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Chicken anemia virus: A deadly pathogen of poultry
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Summary. - Chicken infectious anemia (CIA) is an immunosuppressive disease that causes great economic
loss in poultry industry globally. This disease is caused by chicken anemia virus (CAV), an icosahedral and
single-stranded DNA virus that is transmitted both vertically and horizontally. CAV, which belongs to the genus
Gyrovirus has been reported in human, mouse and dog feces. Rapid identification of different strains of gyrovirus
with high similarity to CAV has heightened public concern on this virus. Clinical symptoms of this disease such
as intramuscular hemorrhage, weight loss, anemia and bone marrow aplasia are prominent in young chickens,
while adult chickens experience subclinical symptoms. Biosecurity measures such as good management practice
and vaccination have been the most reliable control strategy against this virus. Therefore, this study reviews
the current state of CAV under the following subheadings (i) Chicken anemia virus (ii) Pathogenesis of CAV
(iii) Serological evaluation of host antibodies to CAV (iv) Association of Marek's disease and infectious bursa
disease with CAV infection (v) Genetic diversity and phylogenetics of CAV strains (vi) Current and future vac-
cine strategy in the control of CAV. In conclusion, improvement on DNA and recombinant vaccines strategy
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could curtail the economic impact of CAV on poultry birds.
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IFN = interferon; IL = interleukin; SPF = specific pathogen free;
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1. Introduction

Over decades, chickens, among many avian species, have
drawn the attention of researchers. Agricultural purposes of
chickens in supplying meats and eggs could be one of major
factors for this attention. Despite the economic, social and
food security benefits of chickens, disease outbreaks remain
the major challenge to poultry industry globally. Chickens
are reservoir of many infectious pathogens, which could be
transmitted to humans through contaminated eggs and meat
(Hald, 2010) and hence, there is a need for their protection.

Chicken infectious anemia (CIA) is a disease that af-
fects poultry industry globally (Schat, 2009). It is caused
by chicken anemia virus (CAV), which is a non-enveloped,
icosahedral, single-stranded DNA virus belonging to the
genus Gyrovirus of the family Anelloviridae (Rosario et al.,
2017). The prime targets of this virus are the hemocytoblast
of the bone marrow and precursor lymphocytes of the
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thymus (Noteborn, 2004). The immunosuppressive ability
of CAV associated with depletion of lymphocyte has given
this virus a wide recognition in the poultry industry (Van
Santen et al., 2004). Vertical and horizontal transmissions are
common in young and adult chickens, respectively (Miller
and Schat, 2004). The severe damages caused by this virus
such as weight loss, anemia, intramuscular hemorrhage,
lymphoid atrophy and bone marrow aplasia are mostly seen
among the young chickens less than 2 weeks of age and void
of maternally-derived antibodies (Miller and Schat, 2004).

However, adult chickens are also infected horizontally
with this virus, though with subclinical symptoms after the
maternal antibodies wane (Trinh et al., 2015). This causes
poor growth and exposes them to secondary pathogens,
thereby contributing to major economic loss (Hoerr, 2010).

Identification of different strains of gyrovirus in humans,
dog, mouse and other birds (Rijsewijk et al., 2011; Chu et
al.,2012; Zhang et al., 2014; Fang et al., 2017; Li et al., 2017)
with high similarity with CAV has heightened the public
concern of this virus, which has generated different strate-
gies in its control.

This study reviews the current state of CAV in poultry by
discussing the chicken anemia virus, pathogenesis of CAV,
serological evaluation of host's antibodies to CAV, associa-
tion of Marek's disease and infectious bursa disease with
CAV infection, genetic diversity and phylogenetics of CAV
strains and current vaccine strategy in the control of CAV.
In addition, recommendation on vaccine strategy that could
be of help in the control of this virus is also highlighted.

2. Chicken anemia virus (CAV)

Chicken anemia virus is one of the deadly diseases of
poultry worldwide as it affects the immune status of birds,
which is detrimental to their productivity (Schat, 2009). It
is a non-enveloped, icosahedral single-stranded DNA virus
belonging to the genus Gyrovirus of the family Anelloviridae
(Rosario et al., 2017). Till date, poultry has been the only
natural host of this virus but of recent, a human variant of
this virus has been discovered with similar pathogenic quali-
ties as that of avian gyrovirus (Phan et al., 2015). The disease
caused by this virus is mostly known as chicken infectious
anemia. The virus has an open reading frame coding for
three proteins called Viral protein 1 (VP1), Viral protein 2
(VP2) and Viral protein 3 (VP3) (Lacorte et al., 2007). Both
viral proteins 1 and 2 are prime targets in vaccine design to
induce neutralizing antibodies in the host, mainly chickens
(Moeini et al., 2011). Viral protein 3 is regarded as Apoptin,
as it facilitates apoptosis in the transformed cells, making it
a potential agent in the control of cancer disease (Ganar et
al., 2017). CAV affects both male and female chickens of all
ages, thereby contributing to the severe damage it causes in

the poultry industry (Umar et al., 2014). It is most common
in broilers as compared to other chicken types (Umar et al.,
2014). Like other viral infectious diseases such as Marek's
disease and infectious bursa disease, which suppress the
host immune system of their host, CAV is a well-known
immunosuppressive virus that exposes its host to several
secondary infections that collectively weaken the immune
system (Zhang et al., 2015).

3. Pathogenesis of CAV

Chicken aneamia virus can be transmitted both verti-
cally and horizontally (Miller and Schat, 2004; Smyth and
Schat, 2013). Vertical transmission entails the transfer from
breeders to their progeny, while horizontal transfer involves
transmission via feathers, oral contamination and feces (Da-
vidson et al., 2008). The virus attacks young chickens that are
void of the maternal antibodies within the first two weeks of
age and cause severe damage to tissues and organs (Miller
and Schat, 2004). Among the chicks that have maternally
inherited antibodies, vertical transmission of the virus is
not possible but horizontal transmission with subclinical
symptoms is possible as the antibodies wane (Davidson
et al., 2008). This causes poor growth and makes chickens
susceptible to some secondary infection such as Marek's
disease, infectious bursa disease and other adenoviral
infections (Senthilkumar et al., 2006). Some of the severe
damages of this virus include lymphoid atrophy, weight
loss, aplasia of bone marrow, muscular depletion of RBC
and anemia (Dhama et al., 2008). The prime targets of this
virus are hemocytoblast and lymphocyte precursor cells. The
hematopoietic cells in the bone marrow become damaged,
thereby reducing drastically the number of erythrocyte and
myeloid cells, which contributes to the level of anemia in
the host (Van Santen et al., 2004). The hematopoietic cells
also produce thrombocytes associated with blood clothing,
and therefore their damage by CAV is associated with intra-
muscular hemorrhage in the host (Kuscu and Gurel, 2008).
The T lymphocytes are also a major target of CAV with ef-
fect on the downstream adaptive immunity (Adair, 2000).
The B cells are not susceptible to CAV directly but indirect
impact on B cells has been associated with damage to cyto-
kines and other molecules (Adair, 2000). Different studies
have shown the reduction of cytokines such as interleukin 2
(IL-2) with downstream effect on macrophages, neutrophils
and the phagocytic activities of the immune system, which
is the main cause of the immunosuppressive action of CAV
(Natesan et al., 2006; Oluwayelu et al., 2010). In addition to
the suppression of the immune molecules, interferon gamma
(IFN-y) has been reported to increase in first few days of in-
fection, followed by gradual reduction (Natesan et al., 2006).
Recent study by Wani et al. (2016) evaluated the impact of



FATOBA, A.]., ADELEKE, M. A.: REVIEW 21

viral load of CAV on immunocytological and histopatho-
logical parameters. The studies confirmed the highest viral
load in blood, thymus and spleen at 15 days post infection
with minimal expression in liver, bone marrow and bursa.
Drastic reduction of cytokines (IL-2, IL-1, IL-12) at all doses
with a 3-15-fold initial increase of IFN- y at the early stage
of infection was also established. The reduction of CD4+ and
CD8+ in CAV infected chicks has also been reported (Adair,
2000; Kuscu and Gurel, 2008; Wani et al., 2016).

4. Serological evaluation of host antibodies to CAV

CAV affects chickens of all types throughout the world.
To prevent the vertical transmission of this virus from breed-
ers to their progenies, vaccination of the breeders becomes
necessary, as it ensures seroconversion by the production
and transfer of maternal antibodies that protect the progeny
from the infection (Umar et al., 2014). Evaluation of these
antibodies can be assessed in the breeders through different
methods to ascertain the safety of new chicks.

Enzyme linked immunosorbent assay (ELISA), indirect
fluorescent antibody test (IFAT) and virus neutralizing test
(VNT) have been used in different studies to detect neutral-
izing antibodies during CIA (Wani et al., 2014; Zhang et al.,
2015). VNT is regarded as the best techniques for chicken
infectious anemia virus due to its sensitivity. However, the
drawback in the use of this techniques is that it is time con-
suming and laborious. Due to unsuitability of both VNT and
[FAT for large number of samples, ELISA method has been
embraced by many researchers for the studies of antibodies
against various pathogens (Sawant et al., 2015; Shen et al.,
2015; Bissa et al., 2016).

The report of Hadimli et al. (2008) on the serological
analysis of 922 sera samples collected from 32 flocks of
Turkish chickens showed that 609 (66%) were positive for
antibodies to CAV by ELISA method. Similarly, 85.7% of
21 commercial layers flocks tested positive to anti-chicken
infectious anemia virus antibodies using ELISA methods
(Kuyucuoglu et al., 2003). Antibodies against CAV using
ELISA kits have been reported among various chicken breeds
in different countries: 84.72% in Egypt (Hegazy et al., 2014),
86% in Nigeria (Owoade et al., 2004), 67.3% in Sudan (Ballal
et al., 2005), 96.15% in Malaysia (Hailemariam et al., 2008).

Recently, Ogawa et al. (2015) reported the use of blocking
latex agglutination test (b-LAT) as an alternative antibody-
measurement technique for chicken infectious anemia virus.
The technique involves the binding of monoclonal antibody
to CAV antigen, which triggers specific antibodies. The reli-
ability of the technique was confirmed by comparing it with
other well-recognized techniques (VNT and IFAT) with total
antibody incidence to CAV stated as follows: VNT (78.7%),
b-LAT (72.3%) and IFAT (55.3%). VNT and b-LAT showed

significant sensitivity as compared to IFAT, while the user
friendly and high speed associated with b-LAT gives this
technique an edge over VNT and IFAT.

5. Association of Marek's disease and infectious
bursa disease with CAV infection

Infectious bursa disease (IBD) is an acute and highly
contagious disease among poultry chicks. The deteriorating
effect of this virus is associated with high mortality among
poultry chickens. IBD virus is a double-stranded RNA of
the genus Avibirnavirus and the family Birnaviridae (Rosen-
berger et al., 2008). Horizontal transmission of the disease
occurs through direct oral contact with infected chickens
(Dolz and Majo, 2013). Some of the clinical signs of the
disease include: anorexia, ruffled feathers and diarrhea (Dolz
and Majo, 2013).

Marek's disease is an immune-suppressive disease that
ravages young chickens (Witter, 2001). Due to the im-
munosuppression of this disease, the chicks are exposed
to secondary infection (Schat, 2003). This disease affects
egg production in layers and thus contributes to economic
loss. The infection stages of Marek's disease include the
cytolytic stage, latent stage, proliferation and transforma-
tion phase. The transformation phase is characterized by
oncogenic transformation of CD4+ T cell leading to the
formation of visceral tumors and lymphomas (Jarosinski et
al., 2006; Boodhoo et al., 2016). The Marek's virus belongs
to the herpesviruses, with three serotypes as of date: Gallid
herpesvirus 2 (GaHV-2), Gallid herpesvirus 3 (GaHV-3) and
Meleagrid herpesvirus 1 (MeHV-1) (Davison et al., 2009).
These serotypes differ in their biological and genomic
similarities with GaHV-2 known for its oncogenic ability
(Morimura et al., 1998).

The co-expression of MD and CAV has been reported to
cause serious health damage to the growth of different chick-
ens (Davidson et al., 2013). CAV has been isolated among
chicken breeds infected with Marek's disease in different
countries of the world (Fehler and Winter, 2001; Zanella et
al., 2001; Davidson et al., 2004).

Haridy et al. (2009) reported the co-infection of CAV at
4 weeks with chickens infected with Marek's disease at 1 day
old. The study confirmed the high mortality rate of 64.3%
and mean death rate of 30 days of very virulent MD-CAV-
infected chicks as compared to mortality rate of 52.6% and
mean death rate of 32 days of the virulent MD-infected
chicks. Histopathological changes of the bone marrow at 4
weeks of virulent MD-CAV-infected chicks were associated
with the high cytotoxicity of CAV on bone marrow hema-
topoietic precursor cells. The co-infection of MD and CAV
has a great damage on the T-lymphocyte (Schat, 2004). Of
the 37 spleens and 12 livers confirmed to be infected with
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MD, CAV was found in the lymphoma of 9 spleens and 2
livers, respectively (Ahmed et al., 2016).

Further immunohistochemical analysis confirmed the
presence of CAV antisera in MD-infected chickens at 4
weeks old. Similar report of the presence of CAV antisera
in 4-week-old MD- infected chickens has been established
(Haridy et al., 2012). CAV infection has been associated with
poor vaccine-induced protection against Marek's disease
(Markowski-Grimsrud and Schat, 2003). In contrast, Sun et
al. (2017) recently compared the vaccine protection of CVI
998/814 against the MDYV isolate BS/15 and Md5 in spe-
cific pathogen free chicken (SPF-chicken) of white leghorn
chickens in China. The unvaccinated SPF chickens showed
MD mortality of 85.7% and 80% from both BS/15 and Md5
isolates, respectively. However, among the vaccinated SPF
chickens, the vaccines CVI 998 and 814 provided protective
index of 33.3 and 66.7 to SPF chicken against BS/15, while
the protective index of vaccine CVI 998 and 814 against
Md5 was 92.9% and 100%, respectively. The study confirmed
that poor vaccination protection against MD could be due
to different strains of MDV. Due to synergy between these
viruses in expressing both clinical and subclinical signs
in chicken, detection of these viruses becomes important.
Different studies have used quantitative PCR for the detec-
tion of each of the viruses (Van Santen et al., 2004; Islam
et al., 2006; Cortes et al., 2011). Moreover, multiplex gPCR
has also been used to detect viruses in infected chickens
(Davidson et al., 2013).

Similarly, CAV has also been reported to work synergisti-
cally with infectious bursa disease virus (IBDV) to suppress
the immune system of birds (Miles et al., 2001; Toro et al.,
2009; Hoerr, 2010). Sometimes it is difficult to separate the
clinical signs of IBD from CIA, leading to misdiagnosis
among poultry clinicians (Smyth and Schat, 2013; Haridy
etal,2012).

Co-infection with both CAV and infectious bursa dis-
ease virus (IBDV) has shown that very virulent IBD virus
(vvIBDV) inhibits the production of neutralizing antibodies
against CIA in chickens (Kuscu and Gurel, 2008). The in-
crease of prevalence of CAV and IBDV in chicken premises
is due to the resistance of these viruses to both physical and
chemical agents (Toro et al., 2009). Schat and Van Santen
(2008) reported that the hemorrhage seen in IBD-infected
chickens may be due to CAV and not IBDV. The co-infection
of IBDV and CAV has been reported in different countries
(Toro et al., 2009; Adedeji et al., 2016).

6. Genetic diversity and phylogenetics of CAV strains
Among the viral protein genes present in the CAV ge-

nome, VP1 is known to be less conserved. The variability of
VP1 gene among CAV isolates has been reported and it has

influenced diversity of different CAV isolates (Schat, 2003;
Eltahir et al., 2011; Kye et al., 2013).

Molecular characterization of CAV genome reveals a
hypervariable region (position 139 to 151) of VP1 protein,
of which position 139 and 144 are known to play key role in
the growth and spread of the virus (Renshaw et al., 1996). In
addition, viral infection has been reported to be pathogenic if
the amino acid at the position 394 of the VP1 protein is glu-
tamine (Yamagushi ef al., 2001). The presence of glutamine
has been consistent in this position among different CAV
strains (Eltahir et al., 2011; Kye et al., 2013; Li et al., 2017).

Moreover, the recent study by Li et al. (2017) reported
the presence of the amino-acid Isoleucine (Ile) at position
75 and 125 of the VP1 protein among chicken and mouse
CAV strains isolated from different provinces in China. This
is in contrast to the amino acids valine (Val) and leucine
(Leu) known for these positions in CAV. Similarly, Eltahir
etal. (2011) reported 8 nucleotide mutations in VP3 protein,
which are specific to CAV strain of Chinese origin couple
with 10 and 60 mutations in VP2 and VP1, respectively. The
diversity of CAVs VP1 proteins has been reported among
CAV strains in different countries (Oluwayelu et al., 2008;
Nayabian and Mardani, 2013; Zhang et al., 2013). Based on
the diversity of CAV viral proteins, different clades of CAV
strains have been reported with no consistent classification
among CAYV strains of different origins (Simionatto et al.,
2006; Eltahir et al., 2011b; Zhang et al., 2013). Although
previous classification was criticized based on low bootstrap
and non-existence of monophyletic group, recent study by
Li et al. (2017) on 24 novel CAV sequences, supported by
topology and high posterior probability (>0.89), classified
CAV into 8 major lineages, which are scattered across differ-
ent branches with no clear distribution. The author rooted
the discrepancy of CAV phylogeny to the complexity of
CAV on genome, pathology and epidemiology level, which
require further study. To further confirm the diversification
of CAV strain in different geographical region using 1000
bootstrap replicates, Olszewska-Tomczyk et al. (2016) clas-
sified Polish CAV strains into 2 main clades based on the
nucleotide sequences of the VP1 protein. Different studies
on the diversity of CAV isolates in different countries have
been reported (Ducatez et al., 2008; Kim et al., 2010; Snoeck
et al.,2012). The rapid identification of novel CAV strains in
different parts of the world is of no doubt the result of the
resistance of the virus to different vaccines. Therefore, there
is need for a new approach in vaccine design.

7. Current and future perspective in the control of CAV
Vaccination as shown in Fig. 1, combined with good

poultry management, has been the only available control
measure for preventing the vertical transmission of CAV



FATOBA, A.]., ADELEKE, M. A.: REVIEW 23

'"SCt"’_atEd Recombinant -
accine Vaccine
L J

-0 W 7

] L ]

o

1

'.' . @ 1 3

‘ | |
‘» Ol b [

Fig. 1

Schematic diagram showing different vaccine strategies against CAV

from breeder hens to their progenies. Progenies of vacci-
nated breeders derive maternal antibodies, which protect
them from severe clinical signs of chicken infectious anemia
(Todd, 2000). Despite the availability of maternally derived
antibodies, which wane after three weeks of age, chickens
are still susceptible to this infection though with subclinical
symptoms (Hoerr, 2010). Several traditional vaccines have
proven to be effective against this virus, but their limitation
has led to the emergence of myriads of modern vaccines
with potential protection ability, though many are still on
clinical considerations. The current live attenuated vaccine
provides protection against CAV and triggers high immune
response, but the constraint of such vaccine is the ability
of the virus to revert to its virulent nature and the risk of
horizontal transmission of the virus to chickens (Sawant
et al., 2015).

Inactivated vaccine has been regarded as safe because it
is stable, though with low immune response, which could
be addressed with appropriate vaccine adjuvants. As against
the shift in tide from traditional vaccine to recombinant and
DNA vaccines, Zhang et al. (2015) recently reported the ef-
ficacy of inactivated strain (GD-G-12) of CAV as reliable vac-
cine against CIA. The isolate, which was described as highly
pathogenic, was inactivated by B-propiolactone hydrolysis
in contrast to the conventional formaldehyde method. Vac-
cinated hen showed 98-100% protection when challenged
with CAV strain GD-G-12 compared with the unvaccinated,
which showed 100% mortality rate. In addition, the level of
antibodies expression evaluated by ELISA method was at
peak in the vaccinated breeder hens and chicks, an indication
of maternal transmission. Inability of CAV strain to grow to
high titer levels in embryo or cell culture coupled with poten-
tial reversion to virulence are some of the drawbacks of the

current vaccines (live and killed) against chicken infectious
anemia (Sawant ef al., 2015; Shen et al., 2015). Therefore, the
need for DNA and recombinant vaccines becomes imperative
for the control of CAV.

Studies on chicken anemia viral protein 1 and 2 (VP1 and
VP2) have been reported to induce neutralizing antibodies
against CAV (Lacorte et al., 2007; Trinh et al., 2015). The
combination of these viral protein genes was cloned into
DNA vaccines named as pBudVP1 and pBudVP2-VP1,
respectively. SPF chickens vaccinated with (pBudVP2-VP1)
at 4 weeks showed antibodies titer value of 1853 compared
to the other grouped vaccinated with (pBudVP1) with no
antibody (Moeini et al., 2011). Similarly, recombinant form
of viral protein 1(rVP1) and pigeon interferon gamma
(rPilFN-y) was recently combined as subunit vaccine against
chicken anemia virus (Shen et al., 2015). The chickens vac-
cinated with (rVP1+rPilFN-y) showed higher antibodies
titer value as compared with the group with only inactivated
vaccine and recombinant viral protein (rVP1) group. Th-1
type cytokine was higher in the combined recombinant vac-
cine than in the inactivated group and rVP1 group. Antibody
induction by vaccine has been reported as an effective means
of evaluating subunit protein efficacy against CAV (Sawant
et al., 2015; Trinh et al., 2015).

Despite the recent development in the recombinant and
DNA vaccines for CAV, the virus is still much prevalent.
Therefore, future vaccine design should consider improving
the induction of the neutralizing antibodies against CAV by
combining both recombinant and DNA vaccine in a prime
boost regimen with a suitable adjuvant. This could curtail
the poor immunogenicity of both recombinant and DNA
vaccines.

8. Conclusion

Chicken infectious anemia is an immunosuppressive
infectious disease, which is caused by chicken anemia virus.
The virus is transmitted both vertically and horizontally.
The immunosuppressive quality of this virus has given it
a wide recognition in the poultry industry. The economic
impact of CAV on poultry birds is alarming and this has
generated strict adherence to biosecurity measures such as
vaccination and good poultry management among farmers.
With the upsurge of novel CAV strains reported in different
geographical locations, it is unlikely that most current vac-
cines would be effective against this virus. This, therefore,
demands a new approach in vaccine design, taking these
novel strains into consideration. Recent advances in DNA
and recombinant vaccines have shown promising effect in
the control of CAV. Although, the poor immunogenicity of
both DNA and recombinant vaccines is still a limiting factor,
future studies could explore the combination of these vac-
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cines either as a prime-boost or prime-boost with suitable
adjuvant to increase the levels of neutralizing antibodies
against this virus.
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