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CHICKEN ANAEMIA

DEFINITION

Chicken Anaemia is clinically and
morphologically characterised
by aplastic anaemia, severe
immunosuppressive syndrome
and frequent complications

from secondary viral, bacterial

and fungal infections.




HISTORY

Chicken Anaemia Virus (CAV), initially
named Chicken Anaemia Agent
(CAA) was isolated for the first fime in
Jopan by Yuasa et al. (1979). Since
that time, the virus has been detected
serologically or through culturing in
many countries in layer and broiler
farms (Schat & Santen, 2008).

Some retfrospective serological and

clinical investigations, however,
suggest that CAV was probably
encountered before (Jakovski et
al., 1970). The detection of Chicken
Infectious Anaemia Virus (CIAV) in
serum collections has shown that
CIAV was present even before 1959
(Toro et al., 2006).

CHARACTERISTICS AND CLASSIFICATION OF THE PATHOGEN

CAV is a small virus without
an envelope, from the family
Circoviridae, genus Gyrovirus
(Pringle, 1999). It is composed of
DNA and profeins. The virion s
icosahedral with a mean diameter
of about 25 nm. The genome
consists of single-stranded circular
DNA with about 2,300 base pairs in
its replicative form (Von Bulow and
Schat, 1997). Viral protfeins are VP,
a primary structure protein defected
onlyin the capsid (61.6 kDa); VP2 -a
skeleton-forming protfein with profein
ohosphatase activity (24 kDa) and
VP3, a nonsfructural protein called
also apoptin (13.6 kDa) due fo its
ability fo induce apoptosis. VPI
and VP2 are the main fargets of
neutralising antibodies (Noteborn et

al, 1992). The VP1 gene is the most
varioble  (Schat, 2003), whereas
VP3 was reported fo be DNA-inked
(Leliveld et al., 2003).

All known viruses currently identified
worldwide obviously belong fo
the same serotypes. Due fo the
fact thatf, aft present, only a few
complete genome seguences for
CAV strains from the USA, Europe,
Asia and Australia are available, the
emergence of new serotypes with
a major impact on serodiagnostics
and vaccination efficiency should
not be excluded (Ducatez et al.,
20006). In China, 25 CAV genomes
were completely profiled (Eltahir et
al, 2011).
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Seroconversion is simultfaneous with
the onsef of sexual maturity in SPF
flocks, and the presence of viral DNA
in male and female gonads and
freshly laid fertilised eggs gave rise
fo the hypothesis that the genetic
regulafion of CAV was related fo
reproductive system regulation. The
reproductive system has multiple
genes, requiring space and fime for
expression.

The major part of this regulation
occurs af the level of transcriptfion
with  gene expression, regulafted
by promoterspecific  sequences
fhrough a cellspecific  process,
and many of fhese genes are
regulated by nuclear receptors from
the steroid / thyroid family. These
franscription factors regulate target
genes via binding to specific DNA
sequences or response elements
and enhancer co-activators  or
corepressors (substances suppressing
gene expression). Most estrogen-
response genes confain an
incomplete esfrogen-response
element involving up to 3 nucleo-
fides, and spaced direct repeafs
in the DNA sequence responsible
for confrolling the various estrogen-
regulated genes (Aumais ef al,

1996, Krieg et al., 2001).
Viral DNA  replication occurs  via
A double-stranded replicative
process involving a rolling-
circle mechanism. The

most likely scenario is that virions
enter the cells via convenfional
apbsorpfion and penetration (Schat
& Van Santen, 2008). The main CAV
franscript is unspliced polycistronic
mMRNA which codes for the three
orimary profeins  (VP1, VP2, VP3).
Although additional profeins may
be coded by spliced CAV mRNAs,
their biological imporfance is not yet
clear (Kamada et al., 2006). Apoptin
was shown fo induce apoptosis
selectively in fransformed, buf not in
non-fransformed cells (Oorschot et
al., 1997; Maddika et al., 2006).

The presence of the apoptin gene
in CAV confirms the importance
of this protein in the life cycle of
CAV, without providing any direct
proof of a fundamental role in CAV
replication. The first evidence about
the need from apopfin in DNA
replicafion and CAV viral particles
production is reporfed by Prasetyo
et al. (2009).

On the basis of the presence of
three amino acid pafferns related
fo rolling-circle replication of DNA,
it was suggested that VP could
e involved in DNA replication. The
protein phosphatase activity of VP2
is important buf nof essential for
CIAV replication. CIAV with mutation
of the catalyfic cysteine of VP2,
which eliminates serine/threonine
and tyrosine phosphatase activities,
has a reduced replication potential



and cytopathogenicity (Schat &
Van Santen, 2008). It has also been
suggested that VP3 could affect the
gene expression or DNA replicatfion.
The replication of CIAV in young
chickens occurs mainly in bone
marrow haemocyfoblasfts and T-cell
precursors of fhe thymus corfex.
The viral replication in the thymus
corfex has a fatal oufcome due fo
VP3-mediated apoptosis (Jeurissen
et al, 1992). In infected chickens
3-6 weeks of age, CIAV replication
occurs in the thymus corfex and
more rarely in the bone marrow
(Smytb et al., 2006). Virus replication
was also observed in ofher organs
as well, but not always is association
with lymphocytes.

No antfigenic differences were
idenfiied among isolafes  from

EPIDEMIOLOGY

Europe, USA and Japan. It s
assumed that all sfrains are of a
single serofype. The existence of a
second serotype CIAV -7 with similar
but significantly less pronounced
clinical and morphological signs
than those induced by CIAV was
suggested (Schat & Van Santen,
2008).

CIAV is exceptionally resistant fo
physical and chemical agents.

The virus survives for 1 h at 70°C
and for 15 min at 80°C. If is
completely inactivated affer 15 min
at 100°C. 24-hour fumigation with
formaldehyde does not inactivate
CIAV completely. The virus is also
resistant fo acid tfreatment at pH
3 for 3 hours and exposure to 90%
acetfone for 24 hours.

CAV is spread both horizontally and
verfically; in commercial and SPF
chickens, the virus may be lafent as
well (Miller and Schat, 2004).

Verfical transmission was inifially
believed to be the most important
factor in CAV spread (Hoop, 1992,
1993). Despite that, the horizontal
spread of infection is a major factor
in CAV infection of poultry flocks.
Efforts to prevent CAV infection

are primarily aimed at minimising
horizontal spread, as chickens of all
ages are susceptible to infection.
The horizontal spread  within o
flock is affributed fo the faecal
oral route of transmission, but this
has nof been consistently proved.
The relatively limited available
research on horizontal CAV spread
in commercial flocks has yielded
different resulfs. Having aftempted
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fo reproduce an experimental
infection via oral exposure, some
researchers concluded fhat this
could not be a route of transmission
in commercial flocks (Joiner et
al., 2005; Van Santen et al.,, 2004).
Opposite to this statement, ofhers
reported that adult birds could be
orally infected with CAV  (Smyth
et al, 2006). It has also been
suggested that infrafracheal and
oral mucosa could be routes for
natural infections (Rosenberger &
Cloud, 1989; Tan & Tannock, 2005).
The marked resistance of CAV
fo extfreme physical conditions
(high temperatures, low pH etfc))
explains the ubiquity of the virus
among commercial flocks (Schaf,
2003). The relatively wide spread
and resisfance are similar to those
of another avian virus - Marek's
disease virus (MDV).
In cases of MDV, the epithelium
of feather follicles is the only site
where fthe virus is reproduced in
cell-free stable form, subsequently
spreading  through the dander
and dust in poultry houses, inhaled
through the mucous coatfing
(Davidson and Borenshtain, 2003).
Feather follicle epithelial cells are
the targets for some members of
the avian Circovirus genus, e. g. the
beak and feather disease virus
(BFDV) (Bassami et al., 1998;
Pass and Perry, 1984,

Niagro et al., 1998) and the agent of
feather disease in Australian ravens
(Corvus coronoides), (Stewart et al.,
2006). In parallel to this data,
it has been speculated and
demonstrated that feather shaffs
of CAV -infected chickens confain
a virus, which could be fransmitted
fo and infect other chickens
under  experimental  conditions
(Davidson et al., 2008). To prove
the significance of feather shafts as
a source of CAV, a direct infection
was aftempted in chickens. This
experiment  demonsfrated  the
penetration of fthe virus through
the oral, nasal and ocular mucosa
after experimental insfillation. Thus,
CAV tfransmission via a mechanism
comparable fo thaf of MDV was
demonstrated  (Davidson  and
Borenshtain, 2003). As featfhers
furned out to be a source of
infective CAV, the fransmission of
the infection via the feathers could
be an additional route of horizontal
CAV fransmission independent of
the faecal-oral route. This presents
us with certain specific challenges
fo avoid the horizontal spread of
CAV infection. As MDV and CAV are
widely prevalent, most commercial
flocks carry both viruses at different
viral loads (Davidson et al., 2008).

CAV is defected in many specific
pathogen-free (SPF) chicken flocks.
SPF eggs used for production of



vaccines may be infected with CAV
and thus contaminate some of the
vaccines.

Chickens are the only acknow-
ledged host for CIAV. Anfibodies
against  the virus have been

CLINICAL SIGNS AND PATHOLOGY

reported in Japanese quails and
ravens, buf not in ofher bird species.
Birds of all ages are susceptible,
especially during the first 3 weeks of
life (Schat & Van Santen, 2008).

Clinical infection

In general, clinical symptoms and
death may be observed within
10-14 days following inoculatfion.
The signs appear more rapidly affer
inframuscular injection as compared
fo oral inoculation. The CAV infection
of chickens is manifested with a
complex of clinical and pathological
signs, some of them clinical, and
ofhers occult. Clinical anaemia is
encountered in young chickens,
while subclinical immunosuppression
effects are observed when chickens
older than 3 weeks of age are
infected (Schat et al., 2003). In
field condifions following vertical
fransmission,  increased  mortality
is observed af 10-12 days with a
peak at 17-24 days of age. Severely
infected flocks may exhibif a second
peak af 30-34 days of age, probably
resulting from horizontal fransmission
(Schat & van Santen, 2008).

Although the prevalence of CAV
infection is high, the clinical disease
is very rarely seen (McNeilly, 1991).
Clinical infection was observed
only in young chicks with vertically
fransmiffed CAV from the parents.
The symptoms include weakness,
depression, anorexia and  stunting.
The standard death rafe is 5-20%,
buf may reach 60%. The carcasses
are typically pale, with  marked
ancemia of the skin, the comb
and wattles, eyelids and legs. Blood
haematocrit  values in anaemic
sfafes vary between ¢ and 27%.
Reduced haematocrif, red blood
cell, white blood cell and platelet
counts are a common finding.
Low haematocrit values are due
fo pancytopaenia secondary
fo infection of haemocyfoblasts,
manifested in a marked reduction
of blood cell counts. Reduced blood
clotting capacity is most likely a result
of thrombocytopenia.
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In chickens that survive the
infection, recovery is slow, and
usually fakes 2-3 weeks. The slow
remission and increased mortality
rates are frequently associated
with secondary bacterial or viral
infections. Skin lesions are typical
for clinical CAV infections, most
commonly in the region of the
wings, due to secondary bacterial
infection (anaemia-dermatitis
syndrome) (Hussein ef al., 2002).

Subclinical infection

Horizontfally  fransmitfed  infection
in chickens older than 2 weeks
of age is usually subclinical
(McNulty et al., 1991). Although
not apparent, it could influence
the productive fraits and be of
economic  significance. Breeder
flocks involved in CAV fransmission
exhibif no signs of disease. Surveys
in  commercial breeder flocks
fransmitting CAV did not detect
any alferafions in egg vyields,
nor ferfilisation and hatchability
(Mcllroy et al., 1992). Attempts for
experimental fransmission to hens
did nof result in changed live body
weight or egg vields between
infected and confrol groups of
birds (Hoop, 1992).

Immunosuppression

Birds with subclinical and those
remitted from clinical infection
are immunosuppressed. Morpho-
logically, the immunosuppression
is manifested by a deplefion of
the lymphocytes in the spleen
and the bursa of Fabricius and
destruction of myeloid precursors
of bone marrow cells befween
2 and 3 weeks of age. Several
investigations have demonstrated
a transient immunosuppression and
provided evidence for completely
restored immune defence within
30 days of infection. Severe defects
in T-cell mediator functions as well
as reduction of macrophagedl
activity were idenfifed in CAV -
infected chickens (Adair et al,
1991). The secondary bacterial
or fungal infections are also signs
of Immunosuppression. A typical
secondary bacterial infection s
gangrenous dermatitis, starting with
wing haemorrhages.  Pulmonary
aspergillosis  has  also  been
described (Randall et al., 1984,
Goryo et al, 1987). In birds with
seroconversion to CAV, failures in the
immune response affer vaccination
against Marek”s disease or a weak
response to NDV-vaccine (Ofaki et
al., 1987) were reported.



Gross lesions

Specific findings are the afrophy
of cenfral (thymus and bursa of
Fabricius) and peripheral (bone
marrow, spleen) immune organs.
Afrophied bursa of Fabricius is
less frequently associated with
CAV infection. In a small minority

DIAGNOSIS

birds ifs size is reduced, and fthe
oufer wall may become semi-
fransparent, revealing the mucosal
folds. Sometimes, haemorrhages
of muscles and theproventriculus
mucosa are observed (Schat &
Van Santen, 2008).

Tentafive diagnosis is made on
the basis of the clinical signs and
macroscopic  lesions. The flock
nistory is a relatively simple method
for determination of the breeders’
role. When signs appear in the
offspring,  however, the parent
flock should already have CAV
antibodies (McNulty, 1991).

The diagnosis consisfs in  virus
isolation or defection of a virus-
specific anfigen or nucleic acid.
Considering fthat  CAV isolation
in SPF chickens or cell cultures
(MDCC-MSBT cells) is a difficult and
Laborious process, the preferred
method is the defection of viral
DNA through hybridisation or PCR
fechniques in fissue samples of
infected birds (Yamaguchi et al.,
2001). PCR is a rapid diagnostic

fool for detfection of viral genome
in clinical samples -serum, urine
(Arthur et al., 1989), faeces
(Gouvea et al., 1990) and for
DNA extraction from fresh (Arthur
et al, 1989, Rogers ef al., 1990)
and formalin-fixed and paraffin-
embedded ftissues (Rogers et al.,
1990). Naturally spread isolates
belong to the same serotype
and cannot be distinguished by
serum  neutralisation  fests.  The
differentiation of CAV isolates
is possible through immuno-
fluorescent staining fechniques with
monoclonal anfibodies (McNulty et
al., 1990), restriction endonuclease
analysis (Todd et al., 1992), and
DNA seqguence differentiafion
(Renshaw et al., 1996).
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Fig.1
As a result of atrophy of the thymus the size of lobes of the gland is strongly
reduced, and they may even disappear.

Fig.2
Bone marrow atrophy is the most specific lesion, most obvious in the femur.

Affected bone marrow is fatty, yellowish or pale rose (left; right - normal
appearance).



Fig.3
Gangrenous dermatitis findings are common after secondary clostridial or
staphylococcal infection resulting from the severe immunosuppression.
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Microscopic lesions

Fig.4

Routine histological examinations reveal simultaneous atrophy of cortical
and medullary areas of the thymus as well as degeneration and necrosis of
lymphoid cells.

Fig.5

Left panel: atrophy of lymphoid follicles of B. Fabricii with central
lymphoid tissue depletion (“empty” centres) and widened interstitial
spaces. Right panel: control B. Fabricii.



Fig.6
Left panel: severe bone marrow hypoplasia; complete lack of erythrocyte and
granulocyte series, fatty substitution. Right panel: control bone marrow.

Fig.7
Spleen. Assembly of numerous periarteriolar centres in one observation field
following tissue atrophy in the T-dependent zone.
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DIFFERENTIAL DIAGNOSIS

CAV infection should be distin-
guished from sfafes associated
with atrophy of the central and
peripheral immune organs and
aplasfic anaemia sympfoms.

Such alterations may frigger
viruses causing neoplastic lesions,
such as the osfeopetfrosis virus,
erythroblastosis viruses and MDV.
The infectious bursitis virus induces
lymphoid fissue atrophy, but the
fhymus is usually not affected.
Adenoviral infections may resulf

in aplastic anaemia, but generally
speaking such infecfions are
manifested simultaneously with
inclusion body hepatitis. Infoxication
with mycotoxins, e.g. aflatoxins, or
sulfonamides could also  provoke
aplastic anaemia or haemorrhagic
syndrome. In field condifions,
however, chickens are rarely exposed
fo foxic doses of aflatoxin or
sulfonamides (Schat & Van Santen,
2008).

PREVENTION AND CONTROL OF CHICKEN ANAEMIA

Biosecurity

Strict isolation and hygiene controls
are needed to profect chickens
from exposure to CAV. Although this
is hardly possible for broilers, it can

e achieved for breeders.
CIAV infection can be confrolled
by allowing for development of
antibodies in breeder flocks before
the period of laying. In such cases
we rely upon natural  immunity,
and it should be remembered
that in many regions, the

egg-laying period of chicken flocks
pegins without previous exposure fo
CAV, most likely due to strict hygiene
confrols to ensure Salmonello-
free flocks (McNulty, 1991). CAV
eradicafion in field conditions s
impossible, because of the high
resisfance of CAV and fthe possiblility
for verfical fransmission of viral DNA.

Vaccination

To prevent the verfical CAV
fransmission from broiler breeders



fo their progeny, since 1991
vaccination with a live vaccine is
practiced. Many sfudies suggest
that  maternal  anfibodies could
profect chickens against CIAV until
the 3rd week of age (Goodwin et al.,
1993; Otaki et al., 1992; Yuasa et al.,
1980). The vaccination of breeders
during the growing period profects
the chicks from vertical fransmission
of the virus via provision of protective
maternal anfibodies. Commercial
live vaccines are available for
vaccination of breeder flocks.
Immunisation can be performed
affer 8 weeks of age, but no later
than 6 weeks before laying begins.
The vaccinal virus may be shed in
faeces. Biosecurity should be strict
in order to prevent spread of the
virus fo younger chicks, flocks in egg
production period or 6 weeks before
laying begins. The use of such
products in chickens younger than
3 weeks of age can frigger clinical
infectious anacemia. Live vaccines may
be administered by drinking water,
py injections with an adjuvant or
fhrough the wing web application
method using the enclosed 2-prong
applicator. When broiler chickens
are infected despite the presence
of maternal antibodies, affer MDA
have waned vaccination of broilers
may be necessary foo. In the USA,
a vaccine for application fo one-

day-old broiler chickens is licensed
(Schat & Van Santen, 2008).

In SPF hens showing seroconversion,
inactivated  vaccines have also
been fested. The fiters of vaccinal
anfibodies in these cases were
generally found to be low, and
inactivated vaccines could fhus
prove fo be ineffective.

In atfempts to develop recombinant
Vaccines against CAV  and
diagnostic  systems for defection
of fhe virus in chickens, fwo
recombinant proteins - VPTNd129
and VP2, were successfully
expressed in E.coli, yielding
26.2 mg/L protein. The maoximum
yield of VP2 was 15.5 mg/L. Also, the
anfigenicity of VPINd129 and VP2
protfeins expressed in E. coli with anti-
CAV antibodies was considerable,
suggesting fthat both proteins
could be used as anfigens for
detection of anfi- CAV anfibodies in
vaccinated and CAV -infected birds
in breeder farms. Both recombinant
profeins are able to induce specific
neutralising antibodies against CAV,
making them candidates for the
development of recombinant CAV
vaccines (Lee et al., 2008).
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