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ABSTRACT

Background: Avian Reovirus (ARV) is involved in many pathologic syndromes of chicken including
the both major syndromes, Viral Arthritis (VA) and Runting Stunting Syndrome (RSS), which have
great negative impacts on the poultry industry. Although ARV was reported in Egypt since 1984 but
only few studies figured out the implication of ARV only in the uneven growth of some Egyptian
chicken flocks.

Aim: Clinical and molecular investigation of avian reovirus infection in broiler chickens with
availability of Vertical Transmission

Methods: Herein, 18 chickens derived from 4 broiler flocks within Sharkia Province, Egypt suffering
from different degrees of lameness and/or stunting were clinically and molecularly examined for the
presence of ARV.

Results: By clinical examination, one third (6/18) of examined chickens showed bilateral arthritis with
tendons included microscopic changes consistent with the typical ARV infection. Additionally, eight
chickens (8/18) showed stunting and another one chicken (1/18) showed poor feathering while the last
three chickens (3/18) appeared diarrheic. All clinically affected chickens showed varied postmortem
lesions that almost associated with ARV infections. Further molecular detection of ARV within the 18
clinically affected samples (n=18) by RT-PCR using a specific primer set targeting a conserved
sequence within ARV- sigma C protein revealed 7/18 positive samples. All positive samples (7/18)
were successfully isolated on specific pathogen free embryonated chicken eggs (SPF-ECE). Additional
RT-PCR testing and re-isolation of ARV from ECEs of a breeder flock of a history of uneven growth
and/or arthritis revealed ARV infection in six (6/60) examined ECEs.

Conclusion: These results indicated the incrimination of ARV infection in some arthritis infections
beside the low food conversion rate of chickens within Sharkia Province, Egypt. Moreover, the
obtained data highlight the importance of vertical transmission in the field spread of ARV infections.
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BACKGROUND

Avian reovirus (ARV), within the genus Orthoreovirus of the family Reoviridae, induces
clinical diseases in chicken (Robertson and Wilcox, 1986). Beside the both ARV major
associated diseases, viral tenosynovitis/arthritis (VA) and enteritis related -runting stunting
syndrome (RSS) or - malabsorption syndrome (MAS), ARVs are also involved in other serious
conditions e.g. chronic respiratory disease (CRD), immunosuppression and inclusion body
hepatitis (Fahey and Crawley, 1954; Jones and Guneratne, 1984; Rosenberger et al., 2003). ARV
are usually perceived in domestic broiler and broiler breeder chickens causing less weight gain,
diminished marketability and high mortality rates which in turn have economical drawbacks on
the poultry industry (Jones and Kibenge, 1984; Rosenberger et al. 1989). Although VA is almost
the disease of heavy meat-type broiler but an occasional ARV associated VA outbreak was
reported in lighter breeds (Schwartz et al., 1976). The both VA and RSS/MAS lead to nutrient
deficiency in affected birds, which in many cases fated to death, either via the disability of the
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affected bird to move to food and water supplies or by the disruption of food digestion and
absorption (Rosenberger et al., 1989; Songserm et al., 2003).

Reoviruses including ARV are non-enveloped viruses characterized by a unique double
icosahedral capsid shell encasing a segmented double-stranded RNA (dsRNA) genome
(Benavente and Martinez-Costas, 2007). The RNA segments (n=10) of ARV genome are of 1-4
kb and classified according to the molecular size on electrophoresis as small (S1-S4), medium
(M1-M3) and large (L1-L3) segments. ARVs genome is coded for at least 12 viral proteins, 8
structural and 4 non-structural proteins (Bodelon et al., 2001). Sigma C protein (encoded by S1)
is @ minor viral-cell attachment capsid protein used as a base for classifying ARV (Schnitzer,
1985; Wickramasinghe et al., 1993). Although the sigma C protein includes the most
hypervariable regions of ARV proteins that elicit specific neutralizing antibodies against ARV
(Guardado Calvo et al., 2005; Liu et al., 2003) but some other conserved sequences within sigma
C protein could also be identified (Goldenberg et al., 2010).

ARV transmitted between birds horizontally often through ingestion and inhalation (al
Afaleq and Jones, 1990; Ni and Kemp, 1995; Roessler and Rosenberger, 1989). Some studies
demonstrated the possibility of ARV infection through the broken skin (al Afaleq and Jones,
1990). The vertical transmission of ARV was experimentally proved and revealed the tendency
of ARV to persist for long periods in the cecal tonsils and hock joints of infected young chicks
(Jones and Georgiou, 1984; Marquardt et al., 1983). Thus, the young hatched chicks from ARV
infected breeders act as a carrier for ARV and can spread the infection horizontally to the
uninfected birds and surroundings (Al-Muffarej et al., 1996; Menendez et al., 1975).

In Egypt, avian reoviruses were firstly reported in 1984 (Tantawi et al., 1984). Since
then, few published studies addressed the Egyptian avian reoviruses (Madbouly et al., 1997a;
Madbouly et al., 1997b; Madbouly et al., 1997c; Madbouly and EI-Sawah, 1999; Madbouly et
al., 2001; Madbouly et al., 2009; Zaher and Mohamed, 2009; Abd el-samie, 2014). This study
aimed to isolate and detect recent avian reoviruses from both embryonated chicken eggs (ECESs)
and chickens showing different clinical signs that usually identified in avian reovirus infections,
lameness and stunting.

MATERIALS AND METHODS
Clinical samples

A total number of 18 chickens from 4 different broiler chicken flocks across Sharkia
Province, Egypt showed signs of lameness and/ or poor growth were submitted by the owners to
Avian and Rabbit Medicine Department, Faculty of Veterinary Medicine, Zagazig University,
Egypt. Prior to euthanasia for necropsy, all chickens were examined clinically and all signs were
scored and recorded. For isolation and molecular identification of ARVs and also for
histopathology, tendons and synovial tissues were collected from birds showing lameness. Other
tissues including heart, liver, proventriculus, intestine, bursa and thymus were also collected
when pericarditis lesions and /or clinical signs of poor growth were present alone or together
with arthritis. Additional random 60 ECEs were collected from a breeder flock with a previous
history of lameness and stunting for isolation and molecular diagnosis of ARV.

RNA extraction and RT-PCR

Viral nucleic acid was extracted from each broiler chicken tissue specimen and embryo's
liver of breeder flock, using an RNeasy Mini Kit (QIAGEN, Valencia, CA), following the
manufacturer’s instructions. The extracted RNA was used as a template to amplify a 532 bp
fragment from an ARV S1 segment using the published primers MK87/ MK88. The RT-PCR
assay was conducted in a 50 pl reaction mixture using a One Step RT-PCR Kit (QIAGEN,
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Valencia, CA) containing 10 pl of template RNA, 25 ul of RNase-free water, 10 ul of 5 x Buffer,
2 ul of ANTP mix (10 mM each dNTP), 1 pl of enzyme mix, and 1 pl of each of the two primers
MK87: 5- GGT GCG ACT GCT GTA TTT GGT AAC-3 and MK88: 5- AAT GGA ACG ATA
GCG TGT GGG-3 that encompass an amplicon of 532 bp length (Xie et al., 1997).
Amplification was performed with the Applied Biosystems 9700 thermal cycler using a reverse
transcription step at 50°C for 30 min. The initial PCR activation step was set at 95°C for 15 min;
then was followed by 94°C for 30 s, 50°C for 30s, and 72°C for 90 s of each cycle for 38 cycles;
and finally was completed with a single cycle of 72°C for 5 min.
Virus isolation
Each PCR positive tissue specimen was homogenized in adequate volume (1:10 w/v) of a

sterile phosphate-buffered saline (PBS) with antibiotics (Penstrept, Lonza) using a sterile mortar.
The tissue homogenate was centrifuged at 2000 rpm for 10 min. The supernatant was filtered
through a sterile syringe membrane filter with a 0.45um pore size. Thereafter, 200 pl volume of
the filtrate were inoculated in the 5-7 day-old embryonated chicken eggs (ECE) via the yolk
route. The inoculated ECEs were then incubated at 37°C with daily candling up to 10 days.
ECEs showed pathognomonic lesions of ARVs at 14-16 days post inoculation were recorded
positive (Jones, 2000).
Histopathology

Tissue specimens were fixed in 10% formalin and processed routinely for histological
examination. Tissues were processed and paraffin blocks were sectioned in duplicates and
stained with hematoxylin and eosin (H&E) and examined under light microscope for any
significant findings (Spackman et al., 2010).

RESULTS
The clinical signs

Clinically, the chickens exhibited varying degrees of lameness, difficulties in movement.
Bilateral arthritis and tenosynovitis affecting the hock joint were observed in 6/18 tested
chickens. A high morbidity up to 50% of the investigated flocks was observed, and the mortality
in the most severe cases was up to 10%. Moreover, another birds exhibited general malaise,
stunting (44.4%) and uneven growth in a flock with a high culling rate, diarrhea with undigested
feed resulting in wet litter. Distended abdomens, depression, poor feathering and diarrhea were
also noticed (Table 1). Morbidity ranged from 10 to 30%, and mortality rates up to 12% were
recorded.

Table 1: Clinical findings of avian reovirus in broiler chickens, Sharkia Province, Egypt during
2014-2016

Clinical signs Gross lesion
Bilateral  Poor Poor Swelling of  Enlarged Distended Pericarditis ~ Atrophy  Atrophy  Paleness
arthritis ~ growth/  feathering  joint/tendon  proventriculus  intestine/ of of bursa in
No Stunting Undigested pancreas muscle
food
1 - 50% 16.7% - 33.3% - 16.7%
2 60% 40% - 60% 20% 20% 20%
3 50% 50% - 50% 25% 50% - 50% 25% 50%
4 33.3% 33.3% - 33.3% 66.7% 33.3% 33.3% 33.3% - 66.7%
Total 33.3% 44.4% 5.6% 33.3% 33.3% 22.2% 16.7% 16.7% 5.6% 22.2%
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Gross lesions and pathological examination

Broilers that suffered from lameness (Fig. 1a) showed marked swelling in the hook joints
(Fig. 1b). Birds showed severe tenosynovitis of the gastrocnemius tendon represented by
hemorrhages and edema in tendon and the tendon sheath (Fig. 1c). Microscopically marked
infiltrations of the tendon with lymphocytes, plasma cells, and few heterophils were observed.
The proventriculus was distinctly dilated and enlarged (Fig. 1d) and showed lymphocytic
infiltrates in the proventricular glands and in the lamina propria. The intestine was pale, dilated
and filled with undigested feed (Fig. 1e); while microscopically the intestinal submucosa was
infiltrated with lymphocytes, plasma cells and few heterophils. Marked atrophy of the pancreas
was observed in most affected birds (Fig. 1e). Bursa of Fabricius was atrophied and showed
lymphoid depletion of its follicles (Fig. 1f). Pericarditis lesions were also present in three
affected birds.
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Fig. 1: Clinical signs and pathological lesions of avian reovirus infections in broiler
chickens. (a) Broiler cases with stunting growth and arthritis at 4 weeks of age; (b) Broiler
cases with bilateral arthritis and swelling of hock joints (Arrows); (c) Marked
hemorrhages in the tendon and tendon sheaths (Arrow); (d) Enlarged proventriculus
(Arrow); (e) Pale and dilated intestine with markedly atrophied pancreas (arrows); (f)
Bursa of Fabricius follicles with moderate lymphocytic depletion.
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Molecular detection of ARV using RT-PCR

ARV was molecularly identified in seven (7/18) broiler chickens showed signs and
lesions resembling that of VA (n=4) and RSS (n=3) and also in 6/60 ECEs. Total RNA was used
as a template for RT-PCR reactions; non infected-embryos and RNase free water were used as
negative controls. Using primer pairs of S1 gene, RNA extracts from all ARV isolates were
transcribed into cDNA and amplified, producing fragments with expected sizes of 532 bp. RNA
extracted from non-infected embryos and RNase-free water were used as negative controls. In
negative controls no ARV cDNA was detected, indicating that the amplified viral DNA was
specific and did not originate from contamination (data not shown).
ARV isolation on ECEs

The virus was isolated from all ARV-PCR positive chickens (n=7) and also from all
ARV-PCR positive ECEs (n=6) in the yolk sac of 5 -7 days old ECEs. In first passage, edema
with abdominal distention and cutaneous congestion were observed in the half of inoculated
embryos. Additionally, the inoculated embryos showed green liver, gelatinous material as shown
in Fig. 2b, and greenish allantoic fluid. In second passage, necrotic foci on liver (Fig. 2¢) and
heart were noticed.

Fig. 2: Evidence of ARV infection in ECEs. (a) Mock-inoculated chicken embryo 17 day-old
showing normal size embryo. (b) Mock-inoculated chicken embryo 17 days-old showed
submandibular and subcutaneous edema, green liver with gelatinous exudates. (c) Chicken
embryo inoculated with allantoic fluids of the aforementioned embryo showed necrotic foci on
liver after the second passage.

DISCUUSION

Although ARV was firstly reported in Egypt since a relatively long time (Tantawi et al.,
1984) but no enough studies were directed toward such important virus. Additionally, the
awareness about ARV and its recent impacts on Egyptian field is still unclear. This could be
attributed to the subclinical tendency of most ARV infections beside their low morbidity and
mortality rates in non-mixed infections (Rosenberger and Olson, 1997; Sterner et al., 1989; van
der Heide, L. 2000). Recently, new strains of ARV were emerged causing drastic economic
drawbacks across Canada and USA (Ayalew et al., 2017) which in turn draw the attention
toward ARV. To enhance the knowledge of ARV in Egypt, the isolation and detection of ARV
from chickens suffering from different ARV associated syndromes is considered an ultimate
goal. Additionally, the information about the role of vertical transmission in the field spread of
ARV is still so limited despite the fact that it is confirmed in the in vivo experiments (Menendez
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et al., 1975; van der Heide and Kalbac, 1975). In this study, the isolation and molecular detection
of ARV in different tissues derived from chicken suffered from arthritis and lower growth rate
within Sharkia Province, Egypt was performed. Further isolation and molecular detection of
ARV in ECEs randomly collected from a breeder flock was done to test whether the vertical
transmission is involved in the spread of ARV among chicken flocks across Sharkia Province,
Egypt or not?

ARV is included in many pathological conditions however only two, VA and RSS,
constitute the major ARV associated disorders (Jones and Guneratne, 1984; Rosenberger et al.,
2003). Although arthritis in chicken is multifactorial dependent but VA was traditionally
considered the major cause (Olson et al., 1957). Most of ARV strains can cause VA but in some
cases ARV was isolated in non-VA infected chickens (Jones and Guneratne, 1984; Sahu and
Olson, 1975). In the same accordance, the clinical and postmortem examination of chickens
under study revealed a number (n=12) of ARV infected chickens without any signs or lesions of
arthritis (Fig. 1a). This confirms that not all ARV strains are arthrotropic in nature. The arthritis
in all studied chickens appeared bilateral with marked swellings in both hock joints (Fig.1b).
Similar lesions were obtained by the experimental infection of SPF chickens by an arthrotropic
ARV strain but either unilateral or bilateral arthritis was observed (Jones and Guneratne, 1984).
Although the signs and lesions in ARV-VA are not specific for ARV as they are almost the same
as in case of Mycoplasma synoviae and Staphylococcus aureus infections but the lymphocytic
inflammation is characteristic for ARV-VA (Hill et al., 1989). In this study, tendons derived
from arthritis affected chickens showed obvious infiltration of lymphocytes indicating that the
disease is almost ARV related VA. Beside the characteristic arthritis lesions, additional marked
lesions including pericarditis (Table 1) and lymphocytic depletion in the bursa of Fabricius (Fig.
1f) were observed in some of chicken that showed arthritis. It is common in ARV-VA infected
birds to show other microscopic lesions in different organs e.g. liver, heart, spleen and bursa of
Fabricius together with the pathognomonic arthritis lesions (Hill et al., 1989; Roessler and
Rosenberger, 1989; Tang et al., 1987). Along with the clinical signs and lesions, the RT-PCR
results confirmed the presence of ARV in 4/18 chickens suffered from arthritis indicating that the
existed arthritis was almost ARV related.

MAS or RSS is associated with ARV infections. The most characteristic signs of MAS
are stunted growth, poor feathering, diarrhea and increased lameness (Hieronymus et al., 1983)
while the MAS mostly associated lesions are enlarged lemon shaped proventriculus, decreased
size gizzard, pancreatic atrophy and swollen and weak intestinal tracts (Page et al., 1982). These
signs and lesions were clearly observed in many of studied chicken (Table 1 and Fig. 1). In
addition, the RT-PCR confirmed the presence of ARV in 3/18 chickens suffered from MAS
indicating that ARV is the primary cause in such affected birds. Contrast to some chickens
showed stunted growth, all chickens suffered from either poor feathering or diarrhea tested
negative in RT-PCR for ARV (data not shown) suggesting other cause/s for such signs.

Since ARV persists in the oviduct of affected chickens for periods longer than other
tissues (at least 258 days) (Kerr and Olson, 1969) so there is a great possibility for ARV
transmission vertically. The vertical transmission could be also confirmed experimentally
(Menendez et al., 1975; van der Heide and Kalbac, 1975). In the same context, ARV was
molecularly detected in 10% of ECEs collected from a breeder flock indicating that vertical
transmission could be largely incriminated in the field spread of ARV in Egypt. Further studies
are required to determine the potential role of vertical transmission on the spread and emergence
of ARV in affected flocks.

For isolation of ARV, the yolk sac inoculation into ECEs is considered a highly sensitive
method (Guneratne et al. 1982). All studied ARV-PCR positive samples from affected chickens
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(n=7) and from ECEs derived from a breeder flock (n=10) were successfully isolated into ECEs
using yolk sac inoculation route. One of most characteristic lesions of isolated ARV in ECEs is a
yellow green like liver dotted with discrete necrotic foci (Deshmukh and Pomeroy, 1969). In this
study, the same lesions were observed (Fig.2) in most of inoculated ECEs but after the second
passage. Besides, a gelatinous material in a greenish allantoic fluid was found in some ECEs.

In conclusion, our data revealed the continuous circulation of ARV in the Egyptian field
with the implication of vertical transmission in the spread of ARV infection. These results raise
the concern toward ARV and its incrimination in retarded growth rate and arthritis among
chicken flocks that consequently have great drawbacks on the poultry industry in Egypt.
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