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Abstract
Chicken anemia virus (CAV) is a serious viral infection that causes considerable impairment of immunity and severe anemia in chickens all over the world. In
young chicks, signi�cant illness and mortality are observed (2–3 weeks). The vertical route of transmission enhances the chance of infection and virus
persistence among diseased �ocks. This research aimed to con�rm the existence of CAV in young chicks (at the age of 1–7 days) in Egypt during 2021,
genetic divergence between the spreading viruses and vaccinal strains in order to improve virus control. DNA was isolated from samples that were collected,
used in a targeting VP2 gene by PCR, and then characterized VP2 on a molecular level in the detected viruses. Five CAV were detected, sequenced, and
submitted to Genebank under accession no MZ574095, MZ574096, MZ476999, MZ477000, MZ477001. The strains were classi�ed into genogroups I, II, and
IIIb, and one detected strain was congregated with the vaccinal strain 26P4 and Nobilis P4. Also, the VP2 protein of the �ve CAV isolates and Egyptian CAV
showed a high Conservation score. In silico analysis of the secondary structures of VP2 proteins of Cux-1 (reference strain) and the �ve strains showed that
the a-helix and ß-strand architectures were quite comparable in number and position. As well as, VP2 of the �ve CAV isolates showed the absence of an
insertion or a deletion in comparison to Cux-1 in the sequenced part.

Introduction
Chicken anemia virus (CAV), belongs to the family Anelloviridae the unique individual in genus Gyrovirus. CAV is a single-stranded, circular DNA (closed) its
length of nearly 2300 nucleotides, containing three overlapped open reading frames (ORFs) [1], that coding three different viral proteins (VP): VP1 the major
capsid protein, VP2 (non-structural (a dual-speci�c protein phosphatase) and VP3 (non-structural protein also, called apoptin) [2, 3].

That, VP1enhances the production of the host’s antibody is also implicated in virus multiplication and pathogenicity, and hypervariability was noticed in its
sequence [4, 5]. The VP2 is considered as a bricklayer’s protein to emphasize the correct translation of VP1 [6, 7]. VP3 activates programmed cell death in
thymus’ cells and lymphoid T cells of infected chicken. [8)]

CAV is spreading in chicken-producing countries; infection may be symptomatic (2–3 weeks) or subclinical (beyond three weeks) [9]. The virus targets bone
marrow, blood-cell stem cells (erythrocytes and leukocytes), the thymus, and T lymphocytes [10]. Chicks less than 2–3 weeks generally suffer from
bloodlessness, stunted growth, sluggishness, gloominess, drooling of wings, ru�ed feathers, paleness of the soft tissues, comb, wattle, and beak. Bone
marrow and thymus impairment accompanied by an increase in deaths, and hemorrhages (intramuscular, and subcutaneous) were observed. [8, 11], The
severity of the disease relies on the status of the immune of the chick; meaning, maternally antibodies blood levels. The infection in chickens more than two
weeks old generally be a subclinical case.

In general, CAV causes immunosuppression, which is frequently followed by subsequent infections with other infectious agents and weakened immune
responses to vaccines [9]. In �ocks infected with CAV, infections with MD and IBD viruses have been documented, bacterial and viral respiratory and cutaneous
illnesses are also common. [12, 13].

This research aimed to con�rm the existence of CAV in young chicks (at the age of 1–7 days) in Egypt during 2021. Genetic divergence between the spreading
viruses and vaccinal strains in order to improve virus control.

Material And Methods
Tissue samples

A total of ten chicken �ocks (at the age of 1–7 days) were examined during 2021 old from vaccinated breeder �ocks. The collected tissue (bursa, bone
marrow, thymus, and liver) (approximately 10 chicks from each �ock representing one sample that was delivered to our lab for examination) were
homogenized in saline (20% W/V) including 2000 IU/ml Penicillin and 200 ug/ml Streptomycin then centrifuged at 3000 rpm for 15 minutes. After
centrifugation collects the clear supernatant �uid and holds it at -80°C until used [14].

DNA extraction and CAV Detection: total DNA was extracted from Tissue supernatants �uid with the PathoGene-spin™ DNA/RNA Extraction Kit according to
the manufacturer’s instructions (iNtRON Biotechnology, Seongnam), and kept at -80°C.

VP1 Ampli�cation of partial gene was carried out by Taqman assays CAV Q5:5'-GCCCCGGTACGTATAGTGTGAG-3' CAV probe 5' - (6FAM)-
CTGCCGAACCCCCAATCTACTATGACTATCC-(TAMRA)-3' Cux-1* speci�c 5'-CCGTGAGAAAGATGACCCCTT-3' [15] in 2.2.2 s in AB Applied Biosystems.

The positive samples were subjected to conventional assay using the primers (F: 5'-CTA AGATCT GCA ACTGCG GA-3'and R: 5'-CCT TGG AAG CGG ATAGTC AT-
3’) to amplify a 418 bp fragment of CAV genome [16], and were sent for sequencing.

Sequencing of VP2gene ampli�ed fragment:
ABI 3730xl DNA sequencer uses forward and reverse primers to combine the traditional Sanger technology with the new 454 used for performing gene
sequencing using an Applied Biosystems 3130 genetic analyzer (ABI, USA) for sequencing VP2 gene ampli�ed fragment. The sequencing data were checked
by NCBI Blast search. To assess the genetic relatedness among the CAV and the phylogenetic tree was generated by the distance-based neighbor-joining (NJ)
method using MEGA X [17]. Conservation score and Secondary structures of VP2 protein were performed by Jalview program version 1.8.3_1.2.9_JAL program
and PSIPRED 4.0 tool2 [18] protein structure prediction.

Results
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Detection of CAV

Out of 10 examined �ocks, 5 (50%) were found positive for CAV by both Taqman and conventional assays. 

Molecular Characterization, and Phylogenetic analysis of VP2

The �ve CAV isolates were sequenced and submitted to Genebank under accession no MZ574095, MZ574096, MZ476999, MZ477000, MZ477001.

The Genogroup classi�cation Phylogenetic tree based on partial nucleotide sequences of VP2 Fig. 1. CAV strains are classi�ed into genogroups I, II, IIIa, and
IIIb [19], and the detected strains in this study clustered with genogroups I (MZ574095), II (MZ477000), IIIb (MZ574096, and MZ477001). Perceptible, the
MZ477001 strain clustered with the vaccine strain 26P4 and Nobilis P4, in genogroup IIIb.

The nucleotide sequences of detected CAV strains showed homology with other previously detected Egyptian CAV strains (Fig. 2) bootstrap values ≥ 70%.
Also, the Conservation score of VP2 protein between �ve CAV isolates and Egyptian CAV was high (Fig. 3).

The patterns of amino acid substitutions in speci�c amino acid sites, located at positions A153V (GCG—GTG) and D169 G (GAT—GGC)  of the VP2 protein of
Cux-1 as reference strain are detected (Table 1). In silico analysis of the secondary structures of VP2 proteins of Cux-1 (reference strain) and �ve CAV strains
was performed. The a-helix and ß-strand architectures were quite comparable in number and position. As well as, VP2 of the �ve CAV isolates showed the
absence of an insertion or a deletion in comparison to CUX-1 in the sequenced part (Fig. 4).

 
Table 1

partial amino acid sequence VP2 comparison among the �ve detected
Egyptian CAV strains in the study and Cux-1 (reference strain).

  Number of amino acid in VP2 gene

153 169

M55918.1 CAV/ Cux-1 A D

M81223.1 CAV/ Cuxhaven 1 V D

MZ476999.1 CAV/ Beheira.1 V G

MZ477000.1 CAV/ Damanhour.1 V G

MZ477001.1 CAV/ S.1 V G

MZ574095.1 CAV/ Beheira/2 V G

MZ574096.1 CAV/ Beheira/3 V G

Discussion
VP2 and VP3 genes are responsible for the induction of apoptosis in infected cells [21, 21]. Furthermore, VP2 protein could be used for manufacturing
monoclonal antibodies by being a target antigen [3]. however, there are low studies about VP2. So, expanding the knowledge about this protein may help in
enhancing CAV infections control.

Molecular analysis of VP2 nucleotides in the current study isolates are intimately related to other detected CAV isolates from Egypt.

Molecular analyses of VP2 gene partial sequencing revealed that the found strains are congregated in different genogroups (I, II, and IIIb), indicating molecular
divergence of the CAV strains spreading in Egypt affecting the young chicks.

The strain MZ477001 congregated with the vaccinal strain 26P4 and Nobilis P4, in genogroup IIIb. The �nding of strains with molecular sequences near to the
vaccinal strain (Del-Ros vaccine) was mentioned before in Italy (18), leading us to believe that a vaccinal strain or a strain in the �eld with a molecular
sequence close to that vaccine be possible to spread.

CAV vaccines are made from �eld strains that have been sequentially inoculated in tissue culture cells or embryonated chicken eggs for attenuation [22]. The
degree of attenuation, on the other hand, does not always prohibit vaccinations from being transmitted vertically or horizontally to and in between young
chicks [23]. While attenuated CAV strains were noticed to have the capacity to return to virulent phenotypes following chicken-to-chicken transmission in the
�eld, this vaccination behavior could pose a risk to young chicks [24, 25].

There were 3 Nucleotide changes in the sequenced part of VP2 in the 5 examined strains at position 458 from C to T, position 506 from A to G, and position
507 from T to C. These Nucleotide changes were also previously mentioned in Turkish isolates. As the result of amino acids mutation analysis, the isolates
had mutations at A153V and D169G when compared to Cux-1 and Cuxhaven 1 as reference strains. A153V mutation was noticed frequently in Turkish
isolates. However, the D169G mutation is not commonly seen in Turkish isolates. [26]

Conclusions
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In conclusion, the CAV was detected in young chicks. The phylogenetic tree of the partial VP2 gene sequencing during this study indicated the Egyptian CAV
strains recovered from young chicks were classi�ed into genogroups I, II, and IIIb. one detected strain in this study was congregated with the vaccinal strain
26P4 and Nobilis P4. Regular testing of CAV's genetic development is essential, in addition to more research into the impact of new genetic changes on the
virus's virulence and vaccination effectiveness.
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Figure 1

Genogroup classi�cation tree Phylogenetic tree based on the partial VP2 nucleotide sequence of �ve CAV strains (marked with a black circle) and reference
CAV strains got from GenBank. 
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Figure 2

Phylogenetic tree based on the partial VP2 nucleotide sequence of �ve CAV strains (marked with a black circle) and Egyptian CAV strains previously detected
got from GenBank. bootstrap values ≥ 70 % are reported
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Figure 3

Conservation score of VP2 protein between �ve CAV isolates and Egyptian CAV strains previously detected got from GenBank 

Figure 4

Secondary structures of the VP2 protein of Cux-1 (reference strain) and �ve CAV strains. A: alanine, C: cysteine, D: aspartate, E: glutamate, F: phenylalanine, G:
glycine, H: histidine, I: isoleucine, K: lysine, L: leucine, M: methionine, N: asparagine, P: proline, Q: glutamine, R: arginine, S: serine, T: threonine, V: valine, W:
tryptophan, Y: tyrosine.


