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Newecastle disease viruses (NDVs) possess a single-stranded, non-segmented RNA and
are classified into different strains based on their level of pathogenicity. Due to slight
differences in the molecular makeup of the viral genome among these strains, employing a
pair of primers for molecular diagnostics becomes essential. This study aims to establish a
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new approach to detect potential NDV infection by developing molecular methods. This
was accomplished by performing a single RT-PCR reaction utilizing a newly designed
universal primer set targeting a remarkably conserved area within the viral M gene. Various

Chicken tools and resources were utilized to generate a set of primers, including the NCBI database
Pigeon and the Geneious Inspirational Software for Biologists. Ninety-four oropharyngeal swabs
Correspondence: were collected from 66 chickens and 28 pigeons showing signs of ND. Viral RNA was

extracted from samples, and M genes were amplified using conventional RT-PCR and real-
time quantitative RT-PCR (gRT-PCR), followed by genomic sequencing and
bioinformatics. The designed primers exhibited good quality, as indicated by a Delta G
value of less than -5. This suggests that the primers are unlikely to cause any issues during
the PCR process. Moreover, the amplification of the M gene was achieved successfully in
both conventional RT-PCR and RT-PCR for approximately all collected samples from
chickens and pigeons. This successful amplification was further verified through genomic
sequencing and subsequent sequence analysis. These findings provide confirmation that the
designed universal primers can effectively identify and quantify NDVs using PCR assay.
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Introduction environment (5). The transmission of the disease can happen

through direct contact with respiratory secretions and feces,

Newcastle disease (ND) is a highly infectious disease of
poultry presenting a global challenge due to its effect on
acute respiratory conditions and its association with
neurological symptoms, depression, and diarrhea. This
disease is a major worldwide threat to the poultry industry
(1,2). Disease severity is determined by the susceptibility of
the host and the virulence of virus strains. These factors
contribute significantly to the severity of the disease (3,4).
ND is commonly transmitted through direct contact between
infected birds or birds that act as carriers. The infected birds
release the viruses through their feces, contaminating the
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contaminated water and food, and human clothing and
equipment. NDVs can survive in the environment for several
weeks, mainly in cold conditions (6). The disease is
attributed to an avian paramyxovirus type 1(APMV-1)
belonging to the Paramyxoviridae family. NDV is an
enveloped virus with an unsegmented RNA genome and a
helical capsid (7,8). The genetic material of NDV consists of
six genes responsible for encoding six different proteins.
These proteins include the nucleoprotein, matrix protein,
fusion protein, phosphoprotein, large polymerase protein,
and hemagglutinin-neuraminidase (fusion) protein (9,10).


http://www.vetmedmosul.com/
mailto:firasiraqi76@gmail.com
https://www.vetmedmosul.com/article_181504.html
http://creativecommons.org/licenses/by/4.0/
http://www.orcid.org/0000-0001-5153-2283
http://www.orcid.org/0009-0008-9242-9627
http://www.orcid.org/0000-0001-5362-9984

Iragi Journal of Veterinary Sciences, Vol. 38, No. 1, 2024 (105-112)

The stains of NDV can be classified into three groups based
on their levels of pathogenicity: Lentogenic (non-virulent),
Mesogenic (moderately virulent), and Velogenic (virulent).
These groups are distinguished by variations in the amino
acid numbers in the fusion protein, particularly at the
hemagglutinin-neuraminidase cleavage site (11,12). In
general, no or moderate clinical signs are associated with
infection with a Lentogenic strain, while disease due to the
Mesogenic strain may cause mortality to reach 25%. In
comparison, infection with the Velogenic strain usually
causes severe disease with a high mortality rate that may
reach 100%. The high death rate after infection with this
strain is explained that the virus can grow in several sites in
the body, which usually causes infections in these sites and
then the death of the animal (13-15). Since the NDV contains
RNA, genetic mutations will likely occur in its genes (16-
19). The reason for this is the occurrence and accumulation
of mutations during replication cycles, caused by the
deficiency of the correction machinery in RNA polymerases,
which causes incorrect nucleotide insertion during the virus
life cycle (20-22). Invariably, the three different virus strains
are undoubtedly not identical in the RNA genome sequence
of each strain (23,24). Besides observing the clinical signs of
the disease, conducting laboratory tests is crucial to validate
the presence of NDV infection and distinguish it from other
diseases that display similar clinical signs, especially avian
influenza and some types of bacterial diseases, particularly
infection with Mycoplasma (25,26). Differential diagnostic
techniques are necessary since multiple infections are likely
to be detected. ELISA is widely used to detect viral antigens
or antibodies (27-29). Molecular methods such as RT-PCR
have become the best tool for NDV identification (30-32).
However, gene-specific primers, besides genetic differences
between virus strains, may be limited to diagnosing only a
specific type of NDV (33). Therefore, the proposition of
utilizing PCR-based protocols for virus detection holds
numerous values in terms of rapid diagnosis, screening, and
virus monitoring.

This study aims to establish a simple and reliable method
for detecting NDVs by designing a novel pair of universal
PCR primers. This was done by amplifying the viral M
gene's highly conserved genetic fragment. The goal was
accomplished by electronically designing and evaluating the
quality of the primers. In addition, it was evaluated through
laboratory work using conventional and quantitative RT-
PCR, and the results were confirmed by genome sequencing
and sequence analysis.

Materials and methods

Ethical approve

All work and analysis tests were conducted in strict
accordance with the approved guidelines of the College of
Veterinary Medicine, University of Basrah, Irag. Approval
issue number: 212 on December 10, 2018.
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Design of universal primers

The NCBI website was utilized to access the whole
nucleotide sequence of the NDV M gene. Highly conserved
nucleotide base sequences were extracted among several
NDV isolates from diverse host species and then aligned to
identify regions with extremely conserved sites utilizing
Geneious  Inspirational ~ Software  for  Biologists
(www.geneious.com). The set of universal primers was
subsequently designed using the highly conserved region.
Both forward and reverse primer sites were initially set by
detecting nucleotide similarities of the selected virus strains
(Figure 1).
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Figure 1: Identification of a highly conserved sequence of
NDV M gene. The figure above shows the alignment of the
nucleotide sequences between the different accession
numbers of the partial M gene of multiple viral strains to
designate conserved regions. This was subsequently used to
design both primers. The primer’s positions are marked in
red, while the predicted size of the amplicon (107 bp) is
indicated in blue.

To determine the designed primer quality, a software
program (https://eu.idtdna.com/calc/analyzer) was
employed to check the capabilities of primer-dimer
formation and cross-dimer formation. The primers were
specifically designed to amplify a specific fragment of the M
gene, resulting in a product size of 107 base pair (bp) (Table
1). They were prepared by Bioneer Company, Korea.

Sample collection

Ninety-four oropharyngeal swabs were collected from
local birds in different regions of Basrah. The samples were
taken from 66 chickens and 28 pigeons displaying signs of
ND. They were placed in a solution of phosphate-buffered
saline (PBS) and glycerol, mixed in a 1:1 ratio. Afterward,
they were carefully stored on ice and promptly sent to the
College of Veterinary Medicine, University of Basrah
laboratory. The samples underwent centrifugation at 1,000xg
for 10 minutes. The resulting supernatant was carefully
transferred to a newly labeled tube to prepare for RNA
extraction.
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Table 1: Universal primers (forward and reverse) for the M gene of NDV

Gene Forward primer

Reverse primer Amplicon size

NDV-F-828-848 (21 bp)

M ATCTATCTGTCGGGCTCAGTG

NDV-R-934-915(20 bp)
GGCTGTCCCACTGCTAGAGA

107 bp

Viral RNA extraction

Viral RNA extraction was achieved on all samples using
QlAamp viral RNA purification kit (Qiagen), following the
manufacturer's guidelines. The extracted RNA was
quantified by using a NanoDrop spectrophotometer. The
RNA was then stored in a freezer (—20°C) until use.

Conventional reverse transcriptase polymerase chain
reaction (RT-PCR) and gel electrophoresis

The Bioneer's One Step RT-PCR kit was utilized to
amplify a specific region of the viral M gene. This kit
provides a streamlined and efficient process for conducting
reverse transcription and PCR amplification in a single
reaction. In this study, a forward primer (5'-
ATCTATCTGTCGGGCTCAGTG-3') and a reverse primer
(5-GGCTGTCCCACTGCTAGAGA-3") were specifically
designed for amplifying a 107 bp fragment of interest. The
amplification process encompassed cDNA synthesis and
subsequent PCR amplification, conveniently performed
within a single tube using the same system.

For cDNA synthesis, the initial starting material of viral
RNA used was at a concentration of 100 ng/ul. To ensure the
accuracy of the PCR runs, two negative control samples were
prepared for each run. One negative control lacked an RNA
template, while the other lacked primers. Positive control
samples were also included, representing viral RNA
extracted from a live virus (LaSota) vaccine. These control
samples were a reference for comparison and quality
guarantee during the PCR procedure. The RT-PCR
conditions employed in this study were as follows: cDNA
synthesis was carried out at 45°C for 30 minutes. Afterward,
an initial denaturation step was performed at 95°C for 2
minutes. Subsequently, 35 cycles were performed, which
involved denaturation at 95°C for 10 seconds, followed by
annealing at 58°C for 20 seconds, and extension at 72°C for
30 seconds in each cycle. After completing the cycling steps,
the reaction was prolonged at 72°C for a final elongation
period of 5 minutes. The reaction mixture was cooled down
at a temperature of 4°C for 5 minutes to terminate the
procedure. These thermal cycling conditions were optimized
in the lab to obtain the best PCR results.

The amplified PCR products were detected on an agarose
gel made of 1.5% agarose in TBE buffer and stained with
ethidium bromide. For each sample, 10 pl of the PCR
product was added to the wells during loading. To estimate
the size of the gene, a 100 bp DNA ladder was used, which
provides reference bands of known sizes. Finally, the gel was
exposed to a UV trans-illuminator to enable the visualization
of the DNA bands.
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DNA sequencing and sequence analysis

For DNA sequencing, 10 microliters of the PCR product,
along with 17 picomoles per microliter of both primers (the
forward and reverse) that were used to amplify the viral M
gene, was presented to Macrogen Company in South Korea.
The concentrations and volumes of the samples and primers
were certified according to Macrogen’s protocol. The
acquired sequences were subjected to editing, assembly, and
alignment procedures using the Geneious Inspirational
Software for Biologists, an approved tool for sequence
analysis and genetic manipulation.

Real-time reverse transcriptase polymerase chain
reaction (QRT-PCR)

The amplification process was employed to target and
amplify the partial region of the M gene from NDV using the
One Step Bright Green qRT-PCR Low Rox kit (ABM). The
amplification process involved the use of the designed
forward and reverse primers (5'-
ATCTATCTGTCGGGCTCAGTG-3' and 5'-
GGCTGTCCCACTGCTAGAGA-3', respectively) to target
and amplify a 107 bp fragment of the gene. This kit provided
a convenient and reliable method for conducting quantitative
real-time PCR based on SYBR-Green, enabling efficient
amplification and detection of the desired gene region. This
integrated system facilitated the execution of both cDNA
synthesis and PCR amplification within a single tube,
simplifying the experimental process. During the RT-PCR,
cDNA synthesis occurred at 42°C for 15 minutes.
Subsequently, an initial denaturation step was performed at
95°C for 5 minutes. The amplification phase comprised 40
cycles, with denaturation occurring at 95°C for 15 seconds,
followed by annealing at 58°C for 60 seconds. These
optimized conditions ensured efficient and accurate
amplification of the target gene region.

Results

Universal primers efficiency

To confirm the efficiency of the designed universal
primers, it is important to investigate the possibility of
forming secondary structures, including primer dimer and
cross dimer. These secondary structures can limit the
performance of the primers. To assess these possibilities, a
program available at https://eu.idtdna.com/calc/analyzer was
utilized. This allowed the possible secondary structures to be
evaluated, providing specific information on the suitability
of the primers for successful amplification. By addressing
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these concerns, the reliability and efficiency of the primers
for subsequent experiments were optimized.

The analysis of the designed primers using the Delta G
values indicated that the ratio of secondary structure
formation was minimal. This suggests that the presence of
secondary structures, such as primer dimer and cross dimer,
would not significantly affect or delay the amplification of
the target gene. The low ratio of secondary structure
formation further supports the suitability and reliability of
the primers for efficient gene amplification (Figure 2).
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Figure 2: Assessment of the efficiency of the universal
primers. The Delta G values for self-dimer and hetero-dimer
formation of the primers were less than -5, indicating their
excellent quality. This means the primers are unlikely to
cause any issues during PCR, ensuring reliable and efficient
amplification.

Detection of NDV by conventional RT-PCR
The PCR-amplified products were analyzed by

separating them on an agarose gel stained with ethidium
bromide. This allowed easy visualization of the DNA bands.
Among the 94 samples examined, 92, specifically 64/66
from chickens and 28/28 from pigeons, exhibited visible
bands on the agarose gel. Figure 3 illustrates the separation
of the specific PCR products in the study.

Figure 3: The visualized PCR product of the partial M gene
of NDV on an agarose gel. The results revealed successful
amplification of a 107 bp fragment from oropharyngeal
specimens of pigeons (lanes 1-3) and chickens (lanes 4-6).
The positive control samples (lanes 7 and 8) also showed the
expected amplification. In contrast, the negative control
samples (lanes 9 and 10) exhibited no amplification signal.
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Sequencing and sequence analysis

The PCR products underwent DNA sequencing to
determine the nucleotide sequence, and the resulting
sequences were analyzed using Geneious Inspirational
Software for Biologists. The edited sequences displayed
clear and readable DNA traces without evidence of
secondary structures in both the forward and reverse
directions (Figure 4). The software combined two DNA
sequence sides (forward and reverse) to create a continuous
sequence of 107 nucleotides. This sequence corresponds to
the region between the forward and reverse primers (Figure
5). The obtained DNA sequence was compared to sequences
in the GenBank database through the alignment process. The
alignment results provided confirmation of infection with the
NDV (Figure 6).
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Figure 4: Forward and reverse nucleotide sequencing of
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Figure 5: Final DNA sequence of partial matrix (M) gene
(107 bp) of NDV. The forward priming site, indicated by the
sequence "ATCTATCTGTCGGGCTCAGTG," is located
from nucleotide position 1 to 21 in the assembled sequence.
Similarly, the reverse priming site,
"GGCTGTCCCACTGCTAGAGA," is found between
nucleotide positions 107 to 88. The assembled sequence has
a length of 107 base pairs, matching the size of the PCR
product visualized on the agarose gel.
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Figure 6: Displaying the alignment of the amplified viral
gene fragment with other fragments available in the
GenBank database. The analysis of the tested sample (1) and
the available sequences of the NDV from online databases
(2-6) showed complete sequence matching. This finding
provides strong evidence confirming the presence of NDV
infection in the birds.

Detection of NDV by Real-Time RT-PCR

Using Real-Time RT-PCR, the universal primers
designed for the NDV successfully amplified the partial
matrix (M) gene. The amplified DNA interacted with
fluorescent molecules, producing a fluorescent signal,
indicating the presence of the virus (Figure 7). The number
of positive samples made with this assay was equivalent to
that obtained in the conventional RT-PCR. These results
provide confirmation that the designed primers are suitable
for detecting suspected cases of NDV. This can be illustrated
that the primer binding site is compatible with all subtypes
of the viral genome, which was confirmed during the design
phase. In addition, they can be utilized to determine the viral
load in samples, indicating the disease's severity. These
findings demonstrate the potential future applications of
these primers in diagnosing and monitoring NDV infections.

wI Zuzl 0
l
-
I |
31@41 : A )
00|
‘ % n % w0
Cycles

Figure 7: Illustrating the successful detection of the partial
matrix (M) gene of NDV using Real-Time RT-PCR. Positive
results were observed in the samples collected from
chickens, pigeons, and the positive control (live virus
vaccine). This confirms the presence of the NDV in these
samples.
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Discussion

NDV is categorized into different pathogenic strains
based on fusion (F) protein variations. These strains exhibit
different levels of virulence and can infect a wide diversity
of avian species (34). The accuracy and reliability of PCR-
based methods in detecting virus strains primarily depend on
the selection of primer sequences (35). The efficiency of the
assay regarding sensitivity and specificity is greatly
influenced by the careful design and specificity of the
primers chosen. RT-PCR assays that amplify the viral
genome are considered a specific diagnostic method for
confirming NDV infection (36). We have placed our focus
on these techniques, as they have been established to be
highly dependable when detecting and confirming the virus
within a sample. Our importance lies in utilizing primers that
guarantee positive results and yield specific outcomes within
a specific timeframe.

The primer sets commonly used for PCR-based detection
of NDV are generally suitable for identifying specific virus
strains predominant in bird populations. The design of these
primers has been accurately performed. It effectively targets
conserved regions within the virus's genome, allowing for
the detection and identification of various strains circulating
in avian species (37). Using the same primer sets repeatedly
can obstruct virus detection and increase the probability of
obtaining false-negative results. Moreover, Undetected or
unexpected viral strains can lead to false-negative
consequences, where infection in the host will be
unrecognized. It is crucial to periodically reassess and
modify the primer sets to ensure accurate and reliable virus
detection.

The results from the experiments conducted in this study
confirmed that the PCR amplification was performed using
this specific pair of primers from almost all the tested
samples. The samples that did not yield a positive result in
PCR analysis could potentially belong to birds infected with
a disease resembling ND, such as influenza, infectious
bronchitis, or some bacterial infections, such as infection
with Mycoplasma (38,39). The positive results were further
validated through sample sequencing and subsequent
sequence analysis, which yielded highly accurate nucleotide
sequence data, ensuring the reliability and efficacy of the
designed primers. Genomic sequencing approaches have
been extensively validated to confirm PCR results for any
detection, regardless of the causative agent involved (40).
The success in achieving high-quality sequencing results,
devoid of secondary structure or tracer interference, can be
attributed to the appropriate PCR conditions employed and
the utilization of high-quality primers during the gene
amplification.

The high efficiency of the primers used in this study,
characterized by their minimal probability of forming
secondary structures such as self-dimers and hetero-dimers,
played a significant role in accomplishing optimal results.
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Additionally, it should be noted that this pair of primers also
showed excellent performance when used in quantitative
(Real-Time) RT-PCR assay, which further confirms their
efficacy and dependability. The optimization of any PCR
primers is valuable for quantifying the virus and obtaining a
better understanding of the disease's severity and viral load.
It enables more accurate measurements, creating a clearer
picture of the disease's impact regardless of the causative
agent (41,42). Based on the positive results obtained in this
study, employing the designed pair of primers for virus
detection and quantification is strongly advised. These
primers have demonstrated their effectiveness in
conventional and Real-Time RT-PCR methodologies,
making them highly reliable and suitable for accurate
analysis.

Studies have extensively reviewed in vitro diagnostic
methods for NDV, including serological tests,
hemagglutination and hemagglutination inhibition (HI),
ELISA, immunofluorescence, and neutralization tests. In
addition, molecular methods such as RT-PCR play a big role
in diagnosing the disease. Although serological diagnostics
are widely used, molecular tests are gold standards because
of their high sensitivity and specificity (37,43,44). In support
of these scientific views, applying molecular approaches for
diagnosis, virus screening, and virus monitoring is very
important. Applying our developed method will have an
effective role in this investigation by reducing potential
errors. Therefore, the importance and benefits of our study
are obtaining satisfactory results in a limited time away from
repeating experiments with inappropriate outcomes.

Conclusion

In conclusion, this innovative PCR-based assay allows
for the diagnosis of any virus strain of NDV across various
host species, all within single PCR tubes and within a short
period. This represents a substantial speed improvement
compared to previous PCR protocols used for disease
diagnosis.

Acknowledgments

The authors would like to express their sincere
appreciation to the Department of Veterinary Microbiology
and Parasitology, College of Veterinary Medicine, and the
University of Basrah for providing the essential laboratory
facilities that contributed to the successful completion of this
work.

Conflict of interest

The authors affirm that they have no conflicts of interest
to disclose.

110

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ganar K, Das M, Sinha S, Kumar S. Newcastle disease virus: Current
status and our understanding. Virus Res. 2014;12:71-81. DOI:
10.1016/j.virusres.2014.02.016

Alexander DJ. Newcastle disease and other avian paramyxoviruses.
Rev Sci Tech. 2000;19(2):443-62. DOI: 10.20506/rst.19.2.1231
Dimitrov KM, Ramey AM, Qiu X, Bahl J, Afonso CL. Temporal,
geographic, and host distribution of avian paramyxovirus 1 (Newcastle
disease virus). Infect Genet Evol. 2016;39:22-34. DOIL:
10.1016/j.meegid.2016.01.008

Courtney SC, Susta L, Gomez D, Hines NL, Pedersen JC, Brown CC,
Miller PJ, Afonso CL. Highly divergent virulent isolates of Newcastle
disease virus from the Dominican Republic are members of a new
genotype that may have evolved unnoticed for over 2 decades. J Clin
Microbiol. 2013;51(2):508-17. DOI: 10.1128/JCM.02393-12
Getabalew M, Alemneh T, Akeberegn D, Getahun D, Zewdie D.
Epidemiology, diagnosis & prevention of Newcastle disease in poultry.
Am J Biomed Sci Res. 2019;3(2). DOI:
10.34297/AJBSR.2019.03.000632

Brown VR, Bevins SN. A review of virulent Newcastle disease viruses
in the United States and the role of wild birds in viral persistence and
spread. Vet Res. 2017;48(1):68. DOI: 10.1186/s13567-017-0475-9
Hines NL, Miller CL. Avian paramyxovirus serotype-1: A review of
disease distribution, clinical symptoms, and laboratory diagnostics. Vet
Med Int. 2012;2012:708216. DOI: 10.1155/2012/708216

Seal BS, King DJ, Sellers HS. The avian response to Newcastle disease
virus. Dev  Comp Immunol. 2000;24(2-3):257-68.  DOI:
10.1016/50145-305x(99)00077-4

Zhao Y, Liu H, Cong F, Wu W, Zhao R, Kong X. Phosphoprotein
contributes to the thermostability of Newcastle disease virus. Biomed
Res Int. 2018;4:8917476. DOI: 10.1155/2018/8917476

Glingston S, Rajpoot J, Deori NM, Deb R, Kumar S, Nagotu S.
Characterization of nucleocapsid and matrix proteins of Newcastle
disease virus in yeast. 3 Biotech. 2021;11(2):65. DOI: 10.1007/s13205-
020-02624-4

Afonso CL. Virulence during Newcastle disease viruses cross species
adaptation. Viruses. 2021;13(1):110. DOI: 10.3390/v13010110

Brown VR, Bevins SN. A review of virulent Newcastle disease viruses
in the United States and the role of wild birds in viral persistence and
spread. Vet Res. 2017;48(1):68. DOI: 10.1186/s13567-017-0475-9
Zhu J, Hu S, Xu H, Liu J, Zhao Z, Wang X, Liu X. Characterization of
virulent Newcastle disease viruses from vaccinated chicken flocks in
eastern China. BMC Vet Res. 2016;12(1):113. DOI: 10.1186/s12917-
016-0732-6

El-Morshidy Y, Abdo W, Elmahallawy EK, Abd El-Dayem GA, El-
Sawak A, El-Habashi N, Mosad SM, Lokman MS, Albrakati A, Abou
Asa S. Pathogenesis of velogenic genotype VI1.1.1 Newcastle disease
virus isolated from chicken in Egypt via different inoculation routes:
Molecular, histopathological, and immunohistochemical study. Anim.
2021;11(12):3567. DOI: 10.3390/ani11123567

De Leeuw OS, Koch G, Hartog L, Ravenshorst N, Peeters BH.
Virulence of Newcastle disease virus is determined by the cleavage site
of the fusion protein and by both the stem region and globular head of
the haemagglutinin—neuraminidase protein. J Gen
Virol. 2005;86:1759-1769. DOI: 10.1099/vir.0.80822-0

JiY, LiuT,JdiaY, LiuB, YuQ, Cui X, Guo F, Chang H, Zhu Q. Two
single mutations in the fusion protein of Newcastle disease virus confer
hemagglutinin-neuraminidase independent fusion promotion and
attenuate the pathogenicity in chickens. Virol. 2017;509:146-151. DOI:
10.1016/j.virol.2017.06.021

Li X, Sun L, Zhao J, Tu K, Xue J, Guo X, Zhang G. Mutations in the
methyltransferase motifs of L protein attenuate Newcastle disease virus
by regulating viral translation and cell-to-cell spread. Microbiol Spectr.
2021;9(2):e0131221. DOI: 10.1128/Spectrum.01312-21

Manoharan VK, Khattar SK, Paldurai A, Kim SH, Samal SK. A Y527A
mutation in the fusion protein of Newcastle disease virus strain LaSota
leads to a hyperfusogenic virus with increased replication and



https://doi.org/10.1016/j.virusres.2014.02.016
https://doi.org/10.20506/rst.19.2.1231
https://doi.org/10.1016/j.meegid.2016.01.008
https://doi.org/10.1128/jcm.02393-12
https://doi.org/10.34297/ajbsr.2019.03.000632
https://doi.org/10.1186/s13567-017-0475-9
https://doi.org/10.1155/2012/708216
https://doi.org/10.1016/s0145-305x(99)00077-4
https://doi.org/10.1155/2018/8917476
https://doi.org/10.1007/s13205-020-02624-4
https://doi.org/10.1007/s13205-020-02624-4
https://doi.org/10.3390/v13010110
https://doi.org/10.1186/s13567-017-0475-9
https://doi.org/10.1186/s12917-016-0732-6
https://doi.org/10.1186/s12917-016-0732-6
https://doi.org/10.3390/ani11123567
https://doi.org/10.1099/vir.0.80822-0
https://doi.org/10.1016/j.virol.2017.06.021
file:///C:/Users/HP/Downloads/10.1128/spectrum.01312-21

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Iragi Journal of Veterinary Sciences, Vol. 38, No. 1, 2024 (105-112)

immunogenicity. J Gen Virol. DOI:
10.1099/jgv.0.000350

Ji Y, LiuT,JiaY, Liu B, Yu Q, Cui X, Guo F, Chang H, Zhu Q. Two
single mutations in the fusion protein of Newcastle disease virus confer
hemagglutinin-neuraminidase independent fusion promotion and
attenuate the pathogenicity in chickens. Virol. 2017;509:146-151. DOI:
10.1016/j.virol.2017.06.021

Duan Z, Shi H, Xing J, Zhang Q, Liu M. Mutation of bsic residues
R283, R286, and K288 in the matrix protein of Newcastle disease virus
attenuates viral replication and pathogenicity. Int J Mol Sci.
2023;24(2):980. DOI: 10.3390/ijms24020980

Dortmans JC, Rottier PJ, Koch G, Peeters BP. The viral replication
complex is associated with the virulence of Newcastle disease virus. J
Virol. 2010;84(19):10113-20. DOI: 10.1128/JV1.00097-10

Jin J, Zhao J, Ren Y, Zhong Q, Zhang G. Contribution of HN protein
length diversity to Newcastle disease virus virulence, replication and
biological  activities.  Sci  Rep.  2016;11;6:36890. DOI:
10.1038/srep36890

LiuH, Wang J, Ge S, Lv Y, Li Y, Zheng D, Zhao Y, Castellan D, Wang
Z. Molecular characterization of new emerging sub-genotype VIih
Newcastle disease viruses in China. Virus Genes. 2019;55(3):314-321.
DOI: 10.1007/s11262-019-01651-5

Dey S, Chellappa MM, Gaikwad S, Kataria JM, Vakharia VN.
Genotype characterization of commonly used Newcastle disease virus
vaccine strains of India. PLoS One. 2014;9(6):98869. DOI:
10.1371/journal.pone.0098869

Rehman S, Rantam FA, Batool K, Effendi MH, Khan MI, Bilal M.
Prevalence of avian influenza in humans and different bird species in
Indonesia: A review. Iragi J Vet Sci. 2022;36(3):709-718. DOI:
10.33899/ijvs.2021.131590.1976

Raquib A, Uddin A, Nurozzaman S, Uddin MM, Ahsan G, Rahman
MM, Rahman MM. Seroprevalence of Mycoplasma gallisepticum
infection in layer chickens of Bangladesh. Iraqi J Vet Sci. 2022;36(1):9-
13. DOI: 10.33899/1JVS.2020.127511.1506

Rasheed BY, Taha DK, Ahmed IM. Detection of Ornithobacterium
rhinotracheale antibodies in broiler by ELISA in Mosul city. Iraqi J Vet
Sci. 2023;37(3):739-743. DOI: 10.33899/1JVS.2023.133761.2291
Mohammed AR, Al-Mahmood SS. Effects of ProbChick® on the
immunological response after new castle virus using LaSota stain
vaccination in broiler. Iraqi J Vet Sci. 2023;37(1):17-32. DOI:
10.33899/1JVS.2022.133248.2193

Thanoon YA, Zahra AA. Evaluation the role of Apsa-mos® as
immunomodulator on the level of antibody titers in broiler chickens
vaccinated with Newcastle disease virus. Iragi J Vet Sci.
2021;36(1):53-56. DOI: 10.33899/ijvs.2021.128983.1615

Farkas T, Székely E, Belak S, Kiss I. Real-time PCR-based pathotyping
of Newecastle disease virus by use of TagMan minor groove binder
probes. J Clin Microbiol. 2009;47(7):2114-23. DOL:
10.1128/JCM.01652-08

Worku T, Dandecha M, Shegu D, Aliy A, Negessu D. Isolation and
molecular detection of Newcastle disease virus from field outbreaks in
chickens in central Ethiopia. Vet Med Res Rep. 2022;13:65-73. DOI:
10.2147/VMRR.S352727

Kabir H, Hakim H, Alizada MN, Hasan A, Miyaoka Y, Yamaguchi M,
Shoham D, Takehara K. lIsolation, identification, and molecular
characterization of Newcastle disease virus from field outbreaks in
chickens in Afghanistan. Avian Dis. 2022;66(2):176-180. DOI:
10.1637/aviandiseases-D-22-00002

Tiwari AK, Kataria RS, Nanthakumar T, Dash BB, Desai G.
Differential detection of Newcastle disease virus strains by degenerate
primers based RT-PCR. Comp Immunol Microbiol Infect Dis.
2004;27(3):163-9. DOI: 10.1016/j.cimid.2003.09.002

Diel DG, da Silva LA, Liu H, Wang Z, Miller PJ, Afonso CL. Genetic
diversity of avian paramyxovirus type 1: Proposal for a unified
nomenclature and classification system of Newcastle disease virus
genotypes. Infect ~ Genet  Evol.  2012;12:1770-1779.  DOIl:
10.1016/j.meegid.2012.07.012

Zhang X, Yao M, Tang Z, Xu D, Luo Y, Gao Y, Yan L. Development
and application of a triplex real-time PCR assay for simultaneous

2016;97(2):287-292.

111

36.

37.

38.

39.

40.

41.

42.

43.

44.

detection of avian influenza virus, Newcastle disease virus, and duck
Tembusu virus. BMC Vet Res. 2020;16(1):203. DOI: 10.1186/s12917-
020-02399-z

Wise MG, Suarez DL, Seal BS, Pedersen JC, Senne DA, King DJ,
Kapczynski DR, Spackman E. Development of a real-time reverse-
transcription PCR for detection of Newcastle disease virus RNA in
clinical samples. J Clin Microbiol. 2004;42(1):329-38. DOI:
10.1128/JCM.42.1.329-338.2004

Mao Q, Ma S, Schrickel PL, Zhao P, Wang J, Zhang Y, Li S, Wang C.
Review detection of Newcastle disease virus. Front Vet Sci.
2022;9:936251. DOI: 10.3389/fvets.2022.936251

Yehia N, Salem HM, Mahmmod Y, Said D, Samir M, Mawgod SA,
Sorour HK, AbdelRahman MA, Selim S, Saad AM, El-Saadony MT,
El-Meihy RM, Abd El-Hack ME, El-Tarabily KA, Zanaty AM.
Common viral and bacterial avian respiratory infections: An updated
review. Poult Sci. 2023;102(5):102553. DOI:
10.1016/j.psj.2023.102553

Rasheed BY, Taha DK, Ahmed IM. Detection of Ornithobacterium
rhinotracheale antibodies in broiler by ELISA in Mosul city. Iraqi J Vet
Sci. 2023; 37(3): 739-743. Doi: 10.33899/1JVS.2023.133761.2291
Cattoli G, De Battisti C, Marciano S, Ormelli S, Monne |, Terregino C,
Capua |. False-negative results of a validated real-time PCR protocol
for diagnosis of Newcastle disease due to genetic variability of the
matrix gene. J Clin  Microbiol. 2009;47(11):3791-2. DOI:
10.1128/JCM.00895-09

Park M, Won J, Choi BY, Lee CJ. Optimization of primer sets and
detection protocols for SARS-CoV-2 of coronavirus disease 2019
(COVID-19) using PCR and real-time PCR. Exp Mol Med.
2020;52(6):963-977. DOI: 10.1038/s12276-020-0452-7

Si G, Niu J, Zhou X, Xie Y, Chen Z, Li G, Chen R, He D. Use of dual
priming oligonucleotide system-based multiplex RT-PCR assay to
detect five diarrhea viruses in pig herds in South China. AMB Express.
2021;11(1):99. DOI: 10.1186/s13568-021-01255-7

Absalén AE, Cortés-Espinosa DV, Lucio E, Miller PJ, Afonso CL.
Epidemiology, control, and prevention of Newcastle disease in endemic
regions: Latin America. Trop Anim Health Prod. 2019;51(5):1033-
1048. DOI: 10.1007/s11250-019-01843-z

Isihak FA, Ismail, HK, Wahid AA. Comparison study between the
efficacy of immune complex and conventionally live vaccine against
Gumboro disease in broilers. Iragi J Vet Sci. 2021;35(4): 627-632.
DOI: 10.33899/1JVS.2020.127366.1499

O sl sal) Juadadial) 3ald) Joldil aaa jlasl
alidll (e 7o) araal P& (e JuilS g e Cilug

PARRA]

Talga dana Jla g Tl g8 U ) guaia ada (il B

bl Aadiadl” (b jead) Arala Calal) IS iy jeaall bl 3
Len o) 300 5 slall Ay gl) Aaalal cilapall KT 65yl ¢ aglall

Gl

Ladal)

sl paeall agia o JulSai (e lug s (550l

G o 2l ddline YO ) Lediial a5 | el e )l
sl 5l € il 3 Al SSEAY) s Ayl S5
e ) plaaial Lﬁ;);)bﬂ O YO s O:L.I‘;u‘j):\ﬂ‘
RTREN c@—ﬁ L) sa M“)J\ 032 %) L-M@J\ 45:‘5‘)31‘ uag;.ﬁﬂ claald)
sk asb oo Aliaall JulS 55 (1 ye a5 5500 o Sl
@l B jald) Jeldi ol ) oyl e @lld a5 Ay sad) 5k


https://doi.org/10.1099/jgv.0.000350
https://doi.org/10.1016/j.virol.2017.06.021
https://doi.org/10.3390/ijms24020980
https://doi.org/10.1128/jvi.00097-10
https://doi.org/10.1038/srep36890
https://doi.org/10.1007/s11262-019-01651-5
https://doi.org/10.1371/journal.pone.0098869
https://doi.org/10.33899/ijvs.2021.131590.1976
https://doi.org/10.33899/ijvs.2020.127511.1506
https://doi.org/10.33899/ijvs.2023.133761.2291
https://doi.org/10.33899/ijvs.2022.133248.2193
https://doi.org/10.33899/ijvs.2021.128983.1615
https://doi.org/10.1128/jcm.01652-08
https://doi.org/10.2147/vmrr.s352727
https://doi.org/10.1637/aviandiseases-d-22-00002
https://doi.org/10.1016/j.cimid.2003.09.002
http://dx.doi.org/10.1016/j.meegid.2012.07.012
https://doi.org/10.1186/s12917-020-02399-z
https://doi.org/10.1186/s12917-020-02399-z
https://doi.org/10.1128/jcm.42.1.329-338.2004
https://doi.org/10.3389/fvets.2022.936251
https://doi.org/10.1016/j.psj.2023.102553
https://doi.org/10.33899/ijvs.2023.133761.2291
https://doi.org/10.1128/jcm.00895-09
https://doi.org/10.1038/s12276-020-0452-7
https://doi.org/10.1186/s13568-021-01255-z
https://doi.org/10.1007/s11250-019-01843-z
https://doi.org/10.33899/ijvs.2020.127366.1499

Iragi Journal of Veterinary Sciences, Vol. 38, No. 1, 2024 (105-112)

138 el 00 e Bl 7 Uy dad (e ey LS 63 B3 52 daanadll
Jelii ddee oL JSLia (o o) apes O Jinall e (a4l )
M all it 3a8at &8 ) e 3 0le Juliidl ) e sl
S5 (onSall aill alaill 5 jald) Jelis JLaal (e JS (B 7l
& Ay Zladl e Lgman 3 ) Clisal Alal S5 (gl
Jalaiy uall Judiail) o) ja) IS4 e zealill apdoail) 138 (e g8l
Lalladl ol o) e 13SE &l oda i 30 Juludll
dad IS4y JulSen (e s oo Al LiiSa daaadl

raliciall 3 yalil) LA aladiuly

AL (e Bas decas de gane pladiuly (oS5 (uSal) Gl
LAY a oans il ) (e AT A0S Al Cangind ) AL
o Lo i g IV Bl sall (g e aladiad i eciliall (ge de sana
Ll la gl g€ Claglaal ilagll S al cilily sacld elld
e galy Apad Anae V€ gan &3 ela ¥l alal aglall iall galiall
Ua el daial g Aladle Lede peln ddlea YA 5 dalad 17 e
pi s Cliadl o g s il (o )l (5 9 5il) pranall ) Al &3 JulS 5
~Sall geasill (sl 5 bl Jelii JLal aladiuly o Guall aydsd
il ekl Ay sl Aile shrall 5 ) Judesilly 1o gt ¢ oS 5

112



