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ABSTRACT

Newcastle disease (ND) is a highly contagious infection of many avian species,
causing enormous losses in poultry production worldwide. The objective of this
study was to reveal the clinical feature, virus shedding, and immune response follow-
ing infection with a velogenic chicken isolate of Newcastle disease virus (NDV) in
susceptible and vaccinated pheasants. Eighty day-old pheasant chicks were allotted
to four groups. At 30 days of age, the birds in groups 1 and 3 were vaccinated with
B1 strain via eye drop. Two weeks later, each bird in groups 1 and 2 was inoculated
with 100 uL (50 uL/eye) of NDV-infected allantoic fluid containing 10° EID, of viral
inoculum. All groups were inspected daily for three weeks. Swab samples were taken
at different time points, and verified for NDV infection by using reverse-transcrip-
tion polymerase chain reaction (RT-PCR). Serological examination was also made
by haemagglutination-inhibition assay. Clinically, watery mucoid feces was observed
only in one case among the vaccinated challenged birds, whereas the unvaccinated
challenged birds showed anorexia, mild depression and head deviation. Out of 20
birds in group 2, one case (5%) died. Based on RT-PCR, virus shedding was only
observed among the unvaccinated birds from 5 to 14 days after challenge. The NDV
was detected more in tracheal swabs (40%) than in cloacal swabs (30%). The infected
birds showed a high seroconversion. In conclusion, the velogenic NDV circulating in
Iranian chicken flocks has a low pathogenicity for pheasants, and ocular vaccination
with B1 strain could provide a good protection.
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ewcastle disease (ND) is a highly contagious

and fatal disease affecting at least 241 spe-
cies of domestic and wild birds of both sexes and all
age groups [1]. The causative agent is a virulent virus
of the avian paramyxovirus serotype I of Avulavirus
genus belonging to the family Paramyxoviridae [2].
Velogenic Newcastle disease virus (NDV) is endem-
ic in many countries of the Middle East, Africa and
Asia [3]. The inclusion of ND in the list of notifiable
diseases by World Organization for Animal Health
(2008) is indicative of its paramount economic impact
on the worldwide poultry industry [2]. Among poul-
try, chickens are the most susceptible, showing the
most clinical signs, and ducks are the least susceptible,
showing the least clinical signs. Nonvaccinated pheas-
ants are highly susceptible with clinical signs similar
to those observed in chickens [3].

The first outbreaks of ND were observed in
chickens in 1926 in Java, Indonesia, and Newcas-
tle-upon-Tyne, England [3]. Then, NDV was spread
throughout the world, and affected other avian species
such as turkeys and quails [4,5]. Several outbreaks of
ND have been also reported in pheasants in East An-
glia [6], Iraq [7], Great Britain [8], Denmark [9], and
South East England [10].

In Iran, NDV is endemic in different parts of the
country, causing enormous losses due to high mortal-
ity, sub-optimal production, slaughterhouse condem-
nation of carcasses, and high prevention and treat-
ment expenses. In recent years, outbreaks of ND have
been occasionally observed in different avian species
in Iran, including Japanese quail [11], ostrich [12],
exotic caged birds [13], and broiler chickens [14].
During 2012-2013, some outbreaks with heavy loss-
es occurred among commercial broiler chicken flocks
located in southwest Iran. The isolated viruses were
classified as genotype VII, and subsequently to subge-
notype VIId [15].

Today, pheasant is extensively reared in several
countries of the world as a game bird or for the pur-
pose of human consumption. In recent years, com-
mercial production of pheasant has increased in some
regions of Iran, and a part of protein demands of Ira-
nian people is provided with the meat of this bird.
The NDV may be easily transmitted from one avian
species to another, and some outbreaks in pheasants
were epidemiologically related to the spread of the vi-
rus from chickens [6] and feral migratory birds [9].
Considering that viruses emerging from field strains
may possess relatively new features, this study was
conducted to investigate the clinical manifestations,
virus shedding and serological responses following
infection with a velogenic chicken isolate of NDV in
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susceptible and vaccinated pheasants.

Clinical signs

No morbidity or mortality was observed in un-
challenged pheasants. The vaccinated challenged
birds exhibited watery mucoid feces only in one case,
whereas the unvaccinated challenged birds showed
anorexia, mild depression and head deviation (Fig-
ures 1 and 2). Almost one-fourth of these birds be-
came morbid, but 1 (5%) out of 20 pheasants died at
10 days postinoculation. Clinical symptoms appeared
7 days postinoculation and continued by 12 days after
challenge.

Virus shedding

An attempt to detect the virus was made for a pe-
riod of three weeks, and the results of the PCR are pre-
sented in Figure 3. Out of 10 birds in group 2 which
were sampled after challenge, 6 cases (60%) shed the
NDV through respiratory and/or intestinal tracts from
5 to 14 days postinoculation. The NDV was detected
more in tracheal swabs (40%) than in cloacal swabs
(30%). The tracheal swabs were virus-positive at 5 and
10 days post-challenge, but the cloacal swabs were
virus-positive at 10 and 14 days. The NDV was not
detected in samples obtained from the other groups
(Table 1).

Serological examination

The antibody response of pheasants to vaccina-
tion and or challenge with velogenic NDV is summa-
rized in Table 2. The HI titers of the serum samples of
all groups were negative (i.e., < Log,3) before vaccina-
tion. This status continued in the birds of group 4 by
the end of the experiment, whereas a significant se-
roconversion occurred after vaccination or challenge
in the other groups (p<0.05). In group 3, the HI titer
increased significantly after vaccination (p < 0.05), but
its change was not significant from 14 to 28 days post-
vaccination (p>0.05). After challenge, the HI titers
increased in groups 1 and 2; although its elevation was
only significant (p>0.05) in group 2.

The NDV continues to be a major threat to the
poultry industry. After infection with velogenic NDV,
the nonvaccinated birds may die suddenly with no
clinical signs and with a death rate of 100% [3], al-
though the severity of the disease observed with any
given virus greatly varies depending on host parame-
ters, including species, breed, age and immune status,
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Figure 1 Figure 2

Depression in a susceptible pheasant chick inoculated with a velo-  Head deviation in a susceptible pheasant chick inoculated with a
genic chicken isolate of Newcastle disease virus (7 days postinoc-  velogenic chicken isolate of Newcastle disease virus (8 days post-
ulation). inoculation).

Figure 3

Electrophoresis of RT-PCR product of F gene in pheasants inoc-
ulated with a velogenic chicken isolate of Newcastle disease virus;
M: ladder (100 bp), N: negative control, P: positive control (330
bp), lanes 1 - 5: positive samples.

Table 1
Virus shedding in pheasants experimentally infected with a velogenic chicken isolate of Newcastle disease virus.

Days postinoculation?

Group Swab
0 2 5 10 14 21

Vaccinated and Tracheal - - - - _

challenged Cloacal 7 i i i :
Unvaccinated and Tracheal - - 2 2

challenged Cloacal B i B | 5

Vaccinated and Tracheal - - - _ ~
unchallenged Cloacal B - - i i
Unvaccinated and Tracheal - . - - _
unchallenged Cloacal j i i i 3

'At 30 days of age, pheasants in vaccinated groups received Bl strain vaccine via eye-drop. Two weeks later, each bird in challenged groups
was inoculated through ocular route with 10° EID,  of viral inoculum.
At each time point, two birds per group were sampled and examined for NDV infection by RT-PCR
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Table 2

Haemagglutination-inhibition titers (Log2)' in pheasants following vaccination
with B1 strain and or challenge with a velogenic chicken isolate of Newcastle
disease virus.

signs (i.e., 7 days after inoculation). In
our previous work, the Wishard bronze
poults experimentally infected with
highly virulent NDV of chicken iso-

Days after vaccination . .
z el late shed the virus 2 days earlier than

Group

3 4

” -t 28 the exhibition of clinical signs [20].
Vaccinated and challenged 14+1.06¢ 48+071° 56+0.74" Wakamatsu et al. (2006) isolated NDV
Unvaccinated and challenged 1.3£1.04¢ 1.1+0.83¢ 7.1+0.88* from swab samples of infected turkeys
at 2 days postinoculation, whereas

Vaccinated and unchallenged 1.3+1.04° 45+093°> 48+0.96° .
the onset of the disease was at 6 days
Unvaccinated and unchallenged ~ 1.8 +1.04¢ 13 +£1.05¢ 09+0.83¢ postinoculation [16]. Moreover, in the

*Values within columns/rows with no common superscripts differ significantly (p < 0.05).
!Values represent Means + SE calculated from eight birds per group at each time point.

* Thirty days of age, * Before challenge, * Two weeks after challenge.

coinfection with other organisms, environmental and
nutritional conditions, and route of exposure [1,16].
The virus used in this study was isolated from an out-
break of ND in a vaccinated chicken flock with a high
mortality, and was characterized as a velogenic strain
based on the sequencing of the F protein cleavage site.
However, in this experiment, only one of 20 birds in
group 2 died and the other morbid birds recovered
rapidly. To our knowledge, there is no information
regarding the experimental pathogenicity of NDV
for pheasants to be compared with our results. But,
the lower severity of the disease observed in pheas-
ants can be associated with their less susceptibility, as
well as route of infection (i.e. experimental vs natural)
[2,10]. In a similar study performed by Wakamatsu et
al. (2006), chickens challenged with velogenic NDV
exhibited clinical sings at 2 days after inoculation and
experienced a mortality rate of 100%, whereas com-
mercial turkeys developed the clinical disease later
(i.e., 6 days after inoculation) with no mortality. [16].
In the ND outbreaks in Italy, Capua et al (2000) re-
ported that chickens and Guinea fowl were the most
affected species, followed by pheasants, turkeys and
ostriches [17]. In the current study, the vaccination
of pheasants with B1 strain did not cause any clinical
signs associated with post-vaccinal reactions. Simi-
larly, Schmidt et. al. (2008) didn’t find any reactions
in pheasants vaccinated via eye-drop with B1, Ulster
2C, or LaSota starins [18]. The general clinical signs,
including anorexia, lethargy, and head deviation ob-
served in the unvaccinated challenged birds are the
typical of the disease. They were all reported previ-
ously in natural infections of pheasants with NDV
[6,7,17,19].

RT-PCR is one of the reliable laboratory tech-
niques facilitating a rapid diagnosis by detecting NDV
virus in clinical specimens [2]. In the current study,
NDV was first detected in tracheal swabs obtained
from nonvaccinated challenged pheasants at 5 days
postinoculation before the appearance of the clinical

present study, the tracheal swabs had
a higher virus detection rate (4/10),
compared to the cloacal swabs (3/10).
This is somewhat consistent with the

results reported by the previous stud-
ies, in which NDV was more frequently isolated from

oral swabs than from cloacal swabs [16,21]. The de-
tection or isolation rate of NDV may be influenced
by the tropism of the virus. In an experimental study
performed by Perozo et al. (2008), VG/GA strain of
NDV was detected more in samples obtained from the
intestinal tract of broiler chicks, whereas LaSota strain
was detected more in samples taken from respiratory
tracts [22]. Nevertheless, some studies have demon-
strated the lack of sensitivity in detecting the virus in
fecal samples, because they contain more extraneous
organic material that can interfere with RNA recov-
ery and amplification by PCR, suggesting that trache-
al or oropharyngeal swabs are often the specimens of
choice [2]. In the present study, virus shedding was
not observed in vaccinated challenged pheasants. This
is likely to be associated with less sensitivity of virus
detection than isolation method, the small number of
birds sampled at any time point after challenge, and or
less susceptibility of pheasants to NDV in comparison
with chickens, however additional studies are needed
to clearly explain this finding.

As shown in Table 2, the HI titer in group 4 was
lower than log23 before vaccination, and remained
constant during the experiment, which can be regard-
ed as being nonspecific [2]. On the other hand, a sud-
den seroconversion was observed in the other groups,
implying the induction of active immunity by vaccinal
or challenging virus. In group 3, mean HI titers of 4.5-
4.8 (Log,) were resulted from vaccination, but did not
change significantly during 14 to 28 days postvacci-
nation. In a similar study performed by Schmidt et.
al. (2008), ocular vaccination of 10-day-old pheasants
with B1, Ulster 2C, or LaSota produced mean HI ti-
ters of 4.2-5.0 (Log2) at 24 days of age [18]. In group
2, a higher HI titer (7.1) was found after challenge by
velogenic NDV. Aldous et al. (2007) reported HI titers
of 2*-28 (tested with 8 HAU of antigen) in pheasants
suffering from an outbreak of ND [10]. Piacenti et al.
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(2006) found a significant seroconversion at 10 days
after infection of velogenic NDV in commercial tur-
keys [23]. In group 1, challenge with velogenic NDV
could not make a significant rise in the HI titer, which
may be associated with the interference of active an-
tibodies with velogenic NDV. Alexander and Senne
(2008) reported that eye-drop vaccination of chickens
with Hitchner B1 will result in production of lachry-
mal IgM, IgG, and IgA due to the replication of virus
in the Harderian gland, which could be prevented by
the presence of maternal IgG in lachrymal fluid [24].
These findings indicate that serum antibody alteration
in pheasants following exposure to NDV is rapid and
very similar to that in chickens and turkeys. In infec-
tion of chickens with NDV, antibodies usually are de-
tectable in the serum within 6-10 days and reach the
peak after 2-4 weeks [22,24].

In conclusion, the results indicated that the velo-
genic NDV circulating in Iranian chicken flocks has a
low pathogenicity for pheasants, and that ocular vac-
cination with B1 strain along with biosecurity could
provide a good protection.

Material and methods

The velogenic NDV used in this experiment was isolated
from a broiler chicken flock in southwest Iran during an outbreak
in 2013. Based on nucleotide sequence, the virus was previously
characterized as genotype VII (subgenotype VIId), and assigned
an accession number of NDa:KP347437 [15]. Initially, the virus
was propagated twice in 9-day-old embryonated chicken eggs
through inoculation into chorioallantoic sac. The 50% embryo in-
fective dose (EID, ) was calculated for the second passage accord-
ing to the method of Reed and Muench [25], and the harvested
allantoic fluid was used as inoculum as specified in the experi-
mental design.

Experimental Design

A total of 80 day-old unsexed pheasant chicks were pur-
chased and randomly assigned into four equal groups. They were
housed in cages separately in the Animal Research Unit of Shahid
Chamran University of Ahvaz, and received feed and water ad libi-
tum during the experiment. At 30 days of age, when the sera were
negative for maternal antibodies in conventional hemagglutina-
tion-inhibition (HI) test, the birds in groups 1 and 3 were vacci-
nated with live B1 strain of NDV via eye drop; but those in groups
2 and 4 were sham-vaccinated with distilled water. Two weeks lat-
er, each bird in groups 1 and 2 was inoculated with 100 uL (50 puL/
eye) of NDV-infected allantoic fluid containing 10° EID,  of viral
inoculum, whereas the birds in groups 3 and 4 received distilled
water by the same route. All birds were daily inspected for clinical
manifestations and mortality for three weeks.

Sample collection

Tracheal and cloacal swabs were obtained from two birds per
group before inoculation and at 2, 5, 10, 14, and 21 days postinoc-
ulation. They were examined for NDV infection by reverse-tran-
scription polymerase chain reaction (RT-PCR). Moreover, eight
birds from each group were bled through jugular vein before vac-
cination and at 14, and 28 days postvaccination. The blood sam-
ples were left to coagulate at room temperature for 8 h, and then
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centrifuged at 2000 rpm for 5 min. The collected sera were stored
at -20°C until examined by HI test.

Reverse-transcription polymerase chain reac-
tion

The swab samples were individually placed in microtubes
containing 250 pl phosphate-buffered saline (PBS). After remov-
ing them from the microtubes, the RNA extraction was performed
using the RNX™-Plus Kit (CinaGen, Tehran, Iran) according to
the manufacturers protocol. The isolated RNAs were directly
used for the RT-PCR or stored at -70 °C. The partial F gene, in-
cluding the cleavage site sequence, was amplified using a pair of
specific primers. The primer sequences were TT GAT GGC AGG
CCT CTT GC and GG AGG ATG TTG GCA GCA TT [14]. The
complementary DNA (cDNA) was synthesized using BioNeer RT
PreMix kit (BioNeer Corporation, South Korea) according to the
manufacturer’s instruction. The RT-PCR assay was carried outin a
20 pL reaction volume consisting of 2 uL of 10x PCR buffer, 0.2 L
of 10 mM dNTPs, 1 pL of each primer (20 pmol/ml), 0.2 pL Taq
DNA polymerase (5U/ml), 0.6 uL of 50 mM magnesium chloride,
10 uL distilled water, and 5 uL cDNA dilution. The RT-PCR condi-
tions included initial denaturation at 95°C for 3 min, followed by
40 cycles of 95°C for 30 sec, 55°C for 60 sec, 72°C for 60 sec, and a
final extension at 72°C for 10 min. The RT-PCR products with 330
base pairs (bp) were subjected to electrophoresis using 1.5% aga-
rose gel. The NDV-infected allantoic fluid from our previous work
was used as positive control, and distilled water was employed as
negative control. In addition, a 100-bp DNA marker was used in
electrophoresis for determining the RT-PCR product size.

Haemagglutination-inhibition test

The sera obtained by centrifugation of the samples were left
in a water bath at 56°C for 30 min. Then, they were assessed for
haemagglutination-inhibiting antibodies using 4 HA units of
NDV antigen and two-fold serum dilutions as recommended by
Thayer and Beard (2008) [26]. The results were expressed as Log2.

Statistical analysis

All data were analyzed in SPSS software (Version 24.0., Ar-
monk, NY: IBM Corp.) using one-way analysis of variance. Differ-
ences showing p<0.05 were considered statistically significant [27]
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