OPEN 8 ACCESS Journal of Animal Health and Production

()

Check for
updates

Special Issue:

Advancements in Animal Health and Production in Low and Middle-Income Countries

Molecular Detection and Characterization of Avian Avulavirus-1
Infection in Naturally Infected Pigeons

AMMAR AsHIK MOHSIN AL-JuBOURI*, HAYDER ABD AL-EMIER ALMREMDHY

Department of Pathology and Poultry Diseases, College of Veterinary Medicine, Al-Qasim Green University, Babylon
51013, Irag.

Abstract | Pigeons are particularly susceptible to Avian Avulavirus-1 infection (commonly named as Newcastle dis-
ease (ND) infection) and often exhibit high morbidity and mortality in addition to severe neurological signs. This
study aimed to streamline molecular detection and characterization of avian avulavirus-1 infection in naturally infected
pigeons. A total of 100 pigeons were randomly collected from a live birds’ markets during a period from November
2024 to January 2025. Some pigeons appear healthy, while others showed various nonspecific clinical signs. Sterile
swabs were taken from the oropharyngeal cavity of all pigeons to detect whether the pigeons were infected with Avian
Avulavirus-1 using a rapid diagnostic test kit. The results of this examination showed that 28 out of 100 pigeons were
infected with Avian Avulavirus-1. Post-mortem examination was performed on the infected pigeons (n=28) and sam-
ples were collected from internal organs showing clear pathological lesions to isolate the virus and characterize it in
chicken embryonated eggs. The pathogenicity was determined by the mean death time index (MDT), which showed
that all virus isolates were virulence. Seven isolates were positive for the hemagglutination inhibition assay. Further
confirmation was conducted on the seven isolates using both real-time PCR and conventional reverse transcription
PCR (RT-PCR). The results showed that a 767-base-pair product was amplified from infected allantois fluid by tar-
geting the partial fusion (F) protein gene, including its cleavage site. This study concluded that Newcastle disease virus
is not the sole cause of the disease affecting pigeons and there may be other pathogens. We also conclude from this
study that there is a close relationship between the results of virus isolation and molecular tests, both of which con-
firm the diagnosis of infection with the Newcastle disease virus. However, further epidemiological studies and genetic
analyses are still needed to better understand the antigenic properties of the virus and to develop effective strategies for
controlling the disease in pigeon populations.
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INTRODUCTION nearly every urban environment (Chitty, 2018). Despite

their resilience, pigeon farming faces formidable challeng-
igeons (Columba Livia Domestica) are among the most  es, primarily from infectious diseases and suboptimal en-
widespread and adaptable birds globally, thriving in vironmental conditions that result in significant losses due
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to high morbidity and mortality (Paul ez a/., 2015; Alaa-
rajy and Almremdhy, 2025). Among these threats, New-
castle disease (ND) emerges as a particularly devastating
viral infection, capable of crippling pigeon populations and
impacting the poultry economy worldwide. The first doc-
umented outbreaks of ND occurred in 1926 in Java, Indo-
nesia, and Newcastle upon Tyne, England (Dharmayanti e
al., 2023). Newcastle disease virus (NDV') was first diag-
nosed in pigeons in Iraq in 1978, when Avian Avulavirus-1
was isolated from pigeons showing neurological symptoms
and mortality (Kraidi ez a/., 2024). When a highly conta-
gious viral infection of poultry was discovered on a farm
close to Newcastle-upon-Tyne, UK, in 1927, Doyle came
up with the moniker “Newcastle disease (Bala, 2023).
'The International Committee on Taxonomy of Viruses
(ICTV) officially renamed NDV to avian avulavirus 1 in
2016, and other avian paramyxoviruses to avulavirus 2-13.
A more recent revision in 2018 has created an Avulavirinae
subfamily with three genera, Metaavulavirus, Orthoavula-
virus, and Paraavulavirus with 20 unique members. NDV
is now officially known as avian orthoavulavirus 1. Because
the new avian avulavirus terminology is, still not widely
adopted and the World Organisation for Animal Health
(OIE) still uses NDV to refer to virulent APMV-1 virus-
es. Twenty serotypes of avian paramyxoviruses have been
officially recognized: APMV-1 to APMV-20 (Nurzijah ez
al., 2022).

NDYV, an enveloped, single-stranded RNA virus of the
genus Avulavirus within the Paramyxoviridae family. Its
complex genome encodes six essential proteins that or-
chestrate viral replication and virulence, making NDV a
formidable pathogen (Samal, 2020). The World Organisa-
tion for Animal Health (WOAH) recognizes the profound
economic and epidemiological threat posed by ND, listing
it as a notifiable disease globally (Moustapha ez a/., 2023).
NDV is genetically diverse, with strains classified into two
major classes, where Class II—divided further into 21
genotypes—is responsible for most outbreaks worldwide.
'This diversity complicates vaccine development and dis-
ease control efforts (Haddas, 2023; Ali and Rabee, 2024;
Muhammed and Rabee, 2024). The virus exhibits a spec-
trum of virulence, classified into five pathotypes ranging
from highly lethal to asymptomatic forms, each produc-
ing distinct clinical signs such as torticollis, loss of balance,

lethargy, and diarrhea, which reflect the virulence of the
infecting strain (Al Shekaili, 2015).

The clinical signs of Newcastle disease in pigeons resem-
ble those of several other diseases such as salmonellosis,
vitamin E deficiency, aflatoxicosis, mycoplasmosis, avian
influenza, and other diseases, making accurate diagnosis
challenging and necessitating reliance on laboratory tests

(Abdisa and Tagesu, 2017). Moreover, ND in pigeons

manifests with varying levels of virulence, ranging from the
highly lethal velogenic form characterized by severe symp-
toms and high mortality, through the moderate mesogenic
form causing milder symptoms and moderate mortality, to
the mild lentogenic form which may present with mild or

no symptoms and low mortality rates (Behboudi, 2023).

In this context, our study seeks to explore the presence and
characteristics of NDV infections in naturally infected pi-
geons from the Central Iraq. By shedding light on local
viral strains and disease dynamics, this research aims to
contribute valuable knowledge toward better understand-
ing and controlling ND in this pivotal avian species.

MATERIALS AND METHODS

STUDY AREA AND SAMPLE COLLECTION

The current study was conducted in the Department of
Pathology and Poultry Diseases, Collage of Veterinary
Medicine, Al-Qasim Green University. between Novem-
ber 2024 and January 2025. A total of 100 pigeons were
randomly selected a live bird market which diffuse in
Babylon province. Some pigeons were apparently healthy,
while others showed various clinical signs, ranging from
lethargy, loss of appetite, drooping wings, diarrhea, difficul-
ty breathing, irregular gait, and neck twisting. As a prelimi-
nary diagnostic step, oropharyngeal and cloacal swabs were
collected from each bird and tested using a rapid NDV-
Ag detection assay kit (Elabscience®, Cat. No. E-AD-C003)
based on lateral flow technology, enabling quick and efh-
cient field-level screening. After identifying positive cas-
es by rapid kit test, post-mortem examination of infected
pigeons was performed, and tissue samples were collected
from target organs (lungs, spleen, trachea, true stomach,
and brain) showing typical lesions for virus isolation. After
the samples were collected, they were placed in sterile con-
tainers containing sterile phosphate-buffered saline (PBS)
with a pH of 7.0-7.4, transported on ice to the laboratory,
and stored at -80°C until processing.

PropragaTiON OF NDV

A 10% homogeneous solution from the internal organs of
infected pigeons was prepared in 500 pL. phosphate bufter
saline (PBS) containing antibiotics (100 units of penicillin
G, 100 micrograms of streptomycin, and 0.25 micrograms
of amphotericin B/ml). The homogenate solution was clar-
ified by centrifugation at 4°C for 8 min at 2500 rpm, and
the supernatant was then filtered through a syringe micro
filter pour (0.45 pum). After that this supernatant inoculat-
ed into 9-day-old embryonated local chicken eggs (5 eggs
per sample) taken from an uninfected, unvaccinated local
flock to assess the mean embryo death time (MDT) ac-
cording to established protocols (Xu ez a/., 2019; Al-Sha-
reef and Abawi, 2024). Then allantoic fluid was harvested
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and subjected to haemagglutination (HA) and haemagglu-
tination-inhibition (HI) tests with NDV-specific antise-
rum (Abbas ez al., 2022).

MoLecuLAR DETECTION OF NDV

RINA exTrACTION: Viral RNA was extracted from HI
positive samples using the TRIrizol Reagent Kit (Bioneer,
Korea), followed by ¢cDNA synthesis using the M-MLV
Reverse Transcriptase Kit (Bioneer, Korea) according to the
manufacturer’s protocol, ensuring high-quality template
preparation for downstream applications.

ReAL-TIME PCR: For accurate and reliable detection
of Newcastle Disease Virus (NDV), a highly sensitive
TagMan-based Real-Time PCR assay was employed,
utilizing the GoTaq® Probe gPCR Master Mix (Promega,
USA). This advanced molecular approach harnessed the
precision of specific primers, and a fluorescent probe
designed to target the fusion (F) gene, allowing for the
amplification of a 767 bp fragment. The Nested PCR
primers for confirmative detection of positive Real Time
Newcastle disease virus used for DNA sequence analysis
and these primers were designed according to (Haryanto
et al., 2015) and provided by (Macrogen company, Korea)
as Table 1. The detailed thermal cycling conditions used in
the Real-Time PCR assay are presented in Table 2. While
as the thermal cycling conditions used in the Conventional
PCR are presented in Table 3.

Table 1: The nested primers used in the study.

Primer  Sequence (5'-3') Product size
Fgene F TGGAGCCAAACCGCG- 767bp

RT PCR CACCTGCGG

primer R GGAGGATGTTGGCAGCAT

Table 2: Thermal cycling conditions for real-time PCR

amplification.

Step Condition Cycle
Pre-Denaturation 95 °C 2 min 1
Denaturation 95 °C 15 sec
Annealing/Extension 60 °C 30 sec 45

Detection (Scan)

Table 3: Thermal cycling conditions for conventional PCR
amplification.

PCR step Temp. Time Repeat
Initial Denaturation 95C Smin 1
Denaturation 95C 30sec.

Annealing 56C 30sec 35 cycle
Extension 72C 2min

Final extension 72C Smin 1

Hold 4C Forever

GEL ELECTROPHORESIS AND VISUALIZATION
Amplified products from the conventional PCR were sep-
arated by 1% agarose gel electrophoresis and stained with
ethidium bromide. Bands were visualized under UV light,
providing clear and reliable confirmation of NDV ampli-
fication.

RESULT'S

The results of the rapid test kit showed that 28 out of 100
pigeon samples were infected with Newcastle disease virus
(NDV), representing a percentage of 28%. Positive results
were determined by the appearance of bands in the control
sample (C) and in both test lines (T1 and T2), indicating
an active infection with Newcastle disease virus, as shown
in Figure 1.

-

Figure 1: An example NDV-Ag rapid test results. Positive

results are marked with a line at'T and control marked with

C indicate the successful execution of the test.

Figure 2: Photograghs showing pigeons naturally infecte

withNewcastledisease(ND),andshowingneurologicalsigns.

CLINICAL SIGNS

Field clinical examinations revealed a distinct set of symp-
toms indicating the severity of Newcastle disease infection
in pigeons. Neurological signs were prominently observed,
including torticollis, loss of balance, and partial paralysis
of the wings or limbs as shown in Figure 2, suggesting di-
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rect involvement of the central nervous system by the vir-
ulent strain. Gastrointestinal manifestations were evident,
with green watery diarrhea as shown in Figure 3, accom-
panied by a marked loss of appetite typical indicators of
enteric involvement. The respiratory system also showed
inflammatory responses such as labored breathing and ab-
normal respiratory sounds, reflecting significant damage
to respiratory tissues. Additionally, general signs such as
pronounced lethargy, wing drooping, feather breakage, and
a noticeable increase in mortality rates were recorded. Col-
lectively, these clinical findings strongly indicate the circu-
lation of a highly virulent strain of Newcastle disease virus
with substantial pathogenic potential.

Figure 3: Photographs showing Newcastle disease-
infected pigeon with vent staining due to green watery
diarrhea.

Figure 4: Photographs showing gross lesions in visceral
organ of pigeons infected with NDV. A: Thickening
and congestion of the intestinal wall; B: Marked
vascular congestion, petechial and linear hemorrhages
in proventriculus; C: Glandular hypertrophy, mucosal
ulcers, and focal necrosis in proventriculus; D: Vascular
congestion, petechial hemorrhages, and superficial ulcers
in gizzard; E: Enlarged and congested of the liver; F:
Marked enlargement, severe congestion in the spleen; G:
Marked congestion and distinct hemorrhagic foci in the
Bursa of Fabricius.

POSTMORTEM FINDINGS

In pigeons affected by Newcastle disease reveal a series of
characteristic lesions involving multiple organ systems. In
the digestive tract, prominent enteritis is observed, charac-
terized by thickening and congestion of the intestinal wall
as shown in Figure 4A, along with petechial hemorrhages
and, in some cases, mucosal ulcers resembling button ul-
cers. in the proventriculus show marked vascular conges-
tion, petechial and linear hemorrhages as shown in Figure
4B, glandular hypertrophy, mucosal ulcers, and focal ne-
crosis as shown in Figure 4C. In gizzard showing vascular
congestion, petechial hemorrhages, and superficial ulcers
as shown in Figure 4D. Also, enlargement and congested
of the live as in the Figure 4E. In spleen show showing
marked enlargement, severe congestion, and surface hem-
orrhagic foci as shown in Figure 4F. In Bursa of Fabricius
show marked congestion and distinct hemorrhagic foci on
its surface as shown in Figure 4G.

In the respiratory system, pathological changes include
tracheal congestion, accumulation of thick mucus secre-
tions as shown in Figure 5A. Also swelling of lung and
pulmonary edema was evident (Figure 5B), and cloudiness
of the air sacs, attributed to inflammation and infiltration
of inflammatory cells.

Figure5: A:Tracheal of a pigeon infected with ND showing
severe mucosal congestion with petechial hemorrhage,
and accumulation of thick mucus secretions; B: The lung
of a pigeon infected with Newcastle disease shows severe
congestion, swelling, and obvious hemorrhagies.

In severe cases, the central nervous system may also be
affected, presenting with encephalitis, neuronal degener-
ation, and focal hemorrhages within the brain tissue as
shown in Figure 6. These lesions collectively reflect the
systemic nature of infection caused by virulent strains of
Newecastle disease virus in pigeons.
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Figure 6: Photograph showing brain of a pigeon infected
with Newcastle disease, indicating marked congestion of
superficial blood vessels, sub-meningeal hemorrhages, and
evident softening of the brain tissue.

Also, the postmortem examination appears sever conges-
tion in kidney of pigeon infected with ND AS shown in
Figure 7.

Figure 7: 'The illustration of a clear enlargement of the
kidneys in a pigeon infected with Newcastle disease, where
the kidneys appear larger congestion.

HEeMAGGLUTINATION (HA) TEST

All tested samples showed positive hemagglutination (Fig-
ure 8), indicated by uniform reddish diffusion without cen-
tral button formation. These results confirm the presence
of an active virus capable of agglutinating red blood cells,
supporting the diagnosis of NDV infection.

Figure 8: Results of hemagglutination assay performed
on allantoic fluid samples obtained from NDV infected
pigeons. Wells 1, 3, and 5 show positive agglutination
patterns, while wells 2, 4, and 6 are negative, indicating
either absence of virus or inhibition by specific antibodies.

HeMAGGLUTINATION INHIBITION (HI) TEST

A hemagglutination inhibition (HI) test was performed
to confirm the identity of the Newcastle Disease Virus
(NDV) in the harvested allantoic fluid. Out of 28 col-
lected pooled samples, 7 were positive for the HI test. The
results demonstrated clear inhibition of hemagglutination
in several wells, indicated by the absence of central button
formation Figure 9.

Figure 9: 'The photograph  explains  positive
Hemagglutination hemagglutination inhibition for NDV
isolates collected from pigeons.

CyroratHIC EFFECT OF NDV IN EMBRYONATED
CHickeN EGaGs

'The cytopathic effects observed in embryonated chicken
eggs post inoculating tissue analyzed collected from inter-
nal organs of pigeons suspected infected with NDV were
marked growth retardation, in addition, visible hemor-
rhages were present on the body and in the brain region
compared to the control embryo. as showed in Figure 10.
'The results showed that the pathotype of all seven HI-pos-
itive samples, based on the MDT test, was that of highly
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virulent isolates. The mean MDT for the seven isolates
ranged from 40 to 56 hours.

Figure 10: The photograph showing the cytopathic effects
observed in embryonated chicken eggs post inoculating
with NDV which were marked with growth retardation.
Additionally, visible hemorrhages were present on the
body and in the brain region (embryo in left) compared to
the control embryo (embryo in right).

THE Resurrs oF REAL Time PCR

'The Real-Time PCR amplification plots of fusion (F) gene
for Newcastle disease virus using TagMan probe (FAM)
amplification from pigeon tissue sample. Only 7 samples
show positive NDV plots with Vaccine sample red plot as

positive control at threshold cycle numbers ranged (18-30
Cq) (Figure 11).

Amplification

1800 +

1000 +

00 +

Figure 11: The Real-Time PCR amplification plots of
fusion (F) gene for Newcastle disease virus using TagMan
probe (FAM) from pigeon tissue sample. Only 7 samples
showed positive NDV plots and Vaccine sample red plots

as positive control at threshold cycle numbers ranged from

18 to -30 Cq.

THE RESULTS OF AGAROSE GEL ELECTROPHORESIS

The results of agarose gel electrophoresis (Figure 12)
showed that the expected size of the RT-PCR product (the

fusion gene fragment used to detect for Newcastle disease

virus from pigeon tissue samples). The marker M represent
the 3000-100 bp ladder. The lane (S1-57) showed selected
positive Newcastle disease virus samples and the vaccine
positive control samples with an expected 767 bp product.

M S1 S2

53 5455 =56msS7m=C

767bp

Figure 12: The electrophoresis-based separation of the RT-
PCR product analysis of the fusion (F) gene of Newcastle
disease virus from pigeon tissue samples in agarose gel 1%.
Amplified products was a DNA fragment with a size of
767 bp. RT-PCR products showed all 7 field isolates from
pigeons. Where M: marker (3000-100 bp). The lane (S1-
S7) showed selected positive NDV samples and C: vaccine
positive control samples with expected 767 bp RT-PCR
product.

DISCUSSION

Pigeons are among the many domestic and wild bird spe-
cies infected with Newcastle disease virus (NDV), a highly
contagious viral disease. In the last quarter of 2024, many
pigeon breeders in Babylon Governorate, located in central
Iraq, complained of various symptoms of infection were
appearing in pigeon flocks. Therefore, the study aimed to
confirm the primary diagnosis through molecular detec-
tion of the virus. In order to better understand the illness
development and diagnostic characteristics of the virus in
this avian group, pigeons displaying clinical symptoms were
evaluated in this study. The clinical symptoms observed in
pigeons in this study, were head twisting, greenish-white
mucoid diarrhea, and neurological symptoms like tremors,
were in line with earlier research (Parvez ez /., 2017; Xiang
et al., 2019) whom referred to that infected pigeons with
ND showed greenish-white diarrhea with nervous signs,
including wings and legs paralysis, neck paresis, tremor of
the head, rotation for one side, and incoordination. Post-
mortem examination revealed notable gross lesions, in-
cluding congestion of the spleen and kidneys, hemorrhages
in the intestinal and tracheal mucosa, hepatic necrosis, and
brain congestion in pigeons with neurological signs. These
lesions reflect the systemic and neurotropic characteristics
of NDV and are consistent with findings by Marasigan ez
al. (2024). The results of current study agree with results
obtain by previous study (Shaheen ¢7 a/.,2005; Marlier and
Vindevogel, 2006; Chowdhary ez a/., 2020; Hossain ez al.,
2023) whom pointed to that in natural infection, the gross
lesions of ND include hemorrhages and swelling in the
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brain, proventriculus, liver, spleen, and kidneys, and also,
there is catarrhal enteritis and visceral congestion in addi-
tion to swelling and edematous of the Bursa of Fabricius.
Because the clinical symptoms and gross lesions of ND
in pigeons closely resemble those of other diseases such
as salmonellosis, vitamin E deficiency, aflatoxinosis, myco-
plasmosis, avian influenza, and other diseases, diagnosing
the disease based on clinical signs is difficult (Abdisa and
Tagesu, 2017). For that, to confirm the clinical diagnosis
has been used some of laboratory tests such as rapid kits.
'The results of this test showed that only 28 pigeons were
infected with ND out of a total of 100 pigeons collected
from live bird markets in Babylon Governorate. The rapid
kit proved to be a valuable field tool due to its ease of use
and fast results, particularly suitable for on-site screening
in suspected outbreak zones.

'These findings align with the reports of (Mao ez al., 2022;
Hongzhuan ez al., 2020), who have highlighted the high
sensitivity and specificity of rapid tests for early NDV de-
tection. Similarly, (Rivetz ez a/., 1985) have emphasized
that although rapid tests do not replace molecular methods
in precision, they are essential for prompt field decisions
when clinical signs are evident. To assess the virulence of
the virus, inoculation into embryonated chicken eggs was
performed to assay mean death time index. Embryos death
occurred within less than 60 hours, indicating a highly vir-
ulent NDV strain. This observation is in line with previ-
ous findings (Al-Ziaydi ez al., 2020; Qosimah ez al., 2018),
where it was found that highly virulent NDV strains cause
rapid embryo mortality, serving as a biological marker of
replication efficiency and viral severity. The agreement with
previous studies strengthens the credibility of this meth-
od for evaluating virulence in pigeons. The dead chicken
embryos showed clear pathological lesions, represented
by bleeding throughout the body of the embryo, especial-
ly the head area these lesions were as observed previously
(Almremdhy and Khamas, 2019). For further confirmatory
analysis, the hemagglutination test and the hemagglutina-
tion inhibition test were performed. The results of these
tests confirmed a total of 7 (25%) positive samples out of
28 and these results were also confirmed by real time RT-
PCR which targeting the fusion (F) gene known to be as-
sociated with virulence. These findings align with previous
several studies (Hossain ez a/., 2023; Ellakany ez al., 2019;
Mao et al., 2022), where authors have emphasized the re-
liability of combining serological and molecular methods
for accurate diagnosis of NDV. Several additional studies
have (Damena ¢z al., 2016; Liang ez al., 2024) confirmed
the sensitivity of real-time PCR for detecting NDV strains
in pigeons. Finally, gel electrophoresis results showed clear
bands at expected sizes in the 7 positive samples and one
vaccine sample, confirming the presence of NDV. These
results are consistent with previous studies (Damena ez a/.,

2016; Chowdhary ez a/., 2020; Hayes, 2023), where band
sizes after RT-PCR serves as a reliable molecular indicator
of NDV infection in pigeons.

CONCLUSIONS AND
RECOMMENDATIONS

This study concluded that NDV is the main cause of the
disease affecting pigeons, however, other pathogens can't
be ignored. We also conclude from this study that there is
a close relationship between the results of virus isolation
and molecular tests, both of which confirm the diagnosis
of infection with the NDV. The rapid test kit is reliable
for the initial screening and diagnosis of NDV in field
conditions. However, further epidemiological studies and
genetic analyses are still needed to better understand the
antigenic properties of the virus and to develop effective
strategies for controlling the disease in pigeon populations.
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