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Abstract
Newcastle disease (ND) is a highly contagious infection of many avian species, mainly chickens and turkeys, with a devas-
tating impact on worldwide poultry production. This study was designed to examine the effect of virulent ND infection in 
turkey’s tissues and the tissue tropism of the virus. During the previous study period, poults were inoculated at 32 days of 
age with  105 EID50 virulent Newcastle disease virus. Three poults on days 0, 1, 2, 3, 4, 6, 7, and 14 postinoculations (PI) 
were selected from each group. They were euthanized by intravenous sodium pentobarbital injection. After macroscopic 
observation, to histopathological and immunohistochemical studies, the spleen, bursa, cecal tonsils, intestine, proventriculus, 
lung, kidney, and brain were sampled. Clinically, the infected turkeys exhibited loss of appetite, severe depression, down on 
hock joint, white to greenish (sometimes bloody) diarrhea, nervous signs, and mild respiratory problems. Out of 45 birds 
inoculated, 9 (20%) died. Histopathological effects in lymphoid tissues included necrosis and penetration of mononuclear 
cells on day 4 PI, and subsequent follicular lymphoid depletion on days 6 and 8 PI was observed. Based on the immunohisto-
chemical test, on day 3 in cecal tonsils and spleen, and on day 8 PI, all of them were positive for virus antigen. In conclusion, 
the NDV circulating in Iranian chicken flocks has the potential to cause severe illness in commercial turkeys.
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Introduction

Newcastle disease is a contagious viral disease that affects 
approximately 236 species of domestic and industrial birds, 
including turkeys. Symptoms of the disease that result from 
infection with the Newcastle disease virus may vary consid-
erably depending on the virus pathotype. Also, factors such 
as bird species, age and breed, immune status, environmental 
and nutritional conditions, and other concurrent infections 
can affect the severity of the disease. The first occurrence of 
Newcastle disease in turkey occurred in 1948 [1]. Since then, 

except the year 1990, its incidence has gradually declined 
each year. In the year 1999, there was a significant increase 
in the rate of Newcastle disease outbreaks in turkeys. In 
addition to type 1 of paramyxovirus, types 2, 3, 6, and 7 are 
also causative agents of mild respiratory diseases [2]. The 
sensitivity of turkeys and poultry is similar, but the clini-
cal symptoms are less severe in turkeys. There has been a 
great deal of research and study on Newcastle disease and its 
pathogenicity in the world and Iran. Still, the importance of 
this disease in turkeys has not been studied in our country. 
We evaluated the virus shedding through turkeys’ respiratory 
and gastrointestinal tracts by RT-PCR following the experi-
mental infection of turkeys with a velogenic chicken isolate 
of the Newcastle disease virus [3]. Here, following our pre-
vious study, we examined the tissue lesions of turkeys and 
the tissue tropism of the virus using immunohistochemistry.
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Material and methods

During the previous research period [3], the virus with the 
accession number of NDA: KP347437 was isolated from 
an infected broiler chicken farm in southwest Iran in 2013 
[4]. The virus was inoculated twice in the chorioallantoic 
membrane of 9-day-old embryonated chicken eggs, and the 
allantoic fluid was used in this experiment as inoculum. 
This experiment was done at the Animal Research Unit of 
Shahid Chamran University of Ahvaz, Iran. Seventy-day-
old Wishart bronze unsexed poults were randomly divided 
into 45 poults as an infected group and 25 poults as con-
trol. Birds had access to feed and water was ad libitum. 
The infected group received 0.1 ml of viral inoculum  (105 
EID50) through the ocular route at 32 days of age, while the 
control group received 0.1 ml of PBS (phosphate-buffered 
saline) by the same route [3].

Sampling

Poults were inoculated at 32 days of age with  105 EID50 
acute Newcastle disease virus. On days 0, 1, 2, 3, 4, 6, 7, 
and 14 PI, three poults from each group were selected and 
euthanized by intravenous sodium pentobarbital injection 
[5]. It should be noted that in addition to the days mentioned, 
birds that died during the experiment were also necropsied 
and sampled. After the autopsy, the observed lesions were 
recorded in different tissues. Histopathologic studies were 
performed on the spleen, bursa of Fabricius, cecal tonsils, 
intestine, proventriculus, lung, kidney, and brain. Some sam-
ples were placed in 10% formalin buffer and transferred to 
the pathology laboratory of the Faculty of Veterinary Medi-
cine. Other tissues were embedded in aluminum foil and 
stored at − 70 C until immunohistochemical testing.

Histopathology

Samples of mentioned organs were fixed in 10% formal 
saline for a minimum of 24 h. They were processed, embed-
ded, cut, and stained with hematoxylin and eosin and studied 
under a light microscope.

Immunohistochemical examination

Immunohistochemical staining was used to evaluate the 
presence of Newcastle virus antigen in some tissues. For 
this purpose, frozen samples were prepared by cryostat and 
transferred onto chromatin gelatin slides. The temperature of 
the machine when cutting was − 15 C. Then, it was cooled in 
acetone for 10 min and then, the slides were placed at room 
temperature to dry. For washing at all stages, two buffer 

containers were used, and slides were placed in each con-
tainer for 5 min. Endogenous peroxidase was quenched by 
10% hydrogen peroxide in methanol for 10 min. The sections 
were incubated with a primary antibody against Newcastle 
disease virus ribonucleoprotein (isotype IgG2a) (Abcam, 
England) diluted with PBS (1:250) for 180 min. Second-
ary antibody was conjugated with HRP (Dako, Denmark), 
added with a dilution of 1:100 for 45 min in a humid cham-
ber, and then washed. Peroxidase activity was exposed by 
diaminobenzidine (DAB). Sections were counterstained with 
hematoxylin and then dehydrated and coverslipped. At each 
staining step, one slide of samples confirmed by molecular 
analysis of virus presence was considered a positive control, 
and one slide was considered a negative control. Negative 
controls were prepared by substituting the primary antibody 
with normal rabbit or mouse serum.

Results

Gross findings

Hemorrhages and ulcerations of cecal tonsils were detected 
as the first necropsy observed at 3rd dpi and intensified on 
the following days. At four dpi, enlarged, mottled, and brittle 
spleens were observed (Fig. 1A), whereas they were changed 
to rounded and shrunken shape at 6th dpi (Fig. 1E). Also, in 
6 and 8 dpi, hyperemia and hemorrhage in the proventricu-
lus, cecal tonsils (Fig. 1B), brain (Fig. 1C), pancreas, pecto-
ral muscles, and skin (Fig. 1F) were seen. Also, gizzard was 
filled with greenish fluid (bile stained). Pale foci were seen 
over the cortical surface of the kidney and pale appearance 
due to the deposition of urate (Fig. 1D). Lymphoid organs, 
thymus, spleen, and bursa Fabricius underwent atrophy 
(Fig. 1E). Moreover, on the same day, ulcers were visible 
on proventricular glands and intestinal mucosa, especially 
in the cecum, which could be visualized through the serosal 
surface. Furthermore, the lungs were congested and edema-
tous, and accumulation of serous fluid was detected in the 
tracheas. Turkeys developed varying degrees of air saccu-
litis at this day. Affected bird’s brains mostly suffered from 
hyperemia and hemorrhage in eight dpi (Fig. 1G). In 14 dpi, 
affected birds and their organs, e.g., proventriculus, gizzard 
(Fig. 1H), liver, and heart (Fig. 1I), were smaller compared 
to the control group.

Microscopic findings

Bursa Fabricius

No significant microscopic changes were observed on days 
1 and 2 PI compared to the control group. Necrosis of 
lymphocytes, infiltration of heterophils, and some large 
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cells with eosinophilic inclusions were observed in some 
follicles on day 3PI. Numerous reticuloendothelial cells 
were also found in the centers of some lymphatic follicles. 
The microscopic features of infected bursa at day 6 PI con-
tained the intense depletion of lymphoid follicles, multiple 
reticuloendothelial cells in their medulla, and large cells 
with multiple eosinophilic inclusions in the cytoplasm. 
Eight days after challenge, the lesions were seen on day 
6. The proliferation of lymphocyte cells was observed on 
day 14 after inoculation (Fig. 2).

Spleen

Two days PI, microscopic observations of the spleen 
showed white and red pulp structures similar to those in 
the control group. Then, 5 days PI, macrophages infiltrated 
into the white pulp and necrosis of some lymphocytes. 
On day 3 PI, numerous macrophages were observed in 
the spleen white pulp along with lymphocytes and plasma 
cells. On day 6 PI, extensive infiltration of multinuclear 
and mononuclear inflammatory cells was seen in the 

Fig. 1  Macroscopic pictures of different organs of SPF turkey inocu-
lated with virulent Newcastle disease virus. A Spleen, 4 dpi. Enlarged 
and mottled spleen. B Cecal tonsils, 6 dpi. Hemorrhages are obvious 
in the cecum, which could be visualized through serosal surface. C 
Brain, 6 dpi. Hemorrhage and hyperemia in meninges. D Kidney, 6 
dpi. Mosaic shape of kidney and urate deposits in ureter (arrow). E 
Spleen, 6 dpi. Note the smaller size of spleen compared to the control 

group (right side). F Pectoral muscle, 6 dpi. Hemorrhage on pectoral 
muscle and skin. G Brain, 8 dpi. Note hemorrhage and hyperemia in 
meninges compared to the control group (right side). H Proventricu-
lus, gizzard and intestine, 14 dpi. Note smaller size compared to the 
control group (left side). I Heart, 14 dpi. Smaller size of heart com-
pared to the control group (left side)
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spleen, which made the red pulp structure indistinguish-
able from the white pulp. Large foamy macrophages were 
also found that had eosinophilic inclusions in their cyto-
plasm. On day 6 PI, the number of erythrocytes in the red 
pulp also decreased. The dead birds on this day had cells 
that showed brown pigment in their cytoplasm. In Prus-
sian blue staining, the cells were blue. On day 8, the above 

lesions on day 6 were more strongly observed. On day 
14 PI, the lymphocyte proliferation in the white pulp was 
clearly marked, and the border between the white and red 
pulp reappeared. The red pulp was also accumulated by the 
erythrocytes (Fig. 2). Immunohistochemical examination 
revealed the presence of the virus as small brown spots. 
On day 3, these foci were less than day 8 (Fig. 4).

Fig. 2  Microphotographs of the bursa of Fabricius, spleen, and cecal 
tonsil of SPF turkey inoculated with virulent Newcastle disease virus 
(H&E). Bursa of Fabricius: Note the shrinkage of the follicles by 
day 8 and then the appearance of multiple lymph follicles along with 
some degenerated follicles on day 14. Spleen: Note the degeneration 

of the white pulp (WP) and red pulp (RP) by day 8 and their reap-
pearance on day 14. Cecal tonsils: Note the emptying of lymph fol-
licles under the mucosa by day 8 and the reappearance of follicles on 
day 14
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Cecal tonsils and intestine

On day 2 after challenge, hypertension and low hemorrhage 
were observed along with the infiltration of multinucleated 
inflammatory cells. On day 3, the lymphocytes in the tonsils 
showed necrosis with extensive infiltration of heterophils 
and large cells with eosinophilic cytoplasmic inclusions. 
Another bird slaughtered on this day had cells containing 

brown pigments that had accumulated in the lamina pro-
pria. On day 6 PI, the cecal tonsils were completely devoid 
of lymphocytes and filled with foamy macrophages. The 
mucosa covering the tonsils was also excised (Fig. 3A). In 
the small intestine, intestinal villi also suffered severe vil-
lous atrophy, as well as infiltration of inflammatory cells 
and cells containing brown pigment in the lamina propria 
that were seen in Prussian blue staining (Fig. 3A, inset). The 

Fig. 3  Microphotographs of different organs of SPF turkey, post-
inoculation with virulent Newcastle disease virus. A Intestine, 6 
dpi. Note: Atrophy of villous and sloughing the mucosa (arrows) 
(H&E, bar: 100  µm). Inset: Blue area in the villous (Prussian blue, 
bar: 100  µm). B Proventriculus, 3 dpi; necrosis of mucosal epithe-
lial cells (asterisk) (H&E, bar: 100 µm). Inset: Eosinophilic intracy-
toplasmic inclusion bodies (arrows) were observed at the end of the 
esophagus (H&E, bar: 100  µm). C Proventriculus, 6 dpi. Note to 
mucosal gland dilatation (asterisks) (H&E, bar: 100  µm). D Lung, 
2 dpi; hemorrhages (green asterisk), pink exudates in some para-
bronchus, and infiltration of granulocytes (white asterisk) were seen 
(H&E, bar: 100  µm). E Kidney, 6 dpi; infiltration of mononuclear 
inflammatory cells into the interstitial tissue (asterisk) and urinary 

tracts (arrows) was observed (H&E, bar: 20  µm). F Cerebellum, 6 
dpi; note to hemorrhages in white and gray matter (arrows) (H&E, 
bar: 100  µm). G Cerebellum, 6 dpi; accumulation of inflamma-
tory cells of lymphocytes and plasma cells around the vessels in the 
white matter (perivascular cuffing) (arrow) is obvious (H&E, bar: 
20 µm). H Medulla oblongata, 6 dpi; note to gliosis (focal accumula-
tion of microglial cells) (asterisk) and spongy white matter that cor-
relates with myelin degradation and axonal swelling (arrows) (H&E, 
bar: 20 µm). I Cerebrum, 6 dpi; note to perivascular cuffing of lym-
phocytes and plasma cells (red arrows), diffuse infiltration of inflam-
matory cells in the gray matter in the cerebrum (black arrow), and 
increased Virchow–Robin space (asterisk) (H&E, bar: 20 µm)
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lesions observed on day 8 were more severe than those on 
day 6. On day 14, the formation of small follicles in the cecal 
tonsils was the most significant change. On days 3 and 8 PI, 
the presence of the viral antigen was confirmed in the cecal 
tonsils by immunohistochemical examination.

Proventriculus

The proventriculus of infected turkeys at days 1, 2, and 3 did 
not show any specific tissue damage compared to the control 
group. On day 4, necrosis of mucosal epithelial cells with 
eosinophilic intracellular and cytoplasmic inclusion bodies 
was observed at the end of the esophagus (the proventriculus 
junction) (Fig. 3B). Proventriculus mucosal necrosis was 
found in dead birds on day 6 dpi. Also, mucosal gland dila-
tation was observed in 6 and 8 dpi (Fig. 3C). On day 14, 
the gastric structure was normal. In immunohistochemical 
studies on days 3 and 8 PI, the virus was detected only on 
day 8 inside the mucosal gland cells (Fig. 4D).

Lung

On day 2 PI, areas of hyperemic with some hemorrhages, 
infiltration of granulocytes (especially heterophils), and pink 
exudates were seen in some parabronchus in the lung and 

continued until day 8 PI (Fig. 3D). On day 14, hyperemic 
and hemorrhagic and heterophil penetration decreased and 
partly resulted in partial improvement of lung tissue.

Kidney

All turkeys slaughtered on days 2 to 4 PI showed no specific 
microscopic lesion. At day 6 PI, infiltration of mononuclear 
inflammatory cells into the interstitial tissue of the urinary 
tract was observed (Fig. 3E). On day 8, necrosis of tubule 
epithelial cells was observed. Numerous heterophils were 
also seen in the urethra and interstitial tissue.

Brain

No specific lesion was found on day 4 PI in the cerebrum, 
brain stem, and cerebellum. Hemorrhages and meningoen-
cephalitis were diagnosed at day 6 PI (Fig. 3F). This was 
associated with the accumulation of inflammatory cells 
around the vessels (perivascular cuffing) (Fig. 3G, I), 
and increased Virchow–Robin space (Fig. 3I). Also, gliosis 
(focal accumulation of microglial cells), the spongy white 
matter that correlates with myelin degradation, and axonal 
swelling were also seen (Fig. 3H). Immunohistochemical 
analysis also revealed the accumulation of virus within the 

Fig. 4  Microphotographs of different organs of SPF turkey, post-inoc-
ulation with virulent Newcastle disease virus (immunohistochemical 
staining with ND virus antibody and counterstain with hematoxylin). 
A Spleen, 3 dpi; ND virus antigens were observed in the white pulp 
(bar: 20 µm). B, C Spleen, 8 dpi; ND virus antigens were observed 

in the white pulp (bar: 20 and 10 µm). D Proventriculus, 8 dpi; Note 
to the virus existence inside the mucosal gland cells (bar: 10 µm). E 
Cerebellum, 8 dpi; Note to brown area between granule cells (bar: 
10  µm). F Medulla oblongata, 8 dpi; virus accumulation spongy 
spaces in the white matter and around the swollen axons (bar: 10 µm)

1682 Brazilian Journal of Microbiology (2021) 52:1677–1685



1 3

cerebellar gray matter (Fig. 4E). Immunohistochemical 
examination on days 3 and 8 after challenge showed only 
virus accumulation within the gray matter of the cerebellum 
and within the degenerated cell bodies and spongy spaces 
in the white matter and around the swollen axons (Fig. 4F).

Discussion

The pathogenicity of the Newcastle disease virus and deter-
mining the extent of damage to turkey farms are an essential 
task, and it can be of great help in proper detection of this 
disease at the farm level and in rapid response to infection. 
Therefore, in this study, we investigated the precise injuries 
caused by the ND virus isolated from infected poultry flocks 
in the southwest of Iran, Ahvaz.

Histological lesions in the lymphatic tissues (spleen, 
bursa Fabricius, and cecal tonsils) included necrosis and 
infiltration of mononuclear cells on day 6 PI and then lym-
phoid depletion of follicles on days 6 and 8 PI. It was also 
associated with a partial recovery of these tissues and lym-
phoid hyperplasia at day 14 PI. This finding indicates that 
the immune system of turkeys was attenuated by the destruc-
tion of lymphatic structures and by the active proliferation 
of the Newcastle virus in the lymphatic organs. Also, the 
decrease in the size of lymphatic organs also reflects lym-
phatic depletion by the Newcastle disease virus and conse-
quently suppressed avian immunity due to their role in pro-
ducing antibodies [6]. These results are similar to the study 
by Wakamatsu et al. [7] regarding the effects of Newcastle 
virus on the suppression of immunity of turkeys. One of the 
prominent features of lymphoid necrosis in lymphoid tis-
sues has been the existence of pyknosis (wrinkled nucleus) 
and karyorrhexis (disintegration of small nuclei). Balloon-
ing degeneration of bursa cells in the early stages of infec-
tion and then a proliferation of reticular cells and growth of 
germ cells at stages of disease recovery were similar to the 
results of Okoye et al. [8]. In this study, degeneration of the 
spleen hematopoietic tissue in the ellipsoid region indicates 
trapping of antigens by reticular cells such as large foamy 
macrophages. Igwe et al. [9] reported that, in Newcastle dis-
ease, reticuloendothelial and erythrophagocytic cells accu-
mulated around the arterioles in the spleen. These lesions 
were not found in the ellipsoid region by Beard and Hanson 
[10] but were reported by Hamid et al. [11]. Brown pigments 
which were blue in Prussian blue staining were hemosiderin-
laden macrophages in splenic red pulps. The presence of 
these cells was also confirmed in a study by De Kock [12]. 
The presence of these pigments indicated extensive lysis of 
erythrocytes, which resulted in a small red pulp.

Microscopic examination of different tissues revealed 
intra-nuclear or intracytoplasmic inclusion bodies in differ-
ent tissues. Inclusion bodies are frequently referred to in 

various references in relation to viruses such as herpesvi-
ruses (laryngotracheitis), poxviruses (pox disease), adeno-
viruses (inclusion body hepatitis), rotaviruses, parvoviruses, 
and circoviruses. In addition, inclusion bodies are a promi-
nent feature of the family of paramyxoviruses, such as dis-
temper and plague. But in the studies that have been done so 
far on Newcastle disease, inclusion bodies have rarely been 
mentioned. De Kock [12] noted the presence of inclusion 
bodies in splenic reticular cells infected with Newcastle dis-
ease virus. They were multisided and larger than the nucleus, 
and were eosinophilic in the staining of hematoxylin and 
eosin. Das and Goldberg [13] indicated that inclusion bod-
ies were observed in cells that survived the acute phase of 
Newcastle disease, which may be the result of Newcastle 
disease virus activity. They referred to these objects as inclu-
sion bodies in their study.

The microscopic signs observed in the nervous system 
were meningoencephalitis (the accumulation of inflam-
matory cells around the arteries and under the meninges, 
edema, gliosis, and sponging). The main brain lesions in 
a study by Okoye et al. [8] after challenge with Newcastle 
virus in chicken were lymphocyte aggregation around the 
cerebellum and cerebellar, and edema under the meninge. 
Meningitis and gliosis were consistent with the present study 
[8]. Also, sponge changes in the brain due to necrosis and 
loss of neurons and axons as well as axonal rupture and 
ellipsoid formation (chromatolysis) are other results of brain 
lesions similar to previous studies such as Shivaprasad et al. 
[14]. One of the main triggering factors for clinical neuro-
logical manifestations is the presence of neuronal infection 
and direct necrosis of the neuron by the virus, which in this 
study confirmed the presence of virus antigens by immuno-
histochemistry. In this study, to confirm the presence of virus 
antigen, immunohistochemical tests were performed on four 
organs (spleen, cecal tonsils, proventriculus, and brain) with 
prominent and specific histopathologic and autopsy lesions, 
on days 3 and 8 PI. The results of this staining, on day 3 
in two organs (cecal tonsils and spleen) and on day 8 PI, 
showed the virus antigen was indicated in all the tissues. In 
a 2007 study by Wakamatsu et al., the presence of Newcas-
tle virus antigen in the spleen was detected by immunohis-
tochemistry on days 3 to 5 PI [7]. Virus antigen detection 
in tissues is directly related to autopsy lesions and clinical 
signs [15].

Previously, we detected the virus RNA in tracheal and 
cloacal swabs by RT-PCR [3]. Virus excretion was observed 
through the trachea on days 3, 4, 6, and 8 after challenge and 
through cloaca only on day 8 after challenge. On the 14th 
and 21st days PI, no positive samples were seen. Late detec-
tion of the virus by cloaca can be due to the low sampling 
rate, but it seems that the isolate has first been excreted from 
the respiratory tract and then over time through the cloaca. 
The results of this test were inconsistent with macroscopic 
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and microscopic observations. The first autopsy and patho-
logical lesions in the gastrointestinal tract were associated, 
in particular, with cecal tonsils, indicating that its verifica-
tion was no evidence of virus shedding and positive PCR for 
cloacal swab samples [3]. Besides, in our study, the onset 
of positive virus detection (day 3 PI) was associated with 
earlier clinical symptoms (day 5 PI). Differences in the tim-
ing of virus transmission also depend on the immune status 
of birds [16]. Based on previous findings, the latency period 
of Newcastle disease varies from 2 to 15 days (6–5 days on 
average) in poultry and 6 to 7 days in humans. The duration 
of the latency period of infectious virus in Newcastle disease 
has been shown in previous reports that interspecific suscep-
tibilities such as chicken, turkey, pigeon, and guinea fowl are 
one of the influencing factors in the onset of clinical mani-
festations [17]. It is also more severe in younger birds [18]. 
In this study, mortality was observed 1 day after the onset of 
clinical symptoms in turkeys. In susceptible birds exposed 
to high levels of acute Newcastle virus, mortality may occur 
without showing any clinical symptoms. Mortality rates in 
unvaccinated fields by acute isolates can be as high as 100%. 
The severity of the disease in turkeys is less than in chickens, 
but its effect on egg production is similar to chickens. There 
have been reports of high mortality in turkey farms [19]. In 
this study, experimental infection with  EID105 Newcastle 
disease virus into poults resulted in lower mortality than 
field infections. Disorders of the central nervous system in 
this study, such as tremors, and unilateral or bilateral paraly-
sis of the neck, wings, and feet, indicate a high tissue tropism 
for the brain and spinal cord (neurotropic). In this study, 
despite the presence of pathological lesions in the trachea 
and lung specimens and autopsy lesions in the lungs and air 
sacs, no respiratory symptoms such as respiratory rales and 
crushing were observed in the bed. Differences in the type of 
clinical manifestations of turkeys in different studies can be 
due to the method of virus inoculation and the pathogenicity 
of the virus [20]. In this study, gastrointestinal hemorrhages 
such as cecal tonsils, intestines, and proventriculus were 
prominent features of post-inoculation symptoms. There 
was less severity of hemorrhages in the proventriculus and 
delayed onset. One of the reasons for the widespread hemor-
rhages in the gastrointestinal epithelium may be due to the 
proliferation of Newcastle virus in the lymphatic organs. In 
this study, despite the macroscopic manifestations of both 
the nervous system and the gastrointestinal tract, the BJ2013 
clone Nda isolate can be described as a viscerotropic strain.

Conclusion

According to the results of this study and the large popula-
tion of industrial and local turkeys and the continuous obser-
vation of Newcastle disease in them, and, on the other hand, 

the possibility of exposure to commercial poultry flocks, 
awareness of the Newcastle disease virus infection in tur-
keys seems necessary. Monitoring of Iranian turkey farms is 
important to determine the appropriate vaccination program 
against the Newcastle disease virus.
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