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Abstract
Newcastle disease virus (NDV) produces both gross and histopathologic changes in tissues and organs of infected 
birds. These lesions may cause increase or decrease in organ sizes especially lymphoid organs leading to immune 
suppression. Therefore, the effect of a velogenic NDV on the body and organ weights of vaccinated Shika brown
(SB) cocks was studied. Forty SB cocks consisting of twenty control and twenty infected cocks were slaughtered at 
the age of thirty-two weeks after infection with a velogenic NDV. They were weighed before being sacrificed and 
their internal organs (liver, spleen, thymus, heart, bursa of Fabricius, brain and adrenal glands) were removed and 
weighed. Sections of these organs were taken and stored in Bouin’s solution for 24 h and lat er sent for histology. 
The liver, spleen, thymus, heart and adrenal glands of the infected red SB cocks were heavier than those of the 
control red and white Shika brown cocks and infected white SB cocks. The weight of the spleen and brain of both 
the control and infected red and white cocks did not vary significantly (P>0.05). The infected red cocks had heavier 
adrenal glands, heart and liver weight than the control red and infected white cocks.  The spleen and brain body 
weight ratio was similar for both control and infected red and white cocks. The control white cocks had the least 
thymus body weight ratio. The control white cocks had a higher bursa body weight ratio than the infected red and 
white cocks and the control red cocks. Only one infected white c ock showed perivascular infiltration of 
lymphocytes and foci of glial cells. The increase in organ weights was seen mostly in the infected red cocks. It is 
recommended that chickens be routinely vaccinated against Newcastle disease to prevent atrophy of the bursa of 
Fabricius.
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Introduction
Growth and development of various organs of the 
domestic fowl have been of interest since the initial 
domestication of Gallus gallus (Thaxton, 2002). 
Newcastle disease (ND) is a highly contagious and 
the most dreaded disease of chickens, turkeys and 
many other birds caused by the Newcastle disease 
virus (Chuahan & Roy, 1998; Alexander & Jones, 
2001; Ohore et al., 2002; Saidu et al., 2006; Hailu, 
2012). Newcastle disease virus (NDV) causes severe 
and economically important disease in poultry 
around the globe (Munir et al., 2012). The velogenic 
NDV produces a severe disease with morbidity and 
mortality rates approaching 100% in unvaccinated 

chickens (Alexander, 2001; Capua & Alexander, 
2009).The virus affects organs such as lungs, 
intestine and central nervous system (Murphy et al.,
1999). The gross lesions and the organs affected in 
birds infected with NDV are dependent on the strain 
and pathotype of the infecting virus in addition to 
the host and all the other factors that may affect the 
severity of the disease (Alexander, 1988). Although 
gross lesions may also be absent in ND infected 
birds, in the chicken hemorrhagic lesions are 
observed in the small intestines, proventriculus and 
ceca (Alexander, 1988). These lesions are marke dly 
hemorrhagic and appear to result from necrosis on
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the intestinal wall or lymphoid foci such as cecal 
tonsils (Parede & Young, 1990). Suppression of 
immune response of the hosts may be due to 
temporary or permanent damage to primary 
lymphoid organs (Nasser et al., 2000). Generally 
gross lesions are not observed in the central nervous 
system of birds infected with NDV regardless of 
pathotype (McFerran & McCracken, 1988).  A non-
purulent encephalomyelitis with neuronal degeneration, 
foci of glial cells, perivascular infiltration of lymphocytes 
and proliferation of endothelial cells have been 
observed in the central nervous system (Omojola & 
Hanson, 1986; McFerran & McCracken, 1988). Small 
focal areas of necrosis in the liver and sometimes with 
hemorrhage in the gall bladder and heart have been 
reported (Ahmad et al., 2007). Beard and Hanson 
(1984) reported regressive changes found in the 
lymphopoetic system with the disappearance of 
lymphoid tissue, presence of focal vacuolation and 
destruction of lymphocytes in the cortical areas and 
germinal centres of the spleen and thymus following 
NDV infection in chickens. Marked degeneration of the 
medullary region was reported in the bursa. The adult 
avian spleen has been characterized as 
predominantly a lymphocyte producing and an 
erythrocyte-destroying organ (Ahmad et al., 2007). 
Central to the immune response is the normal 
embryonic development of thymic-derived 
lymphocytes (T-cells) and bursal or bone marrow 
derived lymphocytes (Reynolds & Maraqa, 2000). 
Gross pathologic changes are not usually present in 
the respiratory tract but when observed consist of 
hemorrhagic lesions and marked congestion of the 
trachea (Aldous & Alexander, 2001). In infected 
chickens and turkeys the ovarian follicles are often 
flaccid and degenerative. Hemorrhage and 
discolouration of the other reproductive organs may 
occur (Aldous & Alexander, 2001 ). The objective of 
this study was to evaluate the effect of the velogenic 
Kudu strain Newcastle disease virus on the body and 
organ weights of vaccinated SB cocks.  
 
Materials and methods 
Study location 
This study was carried out at the Poultry Research 
Programme of the National Animal Production 
Research Institute (NAPRI), Shika, Zaria (11°N and 
12°N, 7 °E and 8°E), at an elevation of 650 m above 
sea level, in the Northern Guinea Savannah zone of 
Nigeria. An average annual maximum and minimum 
temperature of 31.8 + 3.2

0
C and 18.0 + 3.7

0
C, 

respectively characterize the climate of the area. The 
monthly average rainfall during the rainy season 

(May – October) is 148.1 + 68.4mm (69.2-231.9mm) 
while mean monthly relative humidity is 71.1 + 9.7%.   

Experimental cocks 
Fifty 20 week-old SB cocks consisting of 28 white and 
22 red strains were purchased from the National 
Animal Production Research Institute Shika and used 
for this study. The cocks had been routinely 
vaccinated against ND, using the National Veterinary 
Research Institute (NVRI) Vom produced vaccine 
before purchase. 

Management of cocks 
The cocks were kept paired in  cages and fed layers 
mash containing 18% crude protein, 95.6% dry 
matter, 17% crude fibre and 3% nitrogen ad libitum. 
Water was provided ad libitum. All the necessary 
screening and treatment for ecto, endo and 
hemoparasites were carried out. For a period of six 
weeks the cocks had their cloacal temperatures 
taken using a digital thermometer and were weighed 
weekly. The cocks were infected with 2 ml of 10

6.0
 

EID50 of a velogenic 113 strain Kudu of Newcastle 
disease virus intranasally and orally after screening.  

Morphometric and biometric studies 
Forty cocks consisting of 20 control and 20 infected 
SB cocks aged 32 weeks were used. They were 
weighed, slaughtered; their organs (liver, spleen, 
thymus, heart, bursae of fabricius, brain and adrenal 
gland) were dissected out and weighed. The organ 
body weight ratios were obtained by dividing the 
organ weights in grams by the body weight in grams 
and multiplying the products by 1000 as described 
by Krasselt (1986). Samples of these organs were 
fixed in bouins solution for 24 h after which a little 
cut section of the organ specimen with its label 
included in an enclosed metallic or plastic capsule 
was washed several times in tap water. The little cut 
section of the organ specimen enclosed in the 
metallic or plastic capsule with its label was passed 
through ascending grades of ethanol, starting from 
70% to 80% to 95% and to 100%. The specimen 
spent 2 h each in the 70% and 80% alcohol and 1 
hour each in the 95% and 100% alcohol. It was then 
transferred into a clearing agent (xylene) for 2 hours 
after which the complete specimen was then 
impregnated with wax. The capsule containing the 
tissue was transferred into molted wax and left for 2 
– 4 h in an oven at 50°C - 60°C, after which the tissue 
was embedded. After embedding, the blocked tissue 
was mounted on a wooden or plastic block and left 
in the deep freezer to freeze. The blocked tissue was 
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then sectioned using the microtome into thin slides 
of tissue about 5 – 15 microns. The cut sections were 
spread out in a water bath and picked up with slides 
which had been smeared with adhesive, 
glycerine/albumin mixture. The picked up sections 
were allowed to dry in an oven set at 56°C for 1 h 
before they were stained.  
 
Results 
Body and organ weights of infected and control SB 
cocks are summarized (Table 1). There was no 
significant difference (P>0.05) in the body weights, 
liver, spleen and brain of the control and infected 
red and white SB cocks. The thymus and heart 
weight of the infected red cocks was significantly 
heavier (P<0.05) than that of the control red and 
white cocks. The bursal weight of the control white 
cocks was heavier than that of the control red and 
infected red and white SB cocks. The infected red cocks 
had heavier adrenal glands than the control red and 

infected red and white cocks (Table 1). Organ body 
weight ratios of infected and control SB cocks are 
summarized (Table 1). The infected red cocks had a 
higher liver body weight ratio than the control red and 
white cocks and infected white cocks. The spleen body 
weight ratio was the same for both control and 
infected red and white cocks. The control white cocks 
had the least thymus body weight ratio. The infected 
red cocks had the highest heart bodyweight ratio. The 
brain body weight ratio was the same for both control 
and infected red and white cocks. The control white 
cocks had a higher bursa body weight ratio than the 
infected red and white cocks and the control red 
cocks. The infected red cocks had the highest 
adrenal body weight ratio. Only one infected white 
Shika brown cock showed a brain lesion of non-
purulent encephalomyelitis with neuronal 
degeneration, foci of glial cells and perivascular 
infiltration of lymphocytes (Figure 1). 

 
Table 1:   Organ body weight ratios of Shika brown cocks infected with a velogenic Newcastle disease virus 

Parameter RSB1 RSB2 WSB1 WSB2 

Liver 11.00 13.00 10.00 12.00 

Spleen 1.00 1.00 1.00 1.00 

Thymus 2.00 2.00 1.00 2.00 

Heart 5.00 7.00 5.00 6.00 

Brain 1.00 1.00 1.00 1.00 

Bursa 0.20 0.24 0.30 0.28 

Adrenal gland 0.16 0.24 0.14 0.18 

Key   
RSB1 = Control red Shika brown cocks 
RSB2 = Infected red Shika brown cocks 
WSB1 = Control white Shika brown cocks 
WSB2 = Infected white Shika brown cocks 

 
Discussion  
In the present study the heart weights of the infected 
red cocks differed significantly from those of the 
control red and white cocks and this disagrees with 
work of Panwitz & Berg (1998) who reported non-
significant heart weight changes in turkeys. Rajpal et al. 
(1992),  Rajpal et al. (1993) and Das et al. (1997) found 
that the average gross weight of the duck’s heart was 
heavier than that of the domestic fowl. There was an 
increase in the size of liver of the infected Red and 
White SB cocks in this work. This corroborates the 
findings of Lucy et al. (2012) who isolated Newcastle 
disease virus from the liver and kidney of infected 

ducks indicating viral excretion from these organs. The 
increase The bursa of Fabricius of the cocks in this study 
decreased in weight contrary to the findings of 
Dafwang et al. (1985) and Dafwang, (1996) who 
reported that chicks fed antibiotics had heavier bursae. 
However, it is contrary to the report of Fulton et al. 
(1996) who reported cyclophosphamide induced 
bursal atrophy in NDV infected chicks. The bursae 
controls immunity, heavier bursae translate to 
enhanced immunity for the cocks. The 0.5 gm of the 
bursae of infected SB cock recorded
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Figure 1:  Perivascular cuffing and gliosis in white Shika brown infected cock 
PC  = Perivascular cuffing 
GC = Glial cells 
 
in this study is higher than the 0.49 gm reported by 
Ahmad et al. (2007) in ND vaccinated broilers treated 
with cyclophosphamide. The decrease seen in the 
weight of the bursa of Fabricius is an indication that 
the velogenic Newcastle disease virus used in this 
study may cause immunosuppression in infected 
cocks (Reynolds & Maraqa, 2000) and this 
corroborates the findings of Okoye et al. (2000) who 
reported atrophy of the bursa of Fabricius in 
Newcastle disease infected chickens. Relative heart 
weight increased significantly in the infected red 
cocks used in this work. Perivascular cuffing seen in 
this work agrees with that reported by Beard & 
Hanson (1984).  Alexander et al. (1985) reported a 
non-purulent encephalomyelitis with neuronal 
degeneration foci of glial cells and perivascular 
infiltration of lymphocytes in Newcastle disease 
infected chickens. The implication of the lesions seen 

in the brain of ND virus infected vaccinated cocks is 
that the virus could cause brain lesions without 
death and nervous signs and such lesions may last 
up to 6 weeks post infection. The SB cocks used in 
this study were previously vaccinated with 
Newcastle disease virus vaccine. Their subsequent 
challenge with the velogenic Newcastle disease virus 
led to the production of more antibodies against the 
velogenic Newcastle disease virus. It can be 
concluded from the study that the reduction in the 
weight of the bursa in the infected red and white SB 
cocks may affect their immune status thereby reducing 
their protection from the velogenic Newcastle disease 
virus.  Owing to the devastating effect of NDV on 
poultry production, it is recommended that poultry 
farmers should routinely and adequately vaccinate 
their chickens to protect them from Newcastle 
disease infection. 
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