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Abstract:
Background:

Newcastle disease (ND) is one of the most economically significant diseases in the poultry
industry. In Iran, the disease is endemic and frequently causes outbreaks with high mortality and
severe clinical signs, predominantly associated with genotype VII strains. The poultry industry in
Iran is essential for food security and economic stability; however, viral diseases, particularly
Newcastle disease, pose a major threat by causing significant production losses and economic
damage. The aim of this study was to evaluate the serological and performance efficacy of the

MEVAC RINNOVAC Eli-7 and MEVAC ND7 PLUS vaccines.

Methods:
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A total of 150 commercial LSL layer cockerels were divided into six groups and maintained under
identical conditions. Birds were vaccinated at 14 days of age with live or inactivated NDV
vaccines. Blood samples were collected on days 0, 14, and 21 post-vaccination to evaluate
serological responses using the HI test. On day 21 post-vaccination, birds were challenged with a
circulating NDV genotype VII strain, and clinical signs, viral shedding (via RT-PCR), and
pathological changes were monitored. Molecular and phylogenetic analyses of the fusion (F) gene

were performed to confirm vaccine strain identity.
Results:

Both MEVAC ND7 PLUS and MEVAC RINNOVAC Eli-7 vaccings ¢licited robust, serological
responses by day 21 post-vaccination, with antibody titers significantly higher than those of the
unvaccinated control and comparable to conventional vaccines. Following the challenge on day
28, vaccinated birds maintained high antibody levels and showed no elinical or histopathological
lesions, whereas control birds did not survive. Vaccine uptake assessed by RT-PCR on day 5 post-

vaccination was undetectable in all groups.
Conclusion:

Both MEVAC RINNOVAC Eli-Zqand ND7 PLUS vaccines effectively induced protective
immunity, reduced viral replication and shédding; and elicited robust antibody responses against
NDYV genotype VII. Theseaesults'underscore the value of genotype-matched vaccination as a key

strategy for controlling/Newcastle disease and minimizing its economic impact in poultry.

Key words: MEVAC RINNOVAC Eli-7, ND7 PLUS, Newcastle disease virus, vaccine
Introduction

As a key component.of agricultural systems, the poultry sector contributes substantially to animal
protein supply, food security, and job creation in many regions of the world, including Iran [1].
The poultry industry is persistently challenged by multiple risk factors, including nutritional
imbalances, infectious diseases, suboptimal vaccination strategies, management deficiencies, and
inadequate biosecurity practices. Among these challenges, viral diseases are of particular
importance due to their substantial contribution to increased mortality rates, impaired growth

performance, and significant reductions in production output [2]. Among viral diseases, Newcastle
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disease remains one of the most important threats to the poultry industry, as despite decades of
vaccination, it continues to cause significant economic losses worldwide [3]. Newcastle disease
virus (NDV), the most important pathogen among the Orthoavulaviruses, is a highly contagious
virus affecting domestic poultry and a wide range of wild birds. NDV is classified as a strain of
Avian paramyxovirus 1 (APMV-1, species Avian orthoavulavirus 1) and belongs to the family
Paramyxoviridae, genus Avulavirus. It is an enveloped, negative-sense, single-stranded RNA virus
with a genome encoding six structural proteins (N, P, M, F, HN, and L). The F protein cleavage
site plays a key role in determining its virulence. Virulent NDV strains are endemi¢ in poultry in
much of Asia, Africa, and parts of the Americas, while countries like the USA and Canada remain
free through import restrictions and culling of infected birds. Low=virulence 'NDV strains are
widespread in poultry and wild birds, with chickens being the most suseeptible domestic species,
including pigeon-adapted variants of APMV-1 [4]. Newcastle disease virus (NDV) continues to
evolve, resulting in the classification of approximately twenty genotypes based primarily on
genetic variation in virulence-associated genes, particularly the fusion (F) gene. The F protein
plays a central role in viral pathogenicity, and its'@amino acid cledvage site is considered the major
determinant of NDV virulence. Highly visulent straing are ¢apable of causing systemic infection
and severe lesions in chickens. This genetic diversity has been associated with the occurrence of
disease outbreaks even in vaccinatéd poultry flocks [5]. Although most currently used ND vaccines
are derived from early genotypes (I"and II), the recent’ emergence and widespread circulation of
highly virulent NDV strains, particularly genotype VII (GVII), which are genetically and
antigenically distinct from,traditional vaccines, have increased disease severity and complicated
control sfrategies in poultry production systems [6, 7]. Despite the extensive use of vaccination
programs,, Newcastle disease¢ (ND) outbreaks continue to occur frequently in Iran. Previous
molecular studies based on partial or complete sequencing of the fusion (F) and hemagglutinin—
neuraminidase (HN)-genes have confirmed the circulation of NDV genotype VII in Iranian poultry
populations. Recent outbreaks characterized by high mortality rates and severe clinical
manifestations further highlight the ongoing prevalence and epidemiological importance of
genotype VII NDV in Iran [8]. Reports of vaccine failure in controlling Newcastle disease
outbreaks have raised concerns regarding the limited ability of conventional vaccines to reduce
viral replication and shedding effectively. Consequently, increasing attention has been directed

toward the development of genotype-matched vaccines homologous to circulating virulent NDV
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strains [9]. Evidence indicates that higher levels of humoral immunity in vaccinated birds are
associated with reduced infection rates, viral replication, and shedding, an effect more readily
achieved with homologous vaccines; however, sufficiently high heterologous antibody titers,
particularly induced by oil-adjuvanted inactivated vaccines, can also effectively suppress virulent
NDV shedding, supporting their use even in broiler chickens [10]. To date, a wide range of live
attenuated and inactivated Newcastle disease vaccines have been extensively used in poultry
production systems, primarily to mitigate clinical disease and reduce mortality. Nevertheless, these
conventional vaccines are largely derived from early NDV genotypes and may be suboptimal in
limiting viral replication and shedding of currently circulating virulent(strains. In recent years,
reverse genetics—based vaccines have emerged as a promising next-géneration appreach, enabling
precise genetic manipulation, improved safety profiles, and enhanced antigeni¢ matching with
field viruses [11, 12]. Accordingly, to the best of our knowledge, the present study represents the
first evaluation in Iran of a reverse genetics-derived live NDV vaccine (MEVAC RINNOVAC Eli-

7) against circulating genotype VII strains under experimental conditions.
Materials and Methods
Experimental Design

To minimize potential bias, all/factors that could influence the experimental outcomes were
standardized across groups, and birds were maintained in separate cages under identical conditions
throughout the study. A total of 150 ¢ommercial LSL layer cockerels were obtained from Barekat
Poultry Company.and'randemly allocated into six experimental groups at the animal facility of the
Faculty©f Vetermary MedicinesAll groups received a standardized diet. Baseline blood samples
were collected from the control group on day 0 and assessed using the hemagglutination inhibition

(HI) test.
Vaccination Protocol

Vaccination Protocol and Experimental Groups. The study evaluated two primary commercial
genotype-matched vaccines: MEVAC RINNOVAC Eli-7, a reverse genetics-derived live
attenuated lyophilized recombinant vaccine containing the INDV: VG/GA-F7 strain (titer > 10°°
EIDso per dose), and MEVAC ND7 PLUS, an inactivated oil-adjuvanted recombinant vaccine

containing both Genotype VII and LaSota strains (< 10%° EIDso of each per dose). For comparison,
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conventional vaccines were utilized, including a standard lyophilized live vaccine (Live A) and an
oil-emulsion inactivated vaccine (Inactive Conventional). Two control groups were maintained as
placebos: one group remained unvaccinated but was later challenged to assess morbidity and
mortality (Positive Control), while the second remained both unvaccinated and unchallenged to
serve as a negative control for baseline serological and pathological parameters (Negative
Control). All vaccinations were administered at 14 days of age. Live vaccines were reconstituted
in their respective diluents and administered, while inactivated vaccines were administered via
injection after reaching room temperature. Final vaccine intake was verified S)days, post-

vaccination through RT-PCR analysis of tracheal and oral swabs in the live vaecine groups.
Serological and pathological evaluation:

Lyophilized MEVAC RINNOVAC Eli-7 and the conventional live vaccine (Live A) were
reconstituted in their respective diluents, mixed, and dilated appropriately before administration
as detailed in Table 1. Similarly, the inactivated MEVAC ND7 PLUS vaccine and a conventional
inactivated vaccine were thoroughly mixed at roem temperature-and administered to the birds as
specified in Table 1. Five days post-vaccination, five birds from each vaccinated group were
euthanized, and tracheal samples were collected for pathological examination. Serological
responses were evaluated by hemagglutination inhibition (HI) testing, using 4 HA units of the La
Sota antigen, on days 0, 14, and 21 post-vaccination,with day 21 testing using both commercial

and circulating genotype VIl antigens.

On day 21 pest=vaccination (at 35 days of age), birds were challenged with a virulent circulating
Newcastle Disease Virus (NDV)"Genotype VII strain isolated by the Virology Laboratory at the
University of Tehran. To enstre a robust infection that mimics field exposure, each bird received
a challenge dose of 10%° EIDso. The challenge was administered via the intraocular and intranasal
routes (0.1 ml total volume, 0.05 ml per site), a standard method for inducing both mucosal and
systemic immune responses in vaccine efficacy trials. Five days post-challenge, oral and cloacal
swabs were collected for RT-PCR analysis, and five birds from each group were euthanized for
tracheal pathology assessment. Clinical signs were monitored throughout the study. Finally, on day
28 post-vaccination (7 days post-challenge), blood samples were collected from the remaining

birds for HI evaluation.

Vaccine uptake assessment:
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To evaluate vaccine uptake, oral and cloacal swabs were collected on day 5 post-vaccination
from birds in the groups receiving live vaccines, as indicated in Table 1. Samples were analyzed

using RT-PCR and real-time PCR with NDV-specific primers.
Genetic and phylogenetic evaluation of the vaccine:

For genetic and phylogenetic evaluation of the MEVAC RINNOVAC Eli-7 vaccine, RNA and
DNA were extracted from the live vaccine, and the strain was confirmed molecularly and
phylogenetically based on the fusion (F) gene. The vaccine was also examined,for external
microbial and viral contaminants, including adenovirus, Mycoplasma, infectious bronchitis virus,
and avian influenza virus. Vaccine seed RNA and DNA from Roeyan Darou Company were
transported on ice to the Virology Laboratory of the Faculty of VeterinaryyMedicine, University of
Tehran, and stored at —20 °C until cDNA synthesis.

cDNA synthesis:

cDNA was synthesized using the RevertAid H Minus First Strand cDNA Synthesis Kit based on

the manual of the kit.
PCR for Newcastle disease Fusion (F)/gene amplification:

PCR amplification of the Newcastle disease Fusiony(F) gene was performed under the following
conditions: initial denaturation at95 °C for 3 min, denaturation at 95 °C for 15 s, annealing at 48 °C
for 30's, and extensionsat 68 °C for 30's, repeated for 34 cycles, followed by final extension at
68 °C for 7.min. PCR/products were analyzed on 1.5% agarose gel, and the expected band length
of the Fusion gene was 203 bp.

PCR for detecting infectious bronchitis, avian influenza, adenovirus, and Mycoplasma:

Diagnostic RT-PCRvand PCR assays were performed to detect infectious bronchitis virus, avian
influenza virusys adenovirus, and Mycoplasma, all of which were negative. Positive RT-PCR
samples, together with the Fusion gene primers, were sent on ice for one-directional sequencing

to Codon Genetics Company.

Phylogenetic and Sequence Analysis of NDV Vaccine Strains
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After obtaining the sequences, their reading quality was evaluated using Finch TV software. To
determine the genotype and subgenotype of the live vaccine virus MEVAC RINNOVAC Eli-7, the
lyophilized vaccine was reconstituted, followed by RNA extraction and cDNA synthesis. PCR
amplification was then performed targeting a partial region of the fusion (F) gene containing the
cleavage site. The positive RT-PCR product was sequenced, and sequence quality was assessed
using FinchTV software. Initial confirmation of sequence identity was performed using the
BLAST tool in the NCBI GenBank database. The obtained sequences were alighed with NDV
genotype VII reference strains and previously reported Iranian isolates retrieved from GenBank
using MEGA7 software. Multiple sequence alignments were generated, afid phylogenetic analysis
was conducted using the Maximum Likelihood (ML) method based on the \General Time

Reversible (GTR) model, with 1000 bootstrap replicates used to assess tree robustness.
Statistical Analysis

Statistical analyses were conducted using GraphPad Prism/ software. Differences in
hemagglutination inhibition (HI) antibody titersssviral sheddings and other continuous variables
among the four groups were evaluated using/one-way analysis of variance (ANOVA) followed by
Tukey’s multiple comparisons test. Supvival,rates were analyzed using Kaplan—Meier survival
analysis and compared with theflog=rank (Mantel-Cox) test. Clinical scores and growth
performance data were also assessed using appropriat€ parametric or non-parametric tests, as

applicable, to ensure robust evaluation ofvaccine efficacy.

Table 1. Experimental grouping, vaccination protocol, serological sampling schedule, vaccine

uptake assessment, and challenge’design.

Group Number of Vaccine Type | Vaccination at Vaccine HI Test HI Test Challenge &
Chickens Day 14 Uptake (Day 14) (Day 21) Sampling
(Day 5)
Live 25 MEVAC + + + +
Vaccines RINNOVAC

Eli-7

25 Conventional + + + +
Live

Inactive 25 MEVAC ND7 + + +

Vaccines PLUS
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25 Conventional +
Inactive
Controls 25 Positive Control | Unvaccinated
(Placebo)
25 Negative Unvaccinated
Control (Placebo)
Results:

Serological evaluation of the MEVAC ND7 PLUS vaccine 14 days post-vaccination using a

commercial antigen:

Statistical analysis between the MEVAC ND7 PLUS groupi(3.60 +70.699). and the Inactive
conventional vaccine group (4.30 = 1.059) showed nogsignificant difference (P > 0.1146).
Comparison of antibody titers between the MEVACAND7 PLUS group (3.60 + 0.699) and the
control groups (2.22 + 0.421) also showed no significant difference (P > 0.1146), whereas a
significant difference was observed betweenfcontrol groups (2.22 + 0.421) and the Inactivated
conventional vaccine group (4.30 = 1.059) (P < 0.0009) (Figure 1(a)).

Serological evaluation of the MEVAC RINNOVAC Eli-7 vaccine 14 days post-vaccination

using a commercial antigen:

On day 14 post-vaccination, blood samples were collected from chicks in each group to evaluate
Newecastle antibedy tifers. Comparison of antibody titers between the MEVAC RINNOVAC Eli-7
group (3.60 = 0.516) and theylive A vaccine group (4.100 = 0.7379) showed no significant
difference (P > 0.1246). Moreover, a comparison of antibody titers between the control groups

(2.90+0.316) and all vaccine-receiving groups showed a significant difference (P <0.0005) (Figure
1(b)).
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Figure 1. (a) Serological evaluation of the MEVAC ND7 PLUS vacecine” 14 days post-vaccination.
Comparison of antibody titers against Newcastle vaccines and the contfol groups using a commercial
antigen. (b) Evaluation of Newcastle antibody ftiters 14 days” post-vaccination with MEVAC
RINNOVAC Eli-7. Comparison of antibedy titers against’Newcastle vaccines and the control

groups using a commercial antigen.

Serological evaluation of .the MEVAC ND7 PLUS vaccine 21 days post-vaccination using a

commercial antigen:

Comparison,of*Newcastle antibody titers induced by the MEVAC ND7 PLUS vaccine (4.20 +
1.549) and the Inactive conventional vaccine group (5.6 = 1.506) showed no significant difference
(P > 0.0611). In the evaluation of antibody titers, the control groups (2.5+0.707) showed a
significant difference compared to both vaccine-receiving groups (P < 0.0005) (Figure 2(a)).

Serological evaluation of the MEVAC RINNOVAC Eli-7 vaccine 21 days post-vaccination

using a commercial antigen:

On day 21 post-vaccination, blood samples were collected from chicks in each group to evaluate

Newcastle antibody titers. Comparison of antibody titers between the MEVAC RINNOVAC Eli-7
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group (2.60 £ 0.516) and the Live A vaccine group (2.5 £ 0.7071) showed no significant difference
(P> 0.2426). Furthermore, comparison of antibody titers between the control groups (2.50+0.707)
and the MEVAC RINNOVAC Eli-7 group (2.60 + 0.516) showed no significant difference (P >
0.9557), whereas a significant difference was observed between the control groups (2.50+0.707)
and the Live A vaccine group (3.889 £ 1.054) (P < 0.0018) (Figure 2(b)).
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a commercial antigen.

Serological evaluation of the MEVAC ND7 PLUS vaccine 21 days post-vaccination using

circulating GVII antigen:
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Antibody titers induced by the MEVAC ND7 PLUS vaccine (4.00 = 1.537) and the inactivated
conventional vaccine group (4.33 + 1.614) did not differ significantly (P > 0.8383). Comparison
of antibody titers across all groups with the control group (1.167 + 1.115) revealed a significant
difference between all vaccinated groups and the control (P <0.0001) (Figure 3(a)). Antibody titers

of the groups against the two commercial antigens and the circulating GVII antigen are presented

in Figure 3(b).

Comparison ND GVII Antigen & Commertial Antigen

(@) (b)

~
1 1

z
£ g 1
21 days after vaccination (GVI1 Antigen) Z 5+ l | 1
8 2 4 o)
=74 e _8 3 ] |
S 6 = 11 1+
= c -
E 5+ < 27 |
R =] I
£ 2 0 T T T T ' T
a
14 S O D O O O
< R o N o
- ARG MRS\ S
PONEFS NN AP
@ &0 &0
R » o AL
& S LY & &L
K SN &S
0°° N @ R \o & \O
Sa\s S Mo GO
S (OA N & QO O L
& & S (S &
& o0 (\\\ ?‘O ,\Q c®
Group Name RN (\QQ’ d eo
& & &
N &
Inactive Conventional | MEVAC.ND7 PLUS | Control ,§:’° @é
Mean 7333 4.000 1167 &
Std. Deviation 1.614 1.537 1.115
Std. Error of Mean | 0.4660 0.4438 0.3218 Group Name

Figure 3(a). Comparison of serological evaluation of the MEVAC ND7 PLUS vaccine 21 days
post-vaccination. Comparison of antibody titers against Newcastle vaccines and the control group
using girculating| GVII antigen. (b) Comparison of serological evaluation of the MEVAC ND7
PLUS vaccine 21 days post-vaccination. Comparison of antibody titers against Newcastle vaccines

and the control groups using circulating GVII antigen and commercial antigen.

Serological evaluation of the MEVAC RINNOVAC Eli-7 vaccine 21 days post-vaccination

using circulating GVII antigen:

On day 21 post-vaccination, blood samples were collected from chicks in each group to assess
antibody titers against Newcastle disease virus. Antibody titers in the MEVAC RINNOVAC Eli-7
group (2.083 = 1.564) and the Live A vaccine group (3.167 = 0.8348) did not show a significant

difference (P > 0.0870). Statistical analysis revealed a significant difference in antibody titers
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between the control groups (1.167 + 1.115) and all vaccinated groups (P < 0.0008). Comparison
between the MEVAC RINNOVAC Eli-7 group (2.083 £+ 1.584) and the control groups (1.115 +
1.167) did not indicate a significant difference (P < 0.1673) (Figure 4(a)). Antibody titers of the
groups against the two commercial antigens and the circulating GVII antigen are presented in

Figure 4(b).
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Comparison ND GVII Antigen & Commertial Antigen

(b) °

o N

ND antibody Titre (HI)

Group Name

Live A (GVIIAg) Live A (Commertial Ag) MEVAC RINNOVAC Eli-7 (GVII Ag). MEVAC RINNOVAC Eli-7 (Commertial Ad) Control (GVII Ag) Control (Commertial Ag)
Mean 3.167 3.889 2.083 3.889 1.167 2.500

Std. Deviation 0.8348 1.054 1.564 1.054 1.115 0.7071

Std. Error of Mean 0.2410 0.3514 0.4516 0.3514 0.3218 0.2236

Figure 4 (a). Evaluation of Newcastle antibody titers 21 days post-vaccination with MEVAC RINNOVAC
Eli-7. Comparison of antibody titers against Newcastlesvaccines and the control groups using circulating
GVII antigen. (b) Evaluation of Newcastle antibody titers 21 days post-vaccination with MEVAC
RINNOVAC Eli-7. Compatison of antibody titers/against Newcastle vaccines and the control

groups using circulating GVII antigen and commercial antigen.

Serological evaluation of the MEVAC ND7 PLUS vaccine 28 days post-vaccination and 7

days'post-challenge with commercial antigen:

On day 28 post-vaccination and day 7 post-challenge, blood samples were collected from the
remaining chicks in each group to assess Newcastle disease antibody titers. Antibody titers in the
MEVAC ND7 PLUS group (8.2 = 0.7559) and the conventional inactivated vaccine group (8.2 +
0.8376) did not show a significant difference (P > 0.8566). In the positive control group, no chicks
survived by day 7 post-challenge (Figure 5(a)).

Serological evaluation of the MEVAC RINNOVAC Eli-7 vaccine 28 days post-vaccination

and 7 days post-challenge with commercial antigen:
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On day 28 post-vaccination and day 7 post-challenge, blood samples were obtained from the
remaining chicks in each group to assess Newcastle antibody titers. Antibody titers in the MEVAC
RINNOVAC Eli-7 group (8.5 £ 0.5477) and the Live A vaccine group (5.67 =+ 0.5164) did not
exhibit a significant difference (P > 0.1828). In the positive control group, no chicks survived by

day 7 post-challenge (Figure 5(b)).
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Inactive Conventional\ | /MEVAC ND7 PLUS MEVAC RINNOVAC Eli-7 | Live A
Mean 8.200 8.286 Mean 8.500 5.667
Std. Deviation 0.8367 0.7559 Std. Deviation 0.5477 0.5164
Std. Error of Mean | 0.3742 0.2857 Std. Error of Mean | 0.2236 0.2108

Figure 5 (a). Comparison of serological evaluation of the MEVAC ND7 PLUS vaccine 28 days
post-vaceination‘and 7 days post-challenge with circulating virus using commercial antigen. (b)
Comparison of\serological evaluation of the MEVAC RINNOVAC Eli-7 vaccine 28 days post-

vaccination and 7 days post-challenge with circulating virus using commercial antigen.
Evaluation of vaccine uptake on day 5 post-vaccination:

On day 5 after vaccine administration, swab samples were collected from the oral cavity and
trachea of chicks receiving the MEVAC RINNOVAC Eli-7 and Live B vaccines. The samples were
analyzed using RT-PCR with a Newcastle-specific fusion gene primer. Vaccine detection was

negative in all groups.
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Necropsy findings:

On day 5, all groups exhibited normal trachea, proventriculus, and cecal tonsils upon necropsy.
Additionally, all challenged groups were necropsied on day 5 post-challenge, and no lesions were

observed in the trachea or proventriculus.
Histopathology:
Histopathological evaluation on day S post-vaccination

Tracheal tissues were evaluated based on histopathological parameters, including cpithelial cell
loss, epithelial cell degeneration, lymphoid cell infiltration in the lamina propria, and mucosal and
submucosal hemorrhage and hyperemia. After scoring, statistical analysis,was performed using the
Kruskal-Wallis test. The pathology score in the MEVAC RINNOVAC Eli-7.group (6.6 = 0.894)
did not differ significantly from the Live A vaccine group (5.60 = 1.140) (P> 0.5572). A significant
increase in pathology score was observed in the MEVAC RINNOVAC Eli-7 group compared to
the negative control group (4.6 1.517) (P < 0.0446), whereas the Live A vaccine group did not

differ significantly from the control.
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320 Figure®. Statistical analysis results of histopathological sections in the two vaccinated groups and

321  the‘control group.
322

323  Figure 7. Histopathological images of tracheal sections in different groups, evaluated at various

324  magnifications.
325
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327  Evaluation of viral shedding at 26 days post-vaccination with MEVAC RINNOVAC Eli-7
328 and 5 days post-challenge with circulating NDV genotype VII.
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Figure 8. Evaluation of viral shedding at 26 days postsvaccination and 5 days post-challenge with

a circulating NDV genotype VILstrain.

Phylogenetic evaluation of the vaccine strain in ecomparison with circulating NDV strains in

Iran:

The results of the phylogenetic” analysis demonstrated that the live vaccine strain MEVAC
RINNOVAC Eli-7 clustered’within genotype VII and, according to the previous classification
system, belonged to subgenotype VIIj. These findings confirmed the genetic consistency of the

vaccine strain with'genotype VII NDV strains circulating in Iran (Figure 9).
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Figure 9. Phylogenetic tree of circulating NDV strains and the MEVAC vaccine strain based on
the fusion (F) gene, constructed using the Maximum Likelihood (ML) method with the General
Time Reversible (GTR) model and 1000 bootstrap replicates in MEGA 7 software. The MEVAC

vaccine strain is indicated by a green square within the tree.
Discussion:

Newcastle disease (ND) remains one of the most highly infectious viral diseasesiaffecting poultry
worldwide, particularly in regions where virulent strains circulate endemically [13]. Among
Newcastle disease virus (NDV) genotypes, genotype VII (GVII), especially sub-genotype VII. 1.1,
has emerged as the predominant and most devastating lineage, responsible for severe outbreaks
across Asia, Africa, and parts of Europe, and has remained dominant in the Middle East, including
Iran, over the past decade [8]. Alarmingly, GVII isolates haye been reported to cause mortality
rates of up to 100% even in vaccinated flocks, highlighting the urgentneed for more effective and

targeted control strategies [14, 15].

This study demonstrates that MEVAC RINNOVAC, Eli-7 and MEVAC ND7 PLUS vaccines
provide strong protective immunity agaiist a virulent NDV GVII challenge. Vaccinated birds
developed robust humoral immune responses, with significant increases in HI antibody titres by
day 21 post-vaccination, consistefit with previous reports indicating that appropriate vaccines can
elicit adequate HI responses within this period [16]. Both recombinant live and inactivated
vaccines induced strong|scrological tesponses, with the reverse genetics—based live vaccine
performing equally well orslightly better in some parameters. The maintenance of high antibody

titres following challenge further'suggests the establishment of sustained immune protection.

A critical parameter for evaluating Newcastle Disease (ND) vaccines is their ability to reduce viral
shedding, thereby limiting environmental contamination and the risk of further outbreaks. In this
study, the virulent Genotype VII (GVII) challenge resulted in 100% shedding in the Positive
Control group, confirming the high susceptibility of unvaccinated birds [17, 18]. Interestingly,
while both vaccination programs reduced shedding, the Conventional Live (Live A) vaccine group
showed a higher reduction despite the genotype mismatch. This may be attributed to the rapid
onset of local mucosal immunity or differences in the viral replication kinetics of the vaccine
strains within the respiratory tract [18]. While conventional Genotype II vaccines like LaSota can

significantly reduce shedding levels through broad-spectrum cross-reactivity, they may not always
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reach the threshold of sterilizing immunity required to eliminate the virus entirely [19]. The
shedding observed in the MEVAC Eli-7 group, though higher than the conventional vaccine group
in this specific trial, still represents a significant reduction compared to the controls and must be
balanced against the vaccine's ability to prevent clinical disease and mortality, which remained

high across both vaccinated groups.

A key finding of this study is the clear advantage of genotype-matched vaccination. NDV GVII
strains show extensive genetic and antigenic diversity, which can compromise the efficacy of
conventional genotype II vaccines such as LaSota [19, 20]. While these traditional vaecines may
reduce the severity of clinical disease, they often do not fully prevent viral replication and
shedding. In contrast, genotype-matched vaccines provided near-complete protection in this study,
with vaccinated birds showing minimal clinical signs and only, mild histopathological changes,
whereas unvaccinated control birds succumbed to infection. These,findings are consistent with
previous studies demonstrating that antigenically matched vaccines induce stronger humoral
responses and provide improved control of viral dissemination compared with heterologous

vaccines [9, 12, 21].

Conclusion

Overall, these results emphasise that phylogenetically informed vaccine design, antigenic
matching, and the use of advanced vaceine platforms such as reverse genetics-based live vaccines
are criticaldfor optimising NDV control. Implementing genotype-matched vaccination strategies
can enhance protective immunity, limit disease severity, and support more effective control of

virulent GVILstrains in endemic regions.
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