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ABSTRACT

hicken infectious anemia (CIA) is a worldwide, highly contagious immuno-

suppressive viral disease of young chickens 4-6 week of age caused by chick-
en anemia virus (CAV). It is implicated in several field problems of economic
significance after maternal antibodies have waned. CAV threaten poultry industry
alone or either coinfection with infectious bursal disease virus (IBDV) or inclusion
body hepatitis (IBH). This paper aimed to understand the pathogenesis of this exist-
ing condition. Three hundred chickens from fifteen selected commercial broiler
flocks (7 Cubb and 8 Native breeds) were collected from different areas of Dakahlia
Governorate Egypt during the period from October 2019 to September 2020. Nec-
ropsy was carried out on freshly dead or diseased birds beside blood samples for he-
matological changes. Tissue samples were subjected to PCR assay for detection of
CAV DNA, IBDV RNA and IBH DNA. Conventional PCR test indicated that all
tissue samples collected form Cubb and Native breed farms were either PCR positive
for CAV and IBDV coinfected with CAV while all samples were negative for IBH
virus. Hematological findings showed a significant decrease (p<0.05) in RBCs count,
Hb concentration and PCV in CIA and coinfected chickens. Grossly, emaciation was
characteristic in carcasses moreover, lymphoid organs were congested and atrophied
beside several multifocal hemorrhagic areas in skeletal muscles accompanied with
pale bone marrow. Microscopically, lesions noticed were more intense and more se-
vere in CIA coinfection with IBDV. Generalized lymphoid cell depletion in lym-
phoid organs and clusters of bacterial aggregations were common. Hemopoietic ele-
ments of bone marrow showed necrosis beside extensive depletion. It could be con-
cluded that disseminated hemorrhages mainly in skeletal muscles and viscera beside
lymphoid depletion of immune organs were responsible for high mortalities in CIA
infected flocks which became higher in intensity in coinfection with IBDV. Presence
of bacterial colonies in various examined organs following immunosuppression.
Great economic losses from concomitant and subclinical infection by CIA beside
carcass condemnation so, CIA vaccination of broiler chickens is recommended.

INTRODUCTION

High production pressure in poultry indus-

try directly affected

more susceptible for many diseases, secondary

infections and immunosuppression. This recent
huge industry may be resulted in improper vac-
cination programs. Immunosuppressive viruses
cause many clinical or subclinical conditions in

chickens which became
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poultry (Liitticken, 1997) The mechanism of
this state of immunosuppression, is due to im-

mune failure that recognize numerous signals
(Babiuk et al. 2003).

From these viruses Infectious Bursal Dis-
ecase (IBDV), Chicken Infectious Anemia
(CIAV) and Inclusion Body Hepatitis (IBHV)
viruses cause severe economic losses (Islam et
al. 2002). These three viruses cause destruction
of lymphoid tissues, poor response and deple-
tion of immune cells which responsible for this
state of immunosuppression beside mortalities
and areas of congestion and hemorrhage in
muscles and visceral organs (Dhama et al.
2002).

Chicken Anemia virus (CAV) is consid-
ered one of the smallest, non- enveloped, sin-
gle stranded, circular negative sense DNA vi-
rus (Li et al., 2017a; Rosario et al. 2017). The
virus DNA encodes viral proteins of VP1, VP2
and VP3 (Ducatez et al. 2008) belonging to the
genus Gyrovirus of the family Cicroviridae,
and has 23-25 nm in size. It causes Chicken
Infectious Anemia (CIA) which is an acute
highly contagious disease of young chickens,
after an incubation period of 1 to 14 days with
clinical symptoms in young chickens while it is
a sub-clinical disease in older ones, which is
the only natural host of the virus (Cardona et
al.,, 2000b). CIA characterized by severe
anemia, weakness, anorexia, ruffled feathers,
stunted growth, generalized lymphoid atrophy
and increased mortalities (5%-10%) up to 60%
(Todd 2004 Dhama et al. 2008 McNeilly et
al. 1991).

CIA is mainly noticed in broiler chicks of
up to 3—4 weeks of age, which usually acquire
the infection vertically (Pope 1991 Todd 2000
Dhama et al. 2008) but after 3 weeks of age
the susceptibility to clinical disease decline.
CIA infected birds developing an immunosup-
pression in the presence of other viruses such
as Fowl adenovirus (FAV) (Toro et al. 2001)
and NDV (De Boer et al. 1994). Beside atten-
uated immune response against several viral
vaccines, resulting in vaccination failures
(Todd 2000 Schat 2003 Toro et al. 2006
Dhama et al. 2008). Maternal antibodies
prevent the clinical signs of disease but do not

prevent infection and transmission of the virus
or its immunosuppression effect (Sommer and
Cardona, 2003). Among the histopathologi-
cal changes, severe depletion of cortical thy-
mocytes and erythroblastoid cells in the bone
marrow which leads to immunodeficiency and
anemia (Notebom and Koch 1995). Diagnosis
of CAV infection depends on history, clinical
signs, hematological, pathological findings:
gross and histopathological lesions which were
confirmed by PCR as a developed tool of diag-
nosis (Gowthaman et al. 2014 Al-Ajeeli et al.
2020).

Infectious bursal disease (IBD) or Gum-
boro disease is an acute highly contagious dis-
ease of young chickens, characterized by se-
vere immunosuppression in young chicks of 3-
6 weeks of age (Sachan et al. 2019). Gumboro
disease is caused by IBD virus (IBDV), is a
nonenveloped double stranded RNA virus
transmitted by oral fecal route (Smith et al.
2015). IBDV is belonging to family Birnaviri-
dae, genus Avibirnavirus, which is responsible
for major economic losses in poultry industry
worldwide.

The virus has two serotypes: serotypel
(pathogenic strain) which is classified into
classical (intermediate and very virulent
strains) (Jayasundara et al. 2017) and serotype
2(non- pathogenic one). IBDV causes cytolysis
of dividing cells in the bursa of Fabricius in the
infected chicks resulting in severe immunosup-
pression (Ciccone et al. 2017). This is severe
state of immunosuppression due to apoptosis
of B cell of the bursa and cytokine storm which
considered the main factors of the severity of
Gumboro that, may responsible for secondary
infections beside failure of vaccination (Cubas-
Gaona, et al. 2018). Gumboro disease is con-
trolled either by live attenuated or inactivated
(killed) IBDV vaccines which is preferred than
live attenuated one. High levels of humeral im-
munity occurred by using killed vaccine for
chickens at pre laying stage for inducing anti-
bodies for a period of two weeks. Infectious
Bursal Disease (IBD) causes a state of immu-
nosuppression for infected chickens (Hon et al.
2008). Outbreaks occurred among the vac-
cinated flocks resulted in a chick that more
susceptible to secondary infections by either
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viral or bacterial agents (Sachan et al. 2019).
Hemorrhages in skeletal muscles, high mortali-
ties and poor weight gain that considered as
fatal complications of the disease (Zachar et al.
2016). Clinical diagnosis of Gumboro (acute
form) is based on disease evolution in the form
of mortality peak followed by recovery within
5-7 days (Van den Berg et al. 2000). Also, no-
ticed symptoms, characteristic pathognomonic
lesions in bursa of Fabricius beside histopatho-
logical investigations together with demonstra-
tion of viral antigen by immunohistochemistry
(Balamurugan and Kataria, 2006). RT-PCR
allows rapid identification of IBDV virus
(Toroghi et al. 2003).

Inclusion Body Hepatitis (IBH) is one of
immunosuppressive disease of poultry, caused
by Fowl adeno virus (FAV). IBHV is a nonen-
veloped virus belonging to the adenoviridae
family (Balamurugan et al. 2001) which main-
ly affects hepatic, endothelial and lymphoid
cells. This disease affects poultry of 3-6 weeks
old chicks, characterized by sudden onset, en-
larged and mottled friable liver, that showing
intranuclear inclusion bodies (IBHs) in the
hepatocytes (Gowda and Satyanarayana, 1994)
with high mortalities. FAV and CAV are trans-
mitted vertically (Toro et al. 2001). There is a
relationship between occurrence of IBH and
presence of IBD and CIA viruses (Shane and
Jaffery, 1997). FAV needs impairment of
immune system of the bird to produce its path-
ogenic effect. So, IBD and CIA viruses predis-
pose to FAV by their immunosuppression ef-
fect on chickens. Recently, IBH virus has re-
ported as a virulent virus that is able to cause
IBH as a primary disease without previous pre-
disposing infection by IBDV and CIAV.
(Susantha et al. 2006). Microscopically, it
causes severe depletion of lymphocytes in me-
dullae of bursal follicles. Molecular technique
as PCR is a specific diagnostic method for
demonstration of adenovirus (Balamurugan
and Kataria, 2006).

The aim of the present study to focus light
on etiology and pathologic findings of wide-
spread hemorrhagic syndrome of broiler chick-
ens among some flocks (foreign and native)
breeds reared in Dakahlia, Egypt in the period
between October 2019 to September 2020.

MATERIAL AND METHODS

Chickens

Three hundred chickens were examined
from fifteen commercial broiler flocks; (7
Cubb and 8 Native sasso) breeds were used for
detection of CAV and coinfection with IBDV
and IBHV during October 2019 to September
2020 in this study. Broiler Cubb farms aged 3-
6 and 4-8 weeks old for sasso farms in differ-
ent localities of Dakahlia Governorate, Egypt.
All chicken flocks had been vaccinated against
IBD, Newcastle, Avian Influenza and Infec-
tious Bronchitis diseases. All birds with a his-
tory of mild respiratory manifestations, off
food, depression, diarrhea with morbidity rate
(20-70) % and low mortalities were subjected
to study. The selected flocks were reared under
cage system with standard managemental con-
ditions.

Hematological changes

Blood samples were collected from wing
vein of diseased and control healthy birds in
tubes containing anticoagulant (dipotassium
salt of EDTA 1mg/ Iml blood) for RBCs count
and determination of hemoglobin contents and
Packed cell volume (PCV) using the automatic
cell counter system XT (2000 IX) according to
(Feldman et al. 2000).

Detection of CAV DNA, IBDV RNA, and
IBHV DNA by Conventional PCR

Twenty pooled tissue specimens represented
five selected examined flocks (4 birds selected
from each flock), including bursa of Fabricious
(for detection of IBDV RNA), liver, thymus and
spleen (for detection of CAV DNA and IBHV
DNA). Specimens were homogenized and sub-
jected for conventional PCR. Tissue samples
transported on ice from field to Animal Health
Research (Provinicial-Lab Mansoura) and were
labelled and stored at -20 C until used for PCR
testing for detection of presence of CAV, IBDV
and IBHV genome in the Biotechnology unit
Reference lab for veterinary quality control on
poultry production (Animal health research insti-
tute, Dokki, Giza, Egypt).

Nucleic acid extraction. Whole nucleic
acid extraction from samples was performed
using the QIAamp minielute virus spin kit
(Qiagen, Germany, GmbH). Briefly, 200 ul of
the sample suspension was incubated with 25
ul of Qiagen protease and 200 ul of AL lysis
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buffer.

Oligonucleotide Primers.

buffer at 56°C for 15 min. After incubation,
250 pl of 100% ethanol was added to the lysate.
The sample was then washed and centrifuged
following the manufacturer’s recommendations.
Nucleic acid was eluted with 100 ul of elution

Supplied from (Metabion Germany) are listed
in table (1).

Table (1). Primers sequences, target genes, amplicon sizes of different examined viruses

Target Target Primer sequence Length of ampli- Reference

agent gene (5'-3") fied product (bp)

Adeno Hexon CAA RTT CAG RCA GAC GGT 897 bp Gaba et al., 2010

Profein  TAG TGA TGM CGS GAC ATC AT

IBD VP2 TCACCGTCCTCAGCTTACCCACATC 620 bp Metwally et al.,
GGATTTGGGATCAGCTCGAAGTTGC 2009

CAV VP1 CTAAGATCTGCAACTGCGGA 418 bp Hussein et al.,
CCTTGGAAG CGGATAGTCAT 2002

PCR amplification. was loaded in each gel slot. A generuler 100 bp

IBD PCR: Primers were utilized in a 25- pl
reaction containing 12.5 ul of Quantitect probe
rt-PCR buffer (QIAgen, Gmbh), 1 pl of each
primer of 20 pmol concentration, 0.25 pl of rt-
enzyme 5.25 pl of water, and 5 pl of template.
The reaction was performed in in an Applied
biosystem 2720 thermal cycler. Reverse tran-
scription was applied at 50 °C for 30 min, a
primary denaturation step was done at 95°C
for 5 min, followed by 35 cycles of 94°C for
30 sec., 59°C for 40 sec. and 72°C for 45 sec.
min. A final extension step was done at 72°C
for 10 min.

CAY and Adeno PCR.

Primers were utilized in a 25- pl reaction
containing 12.5 pl of EmeraldAmp Max PCR
Master Mix (Takara, Japan), 1 ul of each pri-
mer of 20 pmol concentration, 5.5 pl of water,
and 5 pl of DNA template. The reaction was
performed in an Applied biosystem 2720 ther-
mal cycler. Primary denaturation step was done
at 95°C for 5 min, followed by 35 cycles of
94°C for 30 sec., (Adeno: 57°C for 40 sec;
CAV: 50°C for 40 sec) and 72°C for 45 sec.
min. A final extension step was done at 72°C
for 10 min.

Analysis of the PCR Products.

The products of PCR were separated by
electrophoresis on  1.5%  agarose  gel
(Applichem, Germany, GmbH) in 1x TBE
buffer at room temperature using gradients of
5V/cm. For gel analysis, 15 pl of the products

DNA ladder (Fermentas, Thermo) was used to
determine the fragment sizes. The gel was pho-
tographed by a gel documentation system
(Alpha Innotech, Biometra) and the data was
analyzed through computer software.

Macroscopic Examination.

Both freshly dead and diseased birds suf-
fering from the clinical signs were subjected
for necropsy and record gross lesions.

Microscopic Examination.

Specimens from bursa of Fabricus, thymus,
spleen, liver, proventriculus, kidneys and skel-
etal muscles (breast and thigh) were collected
from PCR positive cases then fixed in 10%
Neutral Buffered Formalin solution, dehydrat-
ed in a gradual ethanol 70-100%, cleared in
Xylene then embedded in Paraffin. Five mi-
crons sections were prepared then prepared and
routinely stained with Hematoxylin and Eosin
stain (H&E) according to (Suvama et al. 2013)
then examined microscopically.

Bone marrow is collected from the mid-
shaft femur region of bird and the plug of mar-
row is submitted to microscopic examination
by previously mentioned routine technique.

Statistical analysis
The data was statistically analyzed by using
computerized SPSS program version 16 using
one way ANOVA. The comparison of means
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was carried out with Duncan’s multiple range
test (Tamhane and Dunlop 2000).

RESLTUS
Clinical signs
Generally, all commercial Cubb and Sasso

chickens either infected with CIA and/or coin-
fection with IBDV had some mild signs or se-
vere particularly in coinfected and complicated
flocks. Clinically, birds suffered dullness, off
food, ruffled feathers, diarrhea, sometimes ac-
companied with some respiratory manifesta-
tions and a high morbidity rate reached 70%
with low mortality rate (5-10 %).

Detection of CAV, IBDV and IBHYV viruses
by Conventional PCR

CAV DNA was detected in the liver, thy-
mus and spleen of all pooled tissues from the
five selected flocks (5/5 flocks). IBDV RNA
and CAV DNA coinfection were detected in
pooled tissues from two selected flocks (2/5
flocks), on the other hand, chickens were found
negative for IBHV DNA in all pooled liver,
thymus and spleen tissue samples of the five
tested flocks using PCR that resulted in PCR
amplifications L [Gelpilotl00 bp ladder
(Qiagen, 100- 1000 bp]. (Fig. 1 a & b).

CAV L Adeno

Fig. 1: (a & b): PCR results for CAV, IBDV and IBHYV virulence gene showing positive amplifications
of CAV gene in all tested samples, positive amplifications of IBDV gene in 2 pooled tested samples of 2
flocks and negative amplifications of IBHV gene in all tested samples. Positive amplifications and negative
amplifications of different genes were reported. 1) CAV (418 bp), 2) IBDV (620 bp) and 3) IBHV (897 bp).
L [Gelpilot100 bp ladder (Fermentas, Thermo, 100- 1000 bp].

Al, 2,3, 4,5 (liver, thymus and spleen samples)
B1, 2, 3, 4, 5 (bursa samples)

P (positive control)

N (negative control)
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Macroscopic Findings

Gross changes: Necropsied chickens in-
fected with CAV showed emaciation, multifo-
cal scattered muscular hemorrhages either on
thigh (Fig. 2) or pectoral muscles (Fig.3) or
both and some viscera and under skin. Atro-
phied and congested lymphoid organs (thymus,
spleen and bursa of Fabricius) beside hemor-
rhagic areas (Fig. 4). Pale and enlarged liver
contained

Fig. 2. Cubb chicken of 28 days old infected with
CIA showing multifocal hemorrhage on thigh mus-
cle

; : A o |

Fig. 4 Cubb chicken 22days old infected with CIA
showing minute hemorrhage and atrophy of thymic
lobules

greyish dark red areas on its surfaces. On the
other side CAV coinfected with IBDV re-
vealed more intense and severe hemorrhagic
areas on breast and thigh muscles (Fig. 5). Kid-
neys showed diffuse hemorrhage, pale in color
with distended ureters containing white materi-
als. And the lymphoid organs appeared more
congested with inflamed bursa of Fabricius

(Fig. 6).

Fig. 3 Cubb chicken of 30 days old infected with
CIA showing multifocal hemorrhage on pectoral
muscles.

Fig.5 Cubb chicken of 32 days old coinfected with

CIA and IBDV showing petechial hemorrhagic areas
disseminated within the thigh and breast muscle.
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Fig.6 Cubb chicken of 35 days old coinfected with CIA and IBDV showing congested and inflamed bursa of Fabricius.

Hematological picture

Table (2) Hematological findings in blood of chickens either infected with CIA or coinfected with IBDV

n=5
RBCs count Hb PCV
10°/ul gm/dl %
Coinfection CIA +IBDV 20 Tdos 233
R e 0
Control gp (non infected) jzz(.)?(())s 18(.)?(())5 i%g 13

A significant decrease (p< 0.05) in RBCs count, Hb concentration and PCV in CIA and coinfected chickens which indi-
cates anemia in infected chickens which follow bone marrow lesions and depression of hematopoietic centers by the

virus.
* represents significant decrease than normal

Histopathological Findings:

Chicken Virus Anemia (CVA) Infection:

Liver: Disseminated hemorrhagic areas scat-
tered in the hepatic parenchyma with congested
hepatic blood vessels and sinusoids were seen
(Fig.7). Some portal blood vessels had hya-
linized wall and others contained bacterial em-
boli beside heterophilic infiltrations and ne-
crotic or degenerative changes in the hepatic
cells were common.

Skeletal Muscles: Recent or organized hem-
orrhagic areas with or without basophilic bac-
terial aggregations which usually encircled by
fibrous tissue infiltrated by mononuclear cells
were common in old hemorrhages were seen
(Fig. 8). Focal myomalecia replaced by extrav-

asated erythrocytes, degenerated heterophils,
fibrin and necrotic debris were encountered.
Intermuscular fat suffered from necrotic chang-
es.

Lymphoid tissues: Spleen, Thymus, Bursa of
Fabrecius exhibited intense lymphoid deple-
tion, necrosis, atrophy together with edema,
congestion and hemorrhages (Figs. 9&10).
Proliferations of reticuloendothelial cells were
common where sometimes appeared laden with
hemosiderin could be seen. Clusters of baso-
philic bacterial aggregates and bacterial emboli
were encountered in lymphoid organs (Fig.
11).

Bone marrow: Moderate depletion and atro-
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phy of some hemopoietic centers with exten-
sive replacement by fat cells were common
(Fig.12). Sometimes regenerative attempts
could be seen in some cases.

Coinfection of Chicken Infectious Anemia
agent (CVA) and Infectious Bursal Disease
Virus (IBDV):

The lesions in examined organs appeared
more intense and wide disseminated in the ex-
amined organs and characterized by the fol-
lowing:

Liver: The hepatic parenchyma showed in-
tense lesions characterized by portal edema,
hemorrhages, congestions and leukocytic ag-
gregates mainly lymphocytes (Fig.13). The lat-
ter may be extended to interlobular tissue. The
adjacent hepatocytes suffered from various de-
generative or necrotic changes.

Skeletal Muscles: The majority of extravasat-
ed blood became organized with hyaline de-
generation or necrosis in the adjacent muscle
fibers (Fig.14). Sometimes bacterial aggrega-
tions were detected in spaces between muscle
fibers and intravascular with or without inflam-
matory cells mainly heterophils and lympho-

cytes.

Lymphoid Tissues: Bursal lymphoid folli-
cles showed intense depletion and necrosis
with presence of necrotic debris in the center
(Fig.15). Hyperplastic epithelial covering with
vesicle formation could be seen. Thymus and
Spleen had necrotic lymphoid elements beside
focal congestion and hemorrhages within the
thymic lobules.

Bone Marrow: The hemopoietic elements
suffered from necrosis and extensive depletion
which appeared shrunken and replaced by fat
cells (Fig.16).

Proventriculus: Partial loss of epithelial with
intense hemorrhage in mucosa and submucosa
(Fig.17). some compound glands showed ne-
crosis beside lymphoid infiltrations.

Kidney: Pronounced hemorrhagic areas scat-
tered in the renal parenchyma with necrotic
renal tubules were common (Fig.18). Cellular

and hyaline casts were seen inside the lumina
of some tubules. Contracted glomerular tuft
and proliferative mesangial cells were seen.

Photomicrographs of (H&E) stained sections
from different organs of cubb and sasso chick-
ens suffering from hemorrhagic syndrome:
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Plate (1)

Fig.7:

Fig.8:

Fig.9:

Fig.10:

Fig.11:

Fig.12:

Liver of broiler chicken (CIA) showing disseminated hemorrhages (arrow) and hyperemic sinusoids with-
in the hepatic parenchyma beside some inflammatory cell aggregations. H&E, X 400

Skeletal Muscles of chicken (CIA) showing hemorrhagic areas (arrow) and bacterial colonies aggregates
(arrow head) encircled by fibrous tissue containing inflammatory cells. H&E, X400

Spleen of chicken (CIA) showing intense lymphoid depletion (arrow) and edema (arrow head) in the
splenic tissue. H&E, X 200

Thymus of chicken (CIA) showing congestion and hemorrhages (arrow) with depletion and necrosis main-
ly in medulla of thymic lobules. H&E X400

Bursa of Fabricious of chicken (CIA) showing atrophied follicles with depleted medulla (arrow) beside
bacterial aggregates (arrow head). H&E X200

Bone marrow of chicken (CIA) showing depleted and atrophied hemopoietic centers with partial replace-
ment by fat cells. H&E, X 200
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Plate (2)

- AT

Fig.13: Liver of chicken (Coinfection CIA& IBD) showing severely congested sinusoids (arrow) with edema,
hemorrhages (arrow head) and leukocytic aggregates in portal areas and interstatium. H&E, X 100

Fig.14: Skeletal Muscles of chicken (Coinfection CIA& IBD) showing organized hemorrhages (arrow). H&E, X
200
Fig.15: Bursa of Fabrecius of chicken (Coinfection CIA& IBD) showing necrotic debris in the center of some

follicles (arrow) and minute cysts in the depleted follicles (arrow head). H&E, X 100

Fig.16: Bone Marrow of chicken (Coinfection CIA & IBD) showing extensive depletion and shrinkage of hemo-
poietic centers (arrow) and replaced by numerous fat cells. H&E, X200

Fig.17: Proventriculus of chicken (Coinfection CIA& IBD) showing mucosal and submucosal hemorrhages
(arrow). H&E, X200

Fig.18: Kidney of chicken (Coinfection CIA& IBD) showing hemorrhages and hemosiderosis (arrow) in the renal
parenchyma. H&E, X200
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Discussion

The present study revealed that all examined
samples by conventional PCR of liver, thymus
and spleen of broiler chickens were positive
amplification for CAV gene while all of them
were negative amplification for IBHV gene,
while IBDV gene was detected in the bursa
tissue samples from two tested flocks as coin-
fection of CAV. Gross lesions include emaciat-
ed carcasses beside congestion and atrophy of
lymphoid organs accompanied with scuttered
multifocal hemorrhagic areas in skeletal mus-
cles and viscera. Moreover, pale bone marrow
was seen.

Our results declared that Chicken infectious
anemia (CIA) could negatively influence the
immune system of chickens alone or when
combined with infectious bursal disease (IBD)
(Balamurugan and Kataria, 2006) with or
without causing clinical disease that badly af-
fects poultry production and industry because
chickens need a healthy and responsive im-
mune system (Toro et al. 2009).

PCR was used as an important diagnostic
tool for CAV detection from chickens suspect-
ed to be infected by the virus (AboElkhair et
al. 2014 Al-Kateb et al. 2017).

In the present study, CVA DNA was detect-
ed in all tested samples which revealed hemor-
rhagic syndrome in Cubb and Sasso breeds that
indicates the high prevalence findings in sam-
ples screened by PCR (Bhatt et al. 2011
Gowthaman et al. 2014).

The clinical signs in investigated flocks
which were characterized by depression, de-
crease food and water intake, diarrhea and 70%
morbidity rate accompanied with low mortali-
ties 5%-10%. Some flocks suffered some res-
piratory manifestations that is on line with that
described by (McNeilly et al. 1991; Bhatt et al.
2011). It is worthy to mention that all recorded
clinical signs appeared on foreign breed at 20-
32 days while sasso (Native) breed showed
manifestations during 25-45 days then de-
creased in severity later on. Our results agree
with (Hu et al. 1993a) who attributed reduction
of intensity to humeral immunity and the abil-
ity of birds to produce antibodies to the virus.

The results of erythrogram indicate signifi-
cant reduction in RBCs count, Hb and PCV
which reflects bone marrow picture which usu-

ally follow hemopoietic centers destruction and
lymphoid organs depression by CIA virus.
These changes became pronounced in chicks
coinfected with CIA and IBDV virus and indi-
cates greater effect of the virus upon erythro-
poiesis and immune organs. Our results are in
agreement with (Shahira and Dalia 2019). The
hematological pictures were in accordance
with microscopic picture of bone marrow le-
sions in CIA infected chickens and other coin-
fected birds.

Macroscopically, the general gross lesions
represented by intense atrophy of lymphoid
organs (thymus, spleen and bursa of Fabricius)
accompanied with pale bone marrow seen
mainly in emaciated carcasses. Loss of body
weight may have a potential contribution of
lymphoid organs to immunosuppression patho-
genesis by decreasing proliferative activities of
T and B lymphocytes in immune organs which
led to a significant decrease in immunoglobu-
lin (IgG, IgM and IgA) levels in all body fluids
as described by (Dhama 2002). Severe multifo-
cal muscular hemorrhages in skeletal muscles
which presented also, under skin and allover
internal organs beside hemorrhagic proventric-
ulitis. Hemorrhages, was resulted from primary
destruction of thrombocytes which led to
thrombocytopenia (impairment of clotting pro-
cess) as described by (Pope 1991). Also, apop-
tosis of thrombocytes causes a decrease in
thrombocytes as mentioned by (Toro et al.
2009).

Regarding to microscopical lesions of CIA,
our results conclusively showed lesions mainly
in bone marrow, thymus, bursa of Fabricius,
spleen, liver and skeletal muscles. Thymus
showed lymphoid cell depletion specially in
thymic cortex beside necrosis and hemorrhag-
es, these findings were in agreement with that
described by (Dhama 2002). On the other
hand, lymphoid depletion due to apoptosis of
lymphocytes in thymic cortex by VP3. Howev-
er, CAV has 3 viral proteins (VP). Vpl is the
only protein in the virus particles. VP2 needed
for the proper folding of VP1. VP3 causes
apoptosis in the infected cell. CAV can only
replicate in the dividing cells because it does
not cod the enzymes needed for DNA replica-
tion. Target cells of CAV are hemocytoblasts,
in bone marrow, T lymphocyte precursor and
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mature cells. Infection of these target cells by
the virus resulted in apoptosis causing cell de-
pletion of lymphoid organs which results in
impairment of innate and acquired immune
response as mentioned by (Toro et al. 2009).

Our histopathological findings in flocks
coinfected by CIA and IBDV were severe. In
our view, this severity of lesions was due to
secondary bacterial infections as mentioned
before. However, it could be argued that apop-
tosis of heterophils and thrombocytes cause a
decrease in both two cells which are important
phagocytic cells and cytokines production
which lead to increase bacterial infections.
Thrombocytes plays a key role in thymus atro-
phy resulting in lack of T helper (Th) cells and
cytotoxic T lymphocytes (CTL). Generally,
any immune suppressive agent can influence
the acquired humeral immunity development
against CAV which prolong viral replication
and induce massive and severe damage to the
immune system as mentioned by (Toro et al.
2009).

Balamurugan and Kataria (2006) and To-
ro et al. (2009) considered that the infection
by IBDV or vaccination with hot vaccines in-
crease the cell death of lymphoid cells in bursa
of Fabricius (IgM cells which serve as targets
for the IBDV). The latter usually led to lym-
phoid depletion then final destruction of the
bursal follicles which considered the pathogno-
monic lesion of IBDV. The later usually led to
infection. This bursal atrophy that increasing
the susceptibility to other secondary bacterial
infections as mentioned by (Arafat et al. 2017).
However, this is confirming the potential con-
tribution of IBDV as an important risk factor
that negatively affecting the immune responses
to other pathogens including CAV and increas-
ing clinical signs (anemia) and mortalities.

Conclusion

The current results explained that infection
of CAV either alone or in combination with
IBDV (infection or hot vaccines) cause mas-
sive economical losses in poultry industry as a
result of immunosuppression and severe hem-
orrhages. Also, our results suggest that the pro-
tection of chickens either Foreign or Native
breeds in Egypt, achieved by vaccination

against CIA which is considered an important
and necessary tool to overcome this economi-
cal problem.

Furthermore, most broiler chickens have
maternal immunity (virus- neutralizing anti-
bodies) against CAV either from natural infec-
tion or vaccination of parent flock protecting
them against infection until 2-3 weeks of age
that explains subclinical infections occurring
after maternal antibodies had weaned.

Therefore, CAV vaccine might help in dis-
ease control and interfering with this problem
in short-lived chickens (broilers and sasso
breed) in the field.

REFERENCES

AboElkhair M, Abd El-Razak AG, Metwally
AEY. 2014. Molecular characterization of
chicken anemia virus circulating in chicken
flocks in Egypt. Advances in Virology.
2014:1-6.

Al-Ajeeli KS, Al-Azawy AK, Ghazuan H.
2020. Serological and molecular detection of
chicken anemia virus in broiler and layer

chickens in iraq. Journal of World's Poultry
Research. 10(1):63-70.

Al-Kateb A, Mansour L, Skeeb A, Al-Khallab
E, Dardour A, Gerish EKH. 2017. Molecular
detection of chicken infectious anemia virus
from backyard chickens in libya. AlQalam
Journal of Medical and Biological Research.
1(1):70-75.

Arafat N, Eladl AH, Mahgoub H, El-shafei
RA. 2017. Effect of infectious bursal disease
(ibd) vaccine on salmonella enteritidis infect-
ed chickens. Vaccine. 35(29):3682-3689.

Babiuk LA, Gomis S, Hecker R. 2003. Molec-
ular approaches to disease control. Poultry
Science. 82(6):870-875.

Balamurugan V, Katari J, Tiwari A, Verma K,
Toroghi R, Jadhao S. 2001. Development of
sandwich elisa for the detection of fowl ade-
novirus 4 associated with hydropericardium
syndrome in experimentally infected chick-
en. Acta virologica. 45(2):95-100.

Balamurugan V, Kataria JM. 2006. Economi-
cally important non-oncogenic immunosup-

70



Rania and Enas

Egyptian Journal of Animal Health 1, 3 (2021), 59-73

pressive viral diseases of chicken—current
status. Veterinary Research Communica-
tions. 30(5):541-566.

Bhatt P, Shukla SK, Mahendran M, Dhama K,
Chawak MM, Kataria JM. 2011. Prevalence
of chicken infectious anaemia virus (ciav) in
commercial poultry flocks of northern india:

A serological survey. Transboundary and
Emerging Diseases. 58(5):458-460.

Cardona C, Lucio B, O'Connell P, Jagne J,
Schat KA. 2000b. Humoral immune respons-
es to chicken infectious anemia virus in three
strains of chickens in a closed flock. Avian
Diseases. 44(3):661-667. DOI: https://
doi.org/10.2307/1593108.

Ciccone NA, Smith LP, Mwangi W, Boyd A,
Broadbent AJ, Smith AL, Nair V. 2017. Ear-
ly pathogenesis during infectious bursal dis-
ease in susceptible chickens is associated
with changes in b cell genomic methylation
and loss of genome integrity. Developmental
& Comparative Immunology. (73):169-174.

Cubas-Gaona LL, Diaz-Beneitez E, Ciscar M,
Rodriguez JF, Rodriguez D. 2018. Exacer-
bated apoptosis of cells infected with infec-
tious bursal disease virus upon exposure to
interferon alpha. Journal of Virology. 92(11).

De Boer GF, Van Roozelaar DJ, Moormann
RJ, Jeurissen SHM, Van Den Wijngaard JC,
Hilbink F, Koch G. 1994. Interaction be-
tween chicken anaemia virus and live new-
castle disease vaccine. Avian Pathology. 23
(2):263-275.

Dhama K, Kataria JM, Dash BB, Senthil K,
Tomar O. 2002. Chicken infectious anaemia
(cia): A review. Indian Journal of Compara-
tive Microbiology, Immunology and Infec-
tious Diseases. 23(2):1-15.

Dhama K. 2002. Pathogenicity and immuno-
suppressive effects of chicken infectious
anaemia virus (CIAV) in chicks and evalua-
tion of diagnostic tests for its detection,
(PhD, Thesis, Deemed University, IVRI,
[zatnagar, India)

Dhama K, Mahendran M, Somvanshi R, Cha-
wak M. 2008. Chicken infectious anaemia
virus: An immunosuppressive pathogen of

poultry—a review. Indian J Vet Pathol. 32
(2):158-167.

Ducatez MF, Chen H, Guan Y, Muller CP.
2008. Molecular epidemiology of chicken
anemia virus (cav) in southeastern chinese
live birds markets. Avian Diseases. 52(1):68-
73.

Feldman BF, Joseph G, Zinkl JG, Jain NC.
2000. Schalm’s veterinary hematology. 5th
ed. Philadelphia. Pa, USA: Lippincott Wil-
liams and Wilkins.

Gaba A, Parmar H, Pal J, Prajapati K. 2010.
Isolation, identification and molecular char-
acterization of inclusion body hepatitis virus.
Veterinary World. 3(9):414-417.

Gowda RNS and Satyanarayana ML. 1994.
Hydropericardium syndrome in poultry. Indi-
an Journal of Veterinary Pathology. 18
(2):159-161.

Gowthaman V, Singh SD, Dhamal K, Bara-
thidasan R, Srinivasan P, Mahajan NK, Ra-
makrishnan MA. 2014. Molecular characteri-
zation of chicken infectious anemia virus 1so-
lated from commercial poultry with respira-
tory disease complex in india. Advances in
Animal and Veterinary Sciences. 2(3):171-
176.

Hon C-C, Lam TT-Y, Yip C-W, Wong RT-Y,
Shi M, Jiang J, Zeng F, Leung FC-C. 2008.
Phylogenetic evidence for homologous re-
combination within the family birnaviridae.
Journal of General Virology. 89(12):3156-
3164.

Hu L-b, Lucio B, Schat KA. 1993a. Depletion
of cd4 + and cd8 + t lymphocyte subpopula-
tions by cia-1, a chicken infectious anemia
virus. Avian Diseases. 37(2):492-500

Hussein H, Sabry M, El-Ibiary E, El-Safty M,
Abd El-Hady A. 2002. Chicken infectious
anaemia virus in egypt: Molecular diagnosis
by per and isolation of the virus from infect-
ed flocks. Arab Journal of Biotechnology. 5
(2):263-274.

Islam AFMF, Wong CW, Walkden-Brown
SW, Colditz IG, Arzey KE, Groves PJ. 2002.
Immunosuppressive effects of marek's dis-
ease virus (mdv) and herpesvirus of turkeys

71



Rania and Enas

Egyptian Journal of Animal Health 1, 3 (2021), 59-73

(hvt) in broiler chickens and the protective
effect of hvt vaccination against mdv chal-
lenge. Avian Pathology. 31(5):449-461.

Jayasundara J, Walkden-Brown SW, Katz M,
Islam A, Renz K, McNally J, Hunt PW.
2017. Pathogenicity, tissue distribution,
shedding and environmental detection of two
strains of ibdv following infection of chick-
ens at 0 and 14 days of age. Avian Patholo-
gy. 46(3):242-255.

LiY, Fang L, Cui S, Fu J, Li X, Zhang H, Cui
Z, Chang S, Shi W, Zhao P. 2017a. Genomic
characterization of recent chicken anemia
virus isolates in china. Frontiers in Microbi-
ology. 8  401-410. DOIL  https://
doi.org/10.3389/fmicb.2017.00401.

Liitticken D. 1997. Viral diseases of the im-
mune system and strategies to control infec-
tious bursal disease by vaccination. Acta
Veterinaria Hungarica. 45(3):239-249.

McNeilly F, Allan GM, Moffett DA, McNulty
MS. 1991. Detection of chicken anaemia
agent in chickens by immunofluorescence

and immunoperoxidase staining. Avian Pa-
thology. 20(1):125-132.

Metwally A, Yousif A, Shaheed I, Mohammed
W, Samy A, Reda I. 2009. Re-emergence of
very virulent ibdv in egypt. International
journal of virology. 5(1):1-17.

Noteborn MHM, Koch G. 1995. Chicken anae-
mia virus infection: Molecular basis of path-
ogenicity. Avian Pathology. 24(1):11-31.

Pope CR. 1991. Chicken anemia agent. Veteri-
nary Immunology and Immunopathology. 30
(1):51-65.

Rosario K, Breitbart M, Harrach B, Segalés J,
Delwart E, Biagini P, Varsani A. 2017. Re-
visiting the taxonomy of the family circoviri-
dae: Establishment of the genus cyclovirus
and removal of the genus gyrovirus. Ar-
chives of Virology. 162(5):1447-1463.

Sachan, Dhama, Latheef, Samad, Mariappan,
Munuswamy, Singh, Singh, Malik, Singh.
2019. Immunomodulatory potential of tino-
spora cordifolia and cpg odn (tlr21 agonist)
against the very virulent, infectious bursal
disease virus in spf chicks. Vaccines. 7(3):

106.

Schat KA. 2003. Chicken infectious anemia.
In: Saif YM, Barnes HJ, Glisson JR, Fadly
AM, Mcdougald LR, Swayne DE, editors.
Diseases of poultry, 11th ed. p. 182-202.

Shahira A, Abdelwahab, Dalia MH. 2019.
Chicken anaemia virus in egyptian broilers;
clinical signs and molecular characterization.
SCVMI. 22(2):347-358.

Shane SM, Jaffery MS. 1997. Hydropericardi-
um-hepatitis syndrome (angara disease). In:
Calneck BW, Barnes HJ, Beard CW, Reid
WM, Yoder HW, editors. Disease of poultry
10th ed. Iowa State University Press, Ames,
IA. p. 1019-1022.

Smith J, Sadeyen J-R, Butter C, Kaiser P, Burt
DW. 2015. Analysis of the early immune re-
sponse to infection by infectious bursal dis-
ease virus in chickens differing in their re-
sistance to the disease. Journal of virology.
89(5):2469-2482.

Sommer F, Cardona C. 2003. Chicken anemia
virus in broilers: Dynamics of the infection
in two commercial broiler flocks. Avian Dis-
eases. 47(4):1466-1473.

Susantha G, Goodhope R, Ojkic D, Willson P.
2006. Inclusion body hepatitis as a primary
disease in broilers in saskatchewan, canada.
Avian Diseases. 50(4):550-555.

Suvarna SK, Layton C. 2013. The gross room/
surgical cut-up. Bancroft's Theory and Prac-

tice of Histological Techniques. Elsevier. p.
95-103.

Tamhane AC, Dunlop DD. 2000. Statistics and
data analysis: From elementary to intermedi-
ate. Upper saddle river USA prontice Hall.

Todd D. 2000. Circoviruses: Immunosuppres-
sive threats to avian species: A review. Avian
Pathology. 29(5):373-394.

Todd D. 2004. Avian circovirus diseases: Les-
sons for the study of pmws. Veterinary Mi-
crobiology. 98(2):169-174.

Toro H, Ewald S, Hoerr FJ. 2006. Serological
evidence of chicken infectious anemia virus
in the united states at least since 1959. Avian
Diseases. 50(1):124-126.

72



Rania and Enas

Egyptian Journal of Animal Health 1, 3 (2021), 59-73

Toro H, Gonzalez O, Escobar C, Cerda L, Mo-
rales MA, Gonzalez C. 2001. Vertical induc-
tion of the inclusion body hepatitis/
hydropericardium syndrome with fowl ade-
novirus and chicken anemia virus. Avian
Diseases. 45(1):215.

Toro H, van Santen VL, Hoerr FJ, Breedlove
C. 2009. Effects of chicken anemia virus and
infectious bursal disease virus in commercial
chickens. Avian Diseases Digest. 4(1):e16-
el6.

Toroghi R, Kataria J, Balamurugan V. 2003.
Differentiation of classical and very virulent
strains/isolates of infectious bursal disease
virus by reverse transcription-polymerase
chain reaction. Acta virologica. 47(4):259-
264.

Van Den Berg BTP, Eterradossi N, Toquin D,
Meulemans G. 2000. La bursite infectieuse
(maladie de gumboro). Revue Scientifique et
Technique de 1'OIE. 19(2):509-543.

Zachar T, Popowich S, Goodhope B, Knezacek
T, Ojkic D, Willson P, Ahmed KA, Gomis S.
2016. A S5-year study of the incidence and
economic impact of variant infectious bursal
disease viruses on broiler production in sas-

katchewan, canada. Canadian journal of vet-
erinary research. 80(4):255-261.

73



