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Abstract | In recent years, Egypt has witnessed a resurgence of running-stunting syndrome (RSS) and viral arthritis
cases attributed to a novel strain of variant avian reovirus (ARV') that could bypass the protection conferred by tradi-
tional vaccines. Consequently, our study focused on identifying and characterizing the circulating ARV strain among
various broiler flocks in Egypt. Out of 73 suspected reovirus examined samples, 23% tested positive for reovirus PCR at
a fragment of 1088 base pairs using primers P1 and P4. These samples were collected from broiler flocks that originated
from vaccinated breeders and were experiencing dwarfism, viral arthritis, and abnormal feathering. The full sequencing
of the sigma C gene “partial S1 segment” from two samples indicated that they belong to variant ARV cluster 5, distinct
from the vaccine strain, that showed only 41-47% amino acid similarity. The virus was isolated in specific pathogen-free
embryonated chicken eggs (SPF-ECE) via the yolk sac and chorioallantoic membrane routes, resulting in embryonic
mortality and hemorrhage with congested internal organs. Survivors exhibited liver necrosis. Hepatitis, myocarditis, and
infiltration of heterophilic diverse inflammatory cells were recorded upon histological examination. These findings con-
firm that the mutant ARV can skip maternal immunity induced by conventional vaccines due to the mismatch between
vaccine strains and circulating variants. It is advisable to conduct further epidemiological research on various circulating
genotypes and develop targeted autovaccines to address the reovirus situation in Egyptian flocks effectively.
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INTRODUCTION

he first detection and isolation of avian reovirus

(ARV) was in 1954 (Fahey and Crawley, 1954), and
from tenosynovitis in 1957 (NO and DA, 1957). In 1967,
ARV alterations in tendon and tendon sheath were termed
viral arthritis or tenosynovitis and caused an enteric disease
in chickens and turkeys (Dalton and Henry, 1967). Later
in 1972, the virus became known as a reovirus (Walker ez
al.,1972). ARV became controllable when the first classical
S1133 live attenuated vaccine was released in 1983 (Van
der Heide ez al.,1983). Viral arthritis (Olson and Solomon,
1968; Johnson and Van der Heide, 1971; Olson and Weiss,
1972; Wooley et al.,1972; Van der Heide ez a/.,1983; Rob-
ertson, 1986; Mor ef al., 2013) and runting-stunting syn-
drome (RSS) (Rosenberger, 1983) were the main forms of
ARV infection, also reported with respiratory (Fahey and
Crawley, 1954; Kawamura, 1965; Petek e a/., 1967; Sahu
and Olson, 1975), nervous (Van de Zande and Kuhn,
2007), osteoporosis (brittle bone disease) (Van der Heide ez
al., 1981), hepatitis, myocarditis, and immunosuppression

(Robertson, 1986; Rosenberger ez al., 1989) symptoms.

ARVs are members of the genus orthoreovirus, which is part
of the reoviridae family. They have ten segments (3 large
“L1-L37; 3 medium “M1-M3”; 4 small “S1-S4”). The S1
segment encodes three viral proteins, P10, P17 and sigma
¢ “6C” (Jones, 2013). Sigma C protein plays an important
role in the induction of neutralizing antibodies, cell attach-
ment, and virus-cell interaction (Wickramasinghe ez al/.,
1993; Kant ez al., 2003; Pitcovski and Goyal, 2020). Seven
genotypes were identified based on phylogenetic analysis
of partial sequencing of the S1 segment and full sequenc-
ing of the 6C gene (De la Torre ez a/., 2021; Egana-Labrin
and Broadbent, 2023). However, most published data re-
vealed the existence of 6 genogroup clusters with sub-lin-
eage (Kant ez a/.,2003; Lu et al., 2015; Ayalew et al., 2017,
Palomino-Tapia ef al., 2018; Zhang ez al., 2019; De Carli
et al., 2020).

ARV can be isolated in SPF ECE via yolk sac (YS) and
chorioallantoic membrane (CAM) routes for 3-8 days of
incubation based on the concentration of inoculated virus.
Embryo hemorrhages, liver necrosis, and splenic necrosis
can be observed after reovirus inoculation (Czekaj ez al.,
2018; Mansour ez al., 2018; Pitcovski and Goyal, 2020).
However, YS appears to be better than CAM in terms of
higher virus titer (Guneratne e a/., 1982). Histological
examination shows accumulation of macrophages, heter-
ophils, and lymphocytes can be detected in synovial flu-
ids. These inflammatory responses can result in immobility
and fibrosis of the tendon. Myocarditis, hepatitis, splenitis,
and hydro-pericarditis are observed (Kerr and Olson, 1969;
Robertson, 1986; Rosenberger ez al., 1989). Commercial
seed-derived ARV vaccines (S1133-51733-2408) belong

to genotype cluster 1 and exhibit limited amino acid (aa)
identity with a common field strain that falls within the
same cluster (sub-lineage), along with their differences
with other clusters, indicating their ineffectiveness in pre-
venting infection and outbreaks of ARVs since 2011 (Lu
et al., 2015; Ayalew ez al., 2017; Sellers, 2017). So, to select
vaccinal seeds, it’s important to choose isolates with high
aa identities with the circulating challenging viruses. Ad-
ditionally, justifies are required to establish a general, uni-
form, molecular ARV classification method, including var-
ious genogroup clusters and sub-clusters (Palomino-Tapia

et al.,2018).

The first report of ARV in Egypt was from synovial fluids
and tendon sheath in 1984 (Tantawi ez a/., 1984). Since that
discovery in Egypt, only a few studies have been reported in
cases associated with arthritis, enteric and respiratory man-
ifestations without reference to the global genetic classifi-
cation of ARVs based on partial S1 sequencing (Zaher and
Mohamed, 2009; Abd El-Samie, 2014; Ramzy ez al., 2016;
Mansour ¢z al.,2018). Currently, limited published research
addresses the prevalence of genotypes 4 and 5 (Mosad ez al.,
2023; Zanaty et al., 2023; Safwat ez al., 2024) while (Kovics
et al., 2023) reported the existence of all five genogroups in
Egypt, encompassing clusters 1 through 5. So, this study
aimed to understand the ARV situation in broiler flocks,
detection, virus isolation, phylogenetic analysis, and histo-
pathological examination of variant ARV.

MATERIALS AND METHODS

ExaMINED BIRDS

Seventy-three broiler flocks of various ages (5-38 days)
from 5 different Egyptian provinces (40 Giza- 27 Shar-
gia- 4 Ismailia- 1 Behira and 1 Menoufia) were examined
from 2020 to 2023 for avian reovirus infection. These birds
showed significant weight loss with variable size, decreased
teed intake, abnormal feathering, pale bird syndrome, and
joint problems. Postmortem examinations were recorded.

SAMPLING AND SAMPLE PROCESSING

Tissue samples were obtained from the duodenum, pan-
creas, proventriculus, and liver, along with tendons and
tendon sheaths. These specimens were preserved in sterile
phosphate buffer solution (PBS), appropriately labeled, and
subsequently stored in a -80°C freezer for PCR and isola-

tion.

MouLEcuLAR DETECTION OF ARV AND PHYLOGENETIC
ANALYSIS

Viral RNA was extracted utilizing the GeneJET viral
DNA/RNA purification Kit Catalog number K0821, fol-

lowing the manufacturer’s instructions. Specific primers P1

5-AGTATTTGTGAGTACGATTG-3 and P4 5-GG-
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CGCCACACCTTAGGT-3 (Kant et al., 2003) were em-
ployed for the detection and sequencing of the ARV virus,
targeting an amplicon size of 1088 bp with an annealing
temperature of 58°C. This primer set is designed for the
partial amplification of S1 segment “cC”. The amplifica-
tion process was conducted using the SuperScript™ III
One-Step RT-PCR System along with Platinum™ Taq
DNA Polymerase, Catalog Number 12574-018, as follows:
cDNA synthesis step at 45°C for 30 min, pre-denatura-
tion step at 94°C for 2 min, 40 cycles as denaturation 94°C
for 15 sec, annealing at 58°C for 30 sec. and extension at
68°C for 1 min, then the final extension at 68°C for 5 min.
Data analysis was performed using BioEdit version 7.2 and

MEGAY7 software, with reference samples sourced from
NCBL

Virus ISOLATION

A total of 200 pl of positive ARV PCR homogenate
(1:10 w/v) was inoculated into 5-7-day-old specific path-
ogen-free embryonated chicken eggs (SPF ECEs) via
the yolk route (YS) and into 11-12-day-old SPF ECEs
through the chorioallantoic membrane (CAM) route, un-
dergoing three blind passages with 10 eggs per sample. The
inoculated eggs were incubated at 60% relative humidity
(RH) and 37°C, with daily candling for a duration of up
to 7 days. Any deaths occurring within the first 48 hours
were deemed non-specific. Eggs containing dead embryos,
as well as those with live embryos up to 7 days post-inoc-
ulation, were chilled at 4 °C for a maximum of 24 hours.
Allantoic fluids and tissue homogenates were collected and
re-inoculated for subsequent passages (Guneratne ef al.,
1982; Jones, 2000; Pitcovski and Goyal, 2020).

HiSTOPATHOLOGICAL EXAMINATION

Samples from the proventriculus, heart, liver, spleen, and
bursa of Fabricius were obtained and then fixed in buffered
neutral formalin at a 10 % concentration. Standard proce-
dures for tissue processing, including dehydration, clearing,
embedding, and casting, were subsequently carried out. A
microtome was employed to section the paraffin blocks
into slices measuring 4-5 pm. These sections were then

affixed to glass slides and stained using hematoxylin and
eosin (H&E) (Spackman ez 4/, 2010; Mosad ez al., 2023).

RESULTS

CLINICAL SIGNS AND POST-MORTEM LESIONS

The examined broiler flocks exhibited marked weight in-
consistency including stunting, reduced feed consumption,
abnormal plumage, pale bird syndrome, along with loco-
motory disturbances with joint enlargements, and arthri-
tis. Post-mortem lesions revealed pancreatic atrophy and
proventriculitis (Figure 1).

Figure 1: Broiler flocks at 23 days old (A) and 18 days old
(B) exhibiting stunted and irregular growth patterns.
REVERSE  TRANSCRIPTASE ~POLYMERASE CHAIN
ReacTiON (RT-PCR) RESULTS

The ARV PCR analysis targeting the 1088 bp fragments
with primers P1 and P4 revealed that out of 73 samples,
17 tested positive, at 23%. The highest positivity rate was
observed in chicks aged 29-38 days, at 41%, while the low-
est rates were recorded at 29.5% in chicks aged 16-21 days
and 22-28 days. No virus detection was observed in chicks
younger than 15 days (Figure 2).

Figure 2: RT-PCR results of ARV-positive samples, (A):
L: 15K DNA Marker (500, 1000, 1500,3000, 5000, 7500,
10000, 15000bp), 1-7 ARV isolates, 8: negative control, 9:
Positive control. (B): L: 1500 bp DNA Marker (100, 200,
300, 400, 500, 600, 700, 800, 900, 1000, 1500 bp), 2-9 ARV

isolates, 1: negative control, 10: Positive control.

PHYLOGENETIC ANALYSIS RESULTS

Phylogenetic analysis conducted on our isolates beside var-
ious representative samples from GeneBank identified the
classification of avian reovirus into six distinct genogroups.
'The complete sigma ¢ gene sequence analysis for the two
samples (accession numbers PQ139057 and PQ139058)
demonstrated their affiliation with the variant ARV within
genogroup cluster 5, showing a divergence of 53-59% in
amino acid identity from the conventional vaccine strains
classified within genogroup cluster 1 (Figure 3).

VIrus IsoLATION RESULTS

The ARV isolation in ECEs revealed embryonic deaths
within 72 to 96 HPI (chorio-allantoic membrane isolation)
while deaths were recorded from 48-96 HPI in yolk sac
isolation (Table 1). Dead embryos were hemorrhagic with
congested internal organs. Liver necrosis was observed in
the surviving embryos (Figure 4 and 5) (Table 1).

HistoraTHOLOGICAL EXAMINATION
Inflammation and infiltration of different mononuclear cells
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Figure 3: Phylogenetic tree of ARV isolates based on the nucleotide sequence of sigma C encoding gene used neighborhood
likelihood method along with 1,000 bootstrap replicates resulted in sequences were clustered into six distinct genogroups
(genogroup cluster 1-6). Our isolates represented by red circles, are clustered within variant genogroup cluster 5 and all

vaccinal strains located in genogroup cluster 1.

specifically macrophages and lymphocytes are the primary tified along with the formation of an intrafollicular cyst in
pathological findings in the examined organs. Lymphocytic  the bursa of Fabricius. A detailed histopathological exam-
depletion in the spleen and the bursa of Fabricius was iden-  ination of the infected chickens is presented in Figure 6.
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Table 1: Results of ARV isolation on ECEs alongside PCR findings.

Flock  Passage Eggisolation ECEage Eggmortalityinhours Total embryo ARV RT-PCR
No. No. route e A3 e S 10 mortality result

8 1 Yolk 5 days 2 2 1 5 = 10/10 =

8 2 Yolk 7 days 2 4 3 1 = 10/10 -

8 3 Yolk 6 days 0 4 3 3 10/10 Positive

8 1 CAM 12 days 1 0 1 4 0 6/10 =

8 2 CAM 12 days 2 0 3 5 10/10 =

8 3 CAM 12 days 0 0 6 4 10/10 Positive

Figure 4: (A) The chicken embryos inoculated through
the CAM route following the third passage and a four-day
incubation period exhibited stunted growth and significant
hemorrhaging in samples 1, 2, and 3 and necrotic foci
on the liver (B). In contrast, sample number 4, which
was inoculated with a sterile phosphate buffer solution,
displayed normal growth.

Figure 5: Inoculation of chicken embryos through the YS
route is depicted, with panels (A) and (B) showing that
samples 1 and 2 demonstrated dwarfism and considerable
hemorrhaging after the initial passage and a four-day
incubation period, whereas sample 3 functioned as a negative
control. Panel (C) reveals that samples 1,2, and 3 exhibited
dwarfism and pronounced hemorrhaging following the
second passage and a three-day incubation, with sample 4
serving as a negative control. In panel (D), samples 2, 3,and
4 showed signs of dwarfism and severe hemorrhaging after
the third passage and a four-day incubation, while samples
1 and 5 were utilized as negative controls.

pathological changes: (A) The proventriculus exhibited
proventriculitis characterized by necrosis and hemorrhage
in the central areas of the proventricular glands (indicated
by arrowheads), H&E, scale bar=50 pm. (B) The heart
displayed severe myocarditis, marked by significant
myolysis and infiltration of mononuclear cells, including
macrophages and lymphocytes (white arrowhead), and
heterophilic cells (black arrowhead), H&E, scale bar= 100
pm. (C) The liver showed features of hepatitis, associated
with periportal infiltration of heterophilic inflammatory
cells (arrowhead), H&E, scale bar= 50 um. (D) The spleen
exhibited congestion of blood capillaries in the red pulp
(black arrowhead) alongside lymphoid depletion (white
arrowhead), H&E, scale bar=50 pm. (E) The spleen
demonstrated congestion of blood capillaries in the red
pulp (black arrowhead) and lymphoid depletion (white
arrowhead), H&E, scale bar= 50 pum. (F) The bursa of
Fabricius revealed vascular congestion (black arrowhead)
and marked lymphoid depletion within the germinal area
of the lymphoid follicles along with the formation of an
intrafollicular cyst (white arrowhead), H&E, scale bar= 50

pm.
DISCUSSION

A crucial approach for managing clinical diseases linked
to reovirus infections involves properly vaccinated breeders
with effective vaccines. This practice diminishes the like-
lihood of vertical transmission and equips offspring with

2024 | Volume 12 | Special issue 1 | Page 419

(o3
-9 .
Qols Links
OResearchers



OPENaACCESS

Advances in Animal and Veterinary Sciences

specific maternal antibodies that offer protection against
virulent field strains (Sellers, 2017). The mutation nature
characteristics of avian reovirus resulted in novel variants
not effectively controlled by traditional vaccines attrib-
utable to mismatching, leading to substantial outbreaks
across different bird populations and causing considera-
ble economic impacts (Liu ez a/., 2003; Banyai ez al., 2011,
Egana-Labrin, 2022). Determining the status of circu-
lating reovirus strains in our flocks is crucial to facilitate
the development of effective autogenous vaccinations and
mitigate their transmission and spread. Consequently, con-
ducting clinical investigations, molecular characterization,
virus isolation, and histopathological examination of the
currently circulated reoviruses, along with their classifica-
tion into their related groups is essential, and holds consid-
erable significance.

Our study revealed the detection of reovirus by RT-PCR
in 17 broiler flocks (23%) of different ages, obtained from
five governorates in Egypt, between 2020 and 2023. The
findings align closely with those presented by (Zanaty ez
al., 2023), who reported an ARV detection rate of 20%.
However, they contrast with the 100% detection of reovi-
rus observed by (Mosad ez a/., 2023). This divergence may
be due to our study focusing exclusively on broiler chicks
across ages (5-38 days), with the virus not being detected
in chicks younger than 15 days. These samples were col-
lected from vaccinated flocks, suggesting that the existing
vaccines fail to offer sufficient protection against the dis-
ease (Sellers, 2017; Palomino-Tapia e7 a/.,2018). Common
symptoms detected due to the reovirus variants were ma-
labsorption syndrome characterized by stunting, and ab-
normal feathers, as well as pancreatic atrophy and inflamed
proventriculus in addition to joint enlargement and arthri-
tis agreement with (Mansour ez a/., 2018; Palomino-Tapia
et al., 2018; Souza ef al., 2018; Reck ez al., 2019). Reovirus
is recognized for its role in inducing viral arthritis, it has
also been identified in chickens that exhibit no symptoms
of arthritic lesions, indicating that not all avian reoviruses
possess arthritic characteristics (Sahu and Olson, 1975;
Jones and Guneratne, 1984). Typical signs were reported
in this study, including stunting, reduced feed consumption,
abnormal plumage, pale bird syndrome, along with
locomotory disturbances with joint enlargements, and
arthritis. Similar symptoms and PM lesions were also
reported by (Page ez al., 1982; Hieronymus ez al., 1983;
Jones, 2013, Mosad ez al., 2023; Zanaty et al., 2023; Safwat
et al., 2024). Conversely, other samples displayed identical
ARV signs and PM lesions while testing negative for
reovirus, supporting the notion of a multifactorial origin

for the infection (Van der Heide, 2000).

There exists a limited number of studies published con-
cerning the circulation of ARV variant clusters in Egypt,
along with their isolation and identification. To enhance

the molecular understanding and detection of reovirus in
cases associated with viral arthritis and runting-stunting
syndrome, which are the primary disorders, a universal
primer set (P1-P4), in use since 2003 (Kant ez a/., 2003),
was employed for viral detection and sequencing, specif-
ically targeting the sigma C gene “partial S1 segment”
differs from the primers that were predominantly utilized
in Egyptian researches until 2023, which focused on the
S2 segment for both detection and sequencing (Ramzy s
al., 2016; Amer ez al., 2019; Al-Ebshahy ez a/., 2020; Mo-
hamed ez a/., 2020).

In recent developments in Egypt, genetic clusters 4 and
5 have been identified in different chicken flocks and
spread across various localities including Gharbia, Giza, Al
Menofia, Al Qalyoubia, and Al Beheira (Mosad ez a/.,2023;
Zanaty et al., 2023; Safwat ez al., 2024) which is consistent
with our results. Additionally, by the conclusion of 2023,
genotypes 1 to 5 were identified throughout a broad ge-
ographic region in the Middle East, particularly in Egypt
(Kovics ez al., 2023). This widespread confirmation can be
attributed to the international nature of the study, which
encompassed multiple countries, including Egypt, and in-
volved the collection of a substantial number of samples on
a large scale.

To build the phylogenetic tree, we utilized various repre-
sentative samples from GeneBank that correspond to the
six genogroup clusters and adopted the idea of six different
globally published papers (Kant ez a/., 2003; Troxler ez al.,
2013; Lu ez al., 2015; Sellers, 2017; Palomino-Tapia ez al.,
2018; Kovics ez al., 2023) and we agreed with their clas-
sification, which stands in contrast to that of (Ayalew ez
al., 2017) and (Zanaty ez al., 2023) who altered this global
classification substituting the fourth gene cluster with the
fifth and vice versa.

Phylogenetic analysis of two samples identified by acces-
sion numbers PQ139057 and PQ139058 indicated their
placement within genogroup cluster 5. The sequence anal-
ysis revealed a significant amino acid variation ranging
from 53% to 59% compared to the vaccine strains, aligning
closely with the findings of (Mosad e 4/., 2023) which re-
ported a diversity of 55.09% to 56.23% also come constant
with results of low sequence identity (43-55%) obtained by
(Zanaty ez al., 2023). This discovery underscores the poten-
tial for isolated reovirus variants to bypass maternal immu-
nity gained from standard vaccines designed to prevent the
disease. Most examined samples in these studies originated
from vaccinated breeders, suggesting that a mismatch be-
tween vaccine strains and the circulating ARV variants may
contribute to the manifestation of disease symptoms.

Although virus isolation can be a lengthy process, it is still
the most favored approach for diagnosing viruses and is
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essential for detecting new strains or emerging variants.
This research demonstrated that isolating reoviruses in
SPF ECE resulted in embryonic deaths within 72 to 96
hours post-inoculation (HPI) when utilizing the CAM
method, while the YS method recorded deaths within a
shorter timeframe of 48 to 96 HPI. These findings indi-
cate that the YS approach is more sensitive for virus isola-
tion than the CAM method, as noted by (Guneratne ez a/.,
1982). The enhanced sensitivity of the YS method may be
linked to the age of the embryos at the time of injection;
it utilizes very young embryos (5-7 days old), which allows
for more efficient viral replication and growth, unlike the
CAM method, which involves older embryos (11-12 days
old) that are closer to hatching.

ARVs are known to induce atrophy of lymphoid tissues,
particularly affecting the bursa of Fabricius (Montgomery
et al.,1985; Hoerr, 2010; Liu e a/.,2011). In our cases, lym-
phoid depletion was evident not only in the bursa of Fab-
ricius but also in the spleen, accompanied by the develop-
ment of an intrafollicular cyst within the bursa, as noted by
(Sénchez-Cordén ez al., 2002; Chénier e al., 2014; Song ez
al., 2024). The most prevalent pathological findings linked
to ARV in the birds we found were myocarditis and hepa-
titis, consistent with the reports of (Page ez a/., 1982; Hier-
onymus ¢ al., 1983; Souza ez al., 2018; Mosad ez al., 2023).
Additionally, we observed infiltration of mononuclear cells,
particularly macrophages, which play a crucial role in the
replication and transmission of ARV, as highlighted by

(Mills and Wilcox, 1993) across various examined organs.

Our findings demonstrate the circulation of ARV geno-
type 5 variant strains in Egypt with different clinical and
histopathological lesions in different organs and a standard
technique for the detection and viral isolation of different

variants of ARVs.

Additional investigation is required on the ARV variants
we have presented to assess their pathogenicity, antigenici-
ty, and the potential for cross-protection among them.

CONCLUSIONS AND
RECOMMENDATIONS

This research revealed the existence of mutant strains be-
longing to genogroup 5 in Egypt, that can overcome ma-
ternal immunity conferred by all currently utilized conven-
tional vaccines, resulting in significant economic losses and
a high rate of morbidity. The ARV can be detected through
RT-PCR employing a universal primer that targets sigma
C within the S1 gene, and isolated in SPF-ECE, particu-
larly using the YS method, resulting in various patholog-
ical lesions. Additionally, histopathological analysis proves
to be an effective technique for virus identification. It is

advisable to conduct further epidemiological investigations
on the various ARV genogroups present and to enhance
specialized autovaccines to effectively manage the reovirus
situation in Egyptian poultry populations.
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