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The present study was designed to investigate the pathology and transmission of experimental velogenic 
viscerotropic newcastle disease (VVND) in Japanese quails and mynas. Both birds were divided into 
Q1, Q2, Q3, M1, M2 and M3 group each of four bird. The birds of group Q1, M1 and Q2, M2 were 
administered with 0.3ml of VVND virus (1.8×109 EID 50) via intramuscular and oral routes, respectively, 
whereas, birds of group Q3 and M3 were kept in contact exposure with VVND virus infected chickens. 
Clinical signs were observed in Japanese quails and mynas on 4th day post-inoculation. The major clinical 
signs were green yellowish diarrhea, ruffled feathers, anorexia and torticollis in all groups except Q3. The 
mean clinical scores and mean death time (days) were statistically non-significant (P>0.05) among all 
the groups. Higher mortality rate (75%) was recorded in mynas as compared to Japanese quails (50%). 
Major necropsy lesions observed were pin point hemorrhages in proventriculus, demarcated button-
like ulcers of intestinal mucosa, hemorrhages in trachea and spleen. Histopathological lesions observed 
in proventriculus were erosions in epithelium, localized hemorrhages and congestion in the glandular 
region. In small intestine of affected birds, villi appeared hyperemic and ulcerated. Tracheal surface 
epithelium often showed discontinuation, the loss of cilia of the lining epithelium and disturbance of the 
coherence among various histological layers. In spleen, there was enormous infiltration with mononuclear 
lymphocytes, especially in the area of red pulp. Haemagglutination inhibition titer of all experimental 
groups was found higher on day 21 as compared to day 0 and 7. Taken together, experimental data showed 
the susceptibility of Japanese quails and mynas to experimental intramuscular and oral inoculation with 
VVND virus. Moreover, clinical VVND does not occur in Japanese quails upon contact exposure to 
VVND virus infected chickens although there is sero-conversion.

INTRODUCTION

Newcastle disease (ND) is an exceptionally contagious 
viral disease of domestic poultry, cage and wild 

birds of all age groups (Alexander, 1997) characterized 
by respiratory, digestive and nervous signs (Mishra et al., 
2000). ND is a major problem for the poultry industry 
worldwide (Maw et al., 2003; Oladele et al., 2005) and 
is included in list A contagious diseases of poultry by the 
world organization of animal health (OIE) on the basis 
of its economic and veterinary importance (Alexander, 
2000). ND causes significant economic losses to the 
poultry industry due to high mortality, morbidity, stress, 
reduced egg production and hatchability all over the world 
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(Sonaiya and Swan, 2005; Lueck et al., 2004). The 
virulence of ND strains differs significantly with the host, 
however breed does not seem to have a major affection 
on the vulnerability of chickens to the disease (Cole and 
Hutt’s, 1961; Higgins, 1971). In other avian species, the 
disease produced by virulent ND viruses ranges clinically 
from in apparent to a rapidly fatal condition. 

In addition to variation in severity of disease with virus 
strain, the species of bird, the immunity, age and rearing 
conditions may also greatly affect the disease signs seen, 
while the presence of other organisms may greatly exacerbate 
even the mildest forms of disease. As a consequence, no 
disease signs may be regarded as pathognomonic (McFerran 
and McCracken, 1988). Of the five pathotypes of NDV, the 
velogenic viscerotropic Newcastle disease virus (VVNDV) 
has been considered to possess the greatest virulence 
(Utterback and Schwartz, 1973). This pathotype is commonly 
found in South Asia and South East Asia.
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ND is caused by a negative sense, single stranded 
RNA virus having envelop belongs to the family 
Paramyxoviridiae, sub-family Paramyxovirinae and genus 
Avulavirus (Lamb et al., 2005). Eleven serotypes of avian 
paramyxoviruses (APMV) are present currently which are 
designated as APMV-1 to APMV-11 (Tiana et al., 2012). 
The ND virus belonging to avian paramyxovirus type-
1 serotype (APMV-1) infects different hosts including 
broilers, hens, rock pigeons, turkeys and quails. The 
transmission of NDV occurs through freshly introduced 
birds, marketing of sick birds, contact with contaminated 
feed, water, utensils, faecal material and extra excretions 
from diseased birds (Tu et al., 1998).

VVND has been reported in Brazil in ducks, pigeons, 
quails, turkeys, teal and guan (Cubas, 1993). However, 
Japanese quails are more resistant to Newcastle disease 
virus than chickens; the severity of the disease may increase 
under stress conditions. For appropriate developing of 
quail industry it is necessary to consider prevention of ND 
in this bird (Abshar et al., 2000). Japanese quails remain 
healthy and act as a carrier all the way through their life 
(Lima et al., 2004). Some other wild birds like waterfowl, 
geese and teals also maintain Newcastle disease virus 
strains. The virulent strain circulating in wild environment 
can be transmitted to commercial poultry flocks (Hlinak 
et al., 2006). It shows that other avian species which are 
carriers and shedders of ND virus are potential source of 
infection to chickens (Chukwudi et al., 2012).

In the recent years, quail and pet birds production 
has been successfully done on a large commercial scale. 
Therefore, it is necessary to study the epidemiology and 
pathology of VVND virus in bird species that are frequently 
found in the surroundings of housed chickens as these 
birds may potentially transmit VVND virus to the chickens 
and vice versa. Therefore, this research work was planned 
to study the susceptibility of Japanese quails and myna to 
VVNDV and also their possible role in disease transmission 
from infected chickens housed along with them.

MATERIALS AND METHODS

VVND virus culture
The VVND virus isolate available at the Sindh poultry 

vaccine center (SPVC) Karachi was used. The virus (0.1 
ml) was inoculated in the allantoic cavity of 9 days old 
embryonated chicken eggs. After 72 h post-inoculation, 
embryonated eggs were chilled (4oC) and opened to 
harvest amnio-allantoic fluid (AAF). Presence of viral 
antigen was confirmed by haemagglutination (HA) test 
(OIE, 2012), prepared aliquot, stored at -40 ºC and used 
for whole research work.

Embryo infectious dose 50 (EID50)
EID50 of harvested VVND virus titer of stock solution 

was determined by culturing in 9 days old embryonated 
chicken eggs using standard method as described in World 
Organization for Animal Health manual (OIE, 2012). 
Finally, EID50 was calculated using the Reed and Muench 
(1938) formula.

Experimental birds
A total of 12 birds of each species (Japanese quail and 

myna) were purchased from local bird market and were 
kept separately under hygienic, properly disinfected and 
well ventilated condition in experimental rooms where 
feed and water was provided ad-libitum.

Blood collection and antibodies titration by 
haemagglutination inhibition (HI) test

1 ml blood sample was collected on day 0, 7 and 21 of 
experiment from the wing vein and jugular vein of Japanese 
quails and mynas with sterile 1 ml syringe and needle 
without anticoagulant into 1.5 ml of Eppendorf tubes and 
allowed to clot at room temperature. After clotting of blood 
Eppendorf tubes were centrifuged at 3000 rpm for 5 min to 
have a clear serum (supernatant) from the blood. Sera were 
poured into new labelled Eppendorf tubes and stored at -40 
ºC until tested. All the sera were tested for antibodies titers 
against VVND virus by using standard haemagglutination 
inhibition (HI) method (Allan and Gough, 1974).

Experimental design and infection
Japanese quails and mynas were divided into 3 

treatment groups, namely Q1 (n=4), M1 (n=4), Q2 (n=4), 
M2 (n=4) and Q3 (n=4), M3 (n=4). Each bird of Q1, 
M1and Q2, M2 groups were injected with 0.3 ml (1.8×109 

embryo infectious dose 50) of VVND virus intramuscular 
and oral route, respectively. Birds of group Q3 and M3 
were uninfected and exposed contact with VVND infected 
chicken birds. The infected birds were monitored daily for 
the development of clinical signs, morbidity and mortality.

Necropsy findings
Postmortem examination was performed on the 

birds dying during the course of disease for studying 
various lesions on visceral organs which were found 
affected during necropsy of experimental birds of each 
specie. On day 30 post-infection all the surviving birds 
were euthanized and dissected for observation of lesions. 
Organs showing lesions were scored as normal 0, light 1, 
moderate 2 and severely 3 affected according to intensity 
and morphological changes.

Histopathological examination
Tissue samples (06mm3) of affected organs (trachea, 
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proventriculus, intestine and spleen) were collected and 
preserved in 10% neutral buffered formalin dehydrated 
in series of ascending concentrations of ethanol followed 
by clearing in two changes of pure xylene and the tissues 
then were infiltrated in two changes of melted histological 
paraffin wax (Merck) at 65 oC. Embedding was done 
on embedding center (HT Company, UK) with melted 
paraffin wax and finally 6 µm thickness sections were cut 
by using rotary microtome. The histopathological slides 
were stained with hematoxylin and eosin (H and E) in 
automatic tissue stainer (HT Company). Histopathological 
changes were observed with the help of light microscope 
at 10X and 40X magnifications.

Histopathological lesion scoring
Histopathological lesion scoring was done 

according to the intensity of cellular changes by 
observing the tissue slides under microscope. 0 for 
normal histological architecture without pathogenic 
lesions, 1 for few scattered degeneration, leucocyte 
infiltration and necrosis, 2 for moderate necrosis, 
leucocyte infiltration and hemorrhagic areas, and 3 for 
severe necrosis, leucocyte infiltration and hemorrhagic 
areas.

Statistical Analysis
The data obtained were tabulated and statistically 

analyzed using computer software named Student Edition 
of Statistics (SXW), Version. 8.1 (Copyright 2005, 
Analytical Software, USA).

RESULTS AND DISCUSSION

Anti-VVNDV antibody titers in surviving Japanese quails and 
mynas determined by HI test

HI test was performed on the sera obtained from 
Japanese quails and mynas before start of experiment 
and were found sero-negative with antibodies titer mean 
values of 1.3, 0.8, 1, 0.8, 1 and 0.8 in Q1, Q2, Q3, M1, 
M2 and M3, respectively (Fig. 1A). After inoculation of 
VVND virus to the different groups of Japanese quails 
and mynas by different routes (viz. intramuscular, oral, 
contact exposed) sera were collected on day 7 and 21 post 
infection. Among the groups highest mean HI titer 11 was 
recorded in M1 on day 21 and lowest 0.8 in Q2, M1 and 
M3 on day 0. It was also noted that in all the groups HI 
titer increased by the passage of the time and highest mean 
HI titer was recorded on day 21 among all the groups and 
showed statistically significant variation from day 7 and 
day 0 among all the groups. Presence of antibodies titers 
in the sera of Japanese quails and mynas indicates that 

these birds has been exposed to VVND virus by any route 
viz. inhalation, intramuscular and oral inoculation. These 
results provide evidence that Japanese quails and mynas 
can carry VVND virus for at least 3 weeks and studies of 
Lima et al. (2004) also in agreement with this. Czirjak et 
al. (2007) also confirmed presence of anti-NDV antibodies 
from Japanese quails flock by haemagglutination 
inhibition test. Similar type of results obtained by Salihu et 
al. (2012), investigated the sero-prevalence of Newcastle 
disease in adult household scavenging birds raised under 
the traditional management system in Nigeria through 
antibody detection using haemagglutination inhibition test. 
The results of Abdulla et al. (2014) also in agreement with 
present study results in which they isolated six Newcastle 
disease virus field strains from samples collected from 
wild birds including quails and pigeons in Qatar through 
antibody detection by haemagglutination inhibition test. 
HI test is most widely used serological test for measuring 
NDV antibodies in birds and considered the gold standard 
test for this disease (OIE, 2012).

Clinical findings
Different clinical signs were observed in various 

groups of birds on different days post-inoculation. 
First clinical signs in Japanese quails and mynas were 
observed on 4th day post-inoculation. During the course 
of experiment till completion the most common clinical 
findings detected were ruffled feathers, anorexia, diarrhea, 
torticollis and ataxia in Japanese quails and mynas 
after inoculation of VVND virus. Czirjak et al. (2007) 
reported similar clinical signs in Japanese quails in natural 
outbreak of Newcastle disease most commonly manifested 
clinically by central nervous system dysfunction. Saif et 
al. (2005) also recorded clinical signs in birds infected 
with VVND virus were mainly diarrhea and visceral 
organs hemorrhages. During experimental infection of 
Newcastle disease virus to Japanese quails by Nguyen et 
al. (2000), they found clinical signs like ruffled feathers, 
anorexia and diarrhea which are same with the findings 
of present study. Another study conducted by Cynthia 
et al. (2005) reported that VVND clinical signs often 
begins with anorexia, listlessness, weakness, greenish 
diarrhea, torticollis and paralysis of legs and wings in fully 
susceptible species (flock). There is no such information 
available regarding clinical signs of VVND in mynas in 
natural and experimental infection.

Mortality rate
Mortality rate was recorded in the experimental 

birds inoculated with VVND virus. Mortality in Japanese 
quails started on day 5 and in mynas on day 8 post-
inoculation (Fig. 1B). Highest mortality rate was recorded 
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75% in myna which were administered with VVND virus 
intramuscularly as compared to other experimental groups 
of Japanese quails and mynas. A Mortality rate of 50% 
were recorded in the groups administered VVND virus 
orally in both experimental species (Japanese quails and 
mynas). Whereas no mortality was seen in contact exposed 
group of Japanese quails (Fig. 1C). The result of present 
study is come to an understanding with Erickson et al. 
(1978) who examined 6 pet species including lesser hill 
Mynah for epizootiological aspect of VVND and carried 
out experimental infection and found a mortality of 22% 
in 5 pet species including Myna. Nguyen et al. (2000) 
reported 60%, 50% and 20% mortality in Japanese quails 
experimentally infected with Newcastle disease virus 
intramuscularly, orally and contact-exposed respectively. 
Their findings are in agreement with present study 
findings. As highest mortality rate were seen in myna than 
Japanese quails also mortality recorded in contact-exposed 
group of myna is showing greater susceptibility of myna to 
VVND virus infection. In present study, no mortality was 
recorded in contact-exposed groups of Japanese quails it 
suggests that VVND virus does not cause clinical infection 
in natural exposure of Japanese quails but act as a carrier, 
shed virus and can transmit infection to other species when 
came in contact. Lima et al. (2004) reported Japanese quail 
as an important carrier for the Newcastle disease virus that 
is promising with present study findings.

Postmortem findings of the dead birds
Dead birds were examined for postmortem findings 

and lesions on major infected organs and were scored. 
The average lesions score of oral groups were higher 
than intramuscular and contact-exposed groups (Fig. 
1D). The most common necropsy findings were seen pin 
point hemorrhages in proventriculus, hemorrhagic ulcers 
in intestinal mucosa and hemorrhages in trachea and 
spleen in both Japanese quails and mynas. Moreover, in 
proventriculus reddened pin point hemorrhages present at 
the tip of proventricular glands. On small intestine button-
like ulcers of the intestinal mucosa, marked from the 
serosa and mucosal surfaces. In trachea, mucosal surface 
was hemorrhagic with numerous red streaks showing 
congestion. On spleen, petechial hemorrhages and pale 
focal necrotic lesions were present. Spleen was congested, 
swollen and enlarged. These findings agreed with McFerran 
and McCracken (1988) who recorded respiratory tract 
mucosal hemorrhages and marked congestion of trachea 
in birds affected with VVND virus. Moreover, identical 
postmortem lesions were recorded by Alexander (2003) 
in birds infected with VVND virus. Czirjak et al. (2007) 
recorded similar necropsy findings in experimentally 
infected Japanese quails.

Fig. 1. A, Haemagglutination inhibition titer mean values 
of serum sample(s) taken from experimental bird species 
(Japanese quail and myna) on Day 0, 7 and 21 of the 
experiment showing higher HI titers on day 21 as compared 
to day 0 and 7.
B, Mean death time (days) was recorded in experimental 
bird species (Japanese quail and myna) and early mortality 
was seen in Japanese quails as compared to mynas post-
inoculation of VVND virus.
C, Mortality percentage was calculated in experimental bird 
species (Japanese quail and myna) and higher mortality 
rate was recorded in myna (75% intramuscular group) as 
compared to Japanese quail. Different groups of myna 
showed susceptibility to VVND whereas no mortality was 
recorded in Japanese quail (contact exposed group).
D, Dead birds were examined for postmortem findings and 
lesions on major infected organs and were scored according 
to severity of lesions. The average lesions score of oral groups 
of both experimental bird species (Japanese quail and myna) 
were higher than intramuscular and contact-exposed groups.

Histopathology
In present study histopathological lesions observed 

in various organs of Japanese quails and mynas were 
as under. In proventriculus histopathological lesions 
were mainly observed in the mucous membrane of the 
proventriculus. Extensive erosions in the epithelium, 
localized hemorrhages and congestion in the glandular 
region were observed. Glandular openings (villi) were 
swollen and had various degree of sloughed off mucosae, 
and irregular outline (Fig. 2A and B). Microscopically 
small intestine of affected birds showed hyperemic and 
ulcerated microvilli. Surface desquamation was also 
prominent (Fig. 2C and D). Histopathological findings 
in trachea were discontinuation of surface epithelium. 
Loss of cilia of the lining epithelium and disturbance of 
coherence among various histologic layers were also 
noticeable  (Fig. 3A and B). In spleen, there was enormous 
infiltration with mononuclear lymphocytes, especially in 
the area of red pulp. This region also showed hyperemic 
changes, petechial hemorrhages were also observed  (Fig. 
3C and D).

M.F. Ayoob et al.
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Fig. 2. Histopathological lesions observed in proventriculus 
of Japanese quail (A) and myna (B) were mainly observed 
in the mucous membrane of the proventriculus. Extensive 
erosions in the epithelium, localized hemorrhages and 
congestion in the glandular region were observed. 
Glandular openings (villi) were swollen and had various 
degree of sloughed off mucosae, and irregular outline. 
Histopathological lesions observed in small intestine of 
Japanese quail (C) and myna (D) were mainly showed 
hyperemic and ulcerated microvilli. Surface desquamation 
was prominent and sloughing off the microvilli was also 
present.

Fig. 3. (A and B) Histopathological lesions observed in 
trachea of Japanese quail (A) and myna (B) were mainly 
discontinuation of surface epithelium. Loss of cilia of the 
lining epithelium and disturbance of coherence among 
various histologic layers were also noticeable. (C and D) 
Histopathological lesions observed in spleen of Japanese 
quail (C) and myna (D) were mainly enormous infiltration 
with mononuclear lymphocytes, especially in the area of 
red pulp. This region also showed hyperemic changes, 
petechial hemorrhages were also observed.

The histopathological lesions observed in various 
organs of infected Japanese quails and mynas were 
similar with those reported by several researchers in 
chickens. Saif et al. (2005) and Nisa et al. (2019) recorded 
respiratory tract lesions including loss of cilia of the 
epithelia, congestion and edema of the mucosa with 
dense mononuclear cells infiltration. Saidu et al. (2006) 
observed sub-mucosal edema, hemorrhages, congestion 
and ulceration of the mucosa and villi of the intestine. This 
study also in agreement with the study of Kianizadeh et 
al. (2002) who mention microscopic changes in spleen 
especially in lymphoid tissues, lymphoid follicles of the 
spleen were necrotic and most of the lymphocytes in the 
medulla were undergoing degeneration and various nuclear 
changes that occur in the stages of necrosis. Mohammad 
and Qubih (2011) recorded changes in proventriculus 
of chicken after Newcastle disease virus infection 
histological findings were necrotic and hemorrhagic 
lesion, lymphocytic infiltration in lymphoid follicles and 
shortening of proventricular papillae.

CONCLUSIONS

Japanese quails and mynas are susceptible to 
experimental intra-muscular and oral inoculation with 
VVNDV however mynas are more susceptible. Clinical 
VVND does occur in mynas upon contact exposure to 
VVNDV infected chicken. Clinical VVND does not occur 
in Japanese quails upon contact exposure to VVNDV 
infected chicken although there is sero-conversion. 
VVNDV produces similar gross and histopathological 
lesions in Japanese quails and mynas but with different 
incubation periods.
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