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Research Article Arastirma Makalesi

Experimental Velogenic Viscerotropic Newcastle
Disease Virus Infection in Chickens Immunologically
Impaired by Treatment with Cyclophosphamide

Siklofosfamid Tedavisiyle Bagisiklik Sistemi Bozulmus Erkek
Civcivlerde Deneysel Velojenik Visserotropik Newcastle
Hastalig1 Virtsi Enfeksiyonu

ABSTRACT

This study investigated whether lymphocytic depletion following chemical bursectomy influenced the
severity of infection and development of lesions in chickens challenged with velogenic viscerotropic
Newcastle disease virus (vwwNDV). Cockerel chickens treated with cyclophosphamide on days 2, 3 and
4 post-hatch showed loss of weight, atrophy and lymphocytic depletion in the bursa of Fabricius and
spleen. At 6 weeks of age, the chickens were assigned to four groups- Bursectomized intramuscularly
vwNDV inoculated (BI), bursectomized uninfected (BU), non-bursectomized infected (NBI) and non-
bursectomized uninfected (NBU) chickens. The Bl and NBI chickens showed significant (P < .05) loss of
weight than their uninfected controls. Depression, anorexia, greenish diarrhea, listlessness, tremor,
and oculo-nasal discharges were observed in both infected groups, but were more severe and
frequent in the NBI than in the BI chickens. Total mortalities were 100% and 95.5% for the NBI and Bl
chickens, respectively (P >.05). Lesions in both infected groups included atrophy of the bursa, spleen
and thymus. Hemorrhages in the proventricular mucosa, intestines and cecal tonsils, as well as
congestion and enlargement of the kidneys were significantly (P < .05) more severe and frequent in
NBI than BI chickens. Histopathology showed necrosis and depletion of lymphocytes in the three
lymphoid organs in both infected groups with more severity in the NBI than Bl chickens. These results
show that depletion of lymphocytes by treatment with cyclophosphamide may influence the severity
of infection and development of lesions in vwNDV infection in cockerel chickens.

Keywords: Bursectomy, cockerel chickens, lymphoid organs, pathogenesis, velogenic Newcastle
disease virus
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Bu calismada, kimyasal bursektomiyi takiben lenfositik tikenmenin, velojenik viskerotropik
Newcastle hastaligi virisi (vwwNDV) ile enfekte erkek civcivlerde enfeksiyonun siddetini ve
lezyonlarin gelisimini etkileyip etkilemedigi arastiriimistir. Kulugckadan sonraki 2, 3 ve 4. giinlerde
siklofosfamid ile tedavi edilen erkek civcivlerde kilo kaybi ve bursa Fabricius ve dalakta atrofi ve
lenfositik tikenme gorilmustir. Erkek civcivler 6 haftalikken dort gruba ayrilmistir: Bursektomize
kas ici vwNDV asilanmis (BI), bursektomize enfekte olmamis (BU), bursektomize enfekte olmamis
NBI) ve bursektomize enfekte olmamislar (NBU). Bl ve NBI erkek civcivleri, enfekte olmamis
kontrollerine kiyasla 6nemli 6lctide (P < .05) kilo kaybi gostermistir. Depresyon, anoreksi, yesilimsi
ishal, halsizlik, titreme ve okilo-nazal akintilar her iki enfekte grupta da gozlenmis, ancak (NBI'da
Bl erkek civcivlerine gore daha siddetli ve sik gortlmustir. Toplam 6lUm oranlari NBI ve Bl erkek
civcivleriicin sirasiyla %100 ve %95,5'tir (P > .05). Her iki enfekte gruptaki lezyonlar arasinda bursa,
dalak ve timus atrofisi yer almistir. Proventrikiler mukoza, bagirsaklar ve c¢ekal tonsillerdeki
kanamalarin yani sira bobreklerdeki tikaniklik ve genisleme NBI erkek civcivlerinde, Bl erkek
civcivlerine gore onemli 6lgiide (P < ,05) daha siddetli ve yaygindi. Histopatoloji, her iki enfekte
grupta da Uc¢ lenfoid organda nekroz ve lenfositlerin tiikendigini, NBl'da Bl erkek civcivlerine gore
daha siddetli oldugunu gostermistir. Bu sonuglar, siklofosfamid tedavisi ile lenfositlerin
tikenmesinin, erkek civcivlerde vwNDV enfeksiyonun siddetini ve lezyonlarin gelisimini
etkileyebilecegini gostermektedir.

Anahtar Kelimeler: Bursektomi, erkek civcivler, lenfoid organlar, patogenez, velojenik Newcastle
hastalig virtsu
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INTRODUCTION

Newcastle disease (ND) is a very important disease of
poultry, cage and wild birds worldwide. It is caused by the
pathogenic strains of Newcastle disease virus (NDV) which
is an Orthoavulavirus 1.1 It is a non-segmented, single-
stranded, negative-sense RNA virus belonging to the genus
Orthoavulavirus 1 subfamily Avulavirinae within the family
Paramyxoviridae and order Mononegavirales.>* The virus
infects almost all avian species of various ages with adverse
economic consequences.*> NDV is a pleomorphic, single
stranded RNA virus.® The disease is one of the reportable
diseases to the World Organization for Animal Health (OIE),
because of the adverse economic implications of outbreaks
of virulent ND in commercial poultry farms.” Control
measures such as vaccination represent a huge drain in the
economy even in developed nations with well-established
poultry industries. Newcastle disease is enzootic in Africa
including Nigeria, Asia, Middle East and some countries of
Central and South America.®!! In recent years vaccination
and biosecurity have failed in the control of ND due to the
emergence of new strains of velogenic NDV (vNDV) which
have very wide antigenic and genetic variation.>*3 These
new strains cause frequent outbreaks of ND in well
vaccinated flocks in the farms with resultant great losses to
the economy.®*! This underscores the need for further
research on this disease with a view to deeper
understanding of the pathophysiology, pathogenesis and
the dynamics of the infection, particularly in poultry.141®

Natural infection is through the oral, ocular and respiratory
routes, and upon the invasion of intestinal or tracheal
mucosa, the organisms are spread systematically, and
carried to organs rich in reticuloendothelial tissues through
the blood and lymphatics.!” The course and severity of the
disease can be influenced by the host (species, age, and
immune status), virus (strain, pathotype, concentration
and route of infection), concurrent infection, stress and
environmental factors.®

The clinical signs and lesions of ND affect the digestive,
respiratory, nervous, reproductive and lymphoid systems,
resembling those of other poultry diseases, especially
infectious bursal disease (IBD). This makes early diagnosis
of the disease difficult in the field. Previous reports had it
that IBD cannot establish in young chickens that have
undergone bursectomy and in older chickens with partial
or complete regression of the bursa, because the B-
lymphocytes are the targets cells for IBDV infection.'%°
Earlier study reported that lymphoid organs suffer severe
atrophy in velogenic ND of chickens, as a result of necrosis
and depletion of lymphocytes.?! There is, therefore, the
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curiosity to find out if the lymphocytes play any role in the
establishment and severity of vwNDV infection in chickens
as they do prominently in IBDV infection in chickens.

Cyclophosphamide, a tumoricidal agent, has been
employed in chemical bursectomy and is known to inhibit
the functions of the Bursa of Fabricius, especially when
large doses are administered.?®?22* According to these
reports, cyclophosphamide selectively suppresses the
bursa-dependent functions by destroying only the
lymphoid cells leaving the bursal reticulum intact, causes a
momentary involution of the thymus, and destroys the
bursa-dependent tissues and cells in the spleen and cecal
tonsils. In this project, we studied the effects chemical
bursectomy had in the pathogenesis of velogenic
viscerotropic NDV (vwNDV) infection because of the very
severe necrosis and depletion of the lymphocytes it causes
in the lymphoid organs.

MATERIALS AND METHODS

Chickens

One hundred, day-old cockerel chickens (Gallus gallus
domesticus) used for this experiment were purchased from
a reputable indigenous hatchery. Brooding and rearing
were done in isolation on deep litter with provision of feed
and water ad libitum, and they were not vaccinated against
any disease. The chicks were housed, under strict
biosecurity measures, in the Poultry Experimental Unit of
the Department of Veterinary Pathology and Microbiology,
Faculty of Veterinary Medicine, University of Nigeria,
Nsukka.

Bursectomy by Cyclophosphamide Treatment
Cyclophosphamide (Endoxan®, Frankfurt, Germany) was
procured in a dry state and an aqueous solution was
prepared each day by dissolving 250mg in 10ml of distilled
water. The cockerel chickens were assigned into two
groups of fifty (50) cockerels each. One group of 50
cockerels received 5mg each of cyclophosphamide in 0.2ml
of distilled water in the breast muscle on days 2, 3 and 4 of
age. These constituted the bursectomized (B) group. The
second group of 50 cockerels received only 0.2ml of
distilled water each IM as placebo and constituted non-
bursectomized (NB) group. At day 18 post-bursectomy
(PB), 3 chickens from the B group and 3 from NB group
were sacrificed and the efficacy of the bursectomy
assessed by observing grossly the lymphoid organs
particularly the bursa of Fabricius, the spleen and the
thymus. The organs were fixed in 10% formal saline for
histopathology.
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The NDV Inoculum

A Nigerian strain vwNDV known as
duck/Nigeria/903/KUDU-113/1992 was wused. It was
isolated from apparently healthy ducks, purified and
characterized by Echeonwu et al.?> The strain belongs to
NDV class Il, genotype XVII.26 The inoculum had a median
embryo effective dose (EIDsg) of 1084 /ml.

ND Virus Challenge

Hemagglutination inhibition (HI) test was used to certify
that the chickens were serologically negative for NDV
antibodies at the age of 6 weeks and the chickens were
assigned into four experimental groups.

Group 1 comprised 25 bursectomized and vNDV-
challenged chickens (BI).

Group 2 comprised 22 bursectomized and unchallenged
chickens (BU).

Group 3 consisted of 25 non-bursectomized and vNDV-
challenged chickens (NBI).

Group 4 comprised 22 non-bursectomized and
unchallenged chickens (NBU).

Each cockerel chicken in groups 1 and 3 received
intramuscularly (/M) 0.2 ml of the NDV inoculum, whereas
each cockerel chicken in groups 2 and 4 was given 0.2 ml of
phosphate buffered saline (PBS) via the same route as
placebo.

The four experimental groups were housed separately.

Clinical Manifestations

Observations were made twice daily for clinical signs in all
the groups, following vNDV challenge. Records of both
morbidity and mortality were also taken. Ten (10) chickens
from each group were randomly selected and weighed on
days 0, 3 and 6 post-infection (Pl) and the mean weight and
percentage weight loss calculated and recorded.

Observation for Pathological Changes

Dead chickens from the infected groups and those
sacrificed in the uninfected groups were necropsied on
days 4, 5, 6, 7, 8 and 9 PI. Lesions of the gastrointestinal
tracts and the kidneys of each chicken were studied, scored
and recorded thus: no lesion = 0, mild lesion = 1, moderate
lesion = 2 and severe lesion = 3.

Histopathology

Samples were collected from the bursa of Fabricius, spleen
and thymus and fixed in 10% formal saline for 48h. The
fixed organs were routinely processed and sectioned at
5um thickness after fixation, and stained with hematoxylin

and eosin.” The slides were viewed under a light
microscope and then photographed with digital camera.

Virus Isolation

Samples of the Bursa of Fabricius, spleen, thymus, and
intestine were aseptically collected on day 5 Pl from 3
recently dead chickens in each group. The samples were
refrigerated at -20°C until they were used for virus
isolation in embryonated chicken eggs following the
method of World Organization for Animal Health (OIE).”

Statistical Analysis

The mean body weight and significance of the differences
were analyzed using one-way analysis of variance (ANOVA).
Fisher’s exact test and Sample t-test were used to analyze
the mortality data and the gross lesions, respectively.
Variant and significant means were separated post hoc
using the least significant difference method, and using t-
test for Equality of means, respectively.?” The level of
significance was accepted at P < .05.

The procedures followed in this investigation have been
approved by the Institutional Animal Care and Use
Committee, Faculty of Veterinary Medicine, University of
Nigeria, Nsukka, Nigeria (Approval date: 10.03.2020,
Number: FVM-UNN-IACUC-0340), and care was taken to
minimize the number of animals used.

RESULTS

Effect of Bursectomy on the Chickens

The bursectomized chicken showed weight loss, and severe
and moderate atrophy of the bursa of Fabricius and spleen,
respectively on day 18 post bursectomy (PB) (Figures 1-A,
B). The thymus, however, did not show any obvious change
in size in the bursectomized chickens compared to the non-
bursectomized group (Figure 1-C). Histopathological
examination of the bursa of cyclophosphamide treated
chickens showed severe necrosis and depletion of
lymphocytes, whereas the untreated chickens had normal
bursa (Figures 2-A, B). The spleen of bursectomized
chickens showed moderate necrosis and depletion of
lymphocyte, while non-bursectomized chickens were
normal (Figures 2-C, D). The thymus of cyclophosphamide
treated chickens did not show necrosis and lymphocytic
depletion, likewise the untreated group (Figures 2-E, F).

Clinical Signs
There were no clinical manifestations in the BU and NBU

chickens. Clinical signs were first observed in NBI and BI
chickens on days 2 and 3 PI, respectively. By day 3 PI, 60%
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Figure 1. Bursa of Fabricius, spleen, thymus. Treatment with cyclophosphamide. Figure 1-A. The bursa of chickens treated with cyclophosphamide
showed severe atrophy (B or bursectomized), whereas, the untreated group had normal bursa (NB or non-bursectomized). Figure 1-B. The spleen
of the treated chickens showed moderate atrophy (B), while those of the untreated (NB) group were normal. Figure 1-C. There was no clear
difference between the thymus of the treated (B) and those of the untreated (NB) chickens.

e b : T GNP SN Iy A LR e L

Figure 2. Bursa of Fa s, spleen, thymus. Chickens. Treatment with cyclophosphamide. Hematoxylin and eosin x 400. Day 18 post
bursectomy (PB). Figure 2-A. Bursa. Bursectomized uninfected (BU) chicken showing severe lymphocytic depletion. BF contains 100% B-
lymphocytes. Figure 2-B. Bursa. Non-bursectomized uninfected (NBU) chicken fully populated by B-lymphocytes. Figure 2-C. Spleen.
Bursectomized uninfected (BU) chicken showing moderate lymphocytic depletion on day 18 PB. Spleen contains 50% B-lymphocytes located
in the GF and PALS. Figure 2-D. Spleen. Non-bursectomized uninfected (NBU) chicken with normal spleen. Figure 2-E. Thymus. Bursectomized
uninfected (BU) chicken fully populated by T-lymphocytes. Thymus is made up of almost 100% T-lymphocyte and bursectomy affects only
the B-lymphocytes. Figure 2-F. Thymus. Non-bursectomized uninfected (NBU) chicken. Normal thymus with full lymphocyte population.

Vet Sci Pract. 2024;19(2):94-103. doi: 10.17094/vetsci.1436625
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of Bl group and 75% of NBI group showed loss of appetite,
ruffled feathers and severe depression. 0% of Bl and 5% NBI
chickens were paralyzed while 2% of Bl and 30% NBI
chickens showed opisthotonus and muscle twitching and
some had soiled vents with whitish to greenish diarrhea. By
day 4 Pl, 75.7% of Bl and 100% NBI chickens showed
marked depression while 2.7% of Bl and 5.4% NBI chickens
died. By day 5 PI, 72.2% of Bl and 100% NBI chickens were
depressed while 47.2% of Bl and 51.4% NBI chickens died.
By day 6 PI, 94.7% of Bl and 93.8% NBI chickens suffered
depression while mortality of 47.4% and 56.3% was
recorded in Bl and NBI chickens respectively. A significant
(P < .05) weight loss was observed in both Bl and NBI
chickens compared to their respective uninfected controls

at day 6 Pl (Figure 3). The percentage weight loss was
12.55% and 24.48% in the Bl and NBI chickens respectively.
At day 7 PI, 90% of Bl and 85.7% NBI chickens suffered
depression while mortality of 40% and 42.9% was recorded
in Bl and NBI chickens respectively. By day 8 Pl, 66.7% of Bl
and 100% NBI chickens showed depression with mortality
of 50% and 75% in Bl and NBI chickens respectively. At day
9 Pl, 66.7% of Bl and 100% NBI chickens were depressed
with mortality of 66.7% and 100% recorded in Bl and NBI
chickens respectively. By day 10 PI, the total mortalities
were 95.5 and 100 % in Bl and NBI respectively. There was,
however, no significant difference between the overall
mortalities of the infected groups (P > .05) (Table 1).

m Bl mBU mNBl mNBU

408

~

Day 0 PI

Day 3 PI Day 6 PI

Days post-infection

Figure 3: Body weight of chickens in all the experimental groups on days 0, 3, 6 post infection (PI). Weights of groups with different superscripts are
statistically significant (P < .05). Bl is the bursectomized vNDV infected chickens. BU is the bursectomized uninfected chickens. NBI is the non-
bursectomized vNDV infected chickens. NBU is the non-bursectomized uninfected chickens.

Table 1. Comparison of the mortality rate of vwNDV Bl and NBI chickens.

Mortality Rate

Days PI BU Bl NBU NBI Statistics

4 0/19 1/22 0/19 2/22 P =.091;(P>.05)
5 0/17° 10/21° 0/17° 12/20¢ P =.001;(P<.05)
6 0/17° 5/11° 0/17° 5/8¢ P=.013;(P<.05)
7 0/17° 2/6° 0/17° 1/3¢ P =.026;(P < .05)
8 0/17 2/4 0/17 1/2 P =.091;(P>.05)
9 0/17 1/2 0/17 1/1 P =.091;(P>.05)

abeDifferent alphabetical superscripts in a row indicate significant differences in the mortalities (P < .05). BU: Bursectomized uninfected; BI:
Bursectomized infected; NBU: Bursectomized uninfected; NBI: Non-bursectomized infected.

Gross Lesions

There were no gross lesions in the BU and NBU chickens.
The gross lesions in the Bl and NBI were congestion of the
skeletal muscles, hemorrhages in the proventricular

glands, and hemorrhagic ulcers in the intestines and cecal
tonsils. Bursa, spleen and thymus were atrophic. The
kidneys were swollen and hemorrhagic. The proventricular,
cecal and intestinal lesions were more frequent and severe
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in the NBI than BI chickens. The scores of the
gastrointestinal and kidney lesions were significantly (P <

99

.05) higher in the NBI than Bl chickens (Table 2).

Table 2. Comparison of gross lesion scores of vwNDV Bl and NBI chickens on day 5 PI.

Proventricular

Congestion of breast and

Intestinal hemorrhage Congestion and

haemorrhage thigh muscles and ulcer enlargement of kidney

S/NO BI NBI Bl NBI BI NBI Bl NBI
1 0 2 1 3 0 2 0 0

2 1 2 2 3 0 2 0 1

3 1 3 2 3 1 3 0 0

4 1 2 2 2 1 3 0 0

5 1 2 1 2 1 3 0 1

6 1 3 1 3 0 3 0 1

7 2 3 1 3 0 2 0 0

8 1 3 1 2 0 2 0 1

9 1 3 2 3 0 3 0 0
10 2 2 2 3 1 2 0 1
Mean scores: 1.1£0.18% 2.5+0.17° 1.5+0.16° 2.7+0.15P 0.420.16° 2.5:0.17° 0.0£0.00° 0.5%0.17P

abDifferent alphabetical superscripts in a row indicate significant difference (P < .05) between the mean scores of the lesions in the Bl and NBI
chickens. Bl: Bursectomized infected chickens; NBI: Non-bursectomized infected chickens. Scores: No lesion = 0, mild lesion = 1, moderate lesion = 2,

severe lesion = 3.

Histopathology

Histopathology showed congestion, ballooning
degeneration, necrosis, depletion of lymphocytes and
fibrin deposition in the bursa, spleen and thymus with NBI
chickens demonstrating more severe lesions than the BI
group (Figure 4-A-F).

Virus Isolation

No virus was isolated from organs of BU and NBU chickens,
whereas, there was virus isolation in the Bl and NBI
chickens on day 5 PI (Table 3). There is hemagglutination
activity shown by harvested allantoic fluids with washed
chicken red blood cells, in positive cases. A known specific
NDV antiserum neutralizes this hemagglutination.

Table 3. Virus isolation in selected organs of the Bl and NBI
chickens on day 5 PI

Organs HI Activities

Bursa of Fabricius

Thymus

Spleen

Intestine

+ = Virus isolated from the organs.

DISCUSSION

+ 4+ + +

The lesions of vwNDV infection are quite similar to the
lesions observed in very virulent infectious bursal disease
virus (vwvIBDV) infection of chickens. Lesions such as
congestion of the skeletal muscles, hemorrhages in the
proventricular mucosa, hemorrhagic ulcers in the cecal
tonsil, enteritis, severe lymphocytic necrosis and depletion
in the lymphoid organs resulting in atrophy of the bursa,
spleen and thymus, swollen and hemorrhagic kidneys occur
in the two diseases.?®3° Unarguably, the two diseases are
not always easy to differentiate in the field in chickens that
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have some sub-optimal levels of immunity because they do
not show all the clinical signs and lesions. Earlier
researchers reported that IBD cannot establish in young
chickens that have undergone bursectomy and in older
chickens with partial or complete regression of the bursa,
because the B-lymphocytes are the targets cells for IBDV
infection.’®® Evidence that vwNDV infection is also
immunosuppressive like vvIBDV infection is gradually
emerging as report had it that experimental vvNDV
infection suppressed HI antibody response to LaSota
vaccination in surviving chickens.? These form the basis for
this research, as efforts aimed at fully understanding the
pathophysiology and pathogenesis of IBD and vwND will
assist clinicians in proper and accurate diagnosis.

The severe and moderate atrophy of the bursa and spleen
respectively, of cockerel chickens treated with
cyclophosphamide, as a result of necrosis and depletion of
lymphocytes, which were observed in this study are
consistent with previous reports.?%3%32 This may be
supportive of the previous reports that cyclophosphamide
selectively suppresses the bursa-dependent functions by
destroying only the lymphoid cells leaving the bursal
reticulum intact, causes a momentary involution of the
thymus, and destroys the bursa-dependent tissues and
cells in the spleen and cecal tonsils.?>?* This may also
explain the severe and moderate atrophy of the bursa and
spleen, respectively, with no change in the thymus post-
cyclophosphamide treatment in this study, as bursa and
spleen were reported to be made up of 100% and about
50% B-lymphocytes respectively, and the thymus harbors
100% T-lymphocytes.?

Earlier studies have used cyclophosphamide treatment to
specifically suppress B-cell dependent humoral immunity
to ascertain the role of B and T-lymphocytes in immune
responses to infectious pathogens.?%%
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Figure 4. Bursa of Fabricius, spleen, thymus. Chickens. Challenge with vwNDV. Day 5 post infection (PI). Hematoxylin and eosin x 400. Figure 4-A. Bursa.
Non-bursectomized infected (NB1) chicken showing severe lymphocytic depletion and ballooning degeneration. Figure 4-B. Bursa. Bursectomized
infected (BI) chicken has severe lymphocytic depletion and microcavities. Figure 4-C. Spleen. Non-bursectomized infected (NBI) chicken showing severe
lymphocytic depletion and fibrin deposition. Figure 4-D. Spleen. Bursectomized infected (BI) chicken showing severe lymphocytic depletion and necrosis.
Figure 4-E. Thymus. Non-bursectomized infected (NBI) chicken showing congestion, severe necrosis of lymphocytes and deposition of fibrin and
ballooning degeneration. Figure 4-F. Thymus. Bursectomized infected (BI) chicken showing severe lymphocytic depletion, necrosis and fibrin deposition.

Infections of both Bl and NBI chickens produced severe
systemic illness, with marked clinical signs of depression,
coma lethargy, whitish-greenish diarrhea, reduced water
and feed intake, and substantial death by day 6 PI. Similar
clinical signs have been observed by other researchers in
chickens infected with vwNDV.23436 These signs, however,
were less severe in Bl than NBI chickens. This could be
explained by the fact that lymphocytes are the only cells
that show necrosis in vND and the fact that there was
lymphocytic depletion in Bl chickens must have caused the
reduction in clinical signs in Bl chickens compared to the
NBI chickens.

In this study, the gross lesions in NBI chickens included
congestion of the skeletal muscles, enlargement and
atrophy of the lymphoid organs, and ulcerations of the

gastrointestinal tracts, the most striking lesions being
sharply-demarcated hemorrhagic intestinal ulcers, cecal
tonsils and proventricular hemorrhages especially in the
dead ones on day 5 PI. Similar lesions in chickens were
reported in lymphoid and other organs by previous
researchers.3#3739  Gastrointestinal tract lesions were
preferably scored, as previous report opined that these
lesions were suspected to account for high mortalities
found mostly in wNDV infection of chickens.*® The
ulceration of the intestinal mucosa may be due to active
viral replication in the intestinal lymphoid follicles.
However, intestinal lesions were almost absent in the Bl
chickens. This could be as a result of depopulation of
lymphocytes in  the Ilymphoid follicles of the
gastrointestinal tract of Bl chickens. In this study,
proventricular hemorrhages were found in both Bl and NBI

Vet Sci Pract. 2024;19(2):94-103. doi: 10.17094/vetsci.1436625



chickens, but the severity was more in the NBI than in the
Bl chickens as NBI chickens scored higher. There was
marked atrophy of the Bursa of Fabricius in both Bl and NBI
chickens. The atrophy, lymphocyte necrosis and depletion
in the lymphoid organs of the infected chickens are
consistent with the lesions described for vwNDV infections
in domestic poultry.3>4142

Suppression of the immune response has been reported to
have important effects on both the pathogenicity of
infecting NDV strains and the potential levels achieved by
vaccination.®® Cyclophosphamide is an
immunosuppressant and must have contributed to the
development of clinical NDV despite lymphocytic depletion
which was supposed to prevent development of clinical
NDV. Evidence of multifocal and diffused regeneration in
bursa and spleen respectively on days 19 and 20 post-
cyclophosphamide  administration has also  been
reported.3? Earlier reports opined that
immunohistochemical labeling in NDV infection was
confined to large mononuclear cells, and vwNDV replicated
in macrophages.*** The B- and T- lymphocytes pass the
description of large mononuclear cells, hence supportive of
our findings. Hemorrhagic lesions were more frequent and
severe in the proventricular mucosa, intestines and ceca in
NBI than the Bl probably because the bursectomy depleted
the lymphocytic populations at those locations.
Lymphocytic depletion following chemical bursectomy
may, therefore, influence the severity of infection and
development of lesions in vwwNDV infection in cockerel
chickens, suggesting that vwNDV may require both B- and
T- lymphocytes to establish in infected chickens.

Ethics Committee Approval: Ethics committee approval for
this study was obtained from the Institutional Animal Care
and Use Committee of the Faculty of Veterinary Medicine,
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Number: FYM-UNN-IACUC-2020-0340).

Peer-review: Externally peer-reviewed.

Author Contributions: Concept —S.C.0., J.0.0., J.I.l.; Design
-S.C.0,,J.0.0,, J.I.I;; Supervision =J.0.0., J.l.I.; Resources —
S.C.0.; Materials — S.C.O.; Data Collection and/or
processing —S.C.0., J.0.0.; Analysis and/or Interpretation —
S.C.0,, J.0.0.; Literature Search — S.C.0O., J.0.0.; Writing
Manuscript —S.C.0., J.0.0.; Critical Review —S.C.O,, J.0.0,,
JLIL

Declaration of Interests: The authors declare that there is
no conflict of interest.

Funding: The authors declared that they received no
financial support for this study.

Etik Komite Onayi: Etik Komite Onayi: Bu ¢alisma igin etik
kurul onayi, Nijerya Universitesi Veteriner Fakiltesi
Kurumsal Hayvan Bakim ve Kullanim Komitesi, Nsukka,

Vet Sci Pract. 2024;19(2):94-103. doi: 10.17094/vetsci.1436625

101

Nijerya'dan alinmistir (Onay Referans Numarasi: FVM-
UNN-IACUC-2020-0340).

Hakem Degerlendirmesi: Dis bagimsiz.

Yazar Katkilan: Fikir — S.C.O., J.0.0,, J.I.I.; Tasarim — S.C.O,,
J.0.0., 1.IIL; Denetleme — J.0.0., J.I.I.; Kaynaklar — S.C.O;
Materyal — S.C.O.; Veri Toplanmasi ve/veya Islemesi —
S.C.0.,, J1.0.0O.; Analiz ve/veya Yorum - S.C.0., J.0.0,;
Literatdr Taramasi — S.C.0., J.0.0.; Yaziyi Yazan — S.C.O,,
J.0.0.; Elestirel inceleme —S.C.0., J.0.0., J.1.I.

Cikar Catismasi: Yazarlar ¢ikar catismasi bildirmemislerdir.
Finansal Destek: Yazarlar, bu calisma icin finansal destek
almadigini beyan etmistir.

REFERENCES

1. Lamb RA, Collins PL  Kolakofsky D, et al.
Paramyxoviridae. In: Fauquet CM, Mayo MA, Maniloff
J, Desselberger U, Ball LA. (Eds), Virus Taxonomy.
Amsterdam, Elsevier; 2005: 655-668.

2. Amarasinghe GK, Ayllon MA, Bao Y, et al. Taxonomy of
the order Mononegavirales: update 2019. Arch Virol.
2019;164:1967-1980.

3. Walker PI, Siddell SG, Lefkowitz EJ, et al. Changes to
virus taxonomy and International Code of Virus
Classification and Nomenclature ratified by the
International Committee on Taxonomy of Viruses. Arch
Virol. 2019;164:2417-2429.

4. Alexander DJ, Aldous EW, Fuller CM. The long view: a
selective review of 40 years of Newcastle disease
research. Avian Pathol. 2012;41(4):329-335.

5. Mannan S. Diagnosis and treatment of Newcastle
disease of Tiger chicken (Local) at Upazila Veterinary
Hospital, Banskhali, Chattogram Veterinary and Animal
Sciences University, Chattogram, Bangladash; 2021,
4225.

6. Miller PJ, Afonso CL, Spackman E, et al. Evidence for
new avian Paramyxovirus Serotype-10 detected in
Rockhopper Penguins from the Falkland Islands. J Virol.
2010;84(21):11496-11504.

7. Office of International des Epizootics (OIE). Manual of
diagnostic tests and vaccines for terrestrial animals.
Newcastle disease. Marian Truszezynsllieds. OIE
Standard commission publication, World Organization
for Animal Health (OIE); 2012 version part 2, section
2.1, chapter 2.3.14:1-19.

8. Khorajiya JH, Pandey S, Ghodasara PD, et al. Patho-
epidemiological study on Genotype-Xlll Newcastle
disease infection in commercial vaccinated layer farms.
Vet World. 2015;8(3): 372-381.

9. Absalon AE, Cortes-Espinosa DV, Lucio E, Miller PJ,
Afonso CL. Epidemiology, control and prevention of
Newcastle disease in endemic regions: Latin America.
Trop Anim Hith Prod. 2019;51(5): 1033-1048.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

102

Welch CN, Shittu |, Abolnik C, et al. Genomic
comparison of Newcastle disease viruses isolated in
Nigeria between 2002 and 2015 reveals circulation of
highly diverse genotypes and spillover into wild birds.
Arch Virol. 2019;164(8):2031-2047.

Sahoo N, Bhuyan K, Panda B, et al. Prevalence of
Newcastle disease and associated risk factors in
domestic chickens in the Indian State of Odisha. Plos
One. 2022;17(2):e0264028.

Hu Z, He X, Deng J, Liu X. Current situation and future
direction of Newcastle disease vaccines. Vet Res.
2022;53(1):99.

Mansour SM, EIBakrey RM, Mohamed FF, et al. Avian
paramyxovirus Type 1 in Egypt: Epidemiology,
evolutionary perspective, and vaccine approach. Front
Vet Sci. 2021;8:647462.

Naz D, Rahman S, Aslam MA, Muhammad F. Newcastle
disease virus in poultry with an interface as a human
factor. Vet Vaccine. 2022;1(1):1000003.

Moustapha A, Talaki E, Akourki A, Ousseini M.
Newcastle disease virus in poultry: Current status and
control prospects. World Vet J. 2023;13(2):240-249.
Jamil F, Aslam L, Ali H, et al. An in-silico study of
derivative of Newcastle disease virus epitopes-based
vaccine against hemagglutinin neuraminidase protein.
JAnim Sci. 2022;13(101): skac375.

Alexander DJ. Newcastle disease. Chapter 2.3.14. In
Manual of Diagnostic Tests and Vaccines for Terrestrial
Animals. Paris, France: OIE, the World Organization for
Animal Health; 2009: 576-589.

Alexander DJ, Senne DA. Newcastle disease and other
avian paramyxoviruses and pneumovirus infections. In:
Saif, YM (Editor-in-Chief) Fadly, AM; Glisson, JR;
McDougald, LR: Nolan, LK and Swayne DE (Eds)
Diseases of poultry. (12" edn). Ames, lowa State
University Press; 2008: 75-100.

Okoye JOA, Uzoukwu M. Pathogenesis of infectious
bursal disease in embryonally bursectomized chickens.
Avian Pathol. 1990;19(3):555-569.

Okoye JOA, Nwosu C, Onwujiobi CBO, Onuoha AS,
Okonkwo PU. Pathogenesis of infectious bursal disease
virus infection in cyclophosphamide treated chickens.
Avian Pathol. 1992;21(4):615-620.

lgwe AO, Ezema WS, Eze DC, Okoye JOA. Experimental
velogenic Newcastle disease can be very severe and
viscerotropic in chickens but moderate and
neurotropic in guinea fowls. Int J Poult Sci.
2014;13(10):582-590.

Sharma JM, Lee LF. Suppressive effect of
cyclophosphamide on the T-cell system in chickens.
Infect Immun. 1977;17(1):227-230.

Isogai H, Fujimoto Y, Okada K, Ichijo K. Effect of
bursectomy on the pathogenesis of Marek’s disease.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Jpn J Vet Res. 1980; 28(4):137-148.

Reynolds DL, Maraga AD. A Technique for inducing B-
cell ablation in chickens by in ovo injection of
cyclophosphamide. Avian Dis. 1999; 43(3):367-375.
Echeonwu GON, lroegbu Cl, Emeruwa, AC. Recovery of
Velogenic Newcastle disease virus from dead and
healthy free roaming birds in Nigeria. Avian Pathol.
1993;22(2):383-387.

Shittu |, Sharma P, Joannis TM, et al. Complete genome
sequence of a genotype XVII Newcastle disease virus,
isolated from an apparently healthy domestic duck in
Nigeria. Gen Announc. 2016;4(1):e01716-15.

Okafor LC. Biometry — basic principles and approaches.
Onitsha, Nigeria: Geelink; 1992 141-172.

Mahgoub HA. An overview of infectious bursal disease.
Arch Virol. 2012;157(11):2047-2057.

Ezema WS, Eze DC, Shoyinka SVO, Okoye JOA. Atrophy
of the lymphoid organs and suppression of antibody
response caused by velogenic Newcastle disease virus
infection in chickens. Trop Anim Hith Prod.
2016;48(8):1703-1709.

S4 e Silva M, Rissi DR, Swayne DE. Very virulent
infectious bursal disease virus produces more-severe
disease and lesions in specific-pathogen-free (SPF)
leghorns than in SPF broiler chickens. Avian Dis.
2016,;60(1):63-66.

Kim Y, Brown TP, Pantin-Jackwood MJ. Lesions induced
in broiler chickens by cyclophosphamide treatment.
Vet Hum Toxicol. 2003; 45(3):121-123.

lgwe AO, Shittu |, Okoye JOA. Response of
cyclophosphamide-treated  broiler  chickens to
challenge with velogenic Newcastle disease virus. J
Appl Anim Res. 2018; 46(1):938-946.

Sadeyen JR, Kaiser P, Stevens MP, Dzivaa F. A
cyclophosphamide sensitive cell compartment is
essential for homologous protection conferred by
licensed vaccines for the control of avian pathogenic
Escherichia coli in chickens. Vaccine.
2015;33(31):3624-3627.

Brown C, King DJ, Seal BS. Pathogenesis of Newcastle
disease in chickens experimentally infected with virus
of different virulence. Vet Pathol. 1999;36(2):125-132.
Okoye JOA, Agu AO, Chineme CN, Echeonwu GON.
Pathological characterization in chicken of a Velogenic
Newcastle disease virus isolate from guinea fowl.
Revue Elev Med Vet Pays Trop. 2000;53(4):325-330.
Oladele SB, Abdu P, Nok AJ, Esievo KAN, Useh NM.
Hemagglutination inhibition antibodies,
rectaltemperature and total protein of chicken infected
with a local Nigerian isolate of velogenic Newcastle
disease virus. Vet Res Comm. 2005;29(2):171-179.
Dewidar AA, Kilany WH, El-Sawah AA, Shany SA,
Dahshan AHM, Hisham I, Ali, A. Genotype VII. 1.1-

Vet Sci Pract. 2024;19(2):94-103. doi: 10.17094/vetsci.1436625



38.

39.

40.

41.

Based Newcastle disease virus vaccines afford better
protection against field isolates in commercial broiler
chickens. Animals. 2022;12(13):1696.

Al-Murshedy NA, Al-Zubaidi HJ, Alabedi GT, Alzar,
Alkaby A. Histopathological and immunohistochemical
study of Newcastle disease in chicken in Al-Najaf
Province. J Surv Fisheries Sci. 2023;10(3):14-25.

Rao MS, Raj GD, Manohar BM. An in vitro evaluation of
the virulence of Newcastle disease virus and the
vaccines for the chicken reproductive tract. Avian
Pathol. 2002;31(5):507-513.

Okoroafor OA, Eze PC, Ezema WS, et al. LaSota
vaccination may not protect against virus shedding and
lesions of velogenic Newcastle disease in commercial
turkeys. Trop Anim Hlth Prod. 2018;50(2):345-351.
Alexander DJ. Newcastle disease and other avian

Vet Sci Pract. 2024;19(2):94-103. doi: 10.17094/vetsci.1436625

42.

43.

44.

103

paramyxoviridae infection. In: Calnek B.W, editor.
Diseases of poultry, 10" ed. Ames, lowa State
University Press; 1997:541-5609.

Wakamatsu N, King DJ, Seal BS, Samal SK, Brown CC.
The pathogenesis of Newcastle: a comparison of
selected Newcastle disease virus wild-type strains and
their infectious clones. Virol. 2006;353(2):333-343.
Ojok I, Brown C. An immunohistochemical study of the
pathogenesis of viscerotropic Newcastle disease in
chickens. J Comp Pathol. 1996;115(3):221-227.

Cattoli G, Susta |, Terregino C, Brown C. Newcastle
disease: a review of field recognition and current
methods of laboratory detection. J Vet Diag Invest.
2011;23(4):637-656.



