JWPR

Journal of World’s

Poultry Research

2020, Scienceline Publication
J. World Poult. Res. 10(1): 63-70, March 25, 2020

Research Paper, Pll: S2322455X2000009-10 Poultry Research
License: CC BY 4.0

DOI: https://dx.doi.org/10.36380/jwpr.2020.9

Serological and Molecular Detection of Chicken Anemia Virus

in Broiler and Layer Chickens in Iraq

Karim Sadun Al-Ajeeli, Amer Khazaal Al-Azawy* and Haneen Ghazuan

Department of Microbiology, College of Veterinary Medicine, University of Diyala, Irag.
*Corresponding author’s E-mail: amer_alazawy@yahoo.com; ORCID: 0000-0002-4422-5442

Received: 29 Dec. 2019
Accepted: 11 Feb. 2020

ABSTRACT

Chicken Anemia Virus (CAV) infects many bird species worldwide and causes immunosuppression. This condition
can facilitate the infection of affected birds with other pathogens including bacteria, viruses, and fungi. No data were
available on detection or isolation of CAV from birds in Iraq, therefore this study was designed to detect CAV
antibodies in broilers and layers in some poultry farms. Accordingly, 200 samples were collected from broiler and
layer farms (100 samples each) from different districts of Diyala province and subjected to the ELISA test. Also, 50
tissue samples from embryonated eggs from different hatcheries, four commercial viral vaccines, and 30 ELISA
positive samples were subjected to PCR assay to detect the CAV DNA. The results showed that all of broiler and
layer farms sampled were serologically positive for CAV antibodies. The overall seropositivity for CAV antibodies
for both chicken breeds was 51.5%. In broilers, 43 out of 100 serum samples were positive for CAV antibodies,
whereas 60 out of 100 serum samples from layers were CAV antibody-positive. According to age groups, significant
differences were observed among one-week-old broilers (30.2%) compared to other age groups. In layers, the age
group of 30 weeks showed a seropositivity rate of 33.3%. Conventional PCR test indicated that all tissue samples
collected from suspected birds and embryonated eggs were negative for CAV DNA, but only 2 out of 30 serum
samples were PCR positive. It is concluded that CAV is endemic in poultry farms of Irag and may facilitate the
vaccination failure against other viruses.
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INTRODUCTION

Chicken Anemia Virus (CAV) infection is an important
disease from economic and health points of view in the
poultry industry worldwide (Bhatt et al., 2011; Padhy et
al., 2015; Adedeji et al., 2016). The CAV is a single-
stranded circular negative sense DNA virus. It is the
smallest among DNA viruses and classified within the
genus Gyrovirus in the family Anelloviridae (Li et al.,
2017a; Rosario et al., 2017). The virus DNA encodes viral
proteins of VP1, VP2, and VP3 (Ducatez et al., 2008).
This virus causes chicken anemia or blue wing disease in
many species of birds (Mariya, 2018).

The CAV was first isolated from affected chicks in
Japan in 1979, but Toro et al. (2006) by analyzing stock
serums, reported that the virus has been circulated in the
USA since 1959. Although the infection is contagious,
most affected birds with CAV are aged 7 to 28 days,
which shows atrophy of lymphoid tissues and severe
anemia (Dhama et al., 2008). Birds infected with CAV are

susceptible to infection with other pathogens as the virus
causes immunosuppression and results in vaccination
program failure (De Herdt et al., 2001; Hoerr, 2010;
Rimondi et al., 2014). Mortality, secondary infections, and
poor weight gain due to CAV infection lead to economic
losses (Dhama et al., 2008).

The causative agent of the disease can be transmitted
by two modes (Miller et al., 2003; Brentano et al., 2005),
vertical (Cardona et al., 2000a) or horizontal transmission
through oral-fecal route and infected feather’s shaft
(Davidson et al., 2008). Some studies have detected
antibodies against CAV in specific-pathogen-free
chickens, supporting the hypothesis of latent or persistent
CAV infections. It is suggested that the virus persists in
the reproductive system and it may be somehow
reactivated (Cardona et al., 2000b; Miller and Schat 2004;
Miller et al., 2008).

In case of active infections, it is recommended to
depend on clinical findings for CAV diagnosis.
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Furthermore, this can be confirmed by many serological
tests such as immunofluorescent antibody test, Enzyme-
Linked Immunosorbent Assay (ELISA) and virus
neutralization using reference serum (Todd et al., 2001),
hemagglutination inhibition test, agar gel precipitation test
(Kataria et al., 2013) and indirect immunofluorescent test
(Oluwayelu et al., 2007) or by virus isolation using cell
culture (Van Santen et al., 2001). Many molecular
techniques such as Polymerase Chain Reaction (PCR),
whole-genome sequencing, and restriction fragment length
polymorphism are used for epidemiological studies or
differentiation between virus isolates of CAV (Schat,
2009; Manoharan et al., 2012; Rehman et al., 2018).

In Iraq, no data were available on screening of
chicken commercial farms for presence of CAV infection;
there is only one report on CAV seropositivity in Japanese
quails and local fowls (Al-Ajeeli et al., 2018).
Accordingly, the present study aimed to investigate the
presence of CAV antibodies in broiler and layer chickens
and to detect CAV DNA in positive serum samples,
embryonated eggs from different hatcheries, and some
commercial viral vaccines.

MATERIALS AND METHODS

This study was conducted in virology and molecular
biology laboratories of the College of Veterinary
Medicine, University of Diyala, Iraq over the period from
October 2017 to July 2018.

Ethical approval

Scientific ethical committee in the University of
Diyala/ College of Veterinary Medicine, Iraq, approved
the research and give the ethical number (Vet 24 Medicine
November 2017 K, A and H).

Serum samples
A total of 200 blood samples were collected from

five commercial broiler farms aged 1-5 weeks old (100

samples) and four layer farms aged 8-30 weeks old (100
samples) in different areas of Diyala province, Iraq. Blood
sampling was performed by wing vein puncture using
sterile syringes and vacuum blood collection tubes gel clot
activator (UNIMEDIC, Irag). Then sera were separated
and placed in Eppendorf sterile tube, labeled and
centrifuged at 1500 rpm for 5 minutes (Cold Eppendorf
centrifuge. THERMO FISHER, USA). The supernatant
was collected from each sample and transferred to another
sterile Eppendorf tube and stored at -20 °C until used.

Processing of samples for ELISA

The sera (1:10 dilution) were tested using a
commercial ELISA kit (IDEXX Lab, Germany). Optical
density values were read at 650 nm using the ELX 800™
microplate reader (BIO-TEK Instruments, USA) and data
were expressed as S/N ratio (sample to negative ratio).
Samples with S/N > 0.60 were considered negative for
CAYV antibodies, whereas samples with S/N < 0.60 were
considered positive for CAV antibodies.

PCR samples

PCR samples included 50 embryonated hen eggs (10
days old) collected from five different hatcheries in Diyala
province, 30 CAV-ELISA positive serum samples
randomly selected, and four available commercial viral
vaccines against Newcastle disease, infectious bronchitis,
and infectious bursal disease (Gumboro) (Table 1). These
samples were subjected to DNA extraction before testing
by PCR.

DNA extraction

DNA extraction was carried out using a DNA
extraction kit (Genekam Biotechnology AG, Germany)
according to the instructions of the manufacturer.

Table 1. Commercial vaccine samples used for detection of chicken anemia virus by PCR assay.

Vaccines Dose Country

Nobilis® Gumboro D78 (live) 1000 Netherlands
Nobilis® MAS5 + CLONE 30 (live) / against Massachusetts type of IB and ND 1000 Netherlands
Nobilis® ND clone 30 (live) 1000 Netherlands
Nobilis® IB 4-91 (live attenuated) 1000 Netherlands

IB: Infectious bronchitis, ND: Newcastle disease

PCR procedure
To detect the presence of CAV DNA in the above-
mentioned samples, PCR kit (Genekam Biotechnology
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AG: Ref.K132, Germany) was used according to the
manufacturer's instructions. This PCR commercial kit has
been designed to produce a CAV DNA fragment of 675
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base pairs (bp) from the gene responsible for VP1
production (VP1 gene).

The PCR thermal cycle included a heating step at
94°C for 300 seconds, and the amplification cycle that
included denaturing step at 94°C for 60 seconds, annealing
step at 50°C for 60 seconds, extension step at 72°C for 120
seconds. This cycle was repeated 35 times and followed
by a long extension step at 72°C for 600 seconds. The
product was cooled to 4 °C and kept at -20 °C until
electrophoresed in 2% agarose gel in 1x TAE buffer along
with molecular weight marker, stained with ethidium
bromide (0.05ug/ml) and photographed.

Statistical analysis

The results were statistically analyzed using SPSS
version 21. P-values less than 0.05 were considered
significant.

RESULTS

Seropositivity rate of chicken anemia virus in
broiler chickens

The overall seropositivity rate for CAV in broilers
was 43%. According to age groups, there were significant
differences in seropositivity between groups of two weeks
old (9.3%) and five weeks old (16.3%) with groups of one

(30.2%), three (20.9%) and four weeks old (23.3%). The
significant differences were observed in the number of
seropositive samples to the number of seronegative
samples of age groups of one, two and four weeks (Table
2).

Seropositivity rate of chicken anemia virus in
layer chickens

The overall seropositivity rate for CAV in layers was
60%. The age group of 30 weeks old showed a
seropositivity rate of 33.3%, followed by a seropositivity
rate of 31.7%, 26.7% and 8.3% for the age groups of 28, 8
and 10 weeks, respectively. Significant differences
appeared between positive and negative serum samples of
each age group. Also, significant differences appeared
between the age group of 10 weeks and other age groups
in both positive and negative serum samples (Table 3).

Seropositivity rate for chicken anemia virus
according to chicken breeds

The results showed differences in seropositivity
among both groups of chicken breeds (layers and broilers).
In broilers, 43 (43%) samples were positive for CAV
antibodies. In layers, 60 (60%) serum samples were
positive for CAV antibodies. Significant differences were
observed between the seropositivity of broilers' serum
samples and that of layers' serum samples (Table 4).

Table 2. Seropositivity rate for antibodies against chicken anemia virus in broiler chickens of different ages

No of CAV-ab positive No of CAV-ab negative

Age of birds Total
samples samples
One week 13 7 20
Two weeks 4° 16° 20
Three weeks 9 11° 20
Four weeks 10° 10° 20
Five weeks 7" 13 20
Total 43 57 100
Different superscript letters in a column indicate significant differences (p<0.05). CAV-ab: chicken anemia virus antibody, No: Number
Table 3. Seropositivity rate for antibodies against chicken anemia virus in layers chickens of different ages
Age of birds No of CAV-ab positive No of CAV-ab negative Total
samples samples
8 weeks 16° 9 25
10 weeks 5 20° 25
28 weeks 19° 6 25
30 weeks 20° 5 25
Total 60° 40° 100
Different superscript letters in a column indicate significant differences (p<0.05). CAV-ab: chicken anemia virus antibody, No: Number
Table 4. Seropositivity rate for antibodies against chicken anemia virus in layer and broiler chickens
Age of birds No of CAV-ab positive No of CAV-ab negative Total
samples samples
Broilers 432 57 100
Layers 60° 40 100
Total 103 97 200

Different superscript letters in a column indicate significant differences (p<0.05). CAV-ab: chicken anemia virus antibody, No: Number
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Level of chicken anemia virus antibodies

The level of antibodies in broiler serum samples
appeared high (H) in 13% of samples, medium (M) in 11%
and low (L) in 19% of samples, whereas 57 (57%) samples
were negative for CAV antibodies. In layers, 29% were H,
19% samples were M, and 12% were L, whereas, 40% of
samples were negative. There were significant differences
among H level and L level of layers. The number of
negative samples for CAV antibodies according to the S/N
ratio was 97 samples (57 from broilers and 40 from
layers). Significant differences (p<0.05) appeared between
the number of negative serum samples collected from
broilers (57%) and negative serum samples collected from

layers (40%). Significant differences were also observed
in number of CAV-positive broiler serum samples of H
(13), M (11), and L (19) S/N ratio with those of H (29), M
(19), and L (12) S/N ratio in layers, respectively (Table 5).

Detection of chicken anemia virus DNA by PCR
assay

All 50 tissue samples collected from embryonated
eggs and four commercial virus vaccines were negative for
CAV DNA using PCR test. Out of 30 tested sera, only two
serum samples were positive for CAV DNA using PCR
that resulted in a PCR fragment of 850 base pairs (Figure
1).

Table 5. Antibody levels to chicken anemia virus in different chicken breeds.

Range of S/N ratio Broilers Layers Total
High (0.001 to 0.199) 13° 29° 42
Medium (0.200 to 0.399) 11° 19° 30
Low (0.400 to 0.599) 19° 122 31
Negative (0.600 and above) 57° 40° 97
Total 100 100 200

Different superscript letters in a column indicate significant differences (p<0.05). S/N ratio: Sample to Negative ratio
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Figure 1. Results of CAV-ELISA positive serum samples subjected to PCR. Lane M (molecular weight markers), Lane 1
(negative control), Lane 2 (positive control, 675 bp), Lanes 3, 4, 5, 9, 10, 11 and 12 (negative serum samples), Lanes 6 and 7
(positive serum samples, 850 bp), Lane 13 (molecular weight markers).
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DISCUSSION

Seropositivity rate of chicken anemia virus among
broilers

The present study showed an overall seropositivity
rate of 43% for CAV antibodies in broilers from different
farms of Diyala province. Similar findings were reported
from the Central African Republic and Cameroon by
Snoeck et al. (2012) who found that 147 out of 400
(36.75%) chicken serum samples were positive for CAV
antibodies. Furthermore, they found that the seropositivity
of birds to CAV antibodies was different according to age
groups and ranged from 25% to 50%, and most positive
cases were reported in age groups of 4 t010 weeks old. In
the present study, the majority of positive cases were in
ages ranged from three to five weeks. Similar findings
were reported in Malaysia (Oluwayelu et al., 2008), India
(Bhatt et al., 2011) and China (Zhou et al., 1996). A
seropositivity rate ranged from 66-100% was reported in
Hungary by Drén et al. (1996).

The low seropositivity rate of CAV antibodies
obtained in the present study is in agreement with the
speculation of De Herdt et al. (2001) who mentioned that a
particular chicken flock might not show homogenous
seropositivity rate because the number of positive cases
for CAV antibodies increases with age. Similar findings in
association of seropositivity rate with increasing age of
birds were reported by Owoade et al. (2004) who
mentioned 40% seropositivity rate for CAV antibodies
among broilers in Nigeria aged 2-6 weeks. Seroprevalence
more than that of the present study was reported in many
other countries; 49% in Argentina (Craig et al., 2009),
80% in Malaysia (Hailemariam et al., 2008) and 87% in
China (Ducatez et al., 2008).

In Iraq, there was no vaccination program against
CAV for broilers, but it seems that CAV is widely
distributed among broilers. The seropositivity rate of CAV
in unvaccinated broilers was also documented by Bidin et
al (2010) who reported a seropositivity rate of 94.7% for
CAV antibodies when 54 out of 57 samples collected from
breeders were positive for CAV antibodies using ELISA
assay. The same authors found that 24 out of 90 (26.6%)
serum samples collected from broilers were positive for
CAV antibodies. The seropositivity rate in unvaccinated
birds aged 4 weeks and above was attributed to horizontal
transmission of CAV that may not lead to clinical cases
(Bidin et al., 2010). Furthermore, it was suggested that
immunization of broilers with infectious bursal disease
and Marek’s disease viruses indirectly protect them from
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immune suppression observed in cases of CAV active
infections (Bidin et al., 2010).

Seropositivity rate of chicken anemia virus among
layers

In the present study, an overall seropositivity rate of
60% for CAV in layers was found. Similar findings to the
seropositive rate of CAV in layers were reported by
Abdelfattah (2009) who mentioned a seropositivity rate of
67.3% for CAV in layers in Sudan. Hadmili et al. (2008)
reported a seroprevalence of 70.9% among layer groups in
Turkey. The same authors found that 15 out of 16 layer
groups were positive for CAV antibodies. In the present
study, all layer farms tested were positive for CAV
antibodies. Ballal et al. (2005) also reported that all tested
layer groups in Sudan were positive for CAV antibodies.
In the present study, the high seropositivity rate for CAV
was detected in age groups of 28-30 weeks. This finding is
consistent with previous findings that indicated an increase
in seropositivity rate at older ages (Owoade et al., 2004;
Sharma et al., 2014).

Detection of the chicken anemia virus DNA

PCR was used as a diagnostic tool for the detection
of CAV in samples collected from birds suspected to be
infected by the virus (Abo-Elkhair et al., 2014; Simeonov
et al., 2014; Eskandarzade et al, 2015; Al-Kateb et al.,
2017). Hailemariam et al. (2008) found that 40-70% of
tested chicken embryos were positive for CAV when
tested by PCR. However, the results obtained in the
present study indicated that all embryonated tissue
samples were negative for CAV. It seemed that it was
dependable on the source of egg supply. The five
hatcheries sampled in the present study were received their
fertile eggs from one source supplier.

In the present study, the detection of CAV DNA in
four commercial vaccines revealed that all used poultry
commercial viral vaccines were negative for CAV. This
finding is inconsistent with findings of Li et al. (2017b)
who reported two batches of live viral vaccines were
positive for CAV DNA in comparison to 12 negative
batches of the vaccines in China, and also with findings of
Varela et al. (2014) who found that 6 out of 32 tested live
viral vaccines were positive for CAV DNA and 1 out of 3
inactivated viral vaccines were also positive for the virus
using PCR. The negativity of PCR detection in
commercial vaccines in this study may be attributed to the
small size of sampling (only four vaccines) in addition to
these samples were from one company.
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In the present study, CAV DNA was detected in 2
out of 30 tested serum samples. This result is in agreement
with the findings of Tham and Stanislawek (1992), who
detected the CAV DNA in two serum samples out of 37
PCR tested sera. This could be attributed to circulating
CAV antibodies that might clear the virus from the blood
circulation of infected birds and accordingly could not be
detected by PCR. The PCR fragment that produced from
two positive serum samples of present study was of 850 bp
but the DNA fragment that should be detected by the PCR
kit was assumed as 675 bp, and this difference in
molecular weight of detected DNA fragment of present
study and the assumed fragment's molecular weight of
CAV DNA may be attributed to genetic variation among
the locally detected CAV.

Many studies reported genetic variations among
CAV isolates (Van Santen et al., 2007; Mohamed, 2010;
Eltahir, et al., 2011; Hussein et al., 2016) that supports the
finding of present study that the detected DNA PCR
fragment of 850 bp rather than 675 bp of PCR kit might be
attributed to genetic variation that allows the production of
different DNA fragment size.

Oluwayelu et al. (2008) reported genetic differences
among Nigerian CAV isolates that grouped them into four
clusters. Hailemariam et al. (2008) described genetic
variation in Malaysian CAV isolates due to genetic
substitutions in  DNA nucleotide bases resulted in
changing of amino acid positions of VVP1 in amino acid 75,
97,139 and 144 that led to group the isolates into two
groups. Zhang et al. (2013) recorded strong evidence of
genetic recombination in coding and non-coding regions
of whole CAV genome in different Chinese isolates.

CONCLUSIONS

In conclusion, the detection of antibodies against chicken
anemia virus in broilers and layers demonstrated that this
virus widely distributes in poultry farms of Diyala
province, Irag. This condition requires restricted and
effective control measures to avoid the possibility of
complicated infections and vaccination failure as the virus
causes immune suppression in infected birds.
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