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Newcastle disease (ND) is a highly fatal, infectious, viral disease, and despite immunization with live and inactivated vaccines, the
disease is still endemic, causing heavy morbidity and mortality leading to huge economic losses to the poultry industry in Pakistan.
Therefore, the present study was aimed for the first time in the country at using novel virosomal technology to develop the ND
vaccine using an indigenous highly virulent strain of the virus. ND virosome was prepared using Triton X-100, and SM2 Bio-
Beads were used to remove the detergent and reconstitute the viral membrane into virosome. Confirmation was done by
transmission electron microscopy and protein analysis by SDS-PAGE. In vitro cell adhesion property was observed by
incorporating green fluorescent protein (GFP), producing plasmid into virosome and in vitro cell culture assay. Sterility, safety,
and stability of the vaccine were tested before in vivo evaluation of immunogenicity and challenge protection study in
commercial broiler. The virosome vaccine was administered (30 μg/bird) at days 7 and 14 through the intranasal route in
comparison with commercially available live and inactivated ND vaccines. Results revealed significantly high (p < 0:05) and
clinically protective hemagglutination inhibition (HI) antibody titers at 7, 14, 21, and 28 days postimmunization with the
virosome vaccine in comparison to the negative control. The GMTs were comparable to live and inactivated vaccines with
nonsignificant (p > 0:05) differences throughout the experiment. Antibody levels increased in all vaccinated groups gradually
from the 7th day and were maximum at 28th-day postvaccination. In the virosome-administered group, GMT was 83.18 and
77.62 at 21st and 28th-days postvaccination, respectively. Challenge revealed 100%, 90%, and 80% protection in virosome, live,
and inactivated vaccinated groups, respectively. Under given experimental conditions, we can conclude that ND virosome
vaccine prepared from the indigenous virus was found to be safe and immunogenic.

1. Introduction

The poultry industry is one of the leading industries and a
source of income for more than 21 million people, contrib-
uting 23.8% of total meat production in Pakistan. However,
it is facing severe economic losses due to the number of
infectious diseases such as Newcastle disease (ND). The out-
breaks of ND have been reported from all continents of the
world including Africa, Asia, Europe, Australia, and South
and Central America [1, 2]. This is one of the deadliest infec-

tions of poultry and results in heavy mortality in all ages of
chicken [3, 4].

According to the International Committee on Taxonomy
of Viruses (ICTV), Newcastle disease virus (NDV) belongs to
the family Paramyxoviridae, subfamily Paramyxovirinae,
and genus Avulavirus. It is the only member of Avian Para-
myxovirus Type 1 (APMV-1) and affects all the domestic
and wild birds [5]. NDV is an enveloped virus with an
RNA genome, which is a negative sense, single-stranded,
nonsegmented, and has about 15 kb length. The genome is
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translated into six major structural proteins which are
encoded from 5′ to 3′ direction. These include a large
RNA-dependent RNA polymerase (L), Hemagglutinin-
Neuraminidase (HN), Fusion protein (F), Matrix protein
(M), Phosphoprotein (P), and Nucleoprotein (NP) [6, 7].

Class II genotype III NDV has been recovered from Asia,
South America, Africa, and Europe. These viral strains are
most used in the formation of live and inactivated vaccines.
The viruses of this genotype have been recognized as velo-
genic NDVs, which increase their economic significance in
poultry. Many strains identified in poultry arise due to the
administration of live vaccines, and they used to circulate in
poultry products world widely [8, 9]. Class II genotype IV
isolates have been reported in poultry from Africa, Russia,
and Europe and in pigeons from Asia. These viruses are
pathotyped as virulent NDV and include a well-known strain
Herts/33 [10]. Class II genotype V NDVs can be either meso-
genic or virulent, which is evident from gene sequencing and
pathotyping.

Although virulent NDV has been isolated from certain
areas of Pakistan, it is of utmost importance to identify and
characterize virulent strains from all over the country. These
studies have a potential role in the emergence of novel viru-
lent NDV genotypes, which is being reported recently. In
Asia NDV, genotype VII is still prevalent in domestic poul-
try, and they were found identical to the strains isolated back
in the 1990s. Homologous isolates can be used for immuniza-
tion purposes, and the vaccination programs can be opti-
mized according to environmental circumstances [11].

Newcastle disease virus is considered as endemic
throughout the year in Pakistan. However, extensive vaccina-
tion programs have been initiated in the past decades to
mainly protect commercial poultry farms, and to some
extent, the rural poultry as well which has resulted in a low
number of NDV outbreaks in Pakistan. At present, live atten-
uated vaccines are in use which includes La Sota or Muktes-
war strain followed by the administration of Mukteswar or
Komarov strain. These strains impart immunity to day-old
chicks but are unable to completely control the disease as
sporadic outbreaks do occur. Such failures have put many
question marks on the efficacy of these vaccines. Vaccination
failure has many reasons like an incompatibility between
the field and vaccinal strains, poor vaccination techniques,
and the formation of new genotypes under high immune
pressure [12].

To overcome this problem, a novel approach like the use
of virosome (s) has to be explored in Pakistan, which involves
the use of surface components of virulent viral strains. Viro-
some consists of nonreplicating virus particles, which are
reconstituted viral membranes having surface glycoproteins.
This technique has proven successful for the preparation of a
vaccine against other viruses like the Sendai virus, Respira-
tory Syncytial Virus (RSV), and Influenza virus. Moreover,
virosomes can be easily combined with lipophilic adjuvants,
such as viral protein antigens mixed with lipophilic TLR-
ligands [13].

The virosomal vaccines are alike the live attenuated vac-
cines as these induce both humoral as well as cell-mediated
immunity with the added advantage of nonreversion as the

nucleocapsid has already been removed during the synthesis
process [13, 14]. Moreover, the inactivated vaccines fail to
induce cell-mediated immunity, but virosomal vaccines are
processed by both MHC-I and MHC-II pathways, hence,
activating the humoral as well as cellular immunity. In
humans, these vaccines have been reported to be equally
effective in individuals with autoimmune disorders and even
in patients of human immunodeficiency virus (HIV) infec-
tion [15–17].

The increasing number of outbreaks and high prevalence
of ND exhibit that although live and inactivated ND vaccines
are used worldwide but these vaccination strategies are
unable to control the disease. However, these vaccines are
manufactured using embryonated egg-based technologies
which nevertheless have many disadvantages, e.g., low yields,
laborious, potential biohazard, and often have contaminants
[18]. Virosomes are virus-like particles (VLPs), a group of
novel putative vaccines constituted from glycoproteins of
the virus, maintaining similarity and spatial antigenicity to
live virus and without the risk of viral replication [19].

Therefore, the present study was conducted for the first
time in Pakistan to use novel virosome technology to
develop, characterize, and evaluate ND vaccine using indige-
nous very virulent NDV.

2. Materials and Methods

2.1. Isolation and Identification of Virus from Field
Outbreaks. Samples were obtained from different field out-
breaks of ND in broiler flocks located in district Okara Pun-
jab Pakistan. Trachea, spleen, lung tissues, cloacal, and
tracheal swabs were collected aseptically [20], processed
and filtrates were cultured in nine days old embryonated
chicken eggs [21]. After 48 hours of incubation, allantoic
fluids were harvested and filtered through 0.2μm syringe fil-
ters. Filtered allantoic fluids were subjected to microhemag-
glutination assay to observe the agglutination pattern and
virus titration [22]. Each viral filtrate depicting hemaggluti-
nation activity was confirmed through HI assay using the
known hyperimmune serum for confirmation of NDV [23].

2.2. Purification of Virus. The virus was purified from allan-
toic fluids by sucrose gradient ultracentrifugation technique
[21]. Briefly, 20%, 30%, and 50% (w/v) sucrose solutions were
prepared in deionized double distilled water and filtered by
using 0.2μm filter paper (Whatman® membrane, Sigma
Aldrich, USA). The sucrose gradient was established by add-
ing 50% (5ml), 30% (5ml), and 20% (5ml) sucrose in sterile
centrifuge tubes. Finally, sterilized and positively confirmed
embryonic allantoic fluid (5ml) through HI assay was lay-
ered over sucrose layers. The centrifuge tubes were balanced
and ultracentrifuged at 120,000 × g for 120 minutes at 4°C
(Type 90 Ti rotor, Optima L-100XP, Beckman Coulter,
USA). Then, tubes were ethanol sterilized, and a clear middle
layer (band) containing purified virus was collected and
transferred to sterile 15ml falcon tubes (Corning®, Sigma-
Aldrich, USA), using sterile 5ml syringes (Becton Dickinson,
USA). To remove any residual impurity, the purified virus
was again filtered through a 0.2μm syringe filter (Whatman®
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membrane, Sigma Aldrich, USA). Finally, the purified virus
was aliquoted into 1.5ml microcentrifuge tubes (Corning®,
Sigma-Aldrich, USA) and stored at -70°C (Innova® U725,
New Brunswick laboratory freezer, Eppendorf, Germany).

2.3. Assessment of Pathogenicity. In vivo pathogenicity of
purified NDV was determined by calculating the Intra Cere-
bral Pathogenicity Index (ICPI) in chicks, Mean Death Time
(MDT), and Embryo Lethal Dose50 (ELD50) in embryonated
chicken eggs using standard protocols [23]. The ICPI value
(mean score/bird) was calculated and interpreted as virulent
strains 2 scores, whereas lentogenic (nonpathogenic) strains
score near to 0 [24].

2.4. Amplification and Sequencing of Fusion Gene. Total
genomic RNA from purified NDV was extracted using
QIAamp viral RNA mini kit (Qiagen™, USA) as per
manufacturer’s recommendations [25]. Purified RNA was
quantified spectrophotometrically (UV-1900 UV-Vis spec-
trophotometer, Shimadzu, Japan) and used for the synthesis
of complementary DNA (cDNA). Commercially available
SuperScript™ III reverse transcriptase kit (Thermo-Fisher™
Scientific, USA) was used for the generation of the first-
strand cDNA. Finally, purified cDNA was stored at -70°C
(Innova® U725, New Brunswick laboratory freezer, Eppen-
dorf, Germany). The cDNA was used for the amplification
of the viral fusion gene using the following specific primers
chemically synthesized from Macrogen, Korea [26].

Forward oligomer TGGAGCCAAACCGCGCACCTG
CGG

Reverse oligomer GGAGGATGTTGGCAGCAT
Amplicons were visualized in ethidium bromide-stained

1% agarose gel, and size was estimated using a 1 kb DNA
ruler (New England Biolabs®, USA) [27]. PCR amplicons
were purified using the QIAquick PCR purification kit (Qia-
gen™, USA), as per the guidelines of the manufacturer. Puri-
fied products were dispatched for di-deoxy Sanger’s
sequencing fromMacrogen, Korea. Sequences obtained from
Macrogen, Korea, were analyzed using different bioinformat-
ics tools and online programs [28, 29]. Genetic and evolu-
tionary relatedness of the fusion gene were analyzed, and a
phylogenetic tree was constructed by the neighbor-joining
method [29].

2.5. Protein Analysis and Mass Spectrometry. Viral proteins
were analyzed by one-dimensional denaturing gel electro-
phoresis. The viral samples were processed and electropho-
resed via vertical gel electrophoresis [27]. The NDV was
identified based on the number and molecular weights of dif-
ferent bands of proteins. The protein band equivalent to
fusion protein was excised out and subjected to in the gel
digestion [30]. The eluted bands were subjected to mass spec-
trometry, and the size of the peptide was estimated [31].
Finally, the Mascot search engine (Matrix Science, USA)
was used for peptide analysis and comparison to MSDB
and Swiss-Prot databases.

2.6. Preparation and Confirmation of ND Virosomes. The ND
virosomes were constructed using isolated and characterized
local strain of NDV responsible for field outbreaks in district

Okara region of Punjab Pakistan as described [14, 32].
Briefly, purified virus particles were dissolved in 1X PBS
(phosphate-buffered saline, pH7.2), and protein quantity
was estimated by Bradford protein estimation assay (Bio-
Rad, USA) [32, 33]. Then, 5mg/ml viral suspension was
mixed with detergent Triton X-100 (Sigma-Aldrich, USA),
and the final concentration of detergent was maintained up
to 2% (v/v). The mixture was placed on a rocking platform
at room temperature for 60 minutes. The viral suspension
was ultracentrifuged at 120,000 × g for 60 minutes at 4°C
(Type 90 Ti rotor, Optima L-100XP, Beckman Coulter,
USA). The supernatant was carefully transferred to a sterile
tube, whereas the pellet was discarded as the viral
nucleocapsid.

SM2 Bio-Beads (Bio-Rad, USA) was used to remove the
detergent and reconstitute the viral membrane into viro-
some. Briefly, 150mg SM2 Bio-Beads were inoculated into
2ml viral supernatant and placed on a shaking incubator at
25°C for 120 minutes followed by the addition of 300mg
SM2 Bio-Beads and incubation at 4°C for 120 minutes.
Finally, 600mg of SM2 Bio-Beads was added, and the mix-
ture was incubated overnight at 4°C. Later, reconstituted
virosomes were carefully collected by a syringe and trans-
ferred to a sterile microcentrifuge tube. Protein contents of
prepared virosomes were quantified by Bradford protein esti-
mation assay. Quantified virosomes were aliquoted in 1.5ml
sterile microcentrifuge tubes and stored at -70°C (Innova®
U725, New Brunswick laboratory freezer, Eppendorf,
Germany).

The construction of a proper virosome was confirmed by
transmission electron microscopy (TEM). Virosome samples
were processed and visualized by JEM-1210 TEM (Jeol, USA)
as described [14]. Moreover, protein contents of virosomes
were analyzed by SDS-PAGE and compared with proteins
of the whole NDV.

2.7. Biological Characterization of ND Virosomes. Fusion
studies of prepared virosomes were done by incorporating
green fluorescent protein (GFP) producing plasmid into the
virosome and through in vitro cell culture assay. AcGFP1-
C1 plasmid (Addgene, USA) was amplified in Escherichia coli
DH5α cells and after extraction inoculated on Vero cells
(Cercopithecus aethiops kidney epithelial cells, CCL-81™,
ATCC®, USA) [34]. The plasmid was obtained from the
Department of Biology, Lahore University of Management
Sciences (LUMS), Pakistan, and the Vero cell line was pro-
vided by Quality Operations Laboratory, the University of
Veterinary and Animal Sciences (UVAS) Lahore, Pakistan.

2.8. Preparation and Transformation of Competent E. coli
DH5α. Escherichia coli DH5α is a genetically modified bacte-
rium, capable to increase the copy number of plasmids. The
competent cells were produced by chemical methods. The
competent E. coli DH5α was transformed with AcGFP1-C1
plasmid, and kanamycin was used as a selection antibiotic.
The transformed cells were cultured in kanamycin
(50μg/ml) containing LB broth, and plasmids were extracted
by alkaline lysis method using QIAprepspin Miniprep kit
(Qiagen, Germany) [27].
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2.9. Plasmid Incorporation in Virosome. The supernatant
obtained from ultracentrifugation containing virus-
detergent suspension was mixed with plasmid and placed at
room temperature for 60 minutes. To remove detergent, the
mixture was treated with SM2 Bio-Beads as mentioned
earlier, and plasmid harboring virosome was reconstituted.
Protein contents of virosomes were quantified by Bradford
assay and stored at -70°C (Innova® U725, New Brunswick
laboratory freezer, Eppendorf, Germany). The incorporation
of the plasmid in the virosome was confirmed by nested poly-
merase chain reaction using the following primers synthe-
sized from Macrogen, Korea [27].

Forward Primer (CMV-F)CGCAAATGGGCGGTAG
GCGTG

Reverse Primer (SV40-pArev)CCTCTACAAATGTGGT
ATGG

2.10. Virosome-Cell Fusion Assay. Fusion studies were con-
ducted to decipher the potential of the virosome to bind with
animal cells, in vitro. Vero cells originated from monkey
(Cercopithecus aethiops) kidney epithelium were cultured
and maintained under standard cell culture conditions. The
standard protocol was used for cell culturing and mainte-
nance [35]. After cell attachment, the culture medium was
replaced with 500μl serum-free RPMI-1640. Then, in one
well plasmid containing virosomes was inoculated, whereas
the second well was inoculated with plasmid-free virosomes,
while the third well was left as a negative control. As positive
control cells were inoculated with plasmid-lipofectamine
(Thermo-Fisher™ Scientific, USA) mixture. To prepare the
mixture, the plasmid was resuspended in lipofectamine with
a ratio of 5 : 1 and incubated at room temperature for 60
minutes. After 1-hour incubation, the medium of each well
was replaced with 1.5ml RPMI 1640, supplemented with
5% HI-FBS. Then, cells were further incubated for 48 hours
under standard culture condition. After 48 hours of incuba-
tions, coverslips were taken out and cells were examined
under a camera-fitted fluorescent microscope (Optika®,
Italy) and images were captured.

2.11. Development and Evaluation of Virosome Vaccine. The
ND virosome after in vitro characterization and fusion stud-
ies in cell culture were evaluated as a vaccine. Sterility, safety,
and stability of virosome-based vaccine were tested using
standard protocols as per recommendations of the OIE safety
manual before the in vivo evaluation of immunogenicity and
challenge protection study in experimental broiler birds.

2.11.1. Commercial Vaccines. In this study, the Newcastle
disease vaccine (La Sota Live) (NDVL) manufactured by
Veterinary Research Institute, Lahore, Punjab, Pakistan
(VRI, Lahore), was used. Vaccine was composed of chicken
embryo adapted La Sota strain of NDV with each dose con-
taining at least EID50 = 106:5−7. Each vial contained 200 doses
(mixed with 2 L of sterile water before administration) in the
form of a freeze-dried pellet. The recommended route is
through eye drops or intranasal initially and later through
drinking water. Whereas Medevac ND Emulsion manufac-
tured by Medion Bandung Indonesia and marketed by Hil-

ton Pharma Pakistan was used as killed vaccine and it
contained Newcastle disease (ND) virus of La Sota strain.
The virus was emulsified in mineral oil adjuvant. Each dose
contained at least 50 PD50 ND virus, the dosage is 0.2ml
per young chicken or 0.5ml per adult chicken given intra-
muscularly (through muscle) on thigh/breast or subcutane-
ously (under the skin) at the lower back of the neck.

2.11.2. Experimental Design. One-hundred-day-old broiler
chicks were purchased from a commercial hatchery and
reared at the “Experimental Broiler Farm” Pattoki, Depart-
ment of Poultry Science, University of Veterinary and Ani-
mal Sciences Lahore Pakistan. This experimental center had
controlled temperature and humidity conditions with auto-
mated water and feed supply. The chicks were given standard
poultry feed, and drinking water was provided ad libitum.
The experiment was carried out under the regulations of
the Institutional Animal Care, and all the guidelines were
followed for the rearing of broiler chicks. Daily feed intake,
morbidity, and mortality record were kept throughout the
experiment. The chicks were divided into four equal groups
(G1, G2, G3, and G4) having (n = 25) birds in each group.
Group 1 was vaccinated with the virosome NDV vaccine
(30μg/bird) at days 7 and 14 through the intranasal route.
Group 2 was vaccinated with ND La Sota live vaccine (VRI,
Lahore) as per manufacturer instructions on day 5 and day
12 through the intranasal route. Group 3 was inoculated with
the 0.2ml of killed vaccine (Medevac ND Emulsion) per
chick at day 5 and day 12 via the intramuscular route. Group
4 was kept as negative control and inoculated with 100μL of
PBS. A booster dose was given at day 14 of age [36].

2.11.3. Immunogenicity of Vaccines. Blood samples were
drawn before vaccination and at days 7, 14, 21, and 28 post-
immunization from 10 birds at random in a group using
EDTA coated vacutainers (Improv, China). Later on, sera
were separated, heat-inactivated in a water bath at 56°C for
30 minutes, and kept in aliquots at -20°C until used for mea-
suring antibody titers using HI test [36].

2.12. Challenge Protection Study. A challenge protection
assay was performed to evaluate the efficacy of the virosome
vaccine in comparison to commercially available ND vac-
cines. The ten randomly selected birds in each group were
challenged with a local strain of Velogenic NDV (104 EID50/-
chick) intramuscularly using 0.1ml inoculum at 21 days
postvaccination. Clinical signs of the disease (torticollis,
muscle tremors, paralysis of legs and wings, etc.) were
observed twice daily, and mortality was recorded up to 10
days of postchallenge. The protective efficacy was calculated
by dividing the number of birds that survived the challenge
by the total number of birds challenged as described [36].

2.13. Statistical Analysis. The immunization titers were statis-
tically analyzed by calculating geometric mean titers (GMTs)
and through one-way analysis of variance (ANOVA). The
statistical differences in antibody titers among different
vaccinated groups in comparison to negative control were
further studied using the least significant difference (LSD)
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test at a confidence level of 95%. All the analyses were per-
formed using SPSS version 13.0 for Windows [37].

3. Results

3.1. Isolation and Characterization of ND Virus. Indigenous
ND virus was successfully isolated from field outbreaks of
Newcastle disease in commercial broiler birds from in and
around the Okara district of Punjab, Pakistan, from June
2017 to March 2018. All these outbreaks resulted in very high
levels of mortality (up to 83% on average) in vaccinated
flocks. Initially, spot agglutination test and then microhe-
magglutination (HA) assay was used for the identification
and titration of NDV from harvested allantoic fluids followed
by confirmation through HI assay using a known hyperim-
mune serum. The virus titer was found to be 256 HAU,
which was used to calculate the 4 HAU. The inhibition of
hemagglutination ability by specific antibodies confirmed
the presence of ND virus. The ICPI score of isolated NDV
was found as 2, representing the highest level of virulence
of the virus. Moreover, the MDT score was less than 50 hours
and 108.5 ELD50/ml, which indicates that all the local isolates
of NDV from filed outbreaks were highly virulent or
velogenic.

3.2. Molecular Characterization. Genetic confirmation of
NDV was done by amplification of the viral fusion gene.
Amplicons were visualized on ethidium bromide-stained
1% agarose gel, and the mass of the product was estimated
at approximately 800 bp using a DNA ladder (Figure 1).
The protein-coding region of the sequence was submitted
to GenBank with accession number MH607122 via BankIt,
NCBI. Phylogenic analysis revealed that our virus was closely
related (identity nearly 99%) to the UVAS-2015 strain
(Accession No. MF437287, Lahore Pakistan origin) followed
by the UVAS-2016 strain (Accession No. KX91187, Lahore
Pakistan origin) and Tehran strain (Accession No.
MG871466, Tehran Iran origin) (Figure 2).

In SDS-PAGE analysis, based onmolecular mass, five dif-
ferent viral proteins were identified as viral hemagglutinin-
neuraminidase (HN), fusion (F), nucleocapsid (NP), phos-
pho (P), and matrix (M) proteins, respectively (Figure 3).
For proteomic profiling of indigenous NDV strain, the pro-
tein band corresponding to fusion protein (approximately
55 to 60 kDa) was excised out from the gel and subjected to
in-gel digestion. Afterward, the peptide mixture was analyzed
by mass spectrometry. From Mascot search engine analysis
and comparison to MSDB and Swiss-Prot databases, the
mass of peptides was estimated as 58896.0Da and identified
as a viral fusion protein with Accession No. AAC28374.

3.3. Preparation and Characterization of Virosome. The
constructed virosome was structurally like the wild type
NDV. Electron micrographs represented circular to oval-
shaped virosomes with the size ranging from 75 to 200 nm
(Figure 4). Results of SDS-PAGE revealed that in comparison
to five viral proteins identified in the whole virus, ND viro-
somes contained only two proteins, i.e., hemagglutinin-
neuraminidase (HN) and fusion (F) (Figure 5). Both HN

and F protein are membrane proteins present on viral
envelop and are responsible for the adhesion of virion with
host cell as well as immunogenicity.

3.4. In Vitro Fusion Studies of Virosomes. The AcGFP1-C1
plasmid containing virosomes were confirmed by amplifica-
tion of plasmid using CMV-F and SV40-pArev primers.
Virosomes were subjected to nested PCR, and amplicons of
900 bp were observed by agarose gel electrophoresis
(Figure 6).

Confirmed AcGFP1-C1 plasmid containing virosomes
were used for the transfection of Vero cells monolayer. After
48 hours of transfection, cells were visualized under bright
field and fluorescent microscopic fields. Green color fluores-
cence was observed in the AcGFP1-C1 plasmid containing
virosome transfected cells, whereas negative control
(untransfected) cells did not produce any fluorescence
(Figure 7). These results revealed the presence of intact viral
envelop proteins (HN and Fusion) on ND virosomes and
thus confirmed their fusion ability to animal cells in vitro.

3.5. Evaluation of Virosome Vaccine. Results showed that the
virosome vaccine exhibited good seroconversion. The HI
antibody titers were protective and the highest in G2 vacci-
nated with a live vaccine, followed by virosome (G1) and
killed (G3) vaccines, respectively. The GMTs were very low
and nonsignificant (p > 0:05) in all groups before vaccina-
tion, whereas a significant difference (p < 0:05) in GMTs
was observed in all vaccinated groups from the negative con-
trol group (G4) throughout the experiment. The antibody
titers were maximum in the virosome vaccine group (G1)
with the highest GMTs as 83.18 and 77.62 at 21st day and
28th-day postvaccination, respectively. Likewise, titers were
also found maximum in the case of the live vaccine group
(G2) with GMTs values as 89.13 and 77.62 at 21st day and
28th-day postvaccination, respectively. A similar trend was
also observed for the killed vaccine (G3) with nonsignificant
(p > 0:05) differences in GMTs as compared to virosome and
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Figure 1: Ethidium bromide stained 1% agarose gel representing
the PCR amplified F gene of indigenous NDV approximately
800 bp (Lane 1). Complete map of ladder shown at left side of
image (M: marker; lane 1: virus; lane 2: negative control).
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live ND vaccines. The comparative GMTs in different groups
at different days postvaccination have been presented in
(Tables 1 and 2).

3.6. Challenge Protection Assay. In challenge protection
assay, the virosome vaccine showed 100% protection,
whereas commercially available live vaccine (La Sota) and
killed vaccines exhibited 90% and 80% protection, respec-
tively. The percentage morbidity, percentage mortality, and
protection percentage up to 10 days postchallenge have been
shown in Table 3.

4. Discussion

Since 1926, the year NDV was reported for the 1st time, about
9 genotypes have been identified depicting a diverse and con-
tinued evolution. The new genetic variants of NDV are being

reported from different regions of the world with varying vir-
ulence highlighting that discrete genotypes of NDV are con-
tinuously evolving in distinct geographic areas of the world
[31, 38]. Currently, along with strict biosecurity measures,
many live and killed vaccines are being used on a mass scale
throughout the world to control and prevent ND [39, 40].
Conventional strategies for vaccine development mainly
focus on inactivated vaccines, recombinant protein vaccines,
and modified live vaccines.

In the current study, highly virulent NDV was isolated
from a field outbreak of the disease in vaccinated birds from
district Okara, Pakistan. All these outbreaks resulted in very
high levels of mortality (up to 83% on average) in vaccinated
broiler flocks [6, 20, 41]. Many previous reports are sug-
gesting the risk of substantial mortality even in vaccinated
flocks [42]. The most important reason may be that vac-
cines can protect birds against clinical outcomes and
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Figure 2: Sequences were obtained from GenBank and dendrogram was constructed by neighbor-joining method, the scale represents
evolutionary distance overtime. The tree represents City or Province, Country name, and GenBank accession number.
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mortality, but unable to block virus shedding among post-
vaccinated healthy birds, which are the main cause of dis-
ease spread [12, 43].

ND virus was cultivated in embryonated chicken eggs for
propagation, and allantoic fluid was harvested. Initial screen-
ing was achieved by slide agglutination assay with known
antiserum. Titer 1 : 32 to 1 : 256 HAU was obtained in the
microhemagglutination test. The presence of NDV was con-
firmed through the HI assay. These findings are consistent
with previous studies [3, 44]. The sucrose gradient ultracen-
trifugation was adopted for purification of the virion from
the allantoic fluid as also reported in an earlier study [21].

The most appropriate method to characterize NDV is
sequence analysis of fusion gene and protein profiling, an
amplified product of the viral fusion gene was visualized on
ethidium bromide-stained 1% agarose gel. The size of the
band was approximately 800 bp estimated by the DNA ladder
which is coherent with the previous studies [25, 34, 45, 46].
Our strain (Accession No. MH607122) displayed the highest
identity (approximately 99%) with already known strains
reported from Lahore, the UVAS-2015 strain (Accession
No. MF437287) and UVAS-2016 strain (Accession No.
KX91187) [1, 25, 47]. After Lahore strains, it displayed the
highest levels of identity with the Tehran strain (Accession
No. MG871466). According to phylogenetic analysis, our
Okara strain revealed identity with different Asian (Iran,
China, Japan, Malaysia, and Indonesia) and European
(Ukraine and Netherland) strains, available on GenBank,
NCBI, our findings also correlate with a recent report [25].

SDS-PAGE andWestern blotting are rapid and appropri-
ate methods to study the antigenic viral proteins [48]. Viral
proteins were characterized by SDS-PAGE analysis, and a
total of five different viral proteins were identified as hemag-
glutinin-neuraminidase, fusion, nucleocapsid, phospho, and
matrix proteins. In SDS-PAGE gel, two distinct prominent
signature protein bands corresponding to major glycopro-
teins; the hemagglutinin-neuraminidase and fusion protein,
whereas a third band of the matrix proteins was observed

M 1

HN
F
N

PH
M

170 kDa
130 kDa

100 kDa

70 kDa

55 kDa

40 kDa

Figure 3: Coomassie brilliant blue-stained 8% acrylamide gel
represents five different proteins of indigenous ND virus. M:
protein marker and lane 1: viral proteins (HN: viral
hemagglutinin-neuraminidase; F: fusion; N: nucleocapsid; PH:
phospho; M: matrix proteins).

50 nm

Figure 4: Transmission electron micrograph displaying the
structural morphology of ND virosome: oval to spherical in shape
with 75 to 200 nm in size.
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Figure 5: Acrylamide gel representing the comparison of ND
virosomes and whole virus proteins (M: marker; lane 1&2:
virosomal proteins; and 3: viral proteins).
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Figure 6: Ethidium bromide-stained 1% agarose gel representing
the nested PCR amplified plasmids portion lying between CMV
and SV40 region (900 bp). Complete map of ladder shown at left
side of image (M: marker; lane 1 to 4: amplified plasmid; and lane
5: negative control).
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(a) (b)

(c) (d)

Figure 7: Transfection experiments confirmed the ability of ND virosomes to bind the animal cells. Cells were firstly examined under bright
field (A: control untransfected cells and B: transfected cells), then observed under green fluorescent filter mode (C: control untransfected cells;
and D: transfected cells).

Table 1: The HI antibody titers at 21st day postvaccination.

HI antibody titers
No. of birds G1 G2 G3 G4

1 32 32 128 0

2 128 128 256 2

3 256 64 128 0

4 128 256 128 0

5 64 64 32 2

6 64 32 32 0

7 32 64 64 0

8 128 256 128 2

9 128 128 32 2

10 64 128 128 0

GMT 83.18a 89.13a 83.18a 1.31c

(p < 0:05).

Table 2: The HI antibody titers at 28th day postvaccination.

HI antibody titers
No. of birds G1 G2 G3 G4

1 64 32 128 0

2 64 64 64 0

3 128 64 32 2

4 256 256 256 0

5 64 32 64 0

6 32 64 32 0

7 64 32 64 2

8 128 128 128 0

9 128 256 64 0

10 32 128 32 0

GMT 77.62a 77.62a 67.60a 1.14c

(p < 0:05).
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which was similar to earlier reports [34, 36, 45]. Mass spec-
trophotometric analysis of protein band comparable to
fusion protein was performed. Two distinct spectral peaks
were observed in the spectrum of the fusion protein.
According to MS database search engines, the selected band
was identified as a viral fusion protein with 58896.0Da and
characterized as a viral fusion protein (Accession No.
AAC28374) [14, 34, 36]. The results are comparable to data
available on UniProt, TrEMBL, and Swiss-Prot database
(https://www.uniprot.org/uniprot/O90339). The existence
of fusion protein indicates the highly pathogenic nature of
the virus [8, 49, 50].

According to ICPI results, the isolated virus belonged to a
highly virulent strain with a maximum intracerebral patho-
genicity index score of 2 [51–53]. Moreover, the MDT score
was less than 50 hours and 108.5 ELD50/ml, which confirmed
that the NDV strain Okara/Pakistan/MH607122 isolated
from the filed outbreak was highly virulent or velogenic [23].

Transmission electron micrographs represented circular
to oval-shaped virosomes with the size ranging from 75 to
200nm, and constituted virosome was structurally similar
to the wild type of NDV which corroborates the previous
findings [14, 34]. SDS-PAGE confirmed the presence of both
HN and F membrane glycoproteins on viral envelop and are
responsible for the adhesion of virion with host cells as well
as immunogenicity, corresponding to the observations of
previous studies [14, 34].

The fusion of the virosome to host cells is important to
induce the activation of the immune system [54]. Fusogenic
properties of virosomes can be studied in vitro using animal
cell culture. In the present study, green fluorescent protein-
encoding plasmid (AcGFP1-C1) was incorporated in the
ND virosomes. The engineered virosomes were efficiently
fused with Vero cells, and GFP was expressed in the trans-
fected cells, confirmed by fluorescent microscopy. It indi-
cated the presence of intact HN and Fusion viral envelop
glycoproteins on ND virosomes and its ability to fuse animal
cells. Previously similar experiments were conducted to eval-
uate the fusogenic attributes of ND virosomes [34, 36].

Following a detailed investigation for the characterization
of NDV strain Okara, virosome production was done at a
mass scale for the formulation of indigenous ND virosome.
Briefly, sucrose-purified ND virosome was resuspended in
phosphate-buffered saline (PBS), pH7.2, at a protein concen-
tration of 2mg/ml [14, 36]. To ensure vaccine inactivation,
reconstituted virosomes (diluted 1 : 10 in PBS) were tested
by inoculation into 9-to-11-day-old SPF chicken embryos
as above and monitored for mortality [14]. To ensure vaccine

sterility, it was inoculated on different culture media for bac-
terial and fungal contamination. There was no turbidity in
the broth, or no growth observed on any agar media. No bac-
teria including mycoplasma and fungal contamination were
observed [23]. The safety of the test vaccine was confirmed
by embryo inoculation, and there were no lesions observed
in chicken embryos even up to 7 days postinoculation of
virosome [23]. Moreover, the stability of the ND virosome
vaccine was assessed by dynamic light scattering (DLS) and
found that the vaccine was stable on storage at 4°C, 25°C,
and 37°C for different periods of time [23].

In vivo trials in experimental chicken indicated that the
HI antibody titers were protective and the highest in G2 vac-
cinated with a live vaccine, followed by virosome (G1) and
killed (G3) vaccines, respectively. The GMTs were very low
and nonsignificant (p > 0:05) in all groups before vaccina-
tion, whereas a significant difference (p < 0:05) in GMTs
was observed in all vaccinated groups from the negative con-
trol group (G4) throughout the experiment. The antibody
titers were maximum in the virosome vaccine group (G1)
with the highest GMTs as 83.18 and 77.62 at 21st day and
28th-day postvaccination, respectively. Likewise, titers were
also found maximum in the case of the live vaccine group
(G2) with GMTs values as 89.13 and 77.62 at 21st day and
28th-day postvaccination, respectively. A similar trend was
also observed for the killed vaccine (G3) with nonsignificant
(p > 0:05) differences in GMTs as compared to virosome and
live ND vaccines. The findings of the experimental trial are
comparable to the findings [14, 34, 36].

A challenge protection assay was done and upon chal-
lenge with wild NDV strain, virosome-based test vaccine
showed 100% protection, whereas commercially available
live vaccine (La Sota) and killed vaccines exhibited 90% and
80% protection, respectively. A study reported 70% to 90%
protection by the virosome vaccine against challenge with
virulent virus [36], whereas other studies reported 100% pro-
tection following challenge [14]. A recent study reported that
VLPs alone and in combination with alum impart sufficient
protection following challenge [34].

Based on the overall results of the present study, it was
concluded that the virosome vaccine prepared from an
indigenous virulent strain of NDV was found to be immu-
nogenic and exhibited good clinical protection against chal-
lenge in broiler chicken. We recommended that the
prepared vaccine needs further studies to evaluate its effects
on cell-mediated and mucosal immunity, its efficacy in
immunization of backyard/rural poultry, and commercial
poultry against ND.

Table 3: Morbidity and mortality in broiler chicks up to 10 days postchallenge with different ND vaccines.

Groups Vaccine
No. of birds
challenged

No. of diseased
birds

Morbidity
%

No. of birds
died

Mortality
rate

Protection
rate

G1 Virosome 10 1 10 0 10 100

G2 La Sota 10 2 20 1 0 90

G3 Killed 10 3 30 2 20 80

G4
Nonvaccinated

control
10 10 100 9 90 10

9BioMed Research International

https://www.uniprot.org/uniprot/O90339


Data Availability

The data that support the findings of this study is included in
the manuscript.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

We acknowledge the technical assistance and facilities pro-
vided by the Department of Biology, Lahore University of
Management Sciences (LUMS), Pakistan, and the University
of Veterinary and Animal Sciences (UVAS) Lahore, Pakistan.
We are also thankful to the Higher Education Commission
(HEC) Islamabad, Pakistan, for providing funds under
NRPU Research Project No. 6971/Punjab/NRPU/R&D/-
HEC/2017 entitled “Development and evaluation of viro-
some based vaccine (s) against Newcastle disease” for the
successful execution of this study.

References

[1] M. Munir, S. Zohari, M. Abbas, and M. Berg, “Sequencing and
analysis of the complete genome of Newcastle disease virus
isolated from a commercial poultry farm in 2010,” Archives
of Virology, vol. 157, no. 4, pp. 765–768, 2012.

[2] K. A. Naveen, S. D. Singh, J. M. Kataria, R. Barathidasan, and
K. Dhama, “Detection and differentiation of pigeon para-
myxovirus serotype-1 (PPMV-1) isolates by RT-PCR and
restriction enzyme analysis,” Tropical Animal Health and
Production, vol. 45, no. 5, pp. 1231–1236, 2013.

[3] D. J. Alexander, “Newcastle disease and other avian paramyxo-
virus,” Revue Scientifique et Technique de l'OIE, vol. 19, no. 2,
pp. 443–462, 2000.

[4] N. Siddique, K. Naeem, M. A. Abbas et al., “Sequence and phy-
logenetic analysis of virulent Newcastle disease virus isolates
from Pakistan during 2009–2013 reveals circulation of new
sub genotype,” Virology, vol. 444, no. 1-2, pp. 37–40, 2013.

[5] L. Susta, P. J. Miller, C. L. Afonso, and C. C. Brown, “Clinico-
pathological Characterization in Poultry of Three Strains of
Newcastle Disease Virus Isolated From Recent Outbreaks,”
Veterinary Pathology, vol. 48, no. 2, pp. 349–360, 2010.

[6] D. J. Alexander, E. W. Aldous, and C. M. Fuller, “The long
view: a selective review of 40 years of Newcastle disease
research,” Avian Pathology, vol. 41, no. 4, pp. 329–335, 2012.

[7] B. S. Seal, D. J. King, and R. J. Meinersmann, “Molecular evo-
lution of the Newcastle disease virus matrix protein gene and
phylogenetic relationships among the paramyxoviridae,”Virus
Research, vol. 66, no. 1, pp. 1–11, 2000.

[8] M. H. Mohamed, S. Kumar, A. Paldurai, and S. K. Samal,
“Sequence analysis of fusion protein gene of Newcastle disease
virus isolated from outbreaks in Egypt during 2006,” Virology
Journal, vol. 8, no. 1, p. 237, 2011.

[9] A. Uthrakumar, K. Vijayarani, K. Kumanan, S. Bhuvaneswari,
S. V. Kuchipudi, and S. Elankumaran, “Complete Genome
Sequence of a Velogenic Newcastle Disease Virus Isolated
from an Apparently Healthy Village Chicken in South India,”
Genome Announcements, vol. 2, no. 3, 2014.

[10] A. Czeglédi, E. Wehmann, and B. Lomniczi, “On the origins
and relationships of Newcastle disease virus vaccine strains
Hertfordshire andMukteswar, and virulent strain Herts'33,”
Avian Pathology, vol. 32, no. 3, pp. 271–276, 2003.

[11] M. Z. Shabbir, M. Abbas, T. Yaqub et al., “Genetic analysis of
Newcastle disease virus from Punjab, Pakistan,” Virus Genes,
vol. 46, no. 2, pp. 309–315, 2013.

[12] P. J. Miller, D. J. King, C. L. Afonso, and D. L. Suarez, “Anti-
genic differences among Newcastle disease virus strains of dif-
ferent genotypes used in vaccine formulation affect viral
shedding after a virulent challenge,” Vaccine, vol. 25, no. 41,
pp. 7238–7246, 2007.

[13] A. Huckriede, L. Bungener, T. Daemen, and J. Wilschut,
“Influenza Virosomes in Vaccine Development,” Methods in
Enzymology, vol. 373, p. 74, 2003.

[14] D. R. Kapczynski and T. M. Tumpey, “Development of a Viro-
some Vaccine for Newcastle Disease Virus,” Avian Diseases,
vol. 47, no. 3, pp. 578–587, 2003.

[15] R. Saksawad, S. Likitnukul, B. Warachit, O. Hanvivatvong,
Y. Poovorawan, and P. Puripokai, “Immunogenicity and safety
of a pediatric dose virosomal hepatitis A vaccine in Thai HIV-
infected children,” Vaccine, vol. 29, no. 29-30, pp. 4735–4738,
2011.

[16] E. Tanzi, S. Esposito, J. Bojanin et al., “Immunogenicity and
effect of a virosomal influenza vaccine on viral replication
and T-cell activation in HIV-infected children receiving highly
active antiretroviral therapy,” Journal of Medical Virology,
vol. 78, no. 4, pp. 440–445, 2006.

[17] G. Zuccotti, A. Zenga, P. Durando et al., “Immunogenicity and
tolerability of a trivalent virosomal influenza vaccine in a
cohort of HIV-infected children,” Journal of International
Medical Research, vol. 32, no. 5, pp. 492–499, 2004.

[18] A. Pandey, N. Singh, S. Sambhara, and S. K. Mittal, “Egg-inde-
pendent vaccine strategies for highly pathogenic H5N1 influ-
enza viruses,” Human Vaccines, vol. 6, no. 2, pp. 178–188,
2014.

[19] Y. P. Chuan, N. Wibowo, L. H. L. Lua, and A. P. J. Middelberg,
“The economics of virus-like particle and capsomere vac-
cines,” Biochemical Engineering Journal, vol. 90, pp. 255–263,
2014.

[20] M. Haque, M. Hossain, M. Islam, M. Zinnah, M. Khan, and
M. Islam, “Isolation and detection of newcastle disease virus
from field outbreaks in broiler and layer chickens by reverse
transcriptionpolymerase chain reaction,” Bangladesh Journal
of Veterinary Medicine, vol. 8, no. 2, pp. 87–92, 2012.

[21] L. A. Santry, T. M. McAusland, L. Susta et al., “Production and
purification of high-titer Newcastle disease virus for use in pre-
clinical mouse models of cancer,”Methods & Clinical Develop-
ment, vol. 9, pp. 181–191, 2018.

[22] M. Sharma, P. Dash, P. K. Sahoo, and A. Dixit, “Th2-biased
immune response and agglutinating antibodies generation by
a chimeric protein comprising OmpC epitope (323–336) of
Aeromonas hydrophila and LTB,” Immunologic Research,
vol. 66, no. 1, pp. 187–199, 2018.

[23] W. O. f. A. Health, Biological Standards Commission, World
Organisation for Animal Health Paris, 2012.

[24] W. O. f. A. Health, OIE Manual of Diagnostic Tests and Vac-
cines for Terrestrial Animals Seventh Edition, OIE-World
Organisation for Animal Health, 2012.

[25] A.Wajid,W. G. Dundon, T. Hussain, andM. E. Babar, “Patho-
typing and genetic characterization of avian avulavirus-1 from

10 BioMed Research International



domestic and wild waterfowl, geese and black swans in
Pakistan, 2014 to 2017,” Archives of Virology, vol. 163, no. 9,
pp. 2513–2518, 2018.

[26] M. Mase and K. Kanehira, “Surveillance of avian paramyxovi-
rus serotype-1 in migratory waterfowls in Japan between 2011
and 2013,” Journal of Veterinary Medical Science, vol. 77, no. 3,
pp. 381–385, 2014.

[27] M. R. Green, H. Hughes, J. Sambrook, and P. Mac Callum,
Molecular cloning: a laboratory manual, Cold Spring Harbor
Laboratory Press, 2012.

[28] K. Howe, A. Bateman, and R. Durbin, “QuickTree: building
huge Neighbour-Joining trees of protein sequences,” Bioinfor-
matics (Oxford, England), vol. 18, no. 11, pp. 1546-1547, 2002.

[29] S. Kumar, G. Stecher, and K. Tamura, “MEGA7: Molecular
Evolutionary Genetics Analysis Version 7.0 for Bigger Data-
sets,” Molecular Biology and Evolution, vol. 33, no. 7,
pp. 1870–1874, 2016.

[30] A. Shevchenko, H. Tomas, J. Havli, J. V. Olsen, and M. Mann,
“In-gel digestion for mass spectrometric characterization of
proteins and proteomes,” Nature Protocols, vol. 1, no. 6,
pp. 2856–2860, 2006.

[31] T. A. Khan, C. A. Rue, S. F. Rehmani et al., “Phylogenetic and
Biological Characterization of Newcastle Disease Virus Iso-
lates from Pakistan,” Journal of Clinical Microbiology, vol. 48,
no. 5, pp. 1892–1894, 2010.

[32] L. W. McGinnes, K. Gravel, and T. G. Morrison, “Newcastle
Disease Virus HN Protein Alters the Conformation of the F
Protein at Cell Surfaces,” Journal of Virology, vol. 76, no. 24,
pp. 12622–12633, 2002.

[33] M. M. Bradford, “A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding,” Analytical Biochemistry,
vol. 72, no. 1-2, pp. 248–254, 1976.

[34] X. Xu, Z. Ding, Q. Yuan et al., “A genotype VII Newcastle
disease virus-like particles confer full protection with reduced
virus load and decreased virus shedding,” Vaccine, vol. 37,
no. 3, pp. 444–451, 2019.

[35] M. A. Arifin, M. Mel, M. I. Abdul Karim, and A. Ideris, “Pro-
duction of Newcastle Disease Virus by Vero Cells Grown on
Cytodex 1 Microcarriers in a 2-Litre Stirred Tank Bioreactor,”
Journal of Biomedicine & Biotechnology, vol. 2010, Article ID
586363, 7 pages, 2010.

[36] R. Singh, P. C. Verma, and S. Singh, “Immunogenicity and
protective efficacy of virosome based vaccines against Newcas-
tle disease,” Tropical Animal Health and Production, vol. 42,
no. 3, pp. 465–471, 2010.

[37] S. J. Coakes, L. G. Steed, and P. Dzidic, SPSS version 13.0 for
windows: analysis without anguish, John Wiley & Sons, Aus-
tralia, 2006.

[38] U. Waheed, M. Siddique, M. Arshad, M. Ali, and A. Saeed,
“Preparation of newcastle disease vaccine from VG/GA strain
and its evaluation in commercial broiler chicks,” Pakistan
Journal of Zoology, vol. 45, no. 2, 2013.

[39] J. B. Shim, H. H. So, H. K. Won, and I. P. Mo, “Characteriza-
tion of avian paramyxovirus type 1 from migratory wild birds
in chickens,” Avian Pathology, vol. 40, no. 6, pp. 565–572,
2011.

[40] S. Xiao, A. Paldurai, B. Nayak, A. Mirande, P. L. Collins, and
S. K. Samal, “Complete Genome Sequence of a Highly Virulent
Newcastle Disease Virus Currently Circulating in Mexico,”
Genome Announcements, vol. 1, no. 1, 2013.

[41] K. S. Choi, E. K. Lee, W. J. Jeon, and J. H. Kwon, “Antigenic
and immunogenic investigation of the virulence motif of the
Newcastle disease virus fusion protein,” Journal of Veterinary
Science, vol. 11, no. 3, pp. 205–211, 2010.

[42] F. Perozo, R. Marcano, and C. L. Afonso, “Biological and
Phylogenetic Characterization of a Genotype VII Newcastle
Disease Virus from Venezuela: Efficacy of Field Vaccination,”
Journal of Clinical Microbiology, vol. 50, no. 4, pp. 1204–1208,
2012.

[43] M. van Boven, A. Bouma, T. H. Fabri, E. Katsma, L. Hartog,
and G. Koch, “Herd immunity to Newcastle disease virus in
poultry by vaccination,” Avian Pathology, vol. 37, no. 1,
pp. 1–5, 2008.

[44] S. Ullah, M. Ashfaque, S. Rahman, M. Akhtar, and A. Rehman,
“Newcastle disease virus in the intestinal contents of broilers
and layers,” Pakistan Veterinary Journal, vol. 24, no. 1,
pp. 28–30, 2004.

[45] X. Ren, C. Xue, Q. Kong, C. Zhang, Y. Bi, and Y. Cao, “Prote-
omic analysis of purified Newcastle disease virus particles,”
Proteome Science, vol. 10, no. 1, p. 32, 2012.

[46] L. Yu, Z. Wang, Y. Jiang, L. Chang, and J. Kwang, “Character-
ization of Newly Emerging Newcastle Disease Virus Isolates
from the People's Republic of China and Taiwan,” Journal of
Clinical Microbiology, vol. 39, no. 10, pp. 3512–3519, 2001.

[47] A. Wajid, M. Wasim, S. F. Rehmani, T. Bibi, N. Ahmed, and
C. L. Afonso, “Complete Genome Sequence of a Recent Pan-
zootic Virulent Newcastle Disease Virus from Pakistan,”
Genome Announcements, vol. 3, no. 3, 2015.

[48] F. Hemmatzadeh and M. Kazemimanesh, “Detection of spe-
cific antigens of Newcastle disease virus using an absorbed
Western blotting method,” Iranian Journal of Veterinary
Research, vol. 18, no. 2, pp. 92–96, 2017.

[49] O. Madadgar, V. Karimi, A. Nazaktabar et al., “A study of
Newcastle disease virus obtained from exotic caged birds in
Tehran between 2009 and 2010,” Avian Pathology, vol. 42,
no. 1, pp. 27–31, 2012.

[50] M. Wen, Z. Cheng, D. Zhang, J. Yang, and B. Zhou, “Cloning
and sequence analysis of F gene of Newcastle disease virus iso-
lated from Guizhou province, China,” Journal of Food, Agri-
culture & Environment, vol. 10, no. 3/4, pp. 484–486, 2012.

[51] A. A. A. M. ADI, N. M. Astawa, K. S. A. Putra, Y. Hayashi, and
Y. Matsumoto, “Isolation and Characterization of a Patho-
genic Newcastle Disease Virus from a Natural Case in Indone-
sia,” The Journal of Veterinary Medical Science, vol. 72, no. 3,
pp. 313–319, 2010.

[52] H. M. Pham, S. Konnai, T. Usui et al., “Rapid detection and
differentiation of Newcastle disease virus by real-time PCR
with melting-curve analysis,” Archives of Virology, vol. 150,
no. 12, pp. 2429–2438, 2005.

[53] M. G. Wise, D. L. Suarez, B. S. Seal et al., “Development of a
Real-Time Reverse-Transcription PCR for Detection of
Newcastle Disease Virus RNA in Clinical Samples,” Journal
of Clinical Microbiology, vol. 42, no. 1, pp. 329–338, 2004.

[54] T. W. Mak and M. E. Saunders, The Immune Response: Basic
and Clinical Principles, Academic Press, 2005.

11BioMed Research International


	Development, Biological Characterization, and Immunological Evaluation of Virosome Vaccine against Newcastle Disease in Pakistan
	1. Introduction
	2. Materials and Methods
	2.1. Isolation and Identification of Virus from Field Outbreaks
	2.2. Purification of Virus
	2.3. Assessment of Pathogenicity
	2.4. Amplification and Sequencing of Fusion Gene
	2.5. Protein Analysis and Mass Spectrometry
	2.6. Preparation and Confirmation of ND Virosomes
	2.7. Biological Characterization of ND Virosomes
	2.8. Preparation and Transformation of Competent E. coli DH5α
	2.9. Plasmid Incorporation in Virosome
	2.10. Virosome-Cell Fusion Assay
	2.11. Development and Evaluation of Virosome Vaccine
	2.11.1. Commercial Vaccines
	2.11.2. Experimental Design
	2.11.3. Immunogenicity of Vaccines

	2.12. Challenge Protection Study
	2.13. Statistical Analysis

	3. Results
	3.1. Isolation and Characterization of ND Virus
	3.2. Molecular Characterization
	3.3. Preparation and Characterization of Virosome
	3.4. In Vitro Fusion Studies of Virosomes
	3.5. Evaluation of Virosome Vaccine
	3.6. Challenge Protection Assay

	4. Discussion
	Data Availability
	Conflicts of Interest
	Acknowledgments

