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Abstract: Chicken anemia virus (CAV) is a self-limiting infectious virus of young chicks that results in severe 

immunosuppressive effects. In the current study, liver, bursa, and thymus samples were taken from apparently healthy 

and diseased young chicks less than 25 days old from four different Egyptian governorates during the period from Dec 

2016 to March 2020. Real-time PCR revealed that 6 samples were positive in the diseased chicks while healthy chicks 

were negative.  Sequencing analysis of VP1 gene revealed the presence of several point mutations on nucleotide level 

resulting in six amino acid mutations, yet none of these SNPs alters either the nuclear export motifs or nuclear 

localization motifs. Sequence analysis of both VP2 and VP3 genes revealed minimal point mutation and the common 

signature motifs of virulence were maintained in all studied isolates. 
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Introduction: 

Chicken infectious anemia virus is a 

single-stranded negative-sense DNA, an icosahedral 

non-enveloped virus belonging to the family 

Anelloviridae genus Gyroviris(ICTV, 2022, Noteborn et 

al., 1992; Todd et al., 1990) that triggers a self-limited 

yet serious immunosuppressive disorder and anemia 

that jeopardize the infected chicken to viral infections 

and causes vaccination failure (Yao, et al., 2019) that 

might lead to dramatic financial impact.  

CAV was first identified in Egypt in 1991 

(El-Lethi 1990) in commercial chicken flocks. 

Subsequent reports indicate that the virus has spread 

throughout Egypt as a result of extensive off-farm 

transmission and a lack of effective vaccination 

(Hussein et al., 2016), and that has a serious economic 

impact due to the immunosuppressive effect and 

subsequent infection with other bacterial and viral 

pathogens, particularly NDV and IB virus (Samy and 

Naguib, 2018) 

The 2390 bp circular and covalently linked 

CAV genome encodes three partially overlapping 

ambisense open reading frames (ORFs) (Noteborn et al., 

1991) coding for three polypeptide antigens and 

replicated by a rolling-circle mechanism (Prasetyo et al., 

2009).  

The 1200bp VP1gene codes for the sole major 

structural protein (52 kDa capsid protein).  The 650 bp 

VP2 codes for replicase enzyme (24 kDa) with 

dual-specificity phosphatase activity (Peters et al., 

2002) and act as a scaffold protein in the capsid 

assembly (Cheng, 2019); VP1 and VP2 are protective 

proteins that induce neutralizing antibodies (Koch et al., 

1995). Finally, the 360 bp VP3codes for the apoptin 

protein (16 kDa) which is a non-structural protein that is 

implicated in viral cytotoxicity and apoptosis induction 

in host cells (Schat 2009 and Natesan 2006). Based on 

the VP1 gene sequence analysis, there are three different 

genotypes of CAV (Snoeck et al., 2012). Genotypes II 

and III were found worldwide, only Australian isolates 

make up genotype I. (Kim et al., 2010). 

Sequence analysis of VP1 revealed that the 

gene contains 2 functional nuclear localization motifs 

(NLS) and 3 nuclear export sequences (NES) that 

shuttle VP3 between both nucleus and cytoplasm, 

maintain the VP2 protein within the nucleus to regulate 

viral replication and viral protein synthesis ( Peters et 

al., 2006, Peters et al., 2002 and Yamaguchi et al., 

2001). The NLS1 spans position 3-18 and NLS2 at 

positions 23-47 (Cheng et al., 2019) while the NES at 

positions 76-84, 109-119, and 375-387 for the three 

NES respectively. 

The second viral protein is the VP2 with 

possess dual specificity phosphatase activity (Peters et 

al., 2006) it has both protein-tyrosine and 

protein-threonine or protein-serine phosphatase activity, 
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the signature motif found at amino acid position 94-103 

with ICNCGQFRKH sequence (Peters et al., 2002). The 

phosphatase activity is crucial for the viral replication 

within the infected T-cells and hemocytoblast of 

infected chickens that might be the cause of the 

regularity dysfunction and consequently 

immunosuppression.  

The VP3 protein antigen is coded by orf3 of 

chicken anemia virus and has an apoptotic function 

through binding to an anaphase-promoting 

complex/cyclosome (APC/C) causing cell cycle 

inhibition and inducing arrest in G2/M phase( Feng et 

al., 2020). 

The current study is directed to investigate the 

presence of CAV infection in 4 governorates with a 

special focus on the genetic sequence of the three CAV 

genes to find the degree of genetic diversity among 

those isolated as a priory to developing a DNA vaccine 

for controlling the infection. 

 

Material and Methods: 

Clinical Samples: 

Liver, thymus, and bursa (n=90) from 

diseased (n=30) and apparently healthy (n=60) chicken 

farms were collected from four governorates during the 

period from Dec 2016 to March 2020. The diseased 

chickens showed signs of retard growth, and weakness, 

with a mortality rate ranging from 2-9%, and P/M 

lesions revealed extensive petechial hemorrhage in the 

breast and thigh muscles, thymus gland, and peritoneal 

cavity and extensive hemorrhages in the kidneys, pale 

bone marrow, and a swollen discoloration of the liver at 

necropsy. All tested samples were from chickens less 

than 25 days old.  

 

Molecular detection of the CAV by real-time PCR 

Virus DNA was extracted from all samples 

using GeneJet DNA purification kit (Thermos 

Scientific cat # K0722) according to the manufacturer’s 

instructions. Briefly, 5mg of the sample tissues were 

homogenized by mechanical homogenizer (PRO 

200homogenizer - Pro Scientific USA) using a 

Saw-tooth generator 10mm (dia.) x 115mm (L) at 4°C. 

Homogenized tissues and digested with 20uL of 

proteinase K in 180uL of digestion buffer for 10 min at 

56 °C, samples were lysed with 200 µL of lysis buffer 

for an additional 5 min, 400uL of 50% ethanol was 

added and the whole mixture was centrifuged at 6000 

rpm/2min to remove the coarse particles. The 

supernatant was transferred to the GeneJET column 

and centrifuged as before. The column was washed 

once with washing buffers I and then with washing 

buffers II. DNA eluted in 50uL of elution buffer. The 

DNA was stored at -20C until used. 

The presence of the CAV virus in the samples 

was examined by real-time PCR (Kaffashi et al., 2021),  

5 ng of the purified DNA was mixed with the 10µl of 2x 

QuantiNova Probe Master Mix (QuantiNova Probe 

PCR Kit Qiagen cat# 208252), 50 pmole of each 

primer, and 100pmole of the probe (Table 1), 0.1µl of 

1:20 dilution of ROX reference dye in a 20µl final 

reaction volume. The reaction condition was one cycle 

at 95 °C/2min and 40 cycles at 95 °C/10sec denature 

and annealing and extension at 60 °C/10 sec. 

 

Sequencing analysis of the full length VP1, VP2 and 

VP3 genes:  

Five ng of DNA from samples that gave 

positive amplification in qPCR were mixed with 5 µL 

of 10X high fidelity buffer (High Fidelity Hot Start 

Core Kit Jena Bioscience Cat # PCR 235S) and 1µl of 

the dNTPs mix (2.5mM each) and100pmole of each of 

primer sets that amplify the full-lengthVP1, VP2, and 

VP3 (Table 1). Finally, 0.5 µl of high fidelity hot start 

pfu polymerase was added and the PCR tubes were 

spinned to collect down the fluid. The reaction was 

adjusted at 95°C/3 min for initial denature and 35 

cycles of denaturing at 95°C/20 sec, annealing at 

60°C/30 sec, and extension at 68°C/3min using T 

professional 3000 thermal cycler ( Biometra, Germany 

).  

 

Sequencing: 

For the preparation of the gene for sequencing, 

the PCR product was separated on 1% low melting 

agarose. The bands were sliced off and purified with 

the biospin PCR purification kit (Biobasic cat # 

BSC03S1) as described by the manufacturer. Briefly, 

the gel slices were melted at 65°C for 7 min, mixed 

with 500 ml of gel extraction buffer, and placed on the 

spin column provided with the kit, centrifuged at 4500 

rpm/2min/4°C, and washed twice with the washing 

solution. Finally, the amplicon was eluted in 30 μL of 

the elution buffer and stored at -20 °C until sequenced. 

Sequencing reactions were performed in a MJ 

Research PTC-225 Peltier Thermal Cycler using ABI 

PRISM 3730XL Analyzer BigDyeTM Terminator 

Cycle Sequencing Kits with AmpliTaq DNA 

polymerase (FS enzyme Applied Biosystems), 

following the protocols supplied by the manufacturer. 

Single-pass sequencing was performed on each 

template using the primer used for PCR amplification. 

The fluorescent-labeled fragments were purified from 

the unincorporated terminators with an ethanol 

precipitation protocol. The samples were resuspended 

in distilled water and subjected to electrophoresis in an 

ABI 3730xl sequencer (Applied Biosystems). 

 

Analysis: 

 Nucleotide sequence analysis was conducted with 

the Lasergene sequence analysis software package 
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(Lasergene, version 10; DNAStar, Inc.). Alignments of 

the sequences were performed using Clustal W module. 

Phylogenetic analysis was created using 

Bio-NJ clustering method as described by Tamura and 

Nei (1993) 

 

Table (1) the sequence of the primers and probes used in the current study 

 

Results: 

Screening the samples for the presence of CAV using 

quantitative Real time PCR: 

 A total of 90 samples from four governorates 

(collected during 2016 – 2020) were tested for the 

presence of CAV in all specimens (Liver, bursa, and 

thymus) using real-time PCR; only 6 out of 90samples 

tested were positive (Error! Reference source not 

found.), all the positive samples were from diseased 

farms, none of the apparently healthy chicken farms 

gave positive Cq. All the tested organs in the diseased 

chicken farms were positive although the Cq varied from 

15.56 to 36.68 indicating different viral loads per organ 

within the tested farms. 

These samples were used for further analysis 

and sequencing of the full-length VP1, VP2 and VP3 

genes. The strains were designated and the accession 

number of each gene sequence was addressed as in table 

2. 

 

 

Figure 1. The amplification plot of the positive CAV-tested liver samples, the Cq values vary from 15.56 - 36.68 for 

the samples                       CAV-YA.2019. 3. and CAV-YA.2019. 72. Respectively  

 Primer/probe sequence 

For detection of CAV in samples CAV-F 5’-AGCTCGTCTTGCCATCTTACA-3’ 

CAV-R 5’-AAAGCTTGATTACCACTACTCCCA-3’ 

CAV Probe 5’-FAM-ACCTTCTTGCGTTCGGGGTC-TAMR-3’ 

For amplification of the full-length 

CAV -VP1 gene 

VP1-CL.F 5’-ATGGCAAGACGAGCTCGCAGAC-3’ 

VP1-CL.R 5’-GGTGCTGTTCGCCCAGTTGAC-3’ 

For amplification of the full-length 

CAV –VP2 gene 

VP2-Cl.F    5’-ATGCACGGGAACGGCGGAC-3’ 

VP2-Cl.R    5’-CACTATACGTACCGGGGCG-3’ 

For amplification of the full-length 

CAV –VP3  gene 

VP3-CL.F 5’-ATGAACGCTCTCCAAGAAGATAC-3’ 

VP3-CL.R 5’-CAGTCTTATACACCTTCTTGCGG-3’ 
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Table (2) the accession number of the full-length VP1, VP2, and VP3 genes and the origin of the six sequenced 

isolates of chicken anemia virus.  

 

 

 

 

Sequence analysis of full-length VP1  
 The full-length VP1 gene was amplified 

from all 6 tested samples using high-fidelity pfu 

polymerase (Fig 2A ). Sequence analysis revealed that 

there were several point mutations (SNPs) distributed 

all over the entire sequence (fig 3 and 4). The 

phylogenetic tree constructed based on the nucleotide 

sequence (fig 5) revealed that the isolates were divided 

into 3 main groups with strain CAV/VP1-YA.2019.3 

and CAV/VP1-YA.2019.4 in the first group and 

CAV/VP1-YA.2019.8 and CAV/VP1-YA.2019.9 in the 

second group whereas the third group contains 

CAV/VP1-YA.2019.72 and CAV/VP1-YA.2019.73. 

The diversity between the 6 isolates was very minimal 

(0.05 and 0.01) based on the nucleotide and deduced 

amino acid sequence respectively. These SNPs had very 

little impact on the deduced amino acid as it gave rise 

only to 6 amino acid substitutions at positions 22, 25, 

97, 287, 290 and 343. 

 It was also noticed that the two NLS and the 

three putative NES were conserved among the 6 

sequenced isolates, and the common signature profile 

for the pathogenic type was conserved along the VP1 

deduced amino acid sequence (table 3 ) when compared 

to the German cuxhaven-1 strain which is a low 

pathogenic vaccine strain. The hypervariable region 

spanning amino acid 139-151 that affects the viral 

replication and spread were also conserved to the 

pathogenic type (amino acid Q139 and Q144) where that 

vaccine strain has amino acid E in these two positions. 

 

Accession # Strain name governorate description 

Mq089610      CAV-YA.2019. 3.VP1 El-Beheira 

capsid protein (VP1) gene 

MT621393   CAV-YA.2019. 4.VP1 El-Beheira 

Mq089611 CAV-YA.2019. 8.VP1 El-Arish 

Mq089612 CAV-YA.2019. 9.VP1 El-Arish 

MT621392.1 CAV-YA.2019.72.VP1 El-Sharkia 

MT621391.1 CAV-YA.2019. 73.VP1 El-Dakahlia 

MZ152236 CAV-YA.2019.3.VP3  El-Beheira 

Apoptosis-like (VP3) gene  

MZ152237 CAV-YA.2019.4. VP3 El-Beheira 

MZ152238 CAV-YA.2019.8. VP3 El-Arish 

MZ152239 CAV-YA.2019.9. VP3 El-Arish 

MZ152240 CAV-YA.2019.72.VP3  El-Sharkia 

MZ152241 CAV-YA.2019.73.VP3 El-Dakahlia 

MZ079610 CAV-YA .2019.3.VP2 El-Beheira 

Dual-specificity protein phosphatase (VP2) gene 

MZ079611 CAV-YA .2019.4.VP2 El-Beheira 

MZ079612 CAV-YA .2019.8 VP2 El-Arish 

MZ079613 CAV-YA .2019.9.VP2 El-Arish 

MZ079614 CAV-YA .2019.72.VP2 El-Sharkia 

MZ079615 CAV-YA .2019.73.VP2 El-Dakahlia 
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Figure 2.  Amplification of 1300 bp full-length VP1 (A), the 650 bp full-length VP2 (B lane 1, 2), and the 360 

bp full-length VP3 gene (B lane 3, 4) from representative samples that were positive in the real-time PCR. M is 

the 100bp plus DNA ladder. 

 

 

 

Table (3) the deduced amino acid position diversity of VP1 among the 6 sequenced isolates of CAV in the 

current study when compared to the vaccine and virulent strains.   ) Santen et al., 2001 and Hailemariam et al., 

2008) 

 

Strain  Deduced amino acid substitutions in the VP1  

Amino acid  position 22 75 89 97 125 139 141 144 370 394 413 

CAV-YA.2019.3 H I T M I Q Q Q S Q A 

CAV-YA.2019.4 H I T M I Q Q Q S Q A 

CAV-YA.2019.8 N I T L I Q Q Q S Q A 

CAV-YA.2019.9 N I T L I Q Q Q S Q A 

CAV-YA.2019.72 Q I T L I Q Q Q S Q A 

CAV-YA.2019.73 Q I T L I Q Q Q S Q A 

Ref genome of Cux-1 vaccine strain H V  M  K  E G H  
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Figure 3. VP1 nucleotide sequence alignment of the six isolates showing multiple sequence mutation. The nucleotide 

sequences were aligned using clastalW method, and point mutations were recorded for each strain.   
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Figure 4. The VP1 deduced amino acid sequence alignment of the six isolates showing the 6-point mutations at 

position 22, 25, 97, 287, 290 and 343 

 

 
Figure 5. The phylogenetic tree of VP1 gene of the 6 studied CAV isolates constructed on the bases of the nucleotide sequence 

(A) or the deduced amino acid sequence (B). 
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A 

Figure 6. Nucleotide sequence (A) and deduced amino acid sequence ( B) alignments of the VP2 gene of the 6 tested strains 

of CAV. Notice there were 8 positions with point mutations on nucleotide level only two positions of point mutation had 

impact on the amino acid level. 

Nucleotide sequence analysis of full-length VP2 

gene: 
The full-length 650 bp VP2 gene was amplified 

from the 6 isolated strains of CAV (Fig 2 B lane 1, 2). 

Minimal SNPs have been recognized in the analysis of 

the nucleotide sequence of the 6 strains under study with 

only two mutations in the amino acid sequence at 

position 177 (G>A) and 180 (T>S) ( Fig 6  ) in only 2 

isolates ( CAV-YA,2019.9 and CAV-YA.2019.73) 

these 2 point mutations have no effect on the 

pathogenesis of the isolates. The similarity index 

showed that the differences between the six isolates are 

minimal with the most divergence occurring between 

CAV-YA2019.9 and CAV-YA.2019.72 (0.00928). 

Phylogenetic tree constructed based on nucleotide 

sequences grouped isolates CAV-YA,2019.3, 

CAV-YA,2019.8, and CAV-YA,2019.72 together while 

CAV-YA,2019.73 and CAV-YA,2019.9 were widely 

apart. 

Nucleotide sequence analysis of full-length VP3 

gene: 
Amplification of the 360bp full-length VP3 

gene (Fig 2 B lane 3, 4) from the 6 CAV isolated 

followed by sequence analysis revealed that this gene 

was the most conservative among the 3 genes of CAV 

(fig 8). Only one amino acid substitution was recorded 

at position 54 where A>G in only two isolates 

(CAV-YA.2019.9 and CAV-YA.2019.73) which were 

grouped together in the constructed phylogenetic tree 

(fig 9).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

. 

 

B 

http://www.sciencepub.net/nature
mailto:naturesciencej@gmail.com


Nature and Science 2023, 21(3)                        http://www.sciencepub.net/natureNSJ 

http://www.sciencepub.net/nature                                  naturesciencej@gmail.com 14 

A 

B 

Figure 7. Nucleotide sequence (A) and deduced amino acid sequence (B) alignments of the VP3 gene of the 6 tested strains of CAV. 

Notice there were 3 positions with point mutations in nucleotide level only one position of point mutation had impact on the amino 

acid level. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8. Phylogenetic tree of the 6 tested isolates based on the nucleotide sequence of the full-length VP2. Note that 

the 6 isolates clustered in 3 groups with group one containing 3 isolates, 72, 8, and 3 showing 100% similarity, and 

group 2 containing isolates 73 and 9 ( with similarity of 100% ) were the most distant (0.016). Group 3 contains one 

isolate (isolate 4). 
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Figure 10 . Phylogenetic tree of the 6 tested strains based on the nucleotide sequence of the full-length VP3. Note 

that the 6 isolates clustered in 2 groups with group one containing 4 isolates, 72, 8, 4, and 3 showing 100% 

similarity,  group 2 containing isolate 73 and 9 ( with similarity of 100% ) were the most distance ( bootstrapping 

of 0.008).  

 

 

Discussion: 

 

Chicken anemia virus infection is considered a 

self-limiting infection. However, the 

immunosuppression caused by the virus results in a 

severe dramatic impact on the immune status of the 

chicken either against subsequent viral infection or in 

the vaccination status of the birds. The ambisense 

2.3kbp ssDNA genome lacks the nano-nucleotide 

stem-loop structure at the replication origin. The virus 

has only three proteins with only VP1 considered the 

structure protein. These three proteins are transcribed 

from 4 intermediate transcripts with sizes of 2Kb, 1.3 

Kb, 1.2 Kb, and 0.8 Kb (Kamada et al., 2006). 

VP1 gene is about 1326 bp coding for 440 

amino acid long polypeptide with a molecular mass of 

51.6 kDa. It is the only structural protein with the basic 

amino-terminal sequence (Hu et al., 2018, Meehan et 

al., 1998).VP1 gene has 2 essential motifs for viral 

replication and localization inter-changeably in both the 

nucleus and cytoplasm (Cheng et al., 2019). The first 

NLS1found at nucleotide positions 3 -21 with a 

conserved sequence at positions 1-10 (RRARRPRG) 

and NLS2 at positions 24-47 while the three NES were 

found at positions 76-84, 109-119, and 375 to 387 

(ELDTNFFTLYVAQ).  Both NLS and NES motifs 

were found to be conserved among the six Egyptian 

isolates of CAV in the current study despite the fact that 

VP1 is the most variable sequence among the genome of 

the virus, (Ducatez et al., 2006 and Islam et al., 2002). 

This NLS is found in the arginine-rich(amino acid 3 to 

46) region of the N terminal region (first 40 amino 

acids).Different virulence determination sequences 

(hypervariable regions) have been found in the VP1 

amino acid sequence( Aşkar , 2019 , Zhang  et al., 2012 

)that differentiate the virulent from the vaccine strains 

table  

(3) , with all the six sequenced Egyptian isolates in the 

current study having the virulent pathogenicity profile 

when compared with the vaccine strains 

VP2 has dual phosphatase activity. The 

catalytic motif signature was found to be cysteine at 

amino acid position 97(Cheng et al., 2012). Mutations at 

these residues to serine reduces viral replication in host 

T- lymphocytes (Peters et al., 2002), and all the 

sequenced VP2 genes of the six CAV isolates of the 

current study were found to have C97 denoting the 

virulent nature of the strains. It was also noticed also 

that, the R-PTPase α domain (95CNCGQF100) was 

conserved among all tested sequences 

VP2 also known as a CRM-1 independent 

nuclear localization protein with simple NLS motif 

spanning positions 133-138 that were found to be 

conserved among the six studied isolated. (Heilman et 

al., 2006) 

VP3 protein is known as an apoptin protein 

antigen that induces apoptosis in the infected host 

immune cells and in human cells and is thus used in 

anti-oncogenic studies and anti-tumor treatment (Feng 

et al., 2020).  

The apoptin protein VP3 showed very minimal 

mutations (only 2 mutations on the amino acid level) 

that had no impact on the function of the protein or the 

virulence of isolates  

In conclusion, the six studied CAV isolates had 

the amino acid signature of virulent strains. The most 

variable gene found to be VP1 while both VP2 and VP3 

showed very minimal changes. 

http://www.sciencepub.net/nature
mailto:naturesciencej@gmail.com


Nature and Science 2023, 21(3)                        http://www.sciencepub.net/natureNSJ 

http://www.sciencepub.net/nature                                  naturesciencej@gmail.com 16 

 

 

Corresponding Author: 
Prof .Dr. Yousef Adel 

Department of Biotechnology 

Central Laboratory for Evaluation of Veterinary 

Biologics (CLEVB), Agricultural Research Center 

(ARC), Cairo 

Telephone: 02- 01118880231 

e-mail: dryousefadel@gmail.com 

Orcid number https://orcid.org/0000-0003-0141-8540  

 

References: 

[1]. ICTV (International Committe on Taxonomy of 

Virus) Access Address: 

https://talk.ictvonline.org/taxonomy/.asp, Date of 

access: 2022.Identification of nuclear 

localization signal and nuclear export signal of 

VP1 from the chicken anemia virus and effects 

on VP2 shuttling in cells 

[2]. Noteborn, M.H., Kranenburg, O., Zantema, A., 

Koch, G., de Boer, G.F. & van der Eb, A.J. 

Transcription of the chicken anemia virus (CAV) 

genome and synthesis of its 52-kda protein. Gene 

(1992). 118, 267_271 

[3]. Todd, D., Creelan, J.L., Mackie, D.P., Rixon, F. 

&Mcnulty, M .SPurification and biochemical 

characterisation of chicken anemia agent. Journal 

of General Virology.(1990).  71, 819-823 

[4]. Yao S, Tuo T, Gao X, Han C, Yan N, Liu A, et al 

.Molecular epidemiology of chicken anemia 

virus in sick chickens in China from 2014 to 

2015. PLoS ONE.(2019). 14(1) 

[5]. El-LethiA. Viral contamination of dressed 

poultry.(M.V.Sc. Thesis) 1990, Cairo University, 

Egypt. 

[6]. Hussein, E., Arafa, A.E., Anwar, N. and 

Khafaga,A. Molecular and pathological analysis 

of chicken anemia virus isolated from field 

infection in three Egyptian Provinces.Adv. 

Anim. Vet. Sci.(2016) . 4(5), pp.218-229  

[7]. Samy A, Naguib M.MAvian respiratory 

coinfection and impact on avian influenza 

pathogenicity in Domestic poultry: Field and 

Experimental findings. Vet sci. (2018).5-23. 

[8]. Noteborn MH, de Boer GF, van Roozelaar DJ, 

Karreman C, Kranenburg O, Vos JG, et al. 

Characterization of cloned chicken anemia virus 

DNA that contains all elements for the infectious 

replication cycle. Journal of virology. 

(1991).65(6):3131–9. Epub 1991/06/01. PMID: 

1851873; PubMed Central PMCID: 

PMCPmc240969 

[9]. Prasetyo AA, Kamahora T, Kuroishi A, 

Murakami K, Hino S. Replication of chicken 

anemia virus (CAV) requires apoptin and is 

complemented by VP3 of human torque teno 

virus (TTV). Virology.(2009).. 385 (1):85–92 

[10]. Peters MA, Jackson DC, Crabb BS, Browning 

GF. Chicken anemia virus VP2 is a novel dual 

specificity protein phosphatase. The Journal of 

biological chemistry. (2002). 277(42):39566–73.  

[11]. Cheng, J.H., Lai,GH., Lien, Y., Sun,F.C., Hsu, 

S.L. , Chuang, P.C. and Lee,M.S. Identification 

of nuclear localization signal and nuclear export 

signal of VP1 from the chicken anemia virus and 

effects on VP2 shuttling in cells. Virology 

Journal. (2019). 16(1):45-54 

[12]. Koch G, van Roozelaar DJ, Verschueren CA, van 

der Eb AJ, Noteborn MH. Immunogenic and 

protective properties of chicken anaemia virus 

proteins expressed by baculovirus. Vaccine. 

(1995); 13:763–70. 

[13]. Schat KA. Chicken anemia virus. Curr Top 

MicrobiolImmunol. (2009). 331:151–83. 

[14]. Natesan S. Anti-neoplastic effect of chicken 

anemia virus VP3 protein (apoptin) in Rous 

sarcoma virus-induced tumours in chicken. J Gen 

Virol. (2006). 87:2933–40 

[15]. Snoeck, C.J., Komoyo, G.F., Mbee, B.P. et al. 

Epidemiology of chicken anemia virus in Central 

African Republic and Cameroon. Virol J(2012). 

9, 189. 

[16]. Kim HR, Kwon YK, Bae YC, Oem JK, and Lee 

OSMolecular characterization of chicken 

infectious anemia viruses detected from breeder 

and broiler chickens in South Korea. Poultry 

Science  (2010). 89(11) 

[17]. Peters MA, Crabb BS, Washington EA, 

Browning GFSite-directed mutagenesis of the 

VP2 gene of chicken anemia virus affects virus 

replication, cytopathology and host-cell MHC 

class I expression. J Gen Virol. (2006). 87:823–

31. 

[18]. Yamaguchi S, Imada T, Kaji N, Mase M, 

Tsukamoto K, Tanimura N, Yuasa N. 

Identification of a genetic determinant of 

pathogenicity in chicken anaemia virus. J Gen 

Virol. (2001). 82:1233–8. 

[19]. Feng, C., Liang, Y., & Teodoro, J. G. The Role of 

Apoptin in Chicken Anemia Virus Replication. 

Pathogens(2020). 9(4): 1-15 

 

[20]. Kaffashi,A ,Mahmoudzadeh, M , AtaeiKachooei, 

S Development of TaqMan Real- Time 

polymerase chain reaction assay for detection of 

chicken anemia virus in Newcastle disease 

vaccines. Archives of Razi Institute. vol. . 

(2021).76, No.3 421-427. 

http://www.sciencepub.net/nature
mailto:naturesciencej@gmail.com
mailto:adel@gmail.com
https://orcid.org/0000-0003-0141-8540


Nature and Science 2023, 21(3)                        http://www.sciencepub.net/natureNSJ 

http://www.sciencepub.net/nature                                  naturesciencej@gmail.com 17 

[21]. Tamura K, and Nei M.Estimation of the number 

of nucleotide substitutions in the control region 

of mitochondrial DNA in humans and 

chimpanzees. Mol. Biol. Evol(1993). 

10:512-526. 

[22]. Santen V. L. van, .Hoerr L. Li, F. J, and 

Lauerman L. H., Genetic characterization of 

chicken anemia virus from commercial broiler 

chickens in Alabama,” Avian Diseasesvol. 

(2001).“45, no. 2, pp. 373–388. 

[23]. Kamada, K., Kuroishi, A., Kamahora, T., Kabat, 

P., Yamaguchi, S. and Hino, S.(2006)."Spliced 

mRNAs detected during the life cycle of Chicken 

anemia virus." J Gen Virol87(Pt 8) .(2006).": 

2227-2233. 

[24]. Hu G, Zheng W, Li A, Mu Y, Shi M, Li T, Zou H, 

Shao H, Qin A, Ye J. A novel CAV derived 

cell-penetrating peptide efficiently delivers 

exogenous molecules through caveolae-mediated 

endocytosis. Vet Res. (2018). 49:16. 

[25]. Meehan BM, McNeilly F, Todd D, Kennedy S, 

Jewhurst VA, Ellis JA, Hassard LE, Clark EG, 

Haines DM, Allan GM. Characterization of novel 

circovirus DNAs associated with wasting 

syndromes in pigs. J Gen Virol. (1998). 79(Pt 

9):2171–9. 

[26]. Ducatez M. F, Owoade A. A, Abiola J. O, and. 

Muller, C. P “Molecular epidemiology of 

chicken anemia virus in Nigeria,”Archives of 

Virologyvol. (2006). 151, no. 1, pp. 97–111 

[27]. Islam M. R., Johne R., Raue R, Todd D., and 

Muller H “Sequence analysis of the full-length 

cloned DNA of a chicken anaemia virus (CAV) 

strain from Bangladesh: evidence for genetic 

grouping of CAV strains based on the deduced 

VP1 amino acid sequences,” Journal of 

Veterinary Medicine B, (2002). vol.49, no. 7, pp. 

332–337. 

[28]. Aşkar,S.I. Full-Length Genomic 

Characterization of Chicken Anemia Virus in 

Turkey. Brazilian Journal of Poultry Science, 

2019 (21), 3: 1-6 

[29]. Zhang X, Xie Q, Ji J, Chang S, Liu J, Chen F, Ma 

J, Bee YComplete genome sequence analysis of a 

recent chicken anemia virus isolate and 

comparison with a chicken anemia virus isolate 

from human fecal samples in China. Journal of 

Virology (2012).86: 10896-10897. 

[30]. Cheng, J.-H., Sheu, S.-C., Lien, Y.-Y., Lee, 

M.-S., Chen, H.-J., Su, W.-H., & Lee, M.-S. 

Identification of the NLS and NES motifs of VP2 

from chicken anemia virus and the interaction of 

VP2 with mini-chromosome maintenance protein 

3. BMC Veterinary Research (2012). 8(1), 15-27 

[31]. Heilman DW, Teodoro JG, Green MR. Apoptin 

nucleocytoplasmic shuttling is required for cell 

type-specific localization, apoptosis, and 

recruitment of the anaphase-promoting 

complex/cyclosome to PML bodies. J Virol. 

(2006).  80:7535–45. 

 

 

3/21/2023 

 

http://www.sciencepub.net/nature
mailto:naturesciencej@gmail.com

