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HIS STUDY was carried out to compare pathogenicity of single and co-infection of

Newcastle disease virus (NDV) genotype VIIj and Avian Influenza (AI) HON2 virus in
commercial male layer chicken vaccinated with live ND (Hitchner B1, La Sota) vaccines from
different commercial producers in two vaccination schemes. NDV haemaglutination inhibition
(HI (log2) mean titers in group received vaccines 1 (4.8 £ 0.8, 2.4 + 1.2 and 3.9 + 0.5) were
lower than group given vaccine 2 (4.5 + 1.2, 3.6 £ 1.1 and 4.0 + 0.4) at 14, 21 and 29 days of
age, respectively. Chicken group received ND vaccine 2 and inactivated H9 showed relatively
higher HI titres (5.0 + 1.5,3.5+ 1.4 and 4.5 &+ 1.3). HI titres against HON2 in group given HON2
inactivated vaccine are 3.7 + 1.6, 2.5 + 1.1 and 5.1 + 1.3 at 14, 21 and 29 days, respectively.
Challenge with Newecastle disease virus (NDV) genotype VIIj at 33 days of age resulted in
100% mortality with severe signs as well as in non-vaccinated control sub-group challenged
and 100% mortalities. Sub-groups (2a, 3a and 4a) vaccinated with ND vaccine 1, ND vaccine
2 and ND vaccine 2+ HIN2 showed signs of depression, off food and moderate respiratory
signs with protection rates is 70, 70 and 75%, respectively. Control group challenged with
HON2 showed general signs with mild respiratory signs and 10% mortalities while, sub-groups
given ND vaccine 2+ HIN2 and challenged with HON2 showed 100% survival. Chicken sub-
groups vaccinated with ND vaccine 1, ND vaccine 2 or ND vaccine 2+ HIN2 and challenged
with NDV+ HI9N2 (co-infection) showed signs form the 3rd s post infection (dpi) with
moderate respiratory signs and protection rate of 50, 70 and 70%, respectively. Post-mortem
lesions in Velogenic NDV (vNDV) challenged birds were septicemia, intestinal and respiratory
lesion, while those challenged with both NDV and HON2 showed more prominent lesions.
The vaccinated groups showed unsatisfactory protection rates (50- 75%). Vaccine 2 showed
higher protection and HI titers than vaccine 1. Simultaneous chicken challenge with HON2
and VNDV pointed out that co-infection increased severity of clinical signs, mortality and
gross lesions. Histological changes were reported in lung, intestine, and spleen of challenged
non-vaccinated and vaccinated groups. The severity of tissue alteration was remarkably high
in the non-vaccinated group and slightly mild tissue alteration in the vaccinated group. The
histological changes ranged from severe congestion in blood vessels in tested organ with
lymphoid depletion in spleen and hyperplasia of mucosal-associated lymphoid tissue in the
intestine, with partial limited tissue change in the challenged vaccinated group.

The local NDV strain genotype VIIj is highly pathogenic to male layer commercial chickens
and the inoculation of NDV with HON2 at the same time didnyt increase its severity. Also, it
was notable that commercial Hitchner B1 and La Sota vaccines conferred partial protection for
experimentally used chickens against challenge this ND field isolate.
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Introduction

Avian influenza virus (AIV) and Newcastle
disease virus (NDV) are two of the most important
separate viruses affecting poultry or co-infections
especially in areas of the world where both viruses
are endemic [1]. Both viruses show different
pathotypes ranging from low virulent forms that
produce subclinical infections, occasional upper
respiratory disease, and drops in egg production
(low pathogenicity AIV [LPAIV] or low virulence
NDV [1 NDV]) to more-virulent forms that can
cause high mortality and great economic losses
in poultry (velogenic NDV [VNDV] and highly
pathogenic AIV [HPAIV]) [2,3].

Now days, severe NDV outbreaks are still
frequently occurring in commercial vaccinated
poultry flocks, despite the intensive vaccination
programs [4-8]. LPAIV infections clinically
induce asymptomatic, mild-to-severe respiratory
signs, loss of weight, diarrhea and decrease in
egg production with lesions in respiratory and
reproductive systems [9, 10].

Frequent co-infections/interferences were
reported in many areas of the world, especially
where both viruses are endemic in many forms,
like (a) lentogenic NDV with either LPAIV
or HPAIV and (b) velogenic NDV with either
LPAIV or HPAIV [10,11]. LPAIV has become
endemic in domestic poultry in different countries
in Asia and the Middle-East, causing subclinical
infections, mild respiratory symptoms, and/
or drops in egg production [12]. Co-infection
of poultry with more than one virus is common
and has resulted in increased clinical signs [13-
16]. But also, the infection of a host with one
virus can affect infection by a second virus, a
phenomenon known as viral interference [17].
Viral interference can be elucidated by different
mechanisms encompassing (a) competition for
cell receptors attachment for replication, (b)
intracellular host machinery competition, and (c)
virus-induced interferon interference. Attachment
and entry of both viruses requires the presence of
sialic acids (SA) on target cells [18, 19]. AIV
and NDV preferentially bind to SA _ (2,3)-Gal
receptors. This is due to the circumstance that
AIV and APMV-1 have identical receptors and
the same site of localization in the body (airways
and gastrointestinal tract) due to their dependency
on trypsin and trypsin-like enzymes. There, they
compete for target cells. As a result, the co-
infection (depending on the host bird species)
could result in altered production of progeny virus
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with effects on clinical signs, immune response
which could impede the detection in avian flocks
[20-23].

It is not clear if co-infections will exacerbate
clinical signs of disease or if viral interference
might occur and consequently mask or affect
infections by one or other virus, LPAT HIN2
are a continued circulate to poultry in Egypt
and, therefore, it’s important to understand the
pathogenesis of these viruses in field situations
where birds are likely co-infected with other
viruses, including NDV.

This study aimed to detect levels of protection
induced by the commercial ND genotype II
Hitchner B1, La Sota vaccination regime and
inactivated HON2 against challenge with vNDV
and/or HIN2 (separatly and co-infection) under
experimental condition.

Material and Methods

Pathogenic virus strains

Avian influenza H9N2 AI/CHICKEN/
EGYPT48/Ob/NRC2014/ and a genotype
VIIj vNDV NDV/CHICKEN/EGYPT48/0Ob/
NRC2014/ isolated from chickens from field
cases suffering from mortalities and respiratory
symptoms. These strains were molecular
identified, sequenced for hagglutinin (HA) genes
and submitted to GenBank [24]. The two viruses
were titrated according to Reed and Muench [25]
to be used as challenge viruses.

Experimental chicks

Two hundred, LSL male layer chicks were
obtained from a commercial hatchery. The chicks
were reared according to the breed manual. Sera
were collected from 15 random chicks at 1 and 7
days of life and tested for maternal H9 and NDV
antibodies using hemagglutination inhibition
assay (HI).

Vaccines

1. Newcastle disease vaccines: Chicken was
vaccinated using ND vaccines from different
commercial sources in 2 vaccination schemes as
vaccine 1 (HB1.1 and La Sota 1) and vaccine 2
(HB1.2 and La Sota 2).

Hitchner HB1

e Jovac® Live attenuated vaccine 1000 dose/
each 10°° Embryo infective dose50 (EID*).
Patch no. 01D0116. Produced by Jovac Jordan
bioindustry center. Jordan.

e [ZOVAC®: Freeze dried live La Sota
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vaccine1000 dose/each 10 %5 EID. Produced
by 1ZO S.R.I asocio unico, via san zeno 99/A-
25124 Berscia (Italy).

La Sota

e JOVAC® Live Attenuated Vaccine lot
no 02D0418 Produced by Jovac Jordan
bioindustry center. Jordan.

e Nobilis ®Live La Sota Vaccine A120AJ01
Intervet.

HIN?2 Inactivated vaccine

Jova zeit 7®: Inactivated oil emulsion vaccine
HON2 Produced by Jovac Jordan bioindustry
center. Jordan.

Embryonated chicken eggs (ECEs)

Specific pathogen frees (SPF) 9 days old,
Embryonated Chicken Eggs (ECEs) were obtained
from Kom Oshim, El-Fayoum, Egypt. ECEs
were used for vaccine titration and propagation of
virus strains for both challenge and HI antigen.
ECEs were inoculated according to Allan [26] and
Pearson and Senne [27].

Haemagglutination (HA) test and
Haemagglutination inhibition (HI) test

HA test was used for titration of used antigens
to 4 HA units/0.05 ml. HI was carried out using
homologous antigens to the challenge viruses,
according to WHO [28].

Experimental design

Two hundreds, 1 day old LSL male chicks
were divided into 4 mean groups (1-4). , Groups
1 and 2 were 40 chicks each, while groups 3
and 4 were 60 chicks each. Chicks of groups 1
-3 were intraocularly vaccinated with 50 ul/bird
of live HBI strain and La Sota strains at 7 and
19 days, respectively. Chicken group was given
ND vaccine 1 while groups 2 and 3 were given
vaccine 2. Chicks of group 4 were kept as non+|
vaccinated control (Table 1). Birds of groups 3
were subcutaneously vaccinated with inactivated
HO9N2 vaccine (0.3 ml/bird) at the 10" day of life.
Fifteen blood samples were collected for serum
from each chickens group to evaluate antibody
titer against NDV and HIN2 vaccine at 1, 7 14,
21 and 29 days of age.

At 33 days of age chicken groups land 2 were
subdivided randomly into 2 sub-groups ( a and b)
while groups 2and 3 were sub grouped into 3 (a,
b and c). Chicken subgroups were intraocularly
challenged with 100 ul containing 10° EID, of
vNDV VIJj genotype and or 200 ul containing

107 (EID,)) of HY strain (Table 1). Birds were
observed daily for 10 days post challenge for
morbidity and mortality.

Tissue samples including lung, intestine and
spleen were collected in 10% neutral buffered
formalin from 2 birds/group at 1,2 and 4 at 6, §, and
10 days post infection (dpi) for histopathological
examination.

Histopathological and histological examination

Lung, intestine and spleen tissue specimens
were fixed in 10% formol saline, then trimmed
off, washed and dehydrated in ascending grades
of alcohol. The dehydrated specimens were then
cleared in xylene, embedded in paraffin blocks
and sectioned at 4-6 um thick. The obtained tissue
sections were deparaffinized using xylol and
stained using hematoxylin and eosin (H&E) for
histological examination through the electric light
microscope [29].

Statistical analysis

The obtained HI titres expressed as means £SE
(standard error of the mean) and protection rates
analyzed using GraphPad Prism 6 software (Graph
Pad Software Inc., USA). One-way analysis
of wvariance (ANOVA) including Bonferroni
correction was used for data at same time point in
different groups. Differences in the mean values
were considered statistically significant at the p
value was <0.05.

Results and Discussion

Both NDV and AIV are the most worldwide
economically important viruses affections in
poultry [1] and co-infections were reported in
endemic forms [11]. Co-infections by low and
highly pathogenic type (LPAI/HPAI) AIV and
Lentogenic, mesogenic and velogenic NDV
has been reported [21, 30-33]. This interference
depends on the titer of the viruses used, the
virulence of the NDV, and the timing of the
infections [32]. Velogenic NDV VII is usually
recovered outbreaks in poultry worldwide
including Egypt [16, 34, 35, and 37]. Natural
LPAI HO9N2 and virulent NDV co-infections
were occurred and have been reported in poultry
in Egypt [16, 38, and 39]. Impact of such co-
infections in face of used life ND vaccines is the
aim of this study.

Maternal mean HI antibody titres in control
negative (non-vaccinated ) group (1) against
HON2 (Table 2) were 7.9+1.8, 6.7 + 1.3, 4.3
+ 17,28 £ 0.5and 1.6 + 1.2 , while NDV HI
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antibody titers were 7.6 = 1.7, 7.7 £ 1.2, 5.5 +
16,28 + 1.4 and 1.8 £ 0.7 at 1, 7,14, 21, 29
days, respectively. The detected HI antibody
titres against ND and H9 at 1 and 7 days of age
measure the maternal-derived antibody level and
its natural decline [40.41]. No detectable clinical
signs or mortality (100% survival) in control non
vaccinated non challenged sub-group (1c) (Table
3). These results indicated no possibility for outer
infections during the study.

TABLE 1. Experimental design.

In vaccinated group: The mean NDV
HI (log,) antibody titers in group (2) received
vaccines 1 were 4.8 +0.8,2.4+1.2and 3.9+0.5
at age of 14,21 and 29 days, respectively, while,
Group (3) given ND vaccine 2 showed titres 4.5
+1.2,3.6 £ 1.1 and 4.0 = 0.4 at 14, 21 and 29
days, repectively (Table 2). HI titres in group (4)
received ND vaccine 2 and inactivated H9 vaccine
were 5.0+ 1.5,3.5+1.4and 4.5+ 1.3, respectively.
Similar results were reported by Amer and Abd

NDV VACCINE
No of HI9N2 Challenge
Group chicks Vaccine 1 Vaccine 2 Vaccine sub-group Virus
HB1  LaSota HBI  LaSota 10D 33 days of age
7D 19D 7D 19D
la NDV
1 60 Negative control 1b HON2
la -

2 40 + + 20 NDV
i i i 2a NDV+ H9N2

3b NDV
3 40 ; - " " ; 3c NDV+ HON2

4a NDV

4 60 - - + + + 4b HON2
4c NDV+ HIN2

TABLE 2. HI antibody log , Mean =+ SD titres against NDV and H9 in vaccinated chicken groups (N=15) .

Gr ) Age/ ND HI titres H9N2 HI titres
No. Vaccine days
Mean = SE Mean + SE
1 7.6 £1.7 79+1.8
7 77+1.2 6.7+13
1 Control 14 55+1.6 43+1.7
21 28+ 14 2.8+0.5
29 1.8+ 0.7° 1.6+1.2°
14 4.8+0.8 45+1.2
2 NDV Vaccine 1 21 24+1.2 2.1+1.5
29 3.9+0.5° 1.84+1.2°0
14 45+1.2 37+1.2
3 NDV Vaccine 2 21 3.6 £1.1 2+14
29 4.0+0.4° 2.8+£0.4°
14 50 +£1.5 3.7+1.6
4 NDV Vaccine 2 + HIN2 21 35+1.4 25+ 1.1
29 45+1.3° 5.1+1.3°

a,b Mean values in the same age that share a common letter differ significantly (P < 0.05)
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El-Ghany [42] and Hager [5]. Generally, birds
of vaccinated with ND vaccine 2 +H9 (Gr. 4)
showed relatively higher HI titers followed by
group 3 given vaccine 2 than group 1 vaccinated
with vaccine 1. Both vaccine 1 and vaccine 2
were prepared from the same related NDV but
the obtained HI titres produced by vaccine 1 were
lower than that produced by vaccine 2. This result
can be explained by the considerable variation
that exists among the same strains produced by
different biologics manufacturers [42- 45]. Also,
the demonstrated immunity was differing [46,
47]. This result indicated that ND vaccine strains
have the same pathogenic index can differ in their
immunogenicity [48].

Group 4 given HIN2 inactivated vaccine at
the 10" day of age showed HI titres of 3.7 + 1.6,
25+ 1.1 and 5.1 = 1.3 at 14, 21 and 29 days,
respectively (Table 2) [49,50,51].

Vaccinated control group challenged with
NDV genotype VII strain at 33 days of age (sub-
groupl a) (Table 3) showed acute disease started
in the 2™ dpi with severe signs including sudden
death with cyanosis of comb in the 3rd dpi
with 4/20 (20%), depression, off food, greenish
diarrhea and respiratory signs in day 3 to the 8"
dpi . Mortality started at the 3rd to the 8" dpi to
reach (100%) in the 8™ dpi. Signs and mortality
resulted from vNDV in control group agree with
previous results [4, 5, 14, 52, 53]. This pointed out
that maternal antibodies cannot protect against
acute infections [54, 55].

Birds of sub-group (1¢) challenged with HON2
showed general signs with mild respiratory signs
lasted for 4 days with death of 2 birds (10%
mortalities). Halvorson [12] and Lee ef al. [13]
reported no mortalities. HIN2 infection was
reported as asymptomatic or induced signs and
lesions in respiratory, digestive and reproductive
systems [10].  Sub-groups (2a, 3a and 4a)
vaccinated with ND vaccine 1, ND vaccine 2
and ND vaccine 2+ HON2  challenged with
NDYV (Table 3) showed signs of depression, off
food and moderate respiratory signs from day
4 to day 8 with mortalities started in the 4% dpi
where protection rates were70, 70 and 75%,
respectively.

Chicken sub-groups 2b, 3band 4 c of vaccinated
group 2 , 3 and 4 with ND vaccine 1, ND vaccine
2 or ND vaccine 2+ HIN2 and challenged with
NDV+ HIN2 (Co-infection) showed signs form
the 3" dpi including depression, severe decrease
in feed intake and moderate respiratory signs with
protection rates of 50, 70 and 70%, respectively.
Infection with both viruses had synergistic effect
especially if the viruses were given sequentially
[21, 31.32]. Also, there are many previous
suggestions for interface between both 2 viruses
[18, 19,21, 31.32, and 33].

HON2 sub-groups 4b given ND vaccine 2+
HO9N2 and challenged with HON2 showed 100%
survival rate and transient depression at day 4 and
5 pi without further clinical signs. Vaccine may
be providing protection from mortalities [14, 51].

TABLE 3. Mortality in NDV, HON2 virus or NDV+H9N2 challenged vaccinated and non-vaccinated chicken sub-

groups (n=20)

Vaccine

Group sub- Challenge No of dead Mortality Protection
No ND HON2 group +ve birds rate rate
la NDV 20 100.0 10.0°
1 Negative control 1b HON2 2 10.0 90.0
la - 0.0 0.0 100.0
. 2b NDV 8 40.0 60.0°
2 Vaccine 1 -
2a NDV+ HON2 10 50.0 50.0*°
. 3b NDV 6 30.0 70.0%0
3 Vaccine 2 -
3c NDV+ HON2 6 30.0 70.0%0
4a NDV 5 25.0 75.0°
4 Vaccine 2 N
+ HON2 4b HON2 - 0.0 100.0
4c¢ NDV+ HIN2 6 30.0 70.0*°

a,b : Protection rate values in that share a common letter differ significantly (P < 0.05)
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Generally, the obtained protection was
unsatisfactory indicating that we still need highly
effective vaccine against NDV genotype VIIj.
ND vaccinated sub-groups with ND vaccine 2
survived longer and showed higher titres and
protection rates as compared with those given
vaccine land control group.

Post mortem examination of dead birds
from all non-vaccinated groups or vaccinated
and inoculated with NDV showed lesions of
septicemia (congested muscles and internal
organs with hemorrhage on body and coronary
fat) , dehydration, hemorrhages on the tips of
periventricular glands, greenish discoloration of
intestinal proventriculus and gizzard contents,
greenish content, severe necrosis and ulceration
on cecal tonsils, catarrhal tracheitis with severe
pneumonia, congestion of serosal intestine blood
vessels and hemorrhage in intestinal mucosa
[7,37,53]. Birds challenged with both NDV and
HON2 showed more prominent respiratory and
proventriculus lesions. Same results were found
by Lee etal [14] who concluded that co-infection
of HIN2 with ND virus causes high mortality
due to acute disease, more severe the pathologic
lesions than single infection and synergistic effect
if the viruses were given sequentially [21,31,32].

The recorded signs and gross lesions of YNDV
challenge are in agreement with those previously
reported [4, 7,37, 52, 53, and 56].

Lung 1 (A), intestine (Fig 1, B) and spleen (Fig
1, C) sections of control negative (non vaccinated
non challenged) subgroup (lc) showed apparent
normal tissue structures.

Fig. 1. Sectlons of control of control negatlve sub -group:
A: Apparent normal lung tissue. B: Apparent normal intestinal tissue. C: Apparent normal spleen tissue.

Apparent normal intestinal tissue. C: Apparent
normal spleen tissue.

Lung section of non vaccinated chicken
subgroup (1b) challenged with H9 showing
mild congestion of pulmonary artery at the 6"
dpi (Fig 2,A), severe inflammatory infiltration
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1\ A

of mucosa of tertiary bronchi at the 8" dpi (Fig
2,B) and inflammatory cell infiltration in the
mucosa with hyperactivity of the goblet cell in the
epithelial lining of tertiary bronchi with presence
of mucous mixed with desquamated cells in the
tertiary bronchi lumen at the 10" dpi (Fig 2,C).
Similar lung lesions following HIN2 infection in
chickens were reported [9, 10, 57-60]. The tertiary
bronchi of NDV challenged chickens subgroup
(1a) showing lymphocytic infiltration of mucosa
and presence of mucous mixed with blood in the
lumen (Fig 2,D), congestion of mucosa of tertiary
bronchi with inflammatory cell infiltration (Fig
2,E) at 6, 8 and 10 dpi, respectively [61-63].

Chicken given live ND vaccine 1 and
challenges with NDV (sub-group 2a): at 6 dpi,
lung section showing mild to moderate congestion
of pulmonary artery (Fig 2,A) , while at 8 dpi
congestion of pulmonary blood vessels was seen
(Fig 2,F). Congestion of the blood vessels of
the mucosa with inflammatory cell infiltration,
hyperplasia of the epithelial lining forming finger
like projection in the secondary bronchi at the
10" dpi (Fig 2,G). While, those challenged with
both NDV and H9N2 (sub-group 2b) showing
moderate congestion of pulmonary blood vessels
(Fig 2,D), congestion of pulmonary blood vessels
with presence of mucous of the lumen of tertiary
bronchi (Fig 2, G) as well as congestion of the
blood vessels of the mucosa with inflammatory
cell infiltration .hyperplasia of the epithelial lining
forming finger like projection in the secondary
bronchi (Fig 2,D) at 6,8 and 10 dpi, respectively.

Group given ND life vaccine 2 and inactivated
H9N2 vaccme and challenged w1th NDV (sub-

P& .n»"‘-*’ o
"“;}r;i

group 4a) showed severe congestion of pulmonary
artery (Fig 2,I) at 6 dpi, severe congestion of blood
vessels of mucosa with lymphocytic infiltration..
hyperplasia of epithelial lining forming finger
like projections in the lumen of tertiary bronchi
with presence of mucous with desquamated cells
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in the lumen at 8 dpi (Fig 2,J) as well as 10 dpi,
congestion of the blood vessels of the mucosa
with inflammatory cell infiltration .hyperplasia of
the epithelial lining forming finger like projection
in the secondary bronchi (Fig 2,G) at 6,8 and 10
dpi, respectively [37]. Chicken sub-group 4b
challenged with H9 showed only mild congestion
of pulmonary artery at the 6" dpi (Fig 2,A) [51]. In

the other hand, sub-group 4c those challenged with
NDV +H9) showing submucosal hemorrhage of
secondary bronchi with lymphocytic infiltration of
mucosa (Fig 2,C), congestion of pulmonary artery
(Fig 2, A) and Congestion of the blood vessels
of the mucosa with inflammatory cell infiltration
hyperplasia of the epithelial lining forming finger
like projection in the secondary bronchi (Fig 2,G)
at 6,8 and 10 dpi.

Fig. 2. Lung sections of AI-H9 and/or ND virus challenged chickens (H&E X100) showing: A: mild congestion
of pulmonary artery. B: severe inflammatory infiltration of mucosa of tertiary bronchi. C: inflammatory
cell infiltration in the mucosa with hyperactivity of the goblet cell in the epithelial lining of tertiary bronchi
with presence of mucous mixed with desquamated cells in the lumen. D: lymphocytic infiltration of mucosa
and presence of mucous mixed with blood in the lumen. E: congestion of mucosa of tertiary bronchi with
inflammatory cell infiltration. F: congestion of pulmonary blood vessels. G: Congestion of the blood vessels
of the mucosa with inflammatory cell infiltration, hyperplasia of the epithelial lining forming finger like
projection in the secondary bronchi. I: severe congestion of pulmonary artery. J: severe congestion of
blood vessels of mucosa with lymphocytic infiltration, hyperplasia of epithelial lining forming finger like
projections in the lumen of tertiary bronchi with presence of mucous with desquamated cells in the lumen.
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Intestine section of control negative sub-
group (la) challenged with H9 showing
congestion of mucosa with inflammatory cell
infiltration and desquamation of epithelial
lining of the villi at 8 dpi, (Fig. 3, A), while at
10 dpi intestine shows mild inflammatory cells
infiltration of the mucosa [57,59,60]. Intestine
sections of ND challenged sub- group (1b) at
6 dpi showing (Fig.3,C) necrosis of villi and
lymphocytic infiltration as well as congestion of
blood vessels of tunica musclosa were recorded
at the 8" dpi (Fig.3,D) [5,7,53,62-64]. Chicken
of sub- group 2a given ND vaccine 1 and
challenged with vNDV intestine showing mild
lymphocytic infiltration of the mucosa (Fig.
3,E), hemorrhage of the intestinal mucosa (Fig.
3, F) severe inflammatory cells infiltration of the
mucosa (Fig. 3,G)at 6,8 and 10 dpi, respectively.
Sub-group (2b) challenged with both ND and H9
viruses showing mild lymphocytic infiltration
of the mucosa (Fig. 3, E) at 6 dpi , congestion
of blood vessels of tunica mucosa and musclosa
with inflammatory cell infiltration and necrosis
(Fig. 3, H) at 8 dpi while at 10 dpi congestion of
mucosa with inflammatory cell infiltration were
seen (Fig. 3, I).

Intestine of chicken group given ND vaccine
2 and inactivated, H9 V virus challenged sub-
group 4a showed mild lymphocytic infiltration
of the mucosa at 6 dpi (Fig. 3,J). While those
challenged with NDV (sub-group 4b) showed
severe lymphocytic infiltration of the intestinal
mucosa (Fig.3,K) 6 dpi, severe congestion of the
mucosa with necrosis of villi (Fig.3, L) at 8 dpi,
and congestion of mucosa with inflammatory cell
infiltration (Fig.2 ,M) at 10 dpi. Sub-group (4c)
challenged with ND and H9 at 6 dpi showing
necrosis of mucosa and lymphocytic infiltration
(Fig.3, N) , at 8 dpi showed lymphocytic
infiltration of the mucosa (Fig.3, O) while at
10 dpi intestinal section showed congestion of
mucosa with inflammatory cell infiltration (Fig.
3, D).

Spleen sections of control negative H9
challenged birds (sub-group la) showing mild
depletion of lymphoid follicle in the cortex at
6 dpi (Fig. 4, B), congestion of red pulp at 8
dpi and normal spleen (Fig. 4, C) [5, 6, 10, 53,
57]. Apparent normal spleen was seen at 10 dpi
(Fig. 4, A). ND challenged chicken sub-group
(1b) showing severe necrosis of the lymphoid
follicle in the wide pulp accompanied with area
of focal necrosis in the center of follicle (Fig.
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4, D) at 6 dpi, and , congestion of red pulp to
area of hemorrhage in the red pulp (Fig. 4, E)
at 8 dpi [62,6365]. Spleen sections of chicken
given live ND vaccinel and challenged with H9
virus (sub-group 2a) showing mild depletion
of lymphoid follicle in the wide pulp 6 dpi
(Fig. 4, F), subcaspsular hemorrhage (Fig. 4,
G) at 8 dpi and depletion of lymphoid follicle
was seen at 10 dpi (Fig. 4,H). Chicken sub-
group ( 2b ) challenged with NDV at 6 dpi
showing mild depletion of lymphoid follicle in
the cortex (Fig. 4,I), at 8 dpi showing depletion
of lymphoid follicle (Fig 4 , H) and at 10 dpi
depletion of lymphoid follicle with congestion
of red pulp were detected (Fig. 4, J) [66,67].
Chicken sub-group (4a) given live ND vaccine
2 and inactivated H9 vaccine followed by H9
virus challenge showed congestion of red pulp
in spleen sections at 6dpi (Fig 4, B). Sub-group
(4b) challenged with NDV showing depletion of
lymphoid follicle in the cortex at 6 dpi (Fig.4, I)
and depletion of lymphoid follicle at both 8 and
10 dpi (Fig. 4, H). While those dual challenged
with H9 and ND viruses (sub-group 4c¢) showed
severe necrosis of the splenic lymphoid follicle
(Fig. 4, K), congestion of blood vessels (Fig.4,
L) and depletion of lymphoid follicle (Fig.4, H)
at 6, 8 and 10 dpi [68].

A comparison on the starting and severity of
clinical signs of the disease as well as mortality
among different vaccinated vNDV challenged
groups pointed out that the vaccinated-challenged
groups showed later , milder clinical signs and both
gross and microscopic lesions as well as higher
protection against clinical signs and mortality
than the non vaccinated challenged control group
[42,54,55,69,70]. Furthermore, the used vaccines
did not offer good protection in face of challenge
with VNDV genotype VII. This area had been
discussed with researcher as they concluded that
NDV genotype II still offer protection [5,52] and
others with field observation found no satisfactory
protection [4,53,71]. Additionally, ND and HON2
co-infection resulted in more adverse cases.

Conclusion

The local NDV strain genotype VIIj is highly
pathogenic to male layer commercial chickens
and the inoculation of NDV with HON2 at the
same time didn’t increase its severity. Also, it
was notable that commercial Hitchner B1 and
La Sota vaccines conferred partial protection for
experimentally used chickens against challenge
this ND field isolate.
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Fig. 3. Tissue section of intestine AI-H9 and/or ND virus challenged chickens (H&E X100) showing: A:congestion
of mucosa with inflammatory cell infiltration and desquamation of epithelial lining of the villi. B: mild
inflammatory cells infiltration of the mucosa. C: necrosis of villi and lymphocytic infiltration. D: congestion
of blood vessels of tunica musclosa. E: mild lymphocytic infiltration of the mucosa. F: hemorrhage of the
intestinal mucosa. G: severe inflammatory cells infiltration of the mucosa. H: congestion of blood vessels
of tunica mucosa and musclosa with inflammatory cell infiltration and necrosis. I: congestion of mucosa
with inflammatory cell infiltration. J: mild lymphocytic infiltration of the mucosa. K: severe lymphocytic
infiltration of the mucosa. L: severe congestion of the mucosa with necrosis of villi. M: congestion of mucosa
with inflammatory cell infiltration. N: necrosis of mucosa and lymphocytic infiltration . O: lymphocytic
infiltration of the mucosa.
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Fig. 4. Tissue section of spleen AI-H9 and/or ND virus challenged chickens (H&E X100) showing: A: Normal
spleen. B: Mild depletion of lymphoid follicle in the cortex. C: Congestion of red pulp. D : Severe necrosis
of the lymphoid follicle in the wide pulp accompanied with area of focal necrosis in the center of follicle. E :
Congestion of red pulp to area of hemorrhage in the red pulp. F: Mild depletion of lymphoid follicle in the
wide pulp. G: Subcaspsular hemorrhage. H: Depletion of lymphoid follicle. I: Mild depletion of lymphoid
follicle in the cortex. J: Depletion of lymphoid follicle with congestion of red pulp. K: Severe necrosis of
the lymphoid follicle. L: Congestion of blood vessels.
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