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Abstract 
Newcastle disease (ND) is a highly infectious disease 

that affects devastatingly the avian population 

worldwide. It is caused by Avian orthoavulavirus 1 

(AOAV-1), or better known as Newcastle disease virus 

belonging to phylum Negarnaviricota, class 

Monjiviricetes, order Mononegavirales and family 

Paramyxoviridae. This virus consists of six principal 

structural proteins namely: the nucleocapsid protein 

(NP), phosphoprotein (P), matrix protein (M), fusion 

protein (F), hemagglutinin-neuraminidase protein 

(HN) and the large protein RNA dependent RNA 

polymerase (L). 

 

The present study aimed to molecularly detect the M 

and HN gene segments of the AOAV-1 field isolates 

from clinical cases in the Philippines from 1991 

through 2017. RT-PCR amplification and sequence 

analyses using primers NDV-For4359 and NDV-

Rev4788 which anneal to the matrix gene and primers 

NDV-For6369 and NDV-Rev6598 targeting the HN 

genes, identified all isolates to be AOAV-1. 

Determining the different genes of the virus would 

greatly help scientists and researchers to accurately 

identify the viral isolates in order to improve 

epidemiological studies and surveillance of the disease 

in the country. 
 

Keywords: Newcastle disease, matrix, hemagglutinin-

neuraminidase. 

  

Introduction 
Newcastle disease (ND) caused by Avian orthroavulavirus-

1 (AOAV-1) is a long-known disease affecting detrimentally 

the avian population worldwide. This disease was first 

documented in Jakarta, Indonesia10and Newcastle-upon-

Tyne, England in 19265. The naming of the disease, 

Newcastle disease, got its first name to refer to the place of 

the outbreak to avoid disease confusion with other viral 

infections6. This disease has been subjected to numerous 

discussions as the same outbreak was observed in the deaths 

of all chickens in Scotland in 1896 with the probable cause 

being AOAV-114. Since then, the virus has spread across the 

globe infecting the bird population2.  

 

In the Philippines, the first clinical cases of ND were 

reported in Manila in 192720. It was reported that the disease 

was highly contagious and had killed at least 50,000 fowls 

with chickens being the most affected. The fowls usually 

died within 1 to 7 days following the onset of symptoms. The 

results of the cases have shown that the disease is essentially 

an infection of the alimentary tract which is one of the 

clinical symptoms of ND in today’s characterization12. 

 

Based from the molecular characteristics of AOAV-1, this 

virus is an enveloped, single-stranded, non-segmented, 

negative sense RNA virus. Its genome is consisting of six 

open reading frames and encodes for six principal structural 

proteins namely: the nucleocapsid protein (NP), 

phosphoprotein (P), matrix protein (M), fusion protein (F), 

hemagglutinin-neuraminidase protein (HN) and the large 

protein, RNA dependent RNA polymerase (L). In particular, 

M and HN proteins possess essential functions for AOAV-1 

virulence. M protein has a vital role in the AOAV-1 

assemblage4. Based on its nucleotide sequence analysis, this 

protein comprises of 365 amino acids with a molecular 

weight of 40kDa13,25.  

 

This protein is demonstrated to be a nuclear cytoplasmic 

shuttling protein and ultimately functions for the assembly 

and budding of the viral particles in the virus’ cytoplasm8,17. 

The M protein is also responsible for the localization in the 

virus’ nucleus which is known to control AOAV-1 

replication and transcription7. HN protein has an important 

role in viral proliferation through binding to sialic acid 

residues on the host membrane producing infection to the 

host15.  

 

This protein possesses two functions in the virus namely 

hemagglutinin and neuraminidase activities25. 

Hemagglutinin is produced via the absorption of the virus by 

the cell receptors of the host’s red blood cells9 while the 

neuraminidase activity is caused by the hydrolyzation of the 
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ketosidic bonds between neuraminic acids on the receptor of 

the hosts, allowing the F protein to make contact and 

penetrate the cell membrane of the host11. This only shows 

that M and HN genes are essential in AOAV-1 pathogenicity 

and replication and by correctly identifying this disease 

agent using these genes, this will be valuable in creating 

control and prevention strategies against the disease.  

 

Thus, the main objective of the present work was to detect 

molecularly the M and HN genes among AOAV-1 field 

isolates in the Philippines from the year 1991-2017 using 

reverse-transcriptase polymerase chain reaction. 

Additionally, it also aimed to compare the AOAV-1 

sequences in this study to consensus reference sequences of 

AOAV-1 obtained in the GenBank.  

 

Material and Methods 
AOAV-1 viral strains: Ten AOAV-1 field strains isolated 

from different infection farm locations situated in northern 

Philippines (Rizal, Pampanga, Bulacan and Tarlac) and 

southern Philippines (Zamboanga del Sur, Davao del Sur 

and Davao City) in different infection time (1991, 2014, 

2015, 2016, 2017) were used to detect M and HN genes 

among ND isolates in the Philippines. The oldest strain 

PDU19KVG1 was isolated from Rizal in 1991 that infected 

the duck species. The second strain ZLY14KVG2 was 

isolated from Zamboanga Del Sur in 2014 that infected the 

layer flock. The third strain PLY15KVG3 was isolated from 

Pampanga in 2015 that infected the layer flock. The fourth 

strain DLY15KVG4 was isolated from Davao del Sur in 

2015 that infected the layer flock.  

 

The fifth strain PBR15KVG5 was isolated from Pampanga 

that infected the broiler flock. The sixth strain BLY16KVG6 

was isolated from Bulacan in 2016 that infected the layer 

flock. The seventh strain TLY16KVG7 was isolated from 

Tarlac in 2016 that infected the layer flock. The eighth strain 

TLY17KVG8 was isolated from Tarlac in 2017 that infected 

the layer flock. The ninth strain DBR17KVG9 was isolated 

from Davao City in 2017 that infected the broiler flock. The 

tenth strain RPG17KVG10 was isolated from Rizal that 

infected the pigeon species in 2017.  

 

The samples obtained were dependent on the willingness of 

the affected farms to participate in the study. Internal organs 

collected from these avian species consist of trachea, liver, 

lungs, spleen, kidneys and cecal tonsils. The samples were 

stored in individual air-tight plastic containers and stored at 

-20ºC until analysis. 

 

Reverse-transcriptase PCR (RT-PCR) and PCR re-

amplification: Tissue samples were pooled as previously 

described24. RNA extraction was performed using 

QIAamp® Viral RNA Mini Kit (Qiagen, West Sussex, UK) 

according to the manufacturer’s protocol. The extracted 

RNA was reverse transcribed to complementary DNA using 

random hexamers and Primescript® reverse transcriptase 

(Takara Bio-Inc, Shiga, Japan) and the cDNA was stored at 

-80 °C until analysis. The primers used to target the M gene 

are NDV-For4359 (5’- GTGACAGGCAAYCTTGATA 

TATC- 3’) and NDV-Rev4788 (5’-CTTGTAGTGGC 

TCTCATCTG-3’). For the HN gene, the primers used are 

NDV-For6369 (5’- AGGCYTCACAACATCYGTTC-3’) 

and NDV-Rev6598 (5’ TYGATATGCCTRCGAGRTCG-

3’)23.  

 

RT-PCR procedure was conducted by using SapphireAmp® 

Fast PCR Master Mix (Takara Bio) as the precast mix, 5 uM 

of forward and reverse primers targeting the M and HN 

genes and 50ng of the cDNA to be used as the template24. 

RT-PCR amplification was performed using the following 

thermocycling conditions: initial denaturation at 95 °C for 2 

min followed by denaturation at 35 cycles of 98 °C for 10 s, 

annealing at 55 °C for 10 s, extension at 72 °C for 10–20 s 

and a final extension at 72 °C for 2 min. After the completion 

of the RT-PCR amplification, 12.5µl of the reaction mixture 

was aliquoted onto an agarose gel electrophoresis at 1.2% 

stained with 0.8µl of ethidium bromide. The gel was 

subsequently visualized in GenoSens 1869 Gel 

Documentation and Analysis System (Clinx Science 

Instruments Co. Ltd, Shanghai, China).  

 

For checking of purity and concentration of the amplified 

cDNA products, DNA concentration readings using the 

Nanodrop™ 2000c Spectrophotometer (Thermo Fisher 

Scientific, Massachusetts, USA) were acquired. Viral cDNA 

products were purified using GeneJet® Gel Extraction Kit 

(Thermo Fisher Scientific, Massachusetts, USA). The 

purified viral cDNA products from the first round of PCR 

amplification were used as the template for the second of 

PCR re-amplification of the viral cDNA to increase the 

concentration of the products. Finally, the purified cDNA 

products were sent to Macrogen Inc. (Seoul, South Korea) 

for nucleotide sequencing of both the forward and reverse 

reactions. 

 

Nucleotide sequencing analysis: The nucleotide sequences 

of M and HN were analyzed using CodonCode Aligner® 

(version 7.0.1, CodonCode Corporation, MA)19 and Clustal 

Omega (version 1.2.4, Conway Institute UCD Dublin, 

Ireland)21. Confirmation of homology and identity was 

conducted using Nucleotide Basic Local Alignment Search 

Tool or BLASTn3. The analyzed sequences were compared 

with consensus sequences of AOAV-1 reference strains 

obtained from GenBank. Pairwise and multiple sequence 

alignments were performed using Clustal Omega version 

1.2.4. 

 

Results and Discussion 
Various farms from different time periods in the Philippines 

reported infections suspected to be ND. The first flock was 

from a duck farm located in Rizal province situated in 

northern Philippines. The viral sample (PDU91KVG1) from 

this flock was obtained in 1991 and the collected samples 

were stored in the College of Veterinary Medicine in UPLB. 

Information on the farm size, the size of the affected flock, 
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mortality rate and clinical signs were not made available. 

The second flock was from a layer farm located in 

Zamboanga del Sur situated in southern Philippines. The 

viral sample (ZLY14KVG2) from this flock was obtained in 

an outbreak in 2014. The farm size has a total capacity of 

180,000 and the reported size of the affected flock is 31,625. 

The reported mortality rate is 61%.  

 

The clinical signs observed are the following: depression, 

decrease in feed intake, conjunctivitis, facial swelling, 

greenish diarrhea, opisthotonos and torticollis. The third 

flock was from a layer farm in Pampanga province situated 

in northern Philippines. The sample (PLY15KVG3) from 

this flock was obtained in an outbreak in 2015. The farm size 

has a total capacity of 40,000 and the reported size of the 

affected flock is 12,000.  

 

The reported mortality rate is 15%. The clinical signs 

observed are the following: gasping, conjunctivitis, 

periorbital swelling, lethargy, greenish diarrhea, torticollis, 

hemorrhagic proventriculus and cecal tonsils. The fourth 

flock was from a layer farm located in Davao del Sur situated 

in southern Philippines. The viral sample (DLY15KVG4) 

from this flock was obtained in an outbreak in 2015. The 

clinical signs observed are the following: facial swelling, 

conjunctivitis, nasal discharge and proventriculitis. 

Information on the farm size, the size of the affected flock 

and the reported mortality rate were not made available.  

 

The fifth flock was from a broiler farm located in Pampanga 

situated in northern Philippines. The viral sample 

(PBR15KVG5) from this flock was obtained in an outbreak 

in 2015. Information on the farm size, the size of the affected 

flock, mortality rate and clinical signs were not made 

available. The sixth flock was from a layer farm in Bulacan 

situated in northern Philippines. The viral sample 

(BLY16KVG6) from this flock was obtained in an outbreak 

in 2016. The farm size has a total capacity of 100,000 and 

the reported size of the affected flock is 30,000.  

 

The reported mortality rate is 41%. The clinical signs 

observed are the following: conjunctivitis, swollen head, 

tracheal rales, nasal discharges and torticollis. The sixth 

flock was from a layer farm in Tarlac situated in northern 

Philippines. The viral sample (TLY16KVG7) from this 

flock was obtained in an outbreak in 2016. The clinical signs 

observed are the following: periorbital swelling, lacrimation, 

transparent mucoid nasal and mouth discharge, brilliant 

green diarrhea, depression, paresis, ruffled feathers, gasping 

and incoordination. Information on the farm size, the size of 

the affected flock and the reported mortality rate were not 

made available.  

 

The eight flock was from a layer farm in Tarlac situated in 

northern Philippines. The viral sample (TLY17KVG8) from 

this flock was obtained in an outbreak in 2017. The farm size 

has a total capacity of 120,000 and the reported size of the 

affected flock is 40,000. The clinical signs observed are high 

mortalities in 11-week old pullets. The ninth flock was from 

a broiler farm in Davao City situated in southern Philippines. 

The viral sample (DBR17KVG9) from this flock was 

obtained in an outbreak in 2017. The farm size has a total 

capacity of 120,000 and the reported size of the affected 

flock is 40,000.  

 

The reported mortality rate is 30%. The clinical signs 

observed are the following: sudden increase in mortalities, 

greenish whitish diarrhea and torticollis. The tenth flock was 

from a pigeon population in Rizal province situated in 

northern Philippines. The farm size has a total capacity of 

600 and the reported size of the affected flock is 600. The 

reported mortality rate is 10%. The clinical signs observed 

are the following: respiratory signs, ocular and nasal 

discharges and torticollis. The differences in reported 

mortality and clinical signs observed in the flocks in various 

farm locations may be described by different internal and 

external compounding factors such as host range, 

susceptibility of the host, immune status and environmental 

distress due to differing climatic phenomena like age of the 

affected species, vaccination dosage and history and the 

spread of exposure which may greatly influence the severity 

of ND24. 

 

Determination of M and HN genes is important as it will help 

scientists and researchers to accurately identify AOAV-1 to 

improve epidemiological studies and surveillance of the 

disease in the country. 

 

Table 1 

Summary of the detected M and HN genes in the Philippine field AOAV-1 clinical isolates. 
 

Official viral isolate names M gene HN gene 

1. DBR17KVG9 + - 

2. PLY15KVG3 + + 

3. PBR15KVG5 - - 

4. DLY15KVG4 + - 

5. BLY16KVG6 + + 

6. PDU91KVG1 - + 

7. ZLY14KVG2 + - 

8. TLY17KVG8 + - 

9. TLY16KVG7 + + 

10. RPG17KVG10 + - 
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Fig. 1: Agarose gel electrophoresis of RT-PCR products of M gene. (A) PCR products amplified from the partial M 

gene using primer A (NDV-For4359 and NDV-Rev4788). Lane MW: KAPPA Ladder molecular weight marker; Lane 

1: DBR17KVG9; Lane 2: PLY15KVG3; Lane 3: PBR15KVG5; Lane 4: DLY15KVG4; Lane 5: BLY16KVG6; Lane 

6: PDU91KVG1; Lane 7: ZLY14KVG2; Lane 8: TLY17KVG8; Lane 9: TLY16KVG7; Lane 10: RPG17KVG10; 

Lane 11: Positive control (La Sota); Lane 12: Negative control; (B) PCR re-amplification of the cDNA products of (A) 

with higher concentration; Lane MW: KAPPA Ladder molecular weight marker; Lane 1 and 2: BLY16KVG6; Lane 

3 and 4: ZLY14KVG2; Lane 5 and 6: TLY16KVG7; Lane 7 and 8: RPG17KVG10; Lane 9 and 10: Positive control; 

Lane 11: Negative control; (C) PCR re-amplification of the cDNA products of (A) with higher concentration; Lane 

MW: KAPPA Ladder molecular weight marker; Lane 1 and 2: DBR17KVG9; Lane 3 and 4: PLY15KVG3; Lane 5 

and 6: TLY17KVG8; Lane 7 and 8: DLY15KVG4; Lane 10: Negative control 

 

Table 1 presents the summary of the detected M and HN 

genes in different AOAV-1 isolates in the Philippines. 

Figure 1 shows the agarose gel electrophoresis result of the 

partial M gene as parallel to the positive control. The 

expected band size of the amplicons is 429bp. 

 

Figure 1a shows that DBR17KVG9, PLY15KVG3, 

DLY15KVG4, BLY16KVG6, ZLY14KVG2, 

TLY17KVG8, TLY16KVG7 and RPG17KVG10 are all 

positive for AOAV-1 coding for the matrix gene while 

PBR15KVG5 shows multiple banding patterns and 

PDU91KVG1 shows no amplicons. Figures 1b and 1c 

demonstrate the PCR re-amplification of the detected bands 

in figure 1a.  

 

Al-Habeeb et al1 successfully detected and characterized 

matrix genes from AOAV-1 strains using real time RT-PCR 

and melting curve analysis. Rahman et al18 molecularly 

detected matrix genes of AOAV-1 strains circulating in 

Bangladesh using real time RT-PCR amplification. Figure 2 

shows the agarose gel electrophoresis result of the partial 

HN gene as parallel to the positive control. The expected 

band size of the amplicons is 229bp. Figure2a shows that 

PLY15KVG3, BLY16KVG6, TLY16KVG7 and 

PDU91KVG1 are all positive for AOAV-1 coding for the 

HN gene while DBR17KVG9, PBR15KVG5, 

DLY15KVG4, ZLY14KVG2, TLY17KVG8 and 

RPG17KVG10 show no amplicons. Figure 2b and 2c 

demonstrate the PCR re-amplification of the detected bands 

in figure 2a.  

 

Otim et al16 they reported the molecular characterization and 

construction of phylogenetic tree of AAV1 field isolates in 

Eastern Uganda by comparing the nucleotide sequences 

using the HN protein genes.  

 

Triosanti et al22 detected and molecularly characterized the 

HN gene fragments of Indonesian AAOV1 isolates from 

vaccinated farms and constructed phylogenetic tree 

confirming the isolates to be ND. Table 2 shows the 

similarity of the M and HN gene sequences of this study to 

the AOAV-1 reference strains in the GenBank. This 
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confirmation provides evidence of the identity and similarity 

of the isolated strains to be AOAV-1. Our results suggest 

that detecting and characterizing M and HN genes can aid in 

correctly identifying this disease agent which will give us 

knowledge on creating more specific control strategies 

against the disease.  

 

 
Fig. 2: Agarose gel electrophoresis of RT-PCR products of HN gene. (A) PCR products amplified from the partial HN 

gene using primer E (NDV-For6369 and NDV- Rev6598). Lane MW: KAPPA Ladder molecular weight marker; 

Lane 1: DBR17KVG9; Lane 2: PLY15KVG3; Lane 3: PBR15KVG5; Lane 4: DLY15KVG4; Lane 5: BLY16KVG6; 

Lane 6: PDU91KVG1; Lane 7: ZLY14KVG2; Lane 8: TLY17KVG8; Lane 9: TLY16KVG7; Lane 10: 

RPG17KVG10; Lane 11: Positive control (La Sota); Lane 12: Negative control; (B) PCR re-amplification of the 

cDNA products of (A) with higher concentration; Lane MW: KAPPA Ladder molecular weight marker; Lane 1, 2, 3, 

4: BLY16KVG6; Lane 5, 6, 7, 8: PDU91KVG1, Lane 9: Negative control; (C) PCR re- amplification of the cDNA 

products of (A) with higher concentration; Lane MW: KAPPA Ladder molecular weight marker; Lane 1, 2, 3, 4: 

PLY15KVG3; Lane 5, 6, 7, 8: TLY16KVG7, Lane 9 and 10: Positive control, Lane 11: Negative control 
 

Table 2 

Nucleotide sequence similarity of the Philippine field AOAV-1 clinical isolates using the M and HN gene sequences. 
 

 M gene HN gene 

Residue 

Number 

(4403-6497) 

4407 4416 4434 4441 4455 4467 4475 4497-4502 6430 6431 6451 6470 6477 6490-6497 

Consensusa G C G C T A T AAAAAA G T A A A TTCCGGAT 

DBR17KVG9 +b + A + + + + + -d - - - - - 

PLY15KVG3 + T + T + + + + + + + + + + 

DLY15KVG4 + T + T + + + + - - - - - - 

BLY16KVG6 + + A + + + + + + + + + T ±c 

PDU91KVG1 + + A + + + + + + + + + + + 

ZLY14KVG2 + + A + + C + + - - - - - - 

TLY17KVG8 + + A + + + + + - - - - - - 

TLY16KVG7 + + A + + + + + + + + + + + 

RPG17KVG10 + T + T + + + + - - - - - - 

Positive control + + A + + + + + - - - - - - 

a The consensus nucleotide sequence was derived from the whole genome sequence of M and HN genes of AOAV-1 strains from 

GenBank 
b Same as the consensus sequence 
c Different from the consensus sequence 
d Not detected 
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Conclusion 
ND is a long-known disease in the country and still poses a 

big threat to the avian population and to the economy. 

Therefore, more effective control and preventive strategies 

such as the use of vaccines must be performed to mitigate 

the effects of this debilitating disease. In order to form these 

strategies, detection of many genes of the disease will be 

helpful with this approach.  

 

In this study, M and HN genes were successfully detected in 

AOAV-1 field strains from 1991-2017 using the RT-PCR 

method. This implies that the method used is a powerful tool 

in detecting the viral samples even if the samples were stored 

for a very long time. This test will be useful for the screening 

of the suspected AOAV-1 samples which will be valuable 

for the surveillance and epidemiological investigation of the 

disease in the country.  
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