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Abstract

Background: Newcastle disease is very pathogenic in chickens, whereas in ducks, the disease does not show any
clinical symptoms.

Aims: To compare the clinical symptoms features, pathological lesions, viral distribution, and apoptosis response
caused by the Newcastle disease virus (NDV) in domestic chicken and Alabio duck.

Methods: Forty domestic chickens and 40 Alabio ducks were separated into four groups: domestic chicken and Alabio
duck treatment groups, where each was infected by NDV velogenic ducks/Aceh Besar IND/2013/e0AC080721 in
10°ELD, dosage. The domestic chicken and Alabio duck control groups were each inoculated with Phosphate Buffer
Saline. The infection route was intraorbital, 0.1 ml in volume. Symptoms were observed from day | until day 7 post-
infection (PI). Necropsy was performed on days 1, 2, 3, 5, and 7 PI for organ collection.

Results: Symptoms observed were disorders in the respiratory, gastrointestinal, and nervous systems, followed by
100% mortality in domestic chickens. In Alabio ducks, there were only depression and slight lethargy. The lesion in
domestic chicken day 1 appeared by the lungs, thymus, Fabricius bursa, spleen, and kidney. On day 3 PI, lesions were
also found in the heart, proventriculus, duodenum, and cecal tonsil. On days 5 and 7 PI, the trachea and brain lesions
were found. In Alabio ducks, lesions were found in the lungs, thymus, spleen, and proventriculus on day 1. Afterward,
on day 3, light lesions were found in the heart. On day 5, lesions were found in the trachea and brain; finally, on day 7,
light lesions were only found in the thymus, spleen, and brain. Immunopositive reaction NDV in domestic chicken was
highest in the proventriculus, duodenum, cecal tonsil, and lymphoreticular organs. In the Alabio duck, it was highest in
the duodenum and cecal tonsil. The caspase-3 percentage in domestic chicken increased on day 3 PI; in Alabio ducks,
on day 2 PL.

Conclusion: Clinical symptoms and pathological lesions were faster and more severe in domestic chickens. The
immunopositive reaction NDV in domestic chicken continued to increase, while in Alabio ducks, it decreased until the
last observation day. Apoptosis percentage increased earlier in the Alabio duck than in domestic chicken.
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Introduction show clinical symptoms but can transmit the deadly
Newcastle disease (ND) is highly pathogenic in reared disease to chickens (Alegander and Senne, 2008). Dai
chicken but less pathogenic in other birds that are et al. (2014) compared six breeds of dPCkS and fOUf}d
important in spreading the Newcastle disease virus mallard ducks were the most susceptible and Pekin
(NDV). It has high morbidity and mortality and can ducks were the more resistant; they found that the
spread rapidly (OIE, 2021). NDV has widely infected susceptibility of ducks to NDV decreased with age, and
bird species, such as chickens, ducks, geese, pigeons, most deaths occurred between 15 and 30 days of age.
parrots, and several other birds (Zhang et al., 2011). Kencana et al. (2012) reported that 10 domestic
Ducks and geese act as a natural reservoir that does not chicken samples collected from field cases in 2008—
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2009 in Bali, Indonesia, were positive to be infected
by the acute NDV. NDV infection in domestic chicken,
broiler chicken, and waterfowl in Aceh, Indonesia, is
dominated by virulent strains (Darniati et al., 2015;
Daud et al., 2019). In addition, several pathogenic
isolates have been isolated from reared ducks (Liu et
al.,2010; Zhang et al., 2011; Panus et al., 2015).

ND can cause damage to lymphoid tissue and
macrophages. Previous studies reported that
histopathologically ND causes lymphoid follicular
depletion, necrosis, and apoptosis in the caecal tonsil,
thymus, and bursa of Fabricius and spleen chicken
(Nakamura et al., 2008; Anis et al., 2013; Etriwati et
al., 2017a). Skeletal muscle congestion, mild intestinal
erosion, and mild hemorrhagic cecal tonsils in ducks
(Eze et al., 2014). Apoptosis is a significant factor in
viral pathogenesis, especially in the mechanism of
clearance virus by the immune system (Myers et al.,
2012). NDV causes apoptosis in the spleen of domestic
chickens (Kommers et al., 2002), chicken embryo
fibroblast cells (Ravindra et al., 2009), and chicken
macrophages (Lam, 1996).

There are many things yet unknown on the cause of
why ducks are more resistant to ND disease compared
to chickens. Therefore, this study was designed to
compare the clinical symptoms features, pathological
lesions, viral distribution, and apoptosis response due
to NDV in domestic chickens and Alabio ducks.

Materials and Methods

Research procedure

One-day-old domestic chickens (Gallus gallus
domesticus) and 1-day-old Alabio duck (4nas
platyrhynchos Borneo) were reared until 6 weeks
in semi-isolated cages in groups. Feed and drinking
water were provided ad libitum. The treatment groups
are: AC-A (Domestic chicken group, n = 20) and
AC-I (Alabio duck group, n = 20), were infected by
NDV velogenic isolate Ducks/Aceh Besar IND/2013/
€0AC080721 under 10°ELD,, dosage. The K-A
(Domestic chicken control group, n = 20) and K-I
(Alabio duck control group, n = 20) were inoculated by
PBS. All inoculations were performed via intraorbital
as much as 0.1 ml. Before being infected by NDV, the
domestic chickens and Alabio ducks tested negative for
NDV antibody by hemaglutinin inhibition test.
Clinical symptoms and gross anatomy observation
Clinical symptoms were observed from day 1 until
day 7 post-infection (PI). Three individuals from each
group were necropsied ondays 1,2, 3, 5, and 7 PI. Gross
pathological changes in the proventriculus, duodenum,
ceca tonsil, trachea, lung, heart, thymus, Fabricius
bursa, spleen, kidney, and brain were observed. All
organ samples were cut into 1 x 1 x 0.5 cm sizes and
fixed in neutral buffered formalin 10% for a minimum
of 24 hours to be made into histopathology preparations
in paraffin blocks.

Histopathology examination

Each organ was trimmed into 5 mm size and put inside
a tissue cassette, then put into an automatic tissue
processor for dehydration, clearing, paraffin infiltration,
embedding, and paraffin blocking. Finally, the blocks
were cut into 5 pm with a rotary microtome to be stained
with hematoxylin staining or immunohistochemistry.
Hematoxylin and eosin staining

Hematoxylin and eosin staining starter by
deparaffinization by xylol and ethanol rehydration.
Staining was performed by submerging preparations
inside Mayer's hematoxylin stain, followed by eosin.
The tissues were then dehydrated with ethanol 96%
and absolute ethanol 2. The clearing was performed
by submerging the tissue in xylol. The last process was
mounting using gum and cover glass. Histopathology
observation was performed by examining the lesion
severity. The following criteria had determined: if the
lesion was spread locally, multifocally, or diffuse, the
seriousness in that order was light, moderate, or severe.
The examination was conducted under 100 times
magnification with five fields of view repetition.
Immunohistochemistry staining

The immunohistochemistry staining referred to the
procedures recommended in the catalog from Dako,
North America Inc. (Dako) with several modifications.
Tissue slices attached to poly-L-Lysine 1% spread
object glass was deparaffinized by xylol and then
rehydrated by ethanol. The antigen retrieval process
was performed by boiling the preparations in citrate
buffer at 100°C for 15 minutes. Blocking of endogenous
activity was performed by submerging the preparations
in H,0, 3% for 35 minutes at room temperature and
washing them with PBS in three repetitions for 5
minutes each. Blocking of non-specific protein bonds
was conducted using normal fetal bovine serum 10%
for 35 minutes at room temperature and then washed
once more with PBS in three repetitions for 5 minutes
each. Each tissue was given drops of primary antibody
rabbit anti-NDV polyclonal antibody (1:250 in PBS),
and for caspase-3, was given drops of primary antibody
Polyclonal Anti-Casp3 (HPA002643, Sigma-Aldrich;
1:250 in PBS). The preparations were then incubated
overnight at —=5°C. The preparations were washed with
PBS in three repetitions for 5 minutes each at room
temperature. The preparations were then dropped
with secondary antibody Dako REAL™ envision™/
HRP, Rabbit/Mouse (K5007) for 40 minutes at room
temperature, then washed with PBS in three repetitions
5 minutes each at room temperature. The preparations
were then given Dako REAL™ DAB+chromogen in
Dako REAL™ substrate buffer (K5007) for 40 seconds
at room temperature and then washed with flowing
water for 10 minutes and washed by PBS in three
repetitions for 5 minutes each at room temperature.
Mayer’s Hematoxylin was used as counterstaining.
The examination was regarded as positive if, during
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preparation, reading brown stained antigen was found
and regarded as negative if all preparation appeared
blue. The immunopositivity against NDV on each organ
was scored with light severity (1-10 immunopositive
cells), moderate (11-20 immunopositive cells), and
severe (more than 20 immunopositive cells) (Etriwati et
al., 2017b). The immunohistochemistry results against
NDV and caspase-3 were examined under 400 times
magnification with five field view repetitions.

Data analysis

The data from clinical symptoms and pathological
lesions examinations were analyzed descriptively.
The immunohistochemistry results against the NDV
were scored based on the immunopositive cells’ level,
while for caspase-3, the immunopositive reaction was
analyzed based on the positive area percentage against
caspase-3.

Ethical approval

The use and treatment of experimental animals in this
study have approval from the animal ethics committee
of the Institute for Research and Community Service,
Bogor Agricultural University.

Results

Clinical symptoms observation

On day 1, domestic chicken suffered from depression
and lethargy; on day 2, PI conjunctivitis appeared;
on day 3, PI had difficulty breathing, greenish-white
diarrhea, and anorexia appeared; on days 5 and 7, PI
nervous symptoms such as muscle tremor, difficulty in

standing, and wings dropping along with light edema on
the head appeared. Death in domestic chickens started
to appear on day 4 PI (Table 1). Alabio duck groups only
seemed to be depressed and lightly lethargic starting
from day 5 PI. Control domestic chicken and Alabio
duck group did not show any clinical symptoms.

Gross anatomy observation

The control domestic chicken and Alabio duck group
showed no gross anatomy lesions. Proventriculus,
duodenum, and cecal tonsil did not show lesions on
day 1 PI in domestic chickens, but in Alabio ducks,
proventriculus appeared to have diffuse catarrhal
exudation on the mucosal layer. Proventriculus on day
3 PI showed multifocal petechiae. On days 5 and 7,
PI showed diffuse hemorrhage on domestic chickens
(Fig. 1A). Alabio duck proventriculus on days 3 and
5 PI showed diffuse catarrhal exudation, and no lesion
appeared on day 7 PI (Fig. 1A). Duodenum on day 3
until day 7 PI appeared hemorrhagic with multifocal
necrosis on domestic chickens. In contrast, in Alabio
ducks, no lesion appeared on all observation days.
Cecal tonsil on day 3 PI until the last observation day
seemed to have a multifocal hemorrhage in domestic
chicken, but in Alabio ducks, no lesion appeared on all
observation days (Fig. 1A).

On day 5 PI, the trachea suffered multifocal diffuse
congestion on domestic chickens and focal congestion
on Alabio ducks (Fig. 2A). Lungs on days 1 and 3 PI
appeared abnormal from multifocal congestion. On
every following observation day, the lesions spread

Table 1. Clinical symptoms of the NDV of the domestic chicken (AC-A) and Alabio duck (AC-I) infected with ducks/Aceh

Besar IND/2013/e0AC080721 isolate.

A . Days PI
Clinical symptoms Birds samples
1 2 3 4 5 6 7
. AC-A 5 10 10 8 6 3
Depression and lethargy
AC-1 0 0 0 0 5 3 3
. . AC-A 0 10 15 15 8 6 1
Conjunctivitis
AC-I 0 0 0 0 0 0 0
. AC-A 0 0 10 10 5 3 3
Anorexia
AC-1 0 0 0 0 0
. . AC-A 0 0 2 6 3
Difficulty breathing
AC-1 0 0 0 0 0 0 0
AC-A 0 0 10 11 8 3 3
Greenish-white diarrhea
AC-I 0 0 0 0 0 0 0
AC-A 0 0 0 0 3 2 1
Edema on the head
AC-1 0 0 0 0 0 0 0
AC-A 0 0 0 0 2 2 3
Nervous symptoms
AC-1 0 0 0 0 0 0 0
AC-A 0 0 0 3 0 2 2
Death
AC-I 0 0 0 0 0 0 0

(*) = Number of birds showing clinical symptoms.
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Fig. 1. Proventriculus and ceca tonsil on S5th-day pi. (A). Anatomical pathology; (B). Histopathology; (C).
Immunohistochemistry; AC-A (Domestic chicken) and AC-I (Alabio ducks). Infected with isolate ducks/Aceh Besar
IND/2013/e0AC080721. Histopathology with hematoxylin and eosin. Immunohistochemical using anti-NDV antibody.

Fig. 2. Trachea and brain on the 5th-day pi. (A). Anatomical pathology; (B). Histopathology; (C). Immunohistochemistry;
AC-A (Domestic chicken) and AC-I (Alabio ducks). Infected with isolate ducks/Aceh Besar IND/2013/e0AC080721.
Histopathology with hematoxylin and eosin. Immunohistochemical using anti-NDV antibody

diffusely on domestic chickens, whereas, on Alabio
ducks, multifocal congestion only appeared on day 1
PL

On all observation days, the Thymus of domestic
chicken appeared to have half of its lobes atrophied
and had petechiac/hemorrhage. In contrast, in Alabio
ducks, part of the lobus showed petechiac on all
observation days. The spleen of domestic chickens on

days 1, 3, and 5 PI showed congestion, swelling, and
multifocal necrosis, while the days after were followed
by atrophy. In Alabio ducks, the spleen showed
swelling and multifocal necrosis only during day 3 PI.
The Fabricius bursa of domestic chicken on day 1 PI
appeared to be swelling with focal hemorrhage. On the
rest of the observation days, it was followed by atrophy
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and diffuse hemorrhage, whereas in Alabio ducks, no
lesion was found on all observation days.

Starting from day 3 PI, the domestic chicken heart
showed swelling, while the Alabio duck heart showed
no gross pathology changes on every observation day.
Domestic chicken kidneys on all observation days
appeared swelled with multifocal paleness, while in
Alabio ducks, no lesion was seen on any observation
day. Domestic chicken brain from day 5 PI started to
show edema and multifocal congestion, while in Alabio
duck, the lesion was focal (Fig. 2A)

Histopathology examination

The control domestic chicken and Alabio duck group
showed no histopathology lesions. Domestic chicken
proventriculus on day 1 PI showed congestion, focal
mononuclear proliferation on the mucosal layer,
necrosis, and focal epithelial cell desquamation on
proventriculus glands. On day 3 PI, the lesions spread
in a multifocal pattern; on days 5 (Fig. 1B) and 7 PI
epithelial cells showed necrosis and diffuse hemorrhage
by the muscle layer and multifocal epithelial cell
desquamation as well as necrosis, congestion, and
multifocal mononuclear cell infiltration by the
proventiculus gland. Alabio duck proventriculus on
day 1 PI showed focal epithelial cell desquamation;
on days 3 and 5 PI showed congestion, epithelial
cell desquamation, and multifocal mononuclear cell
proliferation, while proventriculus glands showed
multifocal necrosis, epithelial cell desquamation, and
focal congestion. On day 7 PI, no lesion was seen by
the proventriculus.

On days 1 and 3 PI, domestic chicken duodenum
showed hemorrhage, congestion, and focal crypt
epithelial cell necrosis. On all following observation
days, multifocal hemorrhage with intestine villus
desquamation, diffuse crypt epithelial cell necrosis,
and multifocal proliferation of crypt epithelial cells in
lamina propia was observed. Alabio duck duodenum
from days 3 to 5 PI showed multifocal crypt epithelial
necrosis, congestion, hemorrhage, and focal goblet
cell proliferation. On day 7 PI, there were multifocal
crypt epithelial cell necrosis and focal mononuclear
cell proliferation in lamina propria. The cecal
tonsil of domestic chicken on all observation days
histopathologically showed congestion, hemorrhage,
necrosis (karyopicnosis) of crypt epithelial cells,
mononuclear cell proliferation on the lamina propria,
and lymphocyte cell depletion inside the lymphoid
follicle, which spread in the multifocal pattern. The
Alabio duck cecal tonsil on days 1 and 3 PI showed
congestion, necrosis (Karyopicnosis) of crypt cells, and
multifocal mononuclear cell proliferation by the lamina
propria. On days 5 and 7, multifocal mononuclear
cell proliferation in lamina propria and depletion of
lymphocyte cells in lymphoid follicles were seen (Fig.
1B).

Domesticchickentracheaonday 1 PIshowed congestion,
epithelial cell desquamation, focal inflammatory

cell infiltration, and diffuse edema. On the following
observation days, the lesions spread in multifocal
patterns. Alabio duck trachea on all observation days
showed congestion, epithelial desquamation, focal
inflammatory cell infiltration, goblet cell proliferation,
and diffuse edema (Fig. 2B). Domestic chicken lung
on day 1 PI showed hemorrhage, congestion, edema,
and multifocal mononuclear cell proliferation. On
all following observation days, the lesion spread in a
diffuse pattern. Alabio duck lungs on all observation
days showed congestion, edema, hemorrhage, and
multifocal mononuclear cell proliferation.

The domestic chicken's thymus, Fabricius bursa, and
spleen on days 1 and 3 PI showed lymphoid depletion,
congestion, and multifocal vasculitis. On days 5 and 7,
the lesion spread in a diffuse pattern accompanied by
cyst formation, lysing cells, and part of the tissue being
replaced by connective tissue. The ducks' Thymus,
Fabricius bursae, and spleen on day 1 appeared to
suffer lymphoid depletion, congestion, and focal
vasculitis. On days 3 and 5 PI, the lesions were spread
in a multifocal pattern, and on day 7, the lesions were
spread in a focal pattern.

The heart of domestic chicken on day 3 PI started to
show edema and focal degeneration; on day 5 PI, it
was accompanied by hemorrhage, congestion, and
focal mononuclear cell infiltration. On day 7, the
lesions spread in a multifocal pattern accompanied by
pericarditis and endothelial hypertrophy. However, in
Alabio duck, the lesions were only spread in a focal
pattern without pericarditis. The kidney of domestic
chicken on day 1 PI appeared to suffer from edema,
congestion, and focal hemorrhage. On day 3 PI, the
lesions were spread in a multifocal pattern. Every
following observation day, the lesions spread diffusely,
followed by multifocal mononuclear cell infiltration by
the interstitial area of the kidney. Alabio duck kidney
appeared to suffer from edema and focal congestion on
all observation days, and focal mononuclear infiltration
by kidney interstitial started to appear from day 3 PI.
Domestic chicken brain on days 1 and 3 PI showed
neuron degeneration, congestion, edema, and multifocal
endothelial hypertrophy. On days 5 and 7 PI, they were
followed by neuron cells necrosis, multifocal gliosis,
and focal perivascular cuffing (Fig. 2B). The Alabio
duck brain on every observation day appeared to suffer
from congestion, edema, endothelial cell hypertrophy,
and multifocal gliosis.

NDYV distribution

Immunohistochemistry ~ staining  showed  that
immunopositive reaction against NDV was found in
all treatment groups (Table 2) from day 1 until the last
observation day, with severity ranging from light to
severe, while on all control groups, immunonegative.
The immunopositive location against NDV was not
different between domestic chicken and Alabio duck.
A positive reaction was found in epithelial cells and
mononuclear inflammation in the intestinal organs (Fig.
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1C). Cilia epithelial cells, mucosal layer mononuclear
cells, and in the spaces of tracheal goblet calls (Fig.
2C). Parabronchi epithelial cells, pneumocystis, and
inflammatory cells in lung alveoli. Heart blood vessel
endothelial cells and the urinary. Reticular epithelial
cells at the medulla layer and mononuclear cells by
the thymus cortex. Lymphoid cells of white pulp and
lymphoid cells inside the Fabricius bursa lymphoid
follicle. The plica epithelial cells and mononuclear
cells are suffering from depletion within the lymphoid
follicle of the Fabricius bursa: the Virchow-Robin
endothelial cell, necrotic glial cells, and neurons in the
brain (Fig. 2C).

The caspase-3 expression in lymphoreticular organs
The percentage of caspase-3 in lymphoreticular organs
(Fig. 3) peaked earlier in the Alabio duck group, which
was on day 2 PI, compared to the domestic chicken
group, which on average, occurred after day 3 PI.

The caspase-3 expression (Fig. 4) in domestic chicken
and Alabio duck thymus was more dominant in the
medullar area and rarely by the cortex. The caspase-3
expression in domestic chicken and Alabio duck
Fabricius bursa by the plica epithelial and lymphoid
follicle, while in the cecal tonsil by the mucosa
epithelial cell, lamina propria inflammatory cells, and
crypt epithelial cells. The caspase-3 expression of
domestic chicken spleen was more dominant around
the germinal center, whereas caspase-3 expression
in Alabio ducks was more dominant in the germinal
center.

Discussion

The chains of pathological changes occurring in the
respiratory, circulation, gastrointestinal, urinary, and
nervous systems are closely related to the clinical
symptoms. For example, Conjunctivitis appearing
on day 2 PI occurred because the infection route was
intraorbital, causing a local immune response by the
eye region. Depression, lethargy, difficulty breathing,
and catarrhal exudation in the nose on AC-A align with
the gross pathological changes, which were congestion
and catarrhal exudation by the trachea. This is related to
the increase of goblet cells initiated by viruses attaching
to the epithelial cells via the use of sialic acid on the
host cells as receptors.

Clinical symptoms such as greenish-white diarrhea,
nervous disorder, death, and head edema only appeared
in domestic chickens but were not found in Alabio
ducks. Diarrhea and anorexia on day 3 PI in domestic
chicken were in line with gross pathological changes
in skeletal muscle, which looked pale and emaciated.
Anorexia was indicated by depression in the chicken
period. The low feed and drinking water consumption
was due to the chicken feeling sick from septicemia or
viremia. The sickness in domestic chicken continued
after day 3 PI and caused death starting from day 4 PI,
followed by nervous symptoms on day 5 PI. Death with
the nervous disorder is a clinical manifestation of neuron

degeneration, edema, congestion, thickening blood
vessel walls, perivascular cuffing, the proliferation
of glial cells (gliosis), and necrosis in the brain. The
presence of NDV in the brain can cause vascular and
neuron damage, further causing an inflammatory
response.

The replication of NDV in internal organs initiated
the pathogenesis of ND in the gastrointestinal tract.
The NDV was distributed from the respiratory to
the gastrointestinal system, possibly through the
circulatory system or directly into the chicken’s internal
organs. NDV replication in the gastrointestinal system
is indicated by catarrhal exudation to widespread
hemorrhage by the viscera due to blood vessel damage.
The gross anatomy lesion that appeared by the
gastrointestinal tract is in line with a histopathological
lesion found: congestion, edema, epithelial cell necrosis
and desquamation, the proliferation of mononuclear
cells, and goblet cell hyperplasia from light to severe
level. The findings matched a previous report by Igwe
et al. (2014) about goblet cell hyperplasia and severe
desquamation of intestinal epithelial cells. Necrosis
was in the form of karyorrhexis debris and ulceration
of intestine epithelial cells (Brown et al., 1999). The
NDV immunopositive reaction in gastrointestinal
organs was also distributed in severe severity. The
immunopositive response in the gastrointestinal tract
matched the previous report by Diparayoga et al. (2016)
on inflammatory and gastrointestinal system epithelial
cells. Adi ef al. (2012) reported in the duodenum,
proventriculus, and heart. Piacenti et al. (2006) said that
in the esophagus, crop, pancreas, and proventriculus.
Hamid et al. (1990) reported in the cecal tonsil.
Kidney lesions also occur due to viremia, which
allows NDV to be spread from the respiratory or
gastrointestinal tract via the blood circulation system to
the kidney. We assume that one of the reasons Alabio
ducks are more resistant than local chickens is the lack
of severe structural and histological abnormalities in
the Alabio duck kidney. However, we are still unsure
of the mechanism that causes the absence of these
lesions. The immunopositive reaction in the kidney is
similar to a previous report by Nakamura et al. (2008)
about chicken kidney tubules epithelial cells and in the
cytoplasm and nucleolus of duck kidney tubules cells
(Njagi et al., 2012).

The pathogenesis of a disease is also closely related
the lymphoreticular organ damage as they produce
immunity compounds to eliminate infectious agents.
This research showed that all lymphoreticular organs
generally suffered from changes in gross pathology and
histopathology. The gross pathology and histopathology
lesions generally spread lightly in Alabio duck groups,
different from immunohistochemistry results whose
distribution was light to severe. This data showed that
although no severe lesion was found according to gross
pathology and histopathology, the viral concentration
within the lymphoreticular organ was high.
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Table 2. Distribution of the NDV of the domestic chicken (AC-A) and Alabio duck (AC-I) infected with ducks/

Aceh Besar IND/2013/e0AC080721 isolate.

. Days PI
Organs Birds samples
1 3 5 7
AC-A o ++ ++ ++
Trachea
AC-I A A ++
AC-A + ++ ++
Lungs
AC-1 S 4F
AC-A -
Heart
AC-1 -
. AC-A ++ ++ +++ +++
Proventriculus
AC-I dr ++ ++ +
AC-A s ++ +++ +++
Duodenum
AC-1 s Ainins A 4=
. AC-A A= A= AR -+
Ceca tonsils
AC-1 H=HE AHHE HHHE 4=F
. AC-A + + +++ ++
Kidneys
AC-I W + A ++
AC-A s ++ ++ ++
Thymus
AC-1 + 4=F 4=F 4=
AC-A A= AR AR -+
Spleen
AC-1 s A= 4F 4=F
" AC-A ++ +++ ++ ++
Bursa of fabricious
AC-I A A ++
AC-A s + ++
Brain
AC-I A 3 <

*+= Light severity (1-10 immunopositive cells), ++= moderate (11-20 immunopositive cells), and +++= severe (more than 20

immunopositive cells).

Days Post-Infection

Days Post-Infection

Fig. 3. Caspase-3% on the lymphoreticular organs. Domestic chickens (AC-A) and Alabio ducks (AC-I) infected with ducks/
Aceh Besar IND/2013/e0AC080721 isolate. T: thymus, BF: Bursa of fabricious, L: Spleen, ST: Ceca tonsils.

The different bird species used in this research showed
that the severe immunopositive reaction found in the
gastrointestinal and lymphoreticular organs in Alabio
duck proved that although Alabio ducks do not show
ND clinical symptoms, inside their body, NDV was

present in high concentration. The differences in clinical
symptoms and lesion features that appeared on domestic
chickens and Alabio ducks may be caused by different
genes or protein expressions in domestic chickens and
Alabio ducks that fight viral infection. According to
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Fig. 4. Caspase-3 expression on the lymphoreticular organs. Domestic chickens (AC-A) and Alabio ducks
(AC-]) infected with ducks/Aceh Besar IND/2013/e0AC080721 isolate. T: thymus, BF: Bursa of fabricious,
L: Spleen, K: Cortex, M: Medullar, (*): Plica epithelia, FL: Lymphoid follicle, GM: Germinal center.

Immunohistochemical using anti-casp3 antibody.

Anis et al. (2013), the interferon- expression is earlier,
stronger, and more intensive in duck tissue (Japanese
commercial duck) compared to chicken (white leghorn
SPF) upon infection by virulent NDV. In chicken,
retinoic acid-induced gene-I (RIG-I) was reported to be
absent. However, it was highly expressed in the duck
spleen and heart (Chen et al., 2013, 2015). The absence
of RIG-I is hypothesized to make chicken less resistant
to the influenza virus than duck as its natural reservoir
(Barber et al., 2010). Kang et al. (2015) explained that
RIG-I is identified as a cytoplasmic censor against RNA
virus, which is important in initiating the nonspecific
immune response.

The caspase-3 expression as an apoptosis indicator
in this research added information that the clinical
expression and lesion differences in domestic chicken
and Alabio duck infected by a local isolate from duck
might be caused by the time difference of the highest
progressive increase of apoptosis response, which was
on day 2 PI in Alabio duck and day 3 PI in domestic
chicken by the thymus, Fabricius bursa, and spleen;
all of them crucial as primary and secondary systems
in fighting infections. Ideally, when an infectious
agent contacts host cells, an apoptosis process for
clearance rapidly occurs to prevent viral aggression
from continuing. The apoptosis percentage in the
lymphoreticular organ continued to show a regressive
decrease after reaching the peak, probably caused by two
conditions. In domestic chickens, histopathologically,
on days 1 and 3, PI lymphoid depletion, congestion,
and multifocal vasculitis were found; on days 5 and
7, PI lesions were spread in diffuse accompanied
by cells undergoing lysis and partly replaced by
connective tissue. In the Fabricius bursa, the process
was accompanied by cyst formation. It was different in

Alabio ducks. In Alabio ducks, the apoptosis response
decrease at the end of observation was probably caused
by the rapid NDV clearance, which prompts earlier
cell regeneration. Anis ef al. (2013) stated that several
duck organs showed increased mitosis compared to
ducks, allowing rapid tissue regeneration. The lowering
apoptosis responses in Alabio duck after reaching its
peak align with the lowering lesion severity into focal
in the thymus, Fabricius bursa, and spleen. This allows
the lymphoreticular organ ability as the defensive organ
to return to normal, so Alabio ducks turn healthy again
until the last observation day.

In closing, it can be said that generally, the difference
in lesion pattern between domestic chickens and ducks
infected by the velogenic NDV Ducks/Aceh Besar
IND/2013/e0AC080721 is that in domestic chickens
until the last observation day, the lesion progressively
turned severe, while in Alabio ducks the lesions showed
improvements. In summary, the clinical symptoms,
pathological lesions, and histopathology of ND are
more severe in domestic chickens compared to Alabio
ducks in the treatment group. The immunopositive
reaction against the NDV in domestic chicken continued
to increase, while in Alabio ducks, it decreased until
the last observation day, especially in gastrointestinal
tracts. The apoptosis response showed earlier in Alabio
ducks compared to domestic chickens.
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