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Abstract 

Exogenous chicken anemia virus (CAV) has been detected in commercial poultry vaccines in various countries 

of the world. The presence of unwanted CAV in vaccines not only influences the epidemiology of chicken 

infectious anemia disease, but may also lead to vaccine failure and confusing results when vaccine responses are 

monitored. To detect CAV in contaminated vaccines, nucleic acid testing (unlike conventional testing) has a 

shorter processing time and does not require cell culture or live animals. The aim of the current study was to 

develop a TaqMan real-time polymerase chain reaction (PCR) assay to detect and quantify CAV in poultry 

vaccines and investigate CAV contamination in Razi live Newcastle disease vaccines. The TaqMan real-time 

PCR assay was set up, optimized, and validated in successive experiments. A standard plasmid pUC-VP2 

containing viral protein 2 of CAV was constructed and used in the assay to generate a standard curve to quantify 

CAV genomes. A clear linear correlation was observed between threshold cycle (Ct) values and plasmid copy 

numbers in the amplification plots of 10-fold serial dilution of the plasmid. Total DNA of three samples of each 

of four different Razi live Newcastle disease vaccines, namely LaSota, B1, clone.12IR, and thermo-resistant 

strains, were extracted and subjected to real-time PCR assay. No CAV contamination was detected in the Razi 

Live Newcastle vaccines. The developed TaqMan real-time PCR assay provides a quick, specific, and sensitive 

method for use in detecting CAV in quality control vaccine testing and viral load studies.  
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Développement du Test de Réaction de Polymérisation en Chaîne en Temps Réel TaqMan Pour la 

Détection du Virus de l'anémie du Poulet Dans les Vaccins Contre la Maladie de Newcastle  

Résumé:  Le virus de l'anémie exogène du poulet (VAP) a été détecté dans des vaccins de volaille commerciale 

dans divers pays du monde. La présence de VAP indésirable dans les vaccins influence non seulement 

l'épidémiologie de l'anémie infectieuse du poulet, mais peut également entraîner un échec du vaccin et des 

résultats confus lorsque les réponses vaccinales sont surveillées. Pour détecter la VAP dans les vaccins 

contaminés, les tests d'acides nucléiques (contrairement aux tests conventionnels) ont un temps de traitement 

plus court et ne nécessitent pas de culture cellulaire ou d'animaux vivants. L'objectif de la présente étude était de 

développer un test de réaction de polymérisation en chaîne (RPC) en temps réel TaqMan pour détecter et 

quantifier la VAP dans les vaccins de volaille et étudier la contamination par la VAP dans les vaccins vivants de 

Razi contre la maladie de Newcastle. Le test RPC en temps réel TaqMan a été mis en place, optimisé et validé 

au cours d'expériences successives. Un plasmide standard pUC-VP2 contenant la protéine virale 2 de VAP, a été 

construit et utilisé dans le test pour générer une courbe standard pour quantifier les génomes de VAP. Une 

corrélation linéaire claire a été observée entre les valeurs de cycle seuil (Ct) et les nombres de copies de  
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1. Introduction 

Chicken anemia virus (CAV) is the sole member of 

genus Gyrovirus which belongs to the family 

Anelloviridae. It induces a disease in young chickens 

which can be distinguished by aplastic anemia and 

generalized lymphoid atrophy with concomitant 

immunosuppression (1). CAV is not only a threat to 

specific pathogen free (SPF) egg production, but also of 

economic importance in the broiler industry, where a 

reduction in net income is observed because of 

decreased weight gain and increased mortality (2). 

CAV can be transmitted both horizontally and 

vertically, and reports have stated that viral DNA may 

remain in reproductive and splenic tissues in mature 

commercial and SPF chickens and be transmitted 

vertically to their progeny, whether or not antibodies 

against CAV are detectable in the parents (3-5).  

CAV contamination of various live poultry vaccines 

has been reported in many parts of the world (6-9). It has 

been suggested that the epidemiology of the chicken 

infectious anemia disease in poultry flocks have been 

affected by contaminated vaccines. The presence of 

unwanted CAV in vaccines may also result in vaccine 

failure and confusing results when vaccine responses are 

monitored (8). Because of the importance of vaccine 

contamination with CAV, the European Union 

necessitated that eggs used for the production of poultry 

vaccines be free of CAV if those vaccines are to be 

administrated in birds less than seven days of age (10).  

Nucleic acid testing for vaccine batch control was 

introduced in the late nineteen-nineties (11). Over the 

past few years, several polymerase chain reaction 

(PCR) formats, including nested-PCR, real-time 

quantitative PCR, and droplet digital PCR, have been 

developed and used to detect CAV contamination in 

poultry vaccines. 

The current study aimed to develop a TaqMan real-

time PCR assay to detect and quantify CAV in poultry 

vaccines and to investigate CAV contamination of Razi 

live Newcastle disease vaccines which are used 

extensively on poultry farms in Iran.  

2. Material and Methods 

2.1. Virus Strain 

The infectious clone of the Iranian strain of CAV, IR 

(12), originating from a commercial broiler flock, was 

used for this study. 

2.2. Design of Primers 

GenBank database was searched to retrieve complete 

and partial sequences of the CAV genome. The nucleotide 

sequences were then aligned using MEGA7 software (13) 

and subsequently examined by searching for highly 

conserved regions. Oligo 7 software (14) was used to 

design primers and probe for real-time PCR in the highly 

conserved region (Table 1). The specificity of primers and 

probes was tested using the Basic Local Alignment 

Search Tool (BLAST) at the National Center for 

Biotechnology Information (NCBI) website. 

 

 

 

 

 

 

 

 

plasmide dans les parcelles d'amplification de la dilution en série 10 fois du plasmide. L'ADN total de trois 

échantillons de chacun des quatre vaccins vivants de Razi contre la maladie de Newcastle, à savoir LaSota, B1, 

clone.12IR et des souches thermorésistantes, ont été extrait et soumis à un test RPC en temps réel. Aucune 

contamination par la VAP n'a été détectée dans les vaccins vivants de Razi contre la maladie de Newcastle. Le test 

RPC en temps réel TaqMan développé fournit une méthode rapide, spécifique et sensible à utiliser pour détecter la 

VAP dans les tests de contrôle de qualité des vaccins et les études de charge virale. 

Mots-clés: VAP, RPC en temps réel, maladie de Newcastle, contamination vaccinale, virus exogène 

Primer/probe Sequence (5' to 3') 

CAV-F AGCTCGTCTTGCCATCTTACA 

CAV-R AAAGCTTGATTACCACTACTCCCA 

CAV Probe 6FAM-ACCTTCTTGCGTTCGGGGTC-0TMR 

 

Table 1. Primers and probe sequences 

https://blast.ncbi.nlm.nih.gov/
https://blast.ncbi.nlm.nih.gov/
https://blast.ncbi.nlm.nih.gov/
https://blast.ncbi.nlm.nih.gov/
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2.3. Production of the Standard Curve  

The CAV IR sequence (accession number 

KT276305.1) was used to amplify CAV ORF 2 

(encoding VP2) by PCR assay which has already been 

described (15). The PCR product, which was a DNA 

band of 677 bp, was cut out from 1% agarose gel and 

ligated into the pUC18 vector using T4 DNA ligase and 

ligase buffer in an InsTAclone™ PCR cloning kit 

(Fermentas). The result of ligation was used to 

transform E. coli Top 10.  

A Plasmid Midi Kit (Qiagen) was used to purify the 

cloned plasmid, pUC-VP2, from transformants. To 

obtain the linearized plasmid, the purified pUC-VP2 

was then digested with EcoRI. Serial 10-fold dilutions 

of the linearized plasmid were used in duplicate to 

generate a standard curve for real-time PCR. The 

plasmid concentration was calculated using the 

following formula: 

Number of molecules of DNA/ml = A260 × 4.56 × 

1016/N  

where A260 is the DNA concentration at 260 nm, and 

N is the number of base pairs in the molecule of 

pUC18-VP2. 

2.4. Vaccine Samples and DNA Extraction 

Three samples of each of four different Razi live 

Newcastle disease vaccines, namely LaSota, B1, 

clone.12IR, and thermo-resistant strains, were used in 

this study. These vaccines are widely used for 

immunizing chickens against Newcastle disease on 

poultry farms in Iran. Total DNA was extracted from 

200 µl of each reconstituted Newcastle disease vaccine 

suspension and a CAV vaccine (Circomune, Ceva), for 

positive control using the Viral Nucleic Acid Kit 

(Roche) according to manufacturer's instructions. After 

quantification with Nanodrop, the extracted DNA from 

vaccines was diluted to 1 dose of vaccine to be used in 

each reaction. The DNA samples were kept at -20 ℃ 

until they were used in real-time PCR reaction. 

2.5. Quantitative PCR Assay 

The concentrations of each forward and reverse 

primer and probe were optimized. The optimized 

annealing temperature was determined using gradient 

PCR and analysis on 1% agarose gel. The CAV 

genome in DNA extracted from vaccines were 

quantified in reaction volumes of 20 µl using 1 µl of 

template containing extracted DNA of vaccine, 10 µl of 

Real Q Plus 2x Master Mix for Probe Without ROXTM  

(Ampliqon), 100 nM of each forward and reverse 

primers and 200 nM of probe. The amplification was 

performed in a real-time thermal cycler (Corbett 

Research) under the following conditions: 95 ℃ for 15 

min for activation of the TEMPase hot start enzyme, 

followed by 40 cycles of amplification (20 sec at 95 ℃ 

and 60 sec at 62 ℃). 

2.6. Specificity of Real-Time RT-PCR Assay  

The  specificity of the primers and probe of the 

developed real-time PCR assay was evaluated using 

cDNA related to Newcastle disease virus (LaSota 

strain), infectious bronchitis virus (variant strain), avian 

influenza virus H9N2, avian metapneumovirus virus 

(vaccine strain), and avian reovirus (strain 1133).  

3. Results 

3.1. Real-Time PCR Development 

The calculated concentration of the plasmid pUC-VP2  

in 10-fold serial dilution ranged from 21 to 210,000/µl.  

Amplification plots of this serial dilution produced a 

standard curve which showed a clear linear correlation 

between threshold cycle (Ct) values and the number of 

copies of the plasmid (Figure 1a). The linear relationship 

was between 100.3 and 105.3 copies/𝜇l, and the lowest 

detection limit of the assay was 21 copies per reaction 

(Figure 1b). Further analysis demonstrated that the square 

of the coefficient of regression (R2) and efficiency of 

amplification were within the ranges of 0.987 to 0.994 and 

93% to 1.02%, respectively.  

The accuracy and reproducibility of the assay was 

proven to be satisfactory as the coefficient of variation 

(CV) for the intra- and intergroup replicates ranged 

from 0.22 to 0.5%. The developed real-time PCR assay 

was shown to be specific, as it did not amplify cDNA 

of the viruses used for evaluation of specificity (above). 
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Figure 1. The production of a standard curve using the the plasmid pUC-VP2. (a) An amplification curve obtained using a dilution 

series of the plasmid pUC-VP2. (b) Reproducibility of the pUC-VP2 standard curve. The standard deviation of the cycle threshold at 

each dilution of the plasmid for 3 qPCR runs are shown. 
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3.2. Detection of CAV Contamination in Vaccine 

No CAV contamination was seen in the Razi Live 

Newcastle vaccines. The detected CAV genome copies 

in the tested vaccine were below the detection limit 

threshold of the real-time PCR assay.  

4. Discussion 

The potential contamination of vaccines with CAV 

has become a major concern for vaccine manufacturers 

(1). This study is a response to this concern and 

describes the development of a TaqMan real-time PCR 

assay which can detect exogenous CAV in vaccines. 

The methods recommended for detection of CAV 

contamination which include virus isolation in cell 

culture, chicken embryos and chickens, are laborious, 

expensive, and time-consuming. The assays such as 

immunoassay staining, enzyme immunoassay, and 

serum neutralization are also recommended for testing 

sera against CAV (16). However, the specificity, 

sensitivity, and applicability of these assays are 

changeable, and they indirectly detect the presence of 

CAV. If injected animals are unable to develop an 

antibody response, it is possible that unwanted viruses 

may not be detected (11).  

PCR is more sensitive and specific, has a shorter 

processing time, and does not require cell culture or 

live animals (11); however, there is very small quantity 

of CAV genome loads in live vaccines. For this reason, 

real-time PCR has been applied for the detection of 

exogenous CAV in poultry vaccines (9, 17).  

Compared with PCR, real-time PCR has much higher 

sensitivity. A previous study showed that the 

exogenous genome of 100, 10, and 1 EID50 CAV per 

vial of the reconstituted vaccine can be detected by 

real-time PCR assay, while conventional PCR can only 

detect the presence of 10 EID50 CAV or higher in 

contaminated vaccine as the positive target band. The 

lowest detection limit of standard recombinant plasmid 

was 102 copies/𝜇L for conventional PCR, while that of 

real-time PCR was 20 copies of standard plasmid (17). 

Our developed TaqMan real-time PCR had a sensitivity 

of 21 copies/𝜇L, which is comparable with previous 

studies.  

Real-time PCR technology can be not only automated 

and used for quantification of template concentration, 

but also used to co-detect several pathogens in the same 

test tube. One study has already reported the 

development of duplex quantitative real-time PCR 

(dqPCR) which can detect and determine viral loads of 

both avian gyrovirus 2 and CAV in a single assay in 

commercially available vaccines (9). 

In the current study, Razi live Newcastle disease 

vaccines were tested for possible contamination with 

CAV. These vaccines are used extensively on poultry 

farms in Iran. The contamination of live Newcastle 

vaccines with CAV has already been detected using 

PCR (6-8). Although PCR does not show infectious 

virus exclusively, the detection of the extraneous viral 

genomes in vaccines can also be important. This was 

shown by a study in which vaccine samples which had 

tested positive for CAV by PCR were inoculated into 

SPF chickens. The sera of inoculated chickens tested 

positive for CAV-specific antibody by ELISA, and 

CAV was also detected in the extracted DNA of these 

sera by PCR (7). In a simulation study in which 

exogenous CAV isolated from the contaminated 

Newcastle disease vaccine was used, synergetic 

pathogenicity with the LaSota strain in the vaccine was 

observed and resulted in severe disease with a 

relatively low dose through oral infection (18). 

In conclusion, a TaqMan real-time PCR as a rapid, 

specific, and sensitive assay was successfully 

developed in the current study. The method used to 

detect CAV in live Newcastle disease vaccines in this 

study can also be applied in quality control testing of 

other vaccines and in viral load studies. The developed 

real-time PCR has the potential to be used for co-

detection of other exogenous viruses in one test tube.  
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