimed to detect and identify CIAV in Egyptian broiler flocks showing clinical signs consistent with RSS, propagate selected PCR-positive viruses in one-day-old SPF chicks, evaluate their hematological, serological, and pathological effects, and genetically characterize the recovered CIAV isolates in comparison with previously reported Egyptian field strains, international reference strains, and vaccine strains. This approach was intended to improve understanding of the molecular and pathological characteristics of CIAV circulating in Egyptian broiler flocks and to support further investigation of its role in immunosuppressive disease complexes and RSS.

			Materials and Methods

			Field sample collection and preparation

			Field samples were collected from 100 commercial broiler farms comprising non-vaccinated flocks aged 1–4 weeks and located in ten Egyptian provinces: Giza, Menoufia, Beheira, Fayoum, Beni Suef, Qalyubia, Sharqia, Dakahlia, Assiut, and Minya. Sampling was conducted between January 2023 and March 2024 (Table 4). The investigated birds showed clinical signs including depression, pallor, growth retardation, diarrhea, and mortality. Postmortem examination revealed lesions including thymic atrophy, muscular hemorrhages, and pallor of the liver. 

			

			Table 1: Hematological changes in SPF chicks experimentally infected with CIAV at 14 and 21 days post-inoculation. 

			
				
					
					
					
					
					
				
				
					
							
							Parameter

						
							
							Control 

							(n = 10)

						
							
							14 dpi 

							(n = 10)

						
							
							21 dpi 

							(n = 10)

						
							
							P value

						
					

					
							
							RBC (×10⁶/µL)

						
							
							2.80±0.07

						
							
							1.40±0.05

						
							
							1.85±0.03

						
							
							<0.001

						
					

					
							
							Hb (g/dL)

						
							
							12.94±0.03

						
							
							11.74±0.04

						
							
							10.73±0.02

						
							
							<0.001

						
					

					
							
							PCV (%)

						
							
							26.15±0.47

						
							
							15.30±0.45

						
							
							16.22±0.47

						
							
							<0.001

						
					

				
			

			Values are presented as mean ± SD. Differences were considered statistically significant at P < 0.05.

			Under aseptic conditions, tissue samples were collected from the liver, thymus, spleen, bone marrow, and bursa of Fabricius. The tissues were homogenized using a sterile mortar and pestle in phosphate-buffered saline (PBS; pH 7.4) containing Antibiotic-Antimycotic Solution (100×; Thermo Fisher Scientific, Cat. No. 15240062) to prepare a 20% tissue homogenate. Samples collected from each farm were pooled for PCR investigation. The homogenates were subjected to three freeze–thaw cycles and centrifuged at 3,000 rpm for 20 min. The resulting supernatants were transferred aseptically into sterile tubes and stored at −80°C until DNA extraction and conventional PCR testing.

			DNA extraction and PCR detection of CIAV

			Viral DNA was extracted from the prepared tissue homogenate supernatants using the GeneDireX Viral Nucleic Acid Isolation Kit (GeneDireX®, Inc., Taiwan; Cat. No. NA016-0100) according to the manufacturer’s instructions. The extracted DNA was used as template for amplification of a 418-bp CIAV genomic fragment using the forward and reverse oligonucleotide primers listed in Table 5. The primer binding region was reported at nucleotide positions 633–1052.

			Table 2: Histopathological lesion scores in SPF chicks experimentally infected with CIAV strains 1 and 2 at 14 days post-inoculation.

			
				
					
					
					
					
					
				
				
					
							
							Organ

						
							
							Histopathological lesion

						
							
							Strain 1 (Mean ± SD)

						
							
							Strain 2 (Mean ± SD)

						
							
							P value

						
					

					
							
							Liver

						
							
							Congestion

						
							
							1.60 ± 0.55

						
							
							1.60 ± 0.55

						
							
							1.000

						
					

					
							
							
							Hepatocellular degeneration

						
							
							1.60 ± 0.55

						
							
							1.40 ± 0.55

						
							
							0.580

						
					

					
							
							
							Necrosis

						
							
							0.80 ± 0.45

						
							
							0.60 ± 0.55

						
							
							0.550

						
					

					
							
							
							Lymphocytic infiltration

						
							
							1.40 ± 0.85

						
							
							1.40 ± 0.85

						
							
							1.000

						
					

					
							
							Spleen

						
							
							Lymphocytic depletion

						
							
							1.60 ± 0.55

						
							
							1.80 ± 0.45

						
							
							0.550

						
					

					
							
							Necrosis

						
							
							1.20 ± 0.45

						
							
							1.40 ± 0.55

						
							
							0.550

						
					

					
							
							Thymus

						
							
							Congestion

						
							
							1.80 ± 0.45

						
							
							1.60 ± 0.55

						
							
							0.550

						
					

					
							
							Lymphocytic depletion

						
							
							2.00 ± 0.71

						
							
							2.20 ± 0.84

						
							
							0.690

						
					

					
							
							Bone marrow

						
							
							Cellular depletion

						
							
							2.20 ± 0.45

						
							
							2.40 ± 0.55

						
							
							0.550

						
					

					
							
							Bursa of Fabricius

						
							
							Lymphocytic depletion

						
							
							1.80 ± 0.45

						
							
							2.20 ± 0.45

						
							
							0.195

						
					

					
							
							Necrosis

						
							
							1.40 ± 0.55

						
							
							1.80 ± 0.84

						
							
							0.397

						
					

					
							
							Hyperplasia of the lining epithelium

						
							
							0.60 ± 0.55

						
							
							0.80 ± 0.45

						
							
							0.550

						
					

				
			

			Histopathological lesions were scored on an ordinal scale from 0 to 4: 0 = normal, 1= mild, 2= moderate, 3= severe, and 4= extremely severe. Data are presented as mean ± SD. Differences were considered statistically significant at P < 0.05. No statistically significant differences were detected between strains 1 and 2 for the evaluated lesions at 14 dpi.

			Table 3: Histopathological lesion scores in SPF chicks experimentally infected with CIAV strains 1 and 2 at 21 days post-inoculation.

			
				
					
					
					
					
					
				
				
					
							
							Organ

						
							
							Histopathological lesion

						
							
							Strain 1, Mean ± SD

						
							
							Strain 2, Mean ± SD

						
							
							P-value

						
					

					
							
							Liver

						
							
							Congestion

						
							
							1.80 ± 0.45

						
							
							1.80 ± 0.45

						
							
							1.000

						
					

					
							
							
							Hepatocellular degeneration

						
							
							2.60 ± 0.55

						
							
							2.20 ± 0.84

						
							
							0.397

						
					

					
							
							
							Necrosis

						
							
							1.80 ± 0.84

						
							
							1.60 ± 0.89

						
							
							0.720

						
					

					
							
							
							Lymphocytic infiltration

						
							
							2.40 ± 0.89

						
							
							2.20 ± 0.45

						
							
							0.670

						
					

					
							
							Spleen

						
							
							Lymphocytic depletion

						
							
							2.20 ± 0.45

						
							
							2.20 ± 0.45

						
							
							1.000

						
					

					
							
							
							Necrosis

						
							
							2.00 ± 0.71

						
							
							2.20 ± 0.45

						
							
							0.610

						
					

					
							
							Thymus

						
							
							Congestion

						
							
							2.20 ± 0.45

						
							
							1.60 ± 0.59

						
							
							0.095

						
					

					
							
							
							Lymphocytic depletion

						
							
							2.40 ± 0.55

						
							
							2.60 ± 0.55

						
							
							0.850

						
					

					
							
							Bone marrow

						
							
							Cellular depletion

						
							
							2.60 ± 0.55

						
							
							2.80 ± 0.45

						
							
							0.550

						
					

					
							
							Bursa of Fabricius

						
							
							Lymphocytic depletion

						
							
							2.40 ± 0.55

						
							
							2.40 ± 0.55

						
							
							1.000

						
					

					
							
							
							Necrosis

						
							
							2.40 ± 0.55

						
							
							2.40 ± 0.55

						
							
							1.000

						
					

					
							
							
							Hyperplasia of the lining epithelium

						
							
							2.00 ± 0.71

						
							
							2.40 ± 0.55

						
							
							0.350

						
					

				
			

			Histopathological lesions were scored on an ordinal scale from 0 to 4: 0 = normal, 1= mild, 2= moderate, 3= severe, and 4= extremely severe. Data are presented as mean ± SD. Differences were considered statistically significant at P < 0.05. No statistically significant differences were detected between strains 1 and 2 for the evaluated lesions at 21 dpi.

			Table 4: Summary of field samples collected from commercial broiler farms across ten Egyptian provinces between January 2023 and March 2024.

			
				
					
					
					
					
					
					
				
				
					
							
							Province

						
							
							Number of farms investigated

						
							
							Mortality range (%)

						
							
							Body-weight 

							range (g)

						
							
							Birds sampled per farm

						
							
							CIAV PCR results

						
					

					
							
							Giza

						
							
							54

						
							
							2–10

						
							
							200–700

						
							
							10

						
							
							2 positive farms

						
					

					
							
							Beheira

						
							
							8

						
							
							3–6

						
							
							300–500

						
							
							10

						
							
							2 positive farms

						
					

					
							
							Fayoum

						
							
							8

						
							
							2–4

						
							
							250–500

						
							
							10

						
							
							Negative

						
					

					
							
							Menoufia

						
							
							6

						
							
							2–3

						
							
							350–400

						
							
							10

						
							
							Negative

						
					

					
							
							Minya

						
							
							6

						
							
							2–5

						
							
							200–600

						
							
							10

						
							
							Negative

						
					

					
							
							Sharqia

						
							
							4

						
							
							2–4

						
							
							150–300

						
							
							10

						
							
							Negative

						
					

					
							
							Dakahlia

						
							
							4

						
							
							3–4

						
							
							250–400

						
							
							10

						
							
							Negative

						
					

					
							
							Qalyubia

						
							
							4

						
							
							3–4

						
							
							400–600

						
							
							10

						
							
							Negative

						
					

					
							
							Beni Suef

						
							
							3

						
							
							1–3

						
							
							350–500

						
							
							10

						
							
							Negative

						
					

					
							
							Assiut

						
							
							3

						
							
							1–3

						
							
							150–500

						
							
							10

						
							
							Negative

						
					

					
							
							Total

						
							
							100

						
							
							—

						
							
							—

						
							
							10 per farm

						
							
							4 positive farms

						
					

				
			

			Body weight (B.W.) is expressed in grams. PCR results refer to farm-level pooled tissue samples.

			Table 5: Oligonucleotide primer sequences used for CIAV detection and genome sequencing.

			
				
					
					
					
					
				
				
					
							
							Primer

						
							
							Oligonucleotide sequence (5′→3′)

						
							
							Product size

						
							
							Reference / Purpose

						
					

					
							
							F

						
							
							5’-CTA AGA TCT GCA ACT GCG GA-3’

						
							
							418 bp

						
							
							Hussein et al. (2016)- CIAV detection

						
					

					
							
							R

						
							
							5’-CCT TGG AAG CGG ATA GTC AT-3’

						
					

					
							
							F1-1

						
							
							5’ CCGAGTGGTTACTATTCCATCACC 3’

						
							
							668 bp

						
							
							Abdel-Mawgod et al. (2018)- CIAV genome sequencing

						
					

					
							
							R1-668

						
							
							5’ CAGCGATAGAGTGATTGTAATTCC 3’

						
					

					
							
							F2-502

						
							
							5’ TTCAGGCCACCAACAAGTTCACGG 3’

						
							
							698 bp

						
					

					
							
							R2-1200

						
							
							5’ CCGCAATCAACTCACCGGCGATGG 3’

						
					

					
							
							F3-1350

						
							
							5’ ATGCAGCCCACGGACTCTTGCCGG 3’

						
							
							900 bp

						
					

					
							
							R3-2250

						
							
							5’ CTGGGGGGGAATCCCCCCCAGGGG 3’

						
					

				
			

			Primer sequences are presented in the 5′→3′ orientation. The F/R primer pair was used for conventional PCR detection of CIAV, while the remaining primer sets were used for sequencing of the CIAV genome.

			PCR amplification was performed using EmeraldAmp® GT PCR Master Mix (Takara Bio Inc., Japan; Cat. No. RR310A) in a final reaction volume of 25 μL containing 12.5 μL of master mix, 5.5 μL of PCR-grade water, 1 μL of each primer, and 5 μL of template DNA. The thermal cycling conditions consisted of initial denaturation at 94°C for 5 min, followed by 35 cycles of denaturation at 94°C for 30 s, annealing at 50°C for 40 s, and extension at 72°C for 40 s, followed by a final extension at 72°C for 10 min. 

			PCR products were separated by electrophoresis on a 1.5% agarose gel, stained with ethidium bromide, and visualized using a transilluminator. Amplicon sizes were estimated using a GeneRuler 100 bp DNA Ladder (Thermo Scientific™, Thermo Fisher Scientific Baltics UAB, Lithuania; Cat. No. SM0243).

			Experimental propagation of CIAV in one-day-old SPF chicks

			For experimental propagation of CIAV, fifty one-day-old specific-pathogen-free (SPF) chicks obtained from Kom Oshim, Fayoum, were divided into five groups designated C1, C2, C3, C4, and negative control, with ten chicks per group. Each of the four experimental groups was inoculated intramuscularly with 0.1 mL of a 20% tissue homogenate prepared from one of the four PCR-positive field samples, according to the experimental approach described by Bahmaninejad et al. (2012). The negative-control group was inoculated with PBS only. The experiment was conducted in chicken isolators at the Experimental Research Center, BSL-3 facility, Animal Health Research Institute (AHRI), Agricultural Research Center (ARC), Dokki, Giza, Egypt. Chicks were maintained for 21 days under hygienic conditions with continuous lighting and ad libitum access to feed and water. All groups were monitored daily following inoculation for clinical signs, changes in body weight, and mortality.

			Sample collection

			Blood samples were collected at 14 and 21 days post-inoculation (dpi). One sample was collected into EDTA-containing tubes for hematological examination, while a second sample was collected for serum separation and stored at −20 °C until serological testing. 

			At 14 and 21 dpi, five chicks from each group were euthanized following sedation with diazepam at 0.5 mg/kg body weight administered intramuscularly. Postmortem examination was performed, and samples of bone marrow, thymus, liver, spleen, and bursa of Fabricius were collected for PCR, genetic characterization, and histopathological examination. Histopathological lesions were scored according to Gibson-Corley et al. (2013) using an ordinal scale of 0–4, where 0 represented normal tissue, 1 mild lesions, 2 moderate lesions, 3 severe lesions, and 4 extremely severe lesions. 

			Hematological examination

			Blood smears were stained with Wright’s stain for differential leukocyte evaluation. Packed cell volume (PCV) was determined using the microhematocrit method described by Coles (1967). 

			Serological examination

			Serum samples collected at 14 and 21 dpi were tested for CIAV-specific antibodies using a commercial CAV antibody ELISA kit (BioChek B.V., The Netherlands; Cat. No. CK126 CAV) according to the manufacturer’s instructions. The assay was considered valid when the mean negative-control absorbance was <0.3 and the difference between the mean positive- and negative-control absorbance values was >0.15. Samples with an S/P ratio ≥0.35, corresponding to an antibody titre ≥725, were considered positive (El-Samadony et al., 2020).

			Histopathological examination

			Tissue samples were fixed in 10% neutral-buffered formalin, embedded in paraffin, sectioned at 5 μm, and stained with hematoxylin and eosin (H & E) according to standard procedures described by Suvarna et al. (2013). 

			Confirmation of CIAV propagation by PCR

			Tissue samples collected after experimental inoculation were examined by conventional PCR to confirm the presence of CIAV DNA using the PCR protocol described above.

			The original manuscript does not provide further detail under this heading, so I would not add specific tissues or time points unless the authors confirm them. 

			Whole-genome sequencing and phylogenetic analysis

			PCR products selected for sequencing were purified from agarose gels using the QIAquick Gel Extraction Kit (QIAGEN GmbH, Germany). Sanger sequencing was performed using the primers listed in Table 5 and the BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems™, Thermo Fisher Scientific, USA) on an ABI 3500 Genetic Analyzer (Life Technologies, USA). Sequences were assembled and edited using Geneious software. Similarity searches were performed using NCBI BLAST/MegaBLAST. Representative CIAV field and vaccine strains were retrieved from GenBank, and multiple-sequence alignment and nucleotide identity analyses were performed using BioEdit (Hall, 1999). Phylogenetic analysis was conducted using the neighbor-joining method in MEGA6 with 1,000 bootstrap replicates (Tamura et al., 2013). 

			Statistical analysis

			Quantitative data were analysed using one-way analysis of variance (ANOVA), followed by Fisher’s least significant difference (LSD) post hoc test for multiple comparisons. Differences were considered statistically significant at P < 0.05.

			Table 6: Reference and field CIAV strains retrieved from GenBank and used for sequence alignment and phylogenetic analysis.

			
				
					
					
					
					
					
					
				
				
					
							
							Accession number

						
							
							Strain

						
							
							Country

						
							
							Year

						
							
							Sample source

						
							
							Genome length (bp)

						
					

					
							
							DQ991394

						
							
							01-4201

						
							
							USA

						
							
							2007

						
							
							Broiler chickens

						
							
							2298

						
					

					
							
							AF311892

						
							
							98D02152

						
							
							USA

						
							
							2016

						
							
							Broiler chickens

						
							
							2298

						
					

					
							
							MK089243

						
							
							17SY0902

						
							
							China

						
							
							2019

						
							
							Domestic cats

						
							
							2298

						
					

					
							
							AY040632

						
							
							3-1P60

						
							
							Malaysia

						
							
							2003

						
							
							—

						
							
							2298

						
					

					
							
							AY846844

						
							
							TJBD40

						
							
							China

						
							
							2004

						
							
							—

						
							
							2298

						
					

					
							
							JX260426

						
							
							GD-1-12

						
							
							China

						
							
							2012

						
							
							Human

						
							
							2298

						
					

					
							
							KU645512

						
							
							HN1504

						
							
							China

						
							
							2016

						
							
							—

						
							
							2298

						
					

					
							
							OQ116656

						
							
							5-IM201910

						
							
							China

						
							
							2023

						
							
							—

						
							
							2298

						
					

					
							
							JF507715

						
							
							CIAV89-69

						
							
							South Korea

						
							
							2011

						
							
							—

						
							
							2298

						
					

					
							
							OP038322

						
							
							SD201103

						
							
							China

						
							
							2023

						
							
							—

						
							
							2298

						
					

					
							
							PP354991

						
							
							JS2007Yao

						
							
							China

						
							
							2024

						
							
							—

						
							
							2298

						
					

					
							
							PP354992

						
							
							JS2009Shi

						
							
							China

						
							
							2024

						
							
							—

						
							
							2298

						
					

					
							
							OP038331

						
							
							FJ21425

						
							
							China

						
							
							2023

						
							
							—

						
							
							2298

						
					

					
							
							MT268633

						
							
							El Beheira2019

						
							
							Egypt

						
							
							2021

						
							
							—

						
							
							2298

						
					

					
							
							MH001553

						
							
							CAV-EG-2

						
							
							Egypt

						
							
							2018

						
							
							Broiler chickens

						
							
							2298

						
					

					
							
							MH001563

						
							
							CAV-EG-27

						
							
							Egypt

						
							
							2018

						
							
							Broiler chickens

						
							
							2298

						
					

					
							
							MH001562

						
							
							CAV-EG-23

						
							
							Egypt

						
							
							2018

						
							
							Broiler chickens

						
							
							2298

						
					

					
							
							M55918

						
							
							Cux-1

						
							
							Germany

						
							
							1991

						
							
							Chickens

						
							
							2298

						
					

					
							
							D10068

						
							
							26P4

						
							
							The Netherlands

						
							
							—

						
							
							Chickens

						
							
							2319

						
					

					
							
							PV686782

						
							
							TO1-2024

						
							
							Egypt

						
							
							2024*

						
							
							Broiler chickens

						
							
							2298

						
					

					
							
							PV686783

						
							
							TO2-2024

						
							
							Egypt

						
							
							2024*

						
							
							Broiler chickens

						
							
							2298

						
					

				
			

			*Strains PV686782 and PV686783 were isolated and sequenced in the present study. “—” indicates information not provided in the original table.
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			Figure 1: Clinical signs and gross lesions observed in 1–4-week-old broiler chickens from field cases investigated for CIAV. (A, B) Lethargy, growth retardation, general weakness, and ruffled feathers. (C) Marked thymic atrophy. (D) Enlarged pale liver (white arrow). (E) Hemorrhages in the breast and thigh muscles (white arrows). (F) Hemorrhages on the ventral surface of the wing.

			Results

			Clinical signs and postmortem findings in field broilers

			Broiler chickens aged 1–4 weeks from the investigated farms showed pallor of the combs, wattles, shanks, eyelids, and beaks, together with ruffled feathers, lethargy, general weakness, and growth retardation. Gross lesions included marked thymic atrophy, pallor of the liver and bone marrow, and hemorrhages in the breast and thigh muscles. Hemorrhages were also observed on the ventral surface of the wings in some affected birds (Figure 1). 

			The 100 investigated farms were distributed across ten Egyptian provinces. Giza accounted for 54 farms, followed by Beheira and Fayoum with eight farms each, Menoufia and Minya with six farms each, Sharqia, Dakahlia, and Qalyubia with four farms each, and Beni Suef and Assiut with three farms each. Reported flock mortality ranged from 1% to 10%, while the recorded body-weight ranges varied from 150 to 700 g according to province (Table 4). 

			Detection of CIAV in field samples by PCR

			Conventional PCR analysis of pooled tissue samples from the 100 investigated farms detected CIAV DNA in four farm-level samples, giving an overall detection rate of 4%. Two positive samples originated from Giza and two from Beheira, whereas samples collected from Fayoum, Menoufia, Minya, Sharqia, Dakahlia, Qalyubia, Beni Suef, and Assiut were negative. Agarose gel electrophoresis demonstrated the expected 418-bp PCR products in all four positive samples. In Figure 2, lanes 1 and 2 correspond to positive samples from Giza and lanes 3 and 4 to positive samples from Beheira, together with the positive and negative controls and a 100-bp DNA ladder. 
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			Figure 2: Agarose gel electrophoresis of CIAV PCR products. Lanes 1 and 2 represent CIAV-positive samples from Giza Governorate, and lanes 3 and 4 represent CIAV-positive samples from Beheira Governorate. The positive and negative controls are indicated by (+) and (−), respectively. M indicates the 100-bp DNA ladder. The expected amplicon size was 418 bp.

			Experimental propagation of CIAV in one-day-old SPF chicks

			The four PCR-positive field tissue homogenates were inoculated separately into SPF chick groups C1–C4. Successful CIAV propagation was demonstrated in two groups, C1 and C2, by detection of the expected 418-bp PCR product. Successful propagation was not reported for groups C3 and C4. 

			Clinical signs and gross lesions in experimentally infected chicks

			Chicks in the CIAV-positive groups developed general weakness, lethargy, anorexia, growth retardation, and pallor of the combs and wattles. Postmortem examination revealed severe thymic atrophy, an enlarged pale liver and spleen, yellowish fatty bone marrow, muscular hemorrhages, and hemorrhage at the junction between the proventriculus and gizzard. Figure 3 illustrates severe thymic atrophy, enlargement and pallor of the liver and spleen, petechial hemorrhages in the breast muscle, and hemorrhage at the proventriculus–gizzard junction. In contrast, the negative-control birds showed a normal thymus and liver. 

			Hematological findings

			Hematological examination showed marked reductions in red blood cell counts and packed cell volume in the CIAV-infected chicks compared with the control group. The RBC count was 2.80 ± 0.07 × 10⁶/µL in controls, compared with 1.40 ± 0.05 × 10⁶/µL at 14 dpi and 1.85 ± 0.03 × 10⁶/µL at 21 dpi. Hemoglobin concentrations were 12.94 ± 0.03 g/dL in controls, 11.74 ± 0.04 g/dL at 14 dpi, and 10.73 ± 0.02 g/dL at 21 dpi. Similarly, PCV decreased from 26.15 ± 0.47% in the control group to 15.30 ± 0.45% at 14 dpi and 16.22 ± 0.47% at 21 dpi. Differences among the groups were reported as highly significant for RBC, Hb, and PCV (P < 0.001; Table 1).
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			Figure 3: Gross lesions in one-day-old SPF chicks experimentally infected with CIAV compared with negative-control birds. (A) Severe thymic atrophy. (B) Enlarged pale liver and spleen. (C) Petechial hemorrhages in the breast muscle (red circle). (D) Hemorrhage at the proventriculus–gizzard junction (red arrow). (E) Normal thymus from a negative-control chick. (F) Normal liver from a negative-control chick. 

			Serological findings

			CIAV-specific antibodies were detected by ELISA in serum samples collected from the two CIAV-positive experimental groups. At 14 dpi, the reported antibody titres were 877 and 853, while at 21 dpi they increased to 973 and 943, respectively. These values were above the stated ELISA positivity threshold of 725, confirming seroconversion following experimental infection. 

			Histopathological findings

			Histopathological examination showed normal tissue architecture in the negative-control birds. In contrast, chicks infected with strains 1 and 2 developed lesions in the liver, spleen, thymus, bone marrow, and bursa of Fabricius. No statistically significant differences were detected between the two strains for the individual lesions evaluated at either 14 or 21 dpi (Tables 2 and 3).

			 

			At 14 dpi, the liver showed vascular congestion, vacuolar hepatocellular degeneration, focal necrosis, and lymphocytic infiltration. Congestion scores were 1.60 ± 0.55 for both strains, while hepatocellular degeneration scores were 1.60 ± 0.55 and 1.40 ± 0.55 for strains 1 and 2, respectively. Necrosis scores were 0.80 ± 0.45 and 0.60 ± 0.55, and lymphocytic infiltration was 1.40 ± 0.85 for both strains. None of these differences was statistically significant. 

			At 21 dpi, hepatic lesions were generally more pronounced. Congestion scored 1.80 ± 0.45 for both strains, hepatocellular degeneration scored 2.60 ± 0.55 and 2.20 ± 0.84, necrosis scored 1.80 ± 0.84 and 1.60 ± 0.89, and lymphocytic infiltration scored 2.40 ± 0.89 and 2.20 ± 0.45 for strains 1 and 2, respectively. Figure 4 illustrates vacuolar degeneration and focal lymphocytic infiltration in the liver, together with focal necrotic areas and marked hepatocellular degeneration. 
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			Figure 4: Histopathological lesions in SPF chicks experimentally infected with CIAV. (1) Liver showing vacuolar degeneration and focal lymphocytic infiltration. (2) Liver showing focal necrosis and marked hepatocellular degeneration. (3) Spleen showing lymphoid depletion and inflammatory cell infiltration. (4) Spleen showing capsular thickening and lymphoid necrosis. (5) Thymus showing medullary vascular congestion and lymphoid depletion. (6) Thymus showing marked lymphoid depletion and loss of corticomedullary demarcation. (7) Bone marrow showing moderate hypocellularity. (8) Bone marrow showing severe depletion of hematopoietic cells with adipose replacement. (9) Bursa of Fabricius showing lymphoid depletion. (10) Bursa of Fabricius showing severe lymphoid depletion, follicular necrosis, epithelial hyperplasia, and cyst formation. 

			The spleen showed lymphoid depletion and inflammatory cell infiltration at 14 dpi. Lymphoid-depletion scores were 1.60 ± 0.55 and 1.80 ± 0.45, while necrosis scores were 1.20 ± 0.45 and 1.40 ± 0.55 for strains 1 and 2, respectively. At 21 dpi, lymphoid-depletion scores increased to 2.20 ± 0.45 for both strains, while necrosis scores were 2.00 ± 0.71 and 2.20 ± 0.45. Histologically, marked capsular thickening and lymphocytic necrosis were also evident at the later time point (Figure 4). 

			The thymus showed cortical lymphoid depletion, congestion of medullary blood vessels, and a mild increase in Hassall’s corpuscles at 14 dpi. Congestion scores were 1.80 ± 0.45 and 1.60 ± 0.55, while lymphoid-depletion scores were 2.00 ± 0.71 and 2.20 ± 0.84 for strains 1 and 2, respectively. At 21 dpi, marked lymphoid depletion and loss of corticomedullary demarcation were evident. Congestion scores were 2.20 ± 0.45 and 1.60 ± 0.59, while lymphoid-depletion scores were 2.40 ± 0.55 and 2.60 ± 0.55. The difference in thymic congestion at 21 dpi approached, but did not reach, statistical significance (P = 0.095).

			 

			Bone marrow lesions were characterized by marked depletion of hematopoietic cells, increasing hypocellularity, focal aggregation of reticular cells, and replacement of hematopoietic tissue by adipose tissue. At 14 dpi, cellular-depletion scores were 2.20 ± 0.45 and 2.40 ± 0.55 for strains 1 and 2, respectively. At 21 dpi, these scores increased to 2.60 ± 0.55 and 2.80 ± 0.45. Figure 4 demonstrates moderate and severe bone-marrow hypocellularity, with prominent adipose replacement in the more severe lesion. 

			The bursa of Fabricius showed mild to moderate lymphoid depletion at 14 dpi, with scores of 1.80 ± 0.45 and 2.20 ± 0.45 for strains 1 and 2, respectively. Necrosis scores were 1.40 ± 0.55 and 1.80 ± 0.84, while epithelial hyperplasia scores were 0.60 ± 0.55 and 0.80 ± 0.45. At 21 dpi, lymphoid-depletion scores were 2.40 ± 0.55 for both strains, necrosis scores were also 2.40 ± 0.55 for both strains, and epithelial hyperplasia scores increased to 2.00 ± 0.71 and 2.40 ± 0.55. Histological examination also demonstrated severe follicular lymphoid depletion, follicular necrosis, epithelial hyperplasia, and cyst formation (Figure 4). 

			Overall, the lesion scores showed numerically greater severity at 21 dpi than at 14 dpi for several pathological parameters. However, Tables 2 and 3 provide statistical comparisons between the two strains at each individual time point rather than direct statistical comparisons between 14 and 21 dpi; therefore, the temporal increase should be described as a numerical or descriptive trend rather than a statistically significant increase.

			Whole-genome sequence and nucleotide identity analysis

			Complete genome sequences were obtained for two CIAV isolates, designated TO1-2024 and TO2-2024, and deposited in GenBank under accession numbers PV686782 and PV686783, respectively. Both genomes were 2,298 bp in length (Table 6). 

			Pairwise nucleotide identity analysis showed that PV686782 and PV686783 were 100% identical to each other. The isolates showed 99.8–100% identity with the previously reported Egyptian strains CAV-EG-23, CAV-EG-22, and CAV-EG-27, 98.4% identity with the Del-Ros vaccine strain, and 95.7–96.4% identity with the Chinese strains SD2017 and SD2102. The lowest nucleotide identities reported were 94.5–94.8%, observed in comparison with the Australian strain CAV-3711 and the Egyptian strain CAV-EG-28 (Figure 5). The identity matrix further demonstrates the very close genetic relationship between the two isolates recovered in the present study. 
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			Figure 5: Pairwise whole-genome nucleotide identity (%) among CIAV isolates PV686782 and PV686783 and selected reference and vaccine strains. The two isolates obtained in the present study were 100% identical to each other and showed 98.4% nucleotide identity with the Del-Ros vaccine strain. 

			Phylogenetic analysis

			Whole-genome phylogenetic analysis grouped the two isolates obtained in the present study, PV686782 and PV686783, within genotype III according to the classification scheme applied in this analysis. The two isolates clustered closely together and within a broader cluster containing CIAV sequences from Egypt and other countries, including China, the USA, Malaysia, and South Korea, together with the Del-Ros vaccine strain. The sequences generated in the present study are indicated by black circles in the phylogenetic tree (Figure 6).

			Discussion

			Chicken infectious anemia virus (CIAV) remains an important immunosuppressive pathogen of poultry and can cause considerable production losses, particularly in young susceptible birds. Reported mortality is commonly in the range of 10–20%, although substantially higher mortality has been described in severe outbreaks (Gelderblom et al., 1989; Erfan et al., 2018). The virus mainly targets hematopoietic and lymphoid tissues, resulting in anemia, lymphoid depletion, and impaired immune competence (Giotis et al., 2015; Abdien et al., 2022). Consequently, CIAV-infected flocks may become more susceptible to secondary bacterial and viral infections and may show reduced responses to vaccination. In older birds, infection is often subclinical, but both horizontal and vertical transmission contribute to persistence of the virus within poultry populations (Haridy et al., 2009; Prezotto et al., 2016). 

			[image: ]

			Figure 6: Phylogenetic analysis of complete CIAV genome sequences, including Egyptian isolates PV686782 and PV686783 obtained in the present study and selected reference and vaccine strains. The tree was constructed using the neighbor-joining method in MEGA6 with 1,000 bootstrap replicates. The two sequences generated in this study are indicated by black circles and clustered within genotype III according to the classification scheme used in this analysis.

			In Egypt, CIAV has been associated with immunosuppression, vaccination failure, and recurrent disease problems in commercial poultry despite the use of breeder vaccines such as Del-Ros and 26P4. Maternal antibodies derived from vaccinated breeders are important for protecting young chicks during the period of greatest susceptibility. PCR remains one of the most sensitive and practical methods for detecting CIAV DNA in tissues from suspected cases. In the present study, conventional PCR detected the expected 418-bp amplicon in pooled tissue samples from four broiler farms in Giza and Beheira, in agreement with previous reports demonstrating the usefulness of PCR for CIAV detection in Egyptian poultry (Hussein et al., 2002, 2016). 

			Bioassay in one-day-old SPF chicks has been described as a sensitive approach for primary propagation of CIAV (Schat and van Santen, 2003). In the present study, two of the four PCR-positive field samples were successfully propagated in SPF chicks and subsequently confirmed by PCR. The infected chicks developed clinical signs consistent with CIAV infection, including weakness, anemia, growth retardation, feather ruffling, and pallor of the shanks, beaks, combs, wattles, and eyelids. Similar clinical manifestations have been reported in experimentally and naturally infected chickens (Hussein et al., 2016; Abdelhalim et al., 2021). 

			The gross lesions observed in experimentally infected chicks were also compatible with previously reported CIAV pathology. Thymic atrophy was a prominent finding and is consistent with the marked susceptibility of thymic lymphoid cells to CIAV infection (van Santen et al., 2001; Sharma et al., 2014). Pallor of the liver and bone marrow was also observed, together with replacement of hematopoietic tissue by adipose tissue, as previously described in CIAV-infected chickens (Mohamed, 2010). Hemorrhages involving the breast and thigh muscles and the ventral surface of the wing were consistent with earlier pathological observations (Kim et al., 2010; Najm-ul-Islam et al., 2013). Damage to hematopoietic precursor cells, including those involved in thrombocyte production, may contribute to the hemorrhagic tendency observed during CIAV infection (Fatoba and Adeleke, 2019). 

			Hematological findings in the present study showed reductions in red blood cell counts, hemoglobin concentration, and packed cell volume in infected chicks compared with controls. These findings support the known suppressive effect of CIAV on hematopoiesis and are consistent with recent observations describing impaired hematopoietic development following CIAV infection (Yan et al., 2025). Previous work has suggested that markedly reduced hematocrit values during the second and third weeks after infection are characteristic of clinically significant CIAV infection (Lucio et al., 1990). However, interpretation of hematocrit values should take into account the age of the birds and the corresponding values in the control group. 

			Histopathological examination demonstrated lymphoid depletion in the thymus, spleen, and bursa of Fabricius, together with marked depletion of hematopoietic cells in the bone marrow. These lesions agree with previous reports describing the principal pathological effects of CIAV in lymphoid and hematopoietic organs (Hussein et al., 2016; Mostafa et al., 2021). The pronounced depletion of thymic lymphocytes and bone-marrow precursor cells is consistent with the immunosuppressive nature of CIAV infection. VP3, also known as apoptin, has been implicated in apoptosis of susceptible lymphoid and hematopoietic cells and is considered an important contributor to CIAV-associated tissue damage (Goryo et al., 1989; Smyth et al., 1993). The liver also showed vacuolar degeneration, vascular and sinusoidal congestion, focal lymphocytic infiltration, and areas of hepatocellular necrosis. Similar hepatic changes have been described previously in CIAV-infected chickens (Chettle et al., 1989; Abdien et al., 2022). The absence of significant differences in lesion scores between the two experimental isolates suggests that both produced broadly comparable pathological changes under the conditions used in this study. Nevertheless, the apparent increase in lesion severity between 14 and 21 dpi should be interpreted cautiously unless a direct statistical comparison between the two time points is performed Table 2 and 3.

			Serological examination demonstrated CIAV-specific antibodies following experimental infection, with higher titres observed at 21 dpi than at 14 dpi. This pattern is consistent with the development of a progressive humoral response after infection and agrees with previous work reporting increasing CIAV antibody titres during the weeks following inoculation, with higher titres detected at later sampling times (El-Samadony et al., 2025). 

			Phylogenetic analysis showed that the two complete genome sequences obtained in this study clustered together within genotype III according to the classification approach applied here. The two isolates were 100% identical to each other and showed 99.8–100% nucleotide identity with previously reported Egyptian strains CAV-EG-23, CAV-EG-22, and CAV-EG-27. They also showed 98.4% identity with the Del-Ros vaccine strain and 95.7–96.4% identity with the Chinese strains SD2017 and SD2102. The lowest reported identities, 94.5–94.8%, were observed with the Australian strain CAV-3711 and CAV-EG-28 (Erfan et al., 2018). These findings indicate a close genetic relationship between the isolates identified in the present study and CIAV strains previously circulating in Egypt. 

			Several studies have demonstrated long-term circulation and considerable genetic diversity of CIAV in Egyptian poultry since its initial detection in the country (El-Lethi, 1990; Hussein et al., 2003, 2016; Abo-Elkhair et al., 2014). Previous molecular studies based on partial VP1 sequences showed that Egyptian strains could cluster with viruses reported from several geographic regions, suggesting multiple introductions and continued evolution of CIAV within Egyptian poultry populations (Abo-Elkhair et al., 2014; Erfan et al., 2018). More recent studies have also identified Egyptian isolates closely related to both previously reported field strains and vaccine-associated sequences (Aziz et al., 2025). 

			Whole-genome studies have further demonstrated substantial genetic heterogeneity among Egyptian CIAV strains and have provided evidence of recombination involving field and vaccine-related viruses (Abdel-Mawgod et al., 2024). Earlier work also reported high genetic similarity between some Egyptian CIAV isolates and the Del-Ros vaccine strain (Erfan et al., 2018; Abdel-Mawgod et al., 2018). However, the 98.4% similarity observed between the present isolates and Del-Ros should not, by itself, be interpreted as evidence that the current viruses are vaccine-derived. The even higher identity of the present isolates with previously reported Egyptian field strains suggests closer genetic continuity with locally circulating viruses. Demonstration of vaccine origin or recombination would require dedicated recombination and ancestry analyses beyond simple pairwise sequence identity. Conversely, CIAV strains detected in Egypt during 2020 were reported to cluster separately from commonly used vaccine strains and to contain distinct sequence variations, further illustrating the genetic heterogeneity of CIAV circulating in the country (Abdelhalim et al., 2021). Together, these studies emphasize the need for continued molecular surveillance and careful comparison of contemporary field viruses with historical Egyptian strains and vaccine strains. 

			The association between CIAV and runting–stunting syndrome should also be interpreted cautiously. CIAV has previously been reported in broiler flocks affected by RSS; however, RSS is a multifactorial condition and may involve several infectious, nutritional, and management-related factors. Therefore, detection of CIAV in the investigated RSS-affected broiler flocks does not establish the virus as the sole cause of the syndrome. Rather, its immunosuppressive and hematopoietic effects may contribute to disease severity, impaired growth, and increased susceptibility to concurrent infections.

			Although live attenuated CIAV vaccines can induce effective immunity in breeder flocks, control depends on appropriate vaccination of breeders, adequate transfer of maternal antibodies, biosecurity, and continued surveillance of circulating viruses. Further molecular characterization of contemporary Egyptian CIAV strains, together with evaluation of their pathogenicity and genetic relationship to vaccine strains, will be important for improving control strategies in the poultry industry (Abdel-Mawgod et al., 2024; Aziz et al., 2025).

			Study limitations

			This study had several limitations. Only four of the 100 investigated farms were CIAV-positive, and successful experimental propagation was achieved from only two samples, limiting the number of isolates available for detailed comparison. The field sampling was also unevenly distributed among provinces, and the study did not systematically investigate other infectious or non-infectious factors associated with runting–stunting syndrome. In addition, the relatively small number of experimentally infected chicks and the absence of dedicated recombination or antigenic analyses limit broader conclusions regarding pathogenic diversity, vaccine origin, or the epidemiological significance of the detected strains.

			Conclusion

			CIAV was detected in four of the 100 investigated commercial broiler farms showing clinical signs consistent with runting–stunting syndrome. Two CIAV isolates were successfully propagated in one-day-old SPF chicks and were associated with anemia, lymphoid depletion, bone-marrow hypocellularity, and characteristic gross and histopathological lesions. Whole-genome analysis showed that the two isolates were identical to each other and closely related to previously reported Egyptian CIAV strains, while also showing substantial nucleotide similarity to the Del-Ros vaccine strain. These findings confirm the continued circulation of CIAV among the investigated Egyptian broiler flocks and support its potential contribution to immunosuppressive disease complexes in young chickens. However, because RSS is a multifactorial condition, the detection of CIAV in affected flocks should not be interpreted as evidence that CIAV is the sole cause of the syndrome. Further molecular surveillance, together with broader investigation of concurrent infections, breeder vaccination history, maternal antibody status, and the genetic relationship between circulating field strains and vaccine strains, is needed to better define the epidemiological significance of CIAV and improve prevention and control strategies in Egyptian poultry.
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Molecular and Pathological Characterization of Chicken Infectious
Anemia Virus in Egyptian Broiler Flocks with Runting-Stunting
Syndrome
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Abstract | Chicken infectious anemia virus (CIAV) is an important immunosuppressive pathogen of poultry
worldwide. This study investigated CIAV in Egyptian broiler flocks showing clinical signs consistent with runting—
stunting syndrome (RSS). Between January 2023 and March 2024, samples were collected from 100 commercial broiler
farms in ten Egyptian provinces and screened for CIAV DNA by conventional PCR. Four farm-level pooled samples,
originating from Giza and Beheira provinces, were PCR-positive. Tissue homogenates from the four positive cases
were inoculated intramuscularly into one-day-old specific-pathogen-free (SPF) chicks, and CIAV was successfully
propagated from two samples. Experimental infection was associated with anemia, lymphoid depletion, bone-marrow
hypocellularity, and characteristic gross and histopathological lesions. CIAV-specific antibodies were detected by ELISA
following experimental infection. Whole-genome sequences of two isolates, deposited in GenBank under accession
numbers PV686782 and PV686783, were identical to each other and clustered within genotype I1I according to the
classification used in this study. They showed 99.8-100% nucleotide identity with selected previously reported Egyptian
strains, 98.4% identity with the Del-Ros vaccine strain, and lower identity with selected Chinese and Australian
strains. The findings confirm the circulation of CIAV among the investigated Egyptian broiler flocks and highlight the
importance of continued molecular surveillance and investigation of its contribution to immunosuppressive disease
complexes in broilers.
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INTRODUCTION mortality, higher susceptibility to secondary infections,

poor vaccination responses, increased antimicrobial use,

hicken infectious anemia (CIA) is an economically and carcass condemnation, particularly when young or
important immunosuppressive disease of poultry immunologically susceptible birds are affected (Umar ez
caused by chicken infectious anemia virus (CIAV). @/, 2014,2017; Li et al, 2023). CIAV infection in broiler
Infection can result in growth retardation, increased chickens can therefore contribute to considerable health
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