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Abstract
Newcastle disease virus (NDV) belongs to the Avulavirus genus and Paramyxoviridae family virus that causes acute, highly 
infectious Newcastle disease in poultry. The two proteins of haemagglutinin neuraminidase (HN) and fusion (F) are key 
virulence factors with an important role in its immunogenicity. Genotype VII NDV is still among the most serious viral 
hazards to the poultry industry worldwide. In this study, a commercial vector vaccine (HVT-NDV) was evaluated compared 
to the conventional vaccination strategy against Iranian genotype VII. This experiment showed that the group receiving the 
conventional vaccination strategy had higher antibodies, fewer clinical signs, and lower viral loads in tracheal swabs and 
feces. Also, two vaccine groups showed significant difference, which could have resulted from two extra vaccine doses in 
the conventional group. However, except for antibody levels in commercial chickens in the Iran new-generation vaccine, 
this difference was minor. Further, both groups showed 100% protection in the challenge study. Despite the phylogenetic 
gap between the NDV-F gene placed in the vector vaccine and the challenge virus (genotypes I and VII, respectively), the 
rHVT-NDV vaccine offered strong clinical protection and decreased challenge virus shedding considerably.
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Introduction

Newcastle disease (ND), one of the most destructive and 
prevalent viral diseases of poultry, is caused by infections 
with viruses from the avulavirus group and the species Avian 
Avulavirus1, often recognized as Newcastle disease virus 
(NDV) and abbreviated as Avian Paramyxovirus 1 (APMV 
1) [1]. NDV’s enveloped virion has a 15 kb single-stranded 
RNA and replicates only in the cytoplasm. The NDV genome 
contains six genes encoding six proteins: RNA polymerase, 

which depends on (L) RNA, hemagglutinin-neuraminidase 
protein (HN), fusion protein (F), phosphoprotein (P), matrix 
protein (M), and nucleoprotein (N) [2]. The F and HN pro-
teins are surface glycoproteins and protective antigens of 
NDV; the F protein controls the viral fusion activity while 
the HN protein is in charge of virus attachment. NDV strains 
have been categorized into five pathotypes, including vis-
cerotropic velogenic virus, neurotropic velogenic virus, 
mesogenic virus, lentogenic virus, and asymptomatic virus 
enteric, based on pathogenicity to decrease virulence. Patho-
type may be defined by in vivo pathogenicity assays, such as 
intracerebral pathogenicity index (ICPI), mean time to death, 
and intravenous pathogenicity index.

On the other hand, virulence may be evaluated by ana-
lyzing the amino acid sequence of the F0 protein cleav-
age site (positions 112–117) [3]. Genetically, NDVs are 
divided into class I and class II. The former appear in 
wild birds, generally have low virulence, and are seldom 
spotted in poultry species. According to the nucleotide 
sequence analysis of the F gene in class II viruses, they 
are grouped into 18 genotypes (I–XVIII), with V, VII, 
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and VIII being the most commonly circulating genotypes 
worldwide [4]. These have been combined into three sub-
genotypes of the genotype VII.

The viruses in charge of the fourth NDV panicoid were 
combined in a single genotype based on nucleotide dis-
tance (VII.1.1), joining the former subgenotypes VIIb, 
VIId, VIIe, VIIj, and VIIl. An exception is the former 
subgenotype VIIf categorized as a separate subgenotype, 
i.e., VII.1.2. The groups of viruses involved in the fifth 
NDV panicoid (VIIh and VIIi) impact the Middle East, 
Indonesia, Asia, Europe, and Africa [5]. The disease is 
controlled using appropriate biosecurity measures, notably 
prophylactic vaccination in flocks, as well as the collection 
and isolation of affected and susceptible birds. The disease 
is controlled by vaccination in most countries with a devel-
oped poultry industry where ND has become endemic. 
Currently, most ND vaccination programs use inactivated 
or attenuated live lentogenic NDV vaccines, with their 
advantages and disadvantages. Failure to inhibit infection 
and shedding, the need for compound vaccine adminis-
trations to reach satisfactory immunity, interference with 
maternally produced antibodies (MDA), and the risk of 
negative reactions (live vaccines) are among the major 
shortcomings of conventional vaccines [6, 7].

New-generation vaccines, such as vector vaccines 
based on turkey herpesvirus (HVT) as the basic scaffold 
for expressing NDV-encoding immunogenic proteins, have 
been developed to overcome such drawbacks. A commer-
cial vector vaccine termed r HVT-ND, which expresses the 
F gene, confer clinical protection against virulent Newcas-
tle disease in specific pathogen-free (SPF) chickens, layers, 
broilers, and turkeys [7]. Vectormune® ND (rHVT-ND) 
(Ceva Santé Animale) is approved in the EU and the USA; 
it is currently used in Southeast Asian countries, including 
Thailand, Malaysia, Indonesia, and South Korea, as well 
as South American countries, such as Mexico and Brazil. 
This study aims to investigate the proposed program with 
the Vectormune® ND, the routine program used in Iran 
(a combination of killed and live vaccines) to treat ND.

Material and methods

Experimental design

Commercial Ross 308 chickens were grouped into four, with 
20 birds in each. During all experiments, each group was 
kept in separate negative pressure isolators, and offered feed 
and water ad libitum. As presented in Table 1, the groups 
were vaccinated and challenged.

Challenge virus

In 2012, ND virus challenge was isolated from a vaccinated 
broiler farm in Iran and categorized as virulent NDV geno-
type VII (vNDV VII) (based on the F cleavage site sequence 
analysis and an intracerebral pathogenicity index of 1.8) and 
registered in GenBank with NO. JX131360. Through the eye 
drops/intranasal (ED) route, the animals were challenged 
with 0.2 mL (105 50% embryonic lethal dose) of NDV strain 
SG10 [8].

ELISA

Before the challenge, sera were collected from the animals 
to define the ELISA titers of NDV vaccination utilizing ID 
Screen® Newcastle Disease Indirect (IDVet, France). After 
challenge, each group was tested with its relevant kit (ID 
Vet Screen for VTM-ND kit for the vector group and ID 
Screen® Newcastle Disease Indirect Conventional for the 
conventional Newcastle group) according the manufacturer’s 
guideline.

Mortality rate and clinical signs

Mortality rate and clinical signs (principally respiratory 
symptoms, e.g., conjunctivitis, sneezing, swollen head, rales, 
and nasal discharge; enteric symptoms, e.g., greenish diar-
rhea; nervous symptoms, e.g., torticollis and recumbency) 
(No clinical signs: 0/mild: 1/moderate: 2/severe: 3) were 

Table 1  Experimental schedule of vaccination

Day-1 Day 10 Day 17 Day 25 Day 42 Day 47

1 Vector -based Vectormune® ND 
(SC)

 + Vitabrone + Ibird

Lasoata (Spary) – – ELISA/challenged Swab sampling

2 Conventional-based ND/AI Inactive vac-
cine (SC) + Vita-
brone + Ibird

Lasota-Clone 
(Drinking 
water)

Lasoata (Spary) Lasota-Clone 
(Drinking 
water)

ELISA/challenged Swab sampling

3 Non-vaccinated/chal-
lenged

– – – – ELISA/challenged Swab sampling

4 Negative control – – – – ELISA Swab sampling
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observed daily for 14 days post-challenge (dpc). Further, the 
dead animals were examined for post-mortem (PM) lesions, 
including congested pectoral muscles, proventricular hemor-
rhage, congestion and exudate in the tracheal mucosa, intes-
tinal ulceration, and ileocecal hemorrhage.

RNA extraction, cDNA synthesis, and quantitative 
real‑time PCR

Tracheal and cloacal swabs were collected for virus isolation 
5 days after the challenge. Viral RNA was isolated from the 
tissues utilizing the Cinna PureRNA extraction kit (Sina-
clone, Iran), according to the manufacturer’s instructions. 
The RevertAid cDNA first-strand synthesis kit (Thermo 
Scientific, Canada) was utilized to synthesize cDNA. This 
study used real-time PCR to detect IBV based on 5′-UTR. 
Real-time PCR amplification was carried out utilizing the 
amplification kit (Bioneer, South Korea) with forward 
primer(5′-CGC TGT TGC AAC CCC AAG -3′) and reverse 
primer (5′-CCG CAA GAT CCA AGG GTC T-3′), as well as 
a double-labeled Taqman probe (FAM-AAG CGT TTC TGT 
CTC CTT CCT CCA -BHQ1) [9]. PCR cycle parameters 
include 95 °C for 2 min, 40 cycles for 15 s at 95 °C, and 1 
min at 60 °C. The reaction was carried out in a QIAGEN 
Rotor-Gene Q (Corbett Rotor-Gene 6000, USA).

Statistical analysis

Data were collected for body weight loss, ELISA assay, and 
rRT-PCR. They were expressed as means ± standard devia-
tion (SD). Means were analyzed by one-way ANOVA and 
Kruskal–Wallis test utilizing GraphPad Prism version 9 
(GraphPad Software, USA). Differences were statistically 
significant at P: 0.05.

Results

NDV antibody detection

In order to assess the vaccination program’s impact on the 
immune system response, antibody titers to NDV were 
detected by the ELISA method. As expected, no antibod-
ies were detected in the non-vaccinated and negative con-
trol groups (Fig. 1). According to the results, there were 
significant differences (P < 0.05) between Vector (GMT: 
3031 ± 1772) and conventional (GMT: 5026 ± 2336) (Fig. 1).

Survival rate

No deaths were observed in both the vector and conven-
tional groups, indicating that the protection was 100%. In 

contrast, in the control-non-vaccinated-challenged group, 
an 80% death rate was observed (Fig. 2A).

Clinical evaluation

Clinical observations were recorded and scored 5 days 
after the challenge; the clinical scores results are shown in 
Fig. 2B. Significant differences (P < 0.05) were observed 
between the non-vaccinated-challenged group (score 2.6) 
compared to the conventional (score 0.3) and the vector 
(score 0. 5) groups. No significant difference was observed 
between the conventional (score 0.3) and vector (score 0. 
5) groups (Fig. 2B).

Fig. 1  ELISA titer. Newcastle Disease titer of the commercial broiler 
chickens, non-vaccinated (Negative + Challenged), vaccinated with 
Conventional (Live and Inactivated ND Vaccine) and Vector-based 
(Vectormmune ND and Live vaccine) and challenged with GVII 
NDV isolate, at the day of 42 Days, before Challenge
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Real‑time PCR of tracheal swabs

The CT value for the conventional group (34.14 ± 12.25) 
was higher than that of the Vector group (27.5 ± 6.71), 
indicating a lower viral load in this group [not significant 
(P > 0.05)]. Meanwhile, this value in the non-vaccinated-
challenged and negative control groups was (15.36 ± 3.12) 
and (48.33 ± 1.98), respectively. There was a significant dif-
ference between CT of the non-vaccinated-challenged and 
vaccinated groups (P > 0.05) (Fig. 3A).

Real‑time PCR of fecal swabs

The CT value for the conventional group (43.21 ± 11.15) 
was higher than that of the vector group (35.93 ± 11.06), 
indicating a lower viral load in this group [not signifi-
cant (P > 0.05)]. Meanwhile, the CT values in the non-
vaccinated-challenged and negative control groups were 
(21.00 ± 5.12) and (49.21 ± 1.31), respectively. There was 
a significant difference between CT of the non-vaccinated-
challenged and vaccinated groups (P > 0.05) (Fig. 3B).

Fig. 2  A Survival Rate. The percent of survival rate of the commer-
cial broiler chickens, non-vaccinated (Negative + Challenged), vacci-
nated with Conventional (Live and Inactivated ND Vaccine) and Vec-
tor-based (Vectormmune ND and Live vaccine) and challenged with 
GVII NDV isolate, after 14 days post-challenge. B Clinical Score. 
Average of the clinical score of the commercial broiler chickens, non-

vaccinated (Negative + Challenged), vaccinated with Conventional 
(Live and Inactivated ND Vaccine) and Vector-based (Vectorm-
mune ND and Live vaccine) and challenged with GVII NDV isolate, 
after 14 days post-challenge (No clinical sign: 0/Mild:1/Moderate:2/
Sever:3)
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Discussion

The poultry industry is changing rapidly, thus increasing 
the challenges significantly over the years. For producers, 
efficiency has become more of a survival strategy than a 
differentiator. In today’s difficult environments, it is critical 
to produce more with fewer resources. In addition, there are 
high disease pressures, high-stocking densities on farms in 
very densely populated areas, poorly skilled labor, pressure 
to reduce antibiotic use, and other challenges in the indus-
try. Recently, Iranian chicken farmers have failed to control 
virulent ND outbreaks (with different genotypes VII d, VIIi, 
VII L, VII g, VIIj) despite good biosecurity and vaccination 
practices [3, 8, 10–12].

High mortality rates have been reported in broiler chick-
ens or breeders and layers in the country. ND outbreaks in 
vaccinated Iranian chicken flocks call into question the effi-
ciency of these vaccines [3, 8].

Vectormune® ND is a recombinant HVT vector vaccine 
using turkey herpesvirus (HVT) as the vector and cloning 
the fusion gene (F) of NDV. The “F” protein (for “fusion”) 
is the epitope on the NDV surface, allowing it to attach to 
and invade target cells. Simultaneously, it is a major element 
in the virus virulence and a vital protective antigen. It is 
much more difficult for NDV to infect cells and cause dam-
age when immunity to the “F” protein is established. This 
explains the high efficacy of Vectormune® ND. Vector-
mune® ND is the best-in-class solution to overcome the 

Fig. 3  A Real-time PCR of the tracheal swab. Viral load detection of 
Newcastle Disease(ND) virus in the tracheal swab of the commercial 
broiler chickens, non-vaccinated (Negative + Challenged), vaccinated 
with Conventional (Live and Inactivated ND Vaccine) and Vector-
based (Vectormmune ND and Live vaccine) and challenged with 
GVII NDV isolate, after 5 days post-challenge. B Real-time PCR of 

the fecal swab. Viral load detection of Newcastle Disease(ND) virus 
in the fecal swab of the commercial broiler chickens, non-vaccinated 
(Negative + Challenged), vaccinated with Conventional (Live and 
Inactivated ND Vaccine) and Vector-based (Vectormmune ND and 
Live vaccine) and challenged with GVII NDV isolate, after 5 days 
post-challenge
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problems, including interference with maternally derived 
antibodies (MDA), vaccine delivery challenges, side effects, 
and viral circulation (CEVA Cante Animal), for which other 
ND vaccines fall short.

The HVT has several advantages over other viral vec-
tors for transmitting foreign antigens to the chicken. First, 
it is routinely applied as a vaccine for 1-day-old chickens, 
unlike the fowlpox virus. Vaccine production, storage, and 
administration are well-established procedures in the poultry 
industry. Second, the lack of HVT pathogenicity in chickens 
is well-documented; therefore, it is considered an extremely 
safe virus to be used as a vector. Third, for several weeks 
after vaccination, HVT forms persistent viremia in chick-
ens; thus, foreign antigens can be expected to move in the 
immune system of vaccinated chickens over a prolonged 
period. Fourth, HVT does not spread horizontally, even in 
chicken populations with high-stocking densities [13, 14].

This is the first study on commercial chickens with new-
generation vaccines in Iran. This study compared the vac-
cine Vectormune® ND with the program commonly used 
in Iranian broiler flocks, a combination of live lentogenic 
and inactivated vaccines. Its results showed that the group 
receiving the traditional vaccination had higher antibodies, 
fewer clinical signs, and lower viral loads in tracheal swabs 
and feces. However, except for the antibody level in the new-
generation vaccine in Iran on commercial chickens, this dif-
ference was insignificant. Moreover, both groups showed 
100% protection in the challenge trial. Also, there was a 
significant difference between two vaccine groups, with the 
conventional having higher titers, which can result from 
receiving two extra doses of ND (day 17 via spray and day 
25 via drinking water) in conventional group.

Several independent and commercial studies of new-gen-
eration vaccines have been conducted worldwide. The study 
by Morgans et al. was one of the first in this field, in which 
chickens receiving a single intra-abdominal inoculation at 
1 day of age with recombinant HVT expressing the NDV 
fusion protein showed an immunological response, while at 
28 days of age with the neurotropic velogenic NDV strain 
Texas GB, they were protected against lethal intramuscular 
challenge (> 90%). Against the same challenge, recombi-
nant HVT expressing NDV hemagglutinin-neuraminidase 
showed limited protection (47%). When challenged ocular, 
chickens vaccinated with recombinant HVT vaccines pro-
vided less protection against NDV replication in the trachea 
[14]. In another study, the research team provided the details 
for adding the foreign gene to the appropriate site of the 
HVT genome.

A general recombination vector for foreign gene integra-
tion in HVT was created based on an insertion site mapped 
in one of the open reading frames of the unique short region. 
A robust promoter component derived from the lung-ter-
minal repeat sequence of Rous sarcoma virus-induced 

recombinant virus-driven expression of individual Newcas-
tle disease virus antigen [15]. It should be noted that com-
petition between different vaccine companies in the field 
of vaccines and vectors is based on technical and clonal 
strategies and the appropriate site for introducing foreign 
genes into the vector to enhance vaccine efficacy. Morgan 
et al. compared the vector and normal vaccines in SPF and 
commercial chickens. The HVT/F and NDV strain Hitchner 
B1 vaccines showed, respectively, 73% and 80% protection 
against NDV in broilers, while both vaccines showed 100% 
protection in SPF layers [16].

One of the advantages of the vector vaccine is its use dur-
ing the embryonic period. According to Reddy et al., rHVT 
is safe for both ED18 and post-hatch vaccination (ND and 
MD); this vaccine may induce longer-lasting immunity com-
pared to conventional live NDV vaccines since it is persis-
tent [17]. The start of protective immunity in chicks differs 
after vaccination with a recombinant herpesvirus. When the 
vaccinated birds are challenged at 4, 7, 10, and 14 DPV, 
the recombinant vaccine, respectively, offers 0%, 35–75%, 
85%, and 94–100% protection [18]. Palya et al. showed that 
the rHVT-NDV vaccine had good clinical protection and 
considerably decreased challenge virus shedding despite the 
phylogenetic distance between the NDV-F gene inserted into 
the vector vaccine and the challenge virus (genotype I or V) 
[19]. In commercial laying hens, the emergence and persis-
tence of immunity by a recombinant ND vaccine employing 
HVT viruses as a vector (rHVT-ND) have been studied up 
to 72 weeks after a single administration or as part of two 
distinct vaccination regimens, including conventional killed 
ND and live vaccines.

A single vaccination with the rHVT-ND vaccine at 1 day 
of age offered complete or nearly complete (95–100%) clini-
cal protection against NDV challenges from 4 weeks of age 
until the last challenge was administered at 72 weeks of age 
[20]. Ferreira et al. indicated that the combination of recom-
binant rHVT-ND-IBD with live vaccine at 1 day of age was 
better because there were no clinical signs, antibody levels 
were higher before and after provocation, and viral shedding 
was reduced at any time after provocation at 3 or 4 weeks of 
age with California virus 2018 [21]. This vaccine also has 
a good protective response in turkeys. ELISA detected the 
formation of a humoral immune response to vaccination as 
early as 4 weeks of age. The challenge strain was a novel 
NDV genotype IV from Morocco.

Unvaccinated turkeys developed ND-specific symptoms 
and stunting with no subsequent mortality, whereas vacci-
nated ones showed protection as early as 3 weeks of age, as 
demonstrated by the absence of clinical symptoms, improved 
weight gain, and decreased virus shedding [22].

Even in countries or regions with very low ND field 
pressure, the spread of mild live vaccines ND within or 
between herds can be detrimental to producer profitability. 
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With this in mind, the use of Vectormune® ND is also 
greatly beneficial to producers in low-pressure areas. By 
replacing the live attenuated vaccines with this vector vac-
cine, the spread of lentogenic NDV strains among chickens 
is reduced, resulting in improved performance. In areas 
of high infection pressure, where ND outbreaks result 
in unacceptable losses, Vectormune® ND is superior to 
conventional vaccines since it evades MDA NDV, is used 
in hatcheries (i.e., in a well-controlled environment with 
well-trained personnel), induces long-lasting immunity, 
and significantly reduces shedding [23].

This vector vaccine has all these benefits with no post-
vaccination reactions. However, even with a safe and effec-
tive vaccine such as Vectormune® ND, it is more neces-
sary than ever to look at the situation holistically at ND 
and not just focus on the microorganism and/or the efficacy 
of the vaccine. It is also necessary to consider biosecurity 
limitations, the urgent need for farm workers’ training, 
legislation, and, if possible, disease eradication. Without 
such a comprehensive approach, ND will continue to cause 
enormous losses to producers for a long time [23–26]. In 
its current form, the HVT/F vaccine could be useful in 
controlling velogenic NDV, where systemic immunity 
is critical but difficult to achieve with conventional vac-
cines. Moreover, a recombinant HVT/F vaccine could be 
beneficial in countries where live NDV vaccination is not 
recommended, but ND may not be completely eradicated.
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