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RT-PCR based assay for detection of Newcastle
disease virusisolated from poultry in Kashmir
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Abstract

Newecastle disease (ND) caused by a virulent strain of Avian paramyxovirus-1(vAPMV-1), is included in
List A of the Office International des Epizooties and is a highly contagious disease of poultry. ND
remains a major problem in existing or developing poultry industries. Confirmatory diagnosis requires
isolation and detection of the virus. The present study was carried out to detect the Newcastle disease
virus by RT PCR based assay isolated from poultry in Kashmir. 9 out of 10 disease outbreaks suspected
for ND were positive. The clinical and postmortem lesions were characteristic of ND. The virus was
isolated on the chicken embryo fibroblast (CEF) cell line. The virus was able to replicate easily in the cell
line without supplementing with any trypsin-like protease. The detection was carried out by amplification
of 356 bp hypervariable region of Fusion protein gene with Fo cleavage site by RT-PCR which is
regarded as a major determinant of pathogenicity.

K eywords: Fusion protein gene, Reverse transcriptase PCR

I ntroduction

Newcastle disease (ND), a poultry disease that causes severe outbreaks resulting in huge
economic losses, is caused by Newcastle disease virus (NDV) ['I. NDV is a single stranded
negative sense, non-segmented RNA virus, which is a virulent strain of avian paramyxovirus
type 1 (APMV-1) serotype of the genus Avulavirus, belongs to subfamily Paramyxovirinae,
family Paramyxoviridae, order Mononegavirales > 31. The disease has a worldwide prevalence
including in India and is seen affecting many species of birds causing huge economic loses to
poultry industry due to high morbidity and mortality associated with virulent strains of the
virus ™ 3 6. There are 9 serotypes of APMYV, but all isolates of Newcastle Disease Virus
(NDV) belong to serotype 1 (APMV-1) Bl therefore NDV is synonymous with APMV-1. The
APMV-1 viral genome, approximately of 15Kb, is composed of 6 genes encoding 6 structural
proteins- fusion (F), nucleoprotein (NP), matrix (M), phosphoprotien (P), RNA polymerase
(L), and hemaglutinin-neuraminidase (HN) > & ], Two additional proteins are encoded by
RNA editing of the P protein, namely V and W. The V protein is known to have an inhibitory
effect on the alpha/beta interferon response in an avian host ['%,

There are different pathotypes of NDV in chickens: velogenic (high virulence), mesogenic
(moderate virulence), and lentogenic (low virulence) ', The pathogenicity of NDV is
determined primarily by cleavage of F protein by host cellular proteases ['> 131,

Historically, diagnosis of APMV-1 infection relies on the detection of the infectious agent by
virus isolation in embryonated eggs or cell cultures ). At present, virus isolation is the
prescribed test for international trade "4 and remains the method of choice for confirmatory
diagnosis or as the gold standard method for the validation of other techniques [ 1> 1], The
first documented attempt to detect APMV-1 by reverse transcription polymerase chain reaction
(RT-PCR) in allantoic fluids of embryonated fowl eggs dates back to 1991 '], Since then a
variety of laboratory protocols ranging from gel-based RT-PCR to real-time RT-PCR,
restriction enzymes —based procedures, and rapid sequencing has been developed and
published ['81,

Materials and methods
A total of 10 suspected outbreaks of Newcastle Disease virus infection in Kashmir valley were
attended. The samples collected from the dead birds included tracheal swabs, cloacal swabs,
caecal tonsils, spleen, brain, proventriculus and Payer’s patches.
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The samples were preserved in 50% glycerol saline at -20 °C
or directly in TRIzol reagent (Sigma, USA) at — 80 °C. The
filtered homogenate of suspected tissue in PBS was
inoculated in CEF cell line for replication. RNA was extracted
from the infected cell culture suspension using TRIzol
Reagent. Complementary DNA (cDNA) synthesis was carried
out using random hexamer primers and Revert-Aid First-
Strand ¢cDNA Synthesis kit. A primer set targeting the
hypervariable region of Fusion protein gene [ was used to
detect NDV by RT-PCR. PCR assay was performed in a 25 pl
total reaction volume in a 0.2 ml PCR tube on Master cycler
gradient PCR machine (Eppendorf, USA) with Nuclease Free
Water 13.5ul, 10x PCR Buffer 2.5ul, 25mM MgCl, 2.5 pl,
25mM dNTP mix 0.2 pl, Forward primers (5pM) 0.5 pul,
Reverse primers (5 pM) 0.5 pl, Taqg DNA Polymerase 0.3 pl,
cDNA (2 pg/20 pl) 5 pl. At the end of the run, the
amplification was checked by Agar gel electrophoresis.

Figl: Haemorrhagic trachea

Resultsand discussion

Clinically, live birds showed nervous symptoms, diarrhoea,
respiratory rales and ruffled feathers, whereas dead birds on
postmortem revealed respiratory and gastrointestinal
involvement. Dead birds showed petechial hemorrhages on
proventriculus, catarrhal exudates in the intestines,
hemorrhagic caecal tonsils, hemorrhagic intestinal epithelium
with ulcer formation, hemorrhagic Payer’spatches and
swollen spleen [Figl-6]. The infectivity of the suspected
samples in CEF was seen in 9 out of the 10 outbreaks. The
infectivity in cell line was sluggish in the first and second
passage but from the third passage, the cytopathic effects
(CPE) could be visualized and during the fourth and fifth
passage, the effect was rapid and the monolayer started
detaching within two days post inoculation. The cytopathic
effects included characteristic rounding of the cells, failure of
cell adhesion, vacuolization in cells, cell fusion and
clustering, syncytium formation and monolayer detachment.
During the fifth passages the CPE was graded from 25% to
100%. At 72 h post inoculation the CPE was 75% indicated
by rounding up of cells and monolayer detachment, whereas
at 96 h post inoculation the CPE was 100%. [Fig7-10]. The
virus was able to replicate easily in the culture which was not
supplemented with any trypsin-like protease indicating the
presence of virulent form of NDV. The need for trypsin in the
cell culture media has been used as an indication of
pathogenicity. In order for the F protein to become active, it
must be cleaved by the secretory trypsin-like proteases. These
types of proteases are limited to the mucosal membrane of
respiratory and gastrointestinal tracts. The virulent strains of
NDV are able to replicate systematically due to the presence
of multiple basic amino acids at the cleavage site of the F
protein which make it easier to be cleaved by non-trypsin-like
proteases. This is also true for in vitro analysis where virulent
NDV is able to replicate and cause plaques in cell culture
system lacking trypsin like proteases. Low virulent strains are
not able to replicate systematically due to the limited
availability of trypsin-like proteases 2% 2!-16],

In 9 out of 10 suspected outbreaks, RNA extracted from
infected CEF cell suspension on RT- PCR amplified a
fragment of the hypervariable region of F gene with the
expected size (~356 bp) and confirmed the presence of NDV
in the samples [Fig:11]. RT-PCR systems are usually being
used to amplify a specific portion of the genome that will give
added value; for example by amplifying part of the F gene
that contains the Fy cleavage site for detection of NDV and
for assessing virulence by restriction digestion or amino acid
sequencing of Fy cleavage site 221,

Fig 4: Ulcer intestine from mucosal surface
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Fig 8: Chicken embryo fibroblast 48hrs Postinfection showing
detaching of monolayer

Fig 9: Chicken embryo fibroblast 72hrs Postinfection showing
] rounding, failure of cell adhesion, vacuolization, cell fusion and
Fig 6: Swollen spleen clustering and syncitium formation

Fig 10: Chicken embryo fibroblast 96 hrs Postinfection showing
Fig 7: Chicken embryo fibroblast monolayer uninfected with complete disruption of monolayer
spindle-shaped fibroblasts with characteristic cellular projections
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356bp

Fig 11: Fusion protein gene fragment (~356 bp) corresponding to the hypervariable region was amplified in the positive samples. L1= 100 bp
DNA ladder, L2-L5, L8-L9= ND positive samples, L7= ND negative sample

Conclusion

Molecular detection of Newcastle disease followed by
isolation is the gold standard for disease diagnosis. In nine out
of ten outbreaks, virus was isolated from CEF cell line
without supplementing trypsin indicating the presence of
virulent strain circulating in Kashmir and then detection by
RT-PCR.

Acknowledgement
The ICAR-NAIP and NAE (anaerobic bacteriology) projects
are duely acknowledged.

References

1. Alexander DJ. Newcastle disease and  other
Paramyxoviridae infections. In: Diseases of Poultry. Saif,
Y M., Bamnes, H.J., Glisson, JR., Fadly, AM,,
McDougald, L.R. and Swayne, D.E. eds. 11th edition.
Towa State University Press, Ames, [A. 2003, 63-87.

2. Abolnik C, Horne RF Bisschop, SP Parker ME, Romito
M, Viljoen GJ. A phylogenetic study of South African
Newcastle disease virus strains isolated between 1990 and
2002 suggests epidemiological origins in the Far East.
Archives of Virology, 2004; 149:603-619.

3. Pedersen JC, Senne DA, Woolcock PR, Kinde H, King
DJ, Wise MG et al. Phylogenetic relationships among
virulent Newcastle disease virus isolates form the 2002-
2003 outbreaks in California and other recent outbreaks in
North America. Journal of Clinical Microbiology, 2004;
42:2329-2334.

4. Kim LM, Suarez DL, Afonso CL. Detection of a broad
range of class I and II Newcastle disease viruses using a
multiplex real-time reverse transcription polymerase chain
reaction assay. Journal of Veterinary Diagnostic
Investigation, 2008; 20:414-425.

5. Lee YJ, Sung HW, Choi JG. Protection of chickens from
Newcastle disease with a recombinant baculovirus subunit
vaccine expressing the fusion and hemagglutinin-
neuraminidase proteins. Journal of Veterinary Science.
2008; 9:301-308.

6. Miller PJ, Decanini EL, Afonso CL. Newcastle disease:
evolution of genotypes and the related diagnostic
challenges. Infection, Genetics and Evolution. 2010;
10:26-35.

7. De Leeuw O, Peeters B. Complete nucleotide sequence of
Newcastle disease virus: evidence for the existence of a
new genus within the subfamily Paramyxovirinae. Journal
of General Virology. 1999; 80:131-136.

8. Aldous EW, Alexander DJ. Detection and differentiation
of Newcastle disease virus avian paramyxovirus type 1.
Avian Pathology, 2001; 30:117-128.

9. Oberdorfer A, Werner J, Veits T, Mebatsion Mettenleiter,
TC. Contribution of the length of the HN protein and the
sequence of the F protein cleavage site to Newcastle
disease virus pathogenicity. Journal of General Virology.
2003; 84:3121-3129.

10. Huang Z, Panda A, Elankumaran S, Govindarajan D,
Rockemann DD, Samal SK. The hemagglutinin-
neuraminidase protein of Newecastle disease virus
determines tropism and virulence. Journal of Virology,
2004; 78:4176-4184.

11.Beard CW, Hanson RP. Newcastle disease In: Disease of
Poultry. Hofstad, M.S., Barnes, H.J., Calnek, B.W., Reid,
W.M. and Yoder, HW. eds., 8th edition. lowa State
University Press, Ames, 1A, 1984, 452-470.

12. Peeters BP, de Leeuw, OS Koch G, Gielkens AL. Rescue
of Newcastle disease virus from cloned cDNA: Evidence
that cleavability of the fusion protein is a major
determinant for virulence. Journal of Virology. 1999;
73:5001-5009.

13.De Leeuw, OS Hartog, Koch LG, Peeters BPH. Effect of
fusion protein cleavage site mutations on virulence of
Newcastle disease virus: nonvirulent cleavage site mutants
revert to virulence after one passage in chicken brain.
Journal of General Virology. 2005; 84:475-484.

14. OIE. Newcastle disease. Manual of diagnostic tests and
vaccines for terrestrial animals. Chapter 2.3.14.
http://www.oie.int/ international-standardsetting/
terrestrial-manual/access-online. 2012

15. Alexander DJ, Senne DA. Newcastle disease virus and
other avian paramyxoviruses. In: A Laboratory Manual for
the Isolation, Identification and Characterization of Avian
Pathogens. Dufour-Zavala, Swayne, D.E., Glisson, J.R. et
al., Eds., 5th edition. American Association of Avian
Pathologists, Jacksonville, Fla, USA, 2008, 135-141.

16. Terregino C, Capua I. Clinical traits and pathology of
Newcastle disease infection and guidelines for farm visit

~ 1838~



Journal of Entomology and Zoology Studies

and differential diagnosis. In: Avian Influenza and
Newecastle Disease. Capua, 1. ed., Milan, A.D.S. Italy,
2009, 212-216.

17.Jestin V, Jestin A. Detection of Newcastle disease virus
RNA in infected allantoic fluids by in vitro enzymatic
amplification PCR. Archives of Virology. 2009; 118:151-
161.

18. Toyoda T, Sakaguchi T, Imai K. Structural comparison of
the cleavage-activation site of the fusion glycoprotein
between virulent and avirulent strains of Newcastle
disease virus. Virology. 1987; 158:242-247.

19. Nanthakumar T, Kataria RS, Tiwari AK, Butchaiah G,
Kataria JM. Pathotyping of Newcastle disease viruses by
RT-PCR and restriction enzyme analysis. Veterinary
Research Communications, 2000, 24:275-286.

20. Seal BS, King DJ, Sellers HS. Newcastle disease, other
avian paramtxoviruses, and pneumovirus infections.
Developmental and Comparative Immunology. 2000;
24(2-3):257-268.

21.Saif YM, Fadly AM, Glisson JR, McDoguald LR.
Newcastle disease, other avian paramyxoviruses, and
pneumovirus infections. In: Diseases of Poultry. 12th
edition.Blackwell Publishing Professional, Ames, lowa,
USA, 2008, 75-93.

22.Creelan JL, Graham DA, McCullough SJ. Detection and
differentiation of pathogenicity of avian paramyxovirus
serotype-1 from field cases using one- step reverse
transcriptase-  polymerase chain  reaction. Avian
Pathology. 2002; 31:493-499.

~ 1839~



