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Abstract

Background Newcastle disease virus (NDV) is a causative agent of Newcastle disease (ND), a major infectious
poultry disease associated with significant economic losses. Vaccination is usually effective at preventing the disease.
However, in Ethiopia, ND is commonly detected in both unvaccinated and vaccinated chickens. In this study, we
aimed to evaluate the pathogenicity of NDV isolated from both vaccinated and unvaccinated chickens, as well as to
compare the antigenicity of the isolates with vaccine strains and genotyping by using the F-gene sequence.

Methods The partial F gene sequences of all isolates and the mean death times (MDTs) of representative isolates
were used to determine genotype and pathogenicity of the isolates. Antigenicities were assayed with the
hemagglutinin inhibition (HI) and virus neutralization (VN) tests using antiserum against the vaccine Hitchner B1
(HB1), which is the most commonly used NDV vaccine in Ethiopia. Thermostability was evaluated by incubating
infected allantoic fluid at 56 °C.

Results Out of 231 samples tested, 10.8% (25/231) were positive for virus isolation. The F gene cleavage sites of all 25
isolates had '"°RRQKRF'", a characteristic of virulent NDVs. The MDTs of representative isolates were less than 60 h,
indicating highly virulent (velogenic) pathotypes. The Hl test revealed significant differences between our isolates and
the HB1 vaccine strain, but the VN test showed no antigenic difference. Phylogenetic analysis based on the partial £
gene sequences showed that all the isolates belonged to sub-genotype VII.1.1 of genotype VII, which is closely related
to NDV strains from the Middle East and Eritrea. Thermostability test showed two of the 25 isolates were thermostable.

Discussion Although the Hl test indicates antigenic differences between the velogenic Ethiopian isolates and the

HB1 vaccine, the VN test showed that the vaccine could protect infections with these isolates. Phylogenetic analysis
showed that all studied isolates belong to sub-genotype VII.1.1 of genotype VII, diverging from previously reported

genotype XXI in Ethiopia.

Conclusions In Ethiopia, NDV genotype VIl 1.1 is widely distributed. Since these viruses showed the same
antigenicity as the HB1 vaccine in VN test, the occurrence of ND in vaccinated chickens may be due to vaccine failure
caused by inadequate management or immunosuppression due to other infectious diseases.
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Introduction

Newcastle disease virus (NDV), also known as avian
paramyxovirus 1 (APMV 1), belongs to the family Para-
myxoviridae, subfamily Avulavirinae, genus Ortho-
avulavirus [1]. Clinical signs observed in NDV-infected
chickens vary depending on the virus pathotype, age,
coinfection with other pathogens, stress, and immune
status. Clinical signs include sudden death, depression,
oedema of the head, twisting neck (torticollis), diarrhea,
soft eggshell, and a drop in egg production [2]. Five NDV
pathotypes have been identified based on clinical signs
and pathological lesions: (1) viscerotropic velogenic with
hemorrhagic intestinal lesions, (2) neurotropic velogenic
resulting in high mortality with respiratory and neurolog-
ical signs, (3) mesogenic (moderately virulent) with respi-
ratory and some nervous signs, (4) lentogenic with mild
or inapparent respiratory signs and (5) subclinical. Mor-
tality may be as high as 50% with the mesogenic strains
and up to 100% with the velogenic strains [2, 3]. Based
on the mean death time (MDT) in embryonated chicken
eggs (ECEs) [4], NDVs can also be classified into three
pathotypes: (1) velogenic (highly virulent; MDT <60 h),
(2) mesogenic (intermediately virulent; MDT between 60
and 90 h) and (3) lentogenic (low virulent; MDT >90 h).

NDV has a single-stranded, non-segmented, negative-
sense RNA genome of 15,186, 15,192, or 15,198 nucleo-
tides in length [5, 6]. The genome encodes six structural
proteins: NP (nucleoprotein), P (phosphoprotein), M
(matrix), F (fusion), HN (haemagglutinin-neuramini-
dase), and L (RNA-dependent RNA polymerase) protein,
as well as two nonstructural proteins, W and V, which
are produced through specific RNA editing by nucleotide
shifting of the P gene during transcription [7]. HN and
F surface glycoproteins play vital roles in viral infection.
HN protein is essential for attachment to the host cell,
whereas F protein enables fusion of the virus envelope
with the cell membrane [8]. The precursor fusion glyco-
protein (FO) needs to be cleaved into F1 and F2 by host
cell proteases for the virus to be infectious. Virulent NDV
strains are characterized by a R/K-R-Q/K/R-K/R-R'*®
sequence at the C-terminus of F2 protein, and a phenylal-
anine residue (F) at position 117 of F1 protein. FO of these
strains can be cleaved by proteases found in wide range
of cells and tissues, thus allowing the virus to infect vari-
ous organs. FO of low virulent strains exhibits sequences
in the same region as '?G/E-K/R-Q-G/E-RM, with leu-
cine residues (L) at position 117 that can be cleaved by
proteases restricted to the respiratory and gastrointesti-
nal tracts, resulting in local infection [2].

NDVs are classified into two classes (I and II) based
on their complete genome sequences [6]. The F gene
sequence is used for NDV genotyping. Class I NDVs have
a single genotype, whereas class II NDVs are subclassi-
fied into 21 genotypes [9]. Class Il NDVs are responsible
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for several panzootics in poultry. Genotypes II, III and
IV were responsible for the first NDV panzootics that
happened from 1920 to 1960. The second panzootic was
caused by genotype V in the late 1960s. Former sub-
genotype VIb (current sub-genotype VI.1.1) resulted in
the third panzootic in pigeons in the 1980s. The fourth
panzootic, which began in 1985 and the most recent fifth
panzootic were caused by genotype VII [10-12].

The poultry population in Ethiopia is about 57 million
[13]. Ethiopian poultry production comprises backyard
production (89% of the total chicken population), small-
scale commercial farms (8%) and large-scale commercial
farms (3%) [14]. Poultry production in Ethiopia is signifi-
cant as a source of protein and income [15], although it
is hampered by disease and poor management. One of
the most important diseases affecting poultry production
in Ethiopia is ND [16]. ND outbreaks were first reported
in 1971 in Eritrea and in 1972 in Addis Ababa, Ethiopia
[17]. Since then, the disease has spread to other parts of
Ethiopia and became endemic with outbreaks reported
every year [18]. NDV from backyard poultry farms where
vaccination is not common has been reported in different
parts of Ethiopia [16, 19-21]. Poor handling practices in
live bird markets (LBMs) has also been reported to play
a major role in the spread of the virus in Ethiopia and
other countries [22-26]. Even though ND vaccination in
commercial farms has been conducted since 1974 [27],
there have been several reports of ND outbreaks in vac-
cinated commercial farms in Ethiopia [28—31]. However,
the causes of ND outbreaks in vaccinated chickens have
not been determined, possibly because of a difference in
antigenicity between field and vaccine strains [32, 33].
Currently available ND vaccines in Ethiopia were derived
from genotypes I and II. Genotype-matched ND vaccines
have been reported to provide better protection than het-
erologous vaccines [34, 35]. Thus, knowing the currently
circulating NDV genotypes is necessary. Ethiopia is a
landlocked country close to the Red Sea (an important
global trade route) and borders six African countries.
Frequent movements of poultry and migrations of wild
birds characterize this region. Therefore, the character-
ization of NDVs prevalent in Ethiopia will contribute to
the development of effective strategies for controlling ND
throughout East Africa.

Materials and methods

Sample collection

Oropharyngeal and cloacal swab samples were collected
from commercial and backyard chickens, as well as LBM
in five different locations in Ethiopia (Fig. 1). A total of
231 chickens were sampled, including 225 with NDV-
related clinical signs (torticollis, respiratory distress,
greenish diarrhea, ruffled feather and depression) from
a farm visit, one from a suspected NDV outbreak, and
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Fig. 1 Location of sample collection sites
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Holeta

Addis Ababa

Table 1 Sample collection sites, collection date and number of chickens sampled

S/No. Collection site Collection date Season Sampled chickens Production system Vaccination history

1. Wolaita 2023/01/31-2023/02/16 Winter 50 Backyard Unvaccinated
2023/10/12-2023/11/05 Autumn 25 Backyard Unvaccinated

2. Bishoftu 2023/02/09-2023/03/01 Winter 50 Commercial Vaccinated*
2023/12/02-2023/12/29 Autumn 25 Commercial Vaccinated*

3. Holeta 2023/01/09-2023/02/17 Winter 50 Commercial Vaccinated®
2023/09/24-2023/10/17 Autumn 25 Commercial Vaccinated*

4. Addis Ababa 2023/03/09 Spring 1 Commercial Vaccinated*

5. Sebeta 2023/12/31 Winter 5 LBM Unknown

Total 231

*:vaccinated with HB1 and LaSota

five from live bird market (LBM) (Table 1). All samples
were transported under cold chain conditions to the Ani-
mal Health Institute (AHI), Sebeta, Ethiopia for NDV
screening.

NDV screening by real time reverse transcriptase
polymerase reaction (RRT-PCR)

Individual swabs were centrifuged at 20,000xg for 5 min,
then five swab suspensions from the same location (oro-
pharyngeal with oropharyngeal and cloaca with cloacal)
were pooled together and processed as one pool accord-
ing to World Organization for Animal Health manual
[2]. RNA extraction was conducted using MagExtrac-
tor™ Viral RNA kit (Toyobo, Osaka, Japan) from pooled
samples and examined by RRT-PCR. The NDV screening
was performed using primer targeting M gene, Forward
M+4100 5'-AGTGATGTGCTCGGACCTTC-3’, Reverse
M-4220 5'-CCTGAGGAGGCATTTGCTA-3' and probe
5- [FAM] TTCTCTAGCAGTGGGACAGCCTGC
[TAMRA]-3" [36]. All NDV-positive pool samples in the
RRT-PCR were subjected to RRT-PCR for each individ-
ual sample contained in the pool sample. All individual

samples NDV-positive in the RRT-PCR were sent to the
Avian Zoonosis Research Center, Tottori University,
Japan, for further analysis.

Virus isolation and hemagglutination assay (HA) test

Virus isolation was conducted according to the pro-
cedure described by Alexander [4]. Briefly, 0.1 ml of all
RRT-PCR positive swab samples were inoculated into the
allantoic sac of 9-11 days old ECEs (Aoki Breeder Farm,
Tochigi, Japan). The eggs were incubated at 37 °C for 48 h
and viability of the eggs was checked every 24 h by can-
dling. The eggs that died within 24 h of incubation were
discarded. All eggs that either died after 24 h of incuba-
tion or survived the incubation period were chilled over-
night at 4 °C. Then, allantoic fluids were harvested and
tested for the presence of hemagglutinating virus using
0.6% chicken red blood cells. All HA negative samples
were passaged in ECEs for the second time, when the sec-
ond passage tested HA negative, the sample was consid-
ered negative for NDV. NDVs isolates in this study were
used for antigenic, genotypic and phylogenetic character-
ization of currently circulating NDV strains in Ethiopia.
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Antigenicity test

NDV HBI antiserum prepared by immunizing chickens
with commercial Hitchner B1 (HB1) live vaccine (Nis-
seiken, Tokyo, Japan) according to the manufacturer’s
instruction was used to examine the difference in the
antigenicity of Ethiopian field NDV strains against the
commonly used HB1 vaccine. Infective allantoic fluid
from the commercially available live NDV HB1 was pre-
pared based on the above-mentioned method and used
to compare the antigenicity against field strains with the
hemagglutinin inhibition (HI) test and virus neutraliza-
tion (VN) test. The HI test was performed according to
the WOAH protocol [2]. The agglutination is assessed
by tilting the plates. The highest dilution of serum caus-
ing complete inhibition of 4 HAU of antigen was con-
sidered as HI titer. VN test was conducted with slight
modification of the method described in WHO Manual
on Animal Influenza Diagnosis and Surveillance [37].
Briefly, HBlantiserum was heat inactivated at 56 °C for
30 min and twofold diluted antiserum was mixed with
100 TCID;,/50 pl of HB1 and field NDVs in quadrupli-
cate. The virus-antiserum mixture was gently agitated
and incubated at 37 °C with 5%CO, for 1 h. 100 pl of
the virus-antiserum mixture was transferred to conflu-
ent DF-1 cells in 96 well plates. After 1 h of incubation,
the virus-antiserum mixture was removed and 200 pl of
D-MEM (+/-0.1 pg/ml TPCK trypsin) was added. The
plates were incubated for 4 days at 37 °C with 5% CO,
and observed daily for cytopathic effect (CPE). The high-
est dilution of the antiserum that protected CPE in 2 of
the 4 wells was considered as the VN titer (VNT).

Thermostability test

Thermostability test was conducted as described by
Grund et al. [38]. Briefly, undiluted allantoic fluids were
centrifuged at 100xg for 10 min, aliquoted in 1.5 ml
microtube and incubated at 56 °C in a water bath for 5,
15, 30, 60 and 120 min and rapidly chilled. Thermostabil-
ity of the isolates was examined by HA test. Strains show-
ing stable HA activity after 15 min of incubation were
considered as thermostable [39].

cDNA synthesis, partial F gene amplification and
sequencing

RNA was extracted from all HA positive allantoic fluids
using QIAamp viral RNA mini kit (Qiagen, Hilden, Ger-
many) in accordance with the manufacturer’s instruc-
tions. cDNA was synthesized from the RNA using a
Superscript III reverse transcriptase (Invitrogen, CA,
USA) and random hexamer primers. Partial F gene
(489 bp), was then amplified from the cDNA with for-
ward primer 5-ATGGGCYCCAGACYCTTCTAC-3’
and reverse primer 5-CTGCCACTGCTAGTTGTGA
TAATCC-3’ [40]. The amplified products were run on
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1% gel electrophoresis and extracted using a MinElute
Gel Extraction kit (Qiagen, Hilden, Germany). The PCR
products were cycle sequenced using BigDye Termi-
nator v3.1 cycle sequencing kit (Thermo Fisher, MA,
USA) and sequenced by Sanger method sequencer (FAS-
MAC, Kanagawa, Japan). The sequence products were
edited and aligned by CodonCode Aligner version 10.0.1
(CodonCode, Dedham, MA, USA).

Selection of representative isolates, pathogenicity of NDV
isolates and MDT test

Seven representative isolates were selected for the MDT
and VN test by considering the sample collection sites
and seasons. Accordingly, two samples from Wolaita
(NDV/chicken/Eth-SZ1T2/2023 and NDV/chicken/
Eth-WS10C7/2023), two samples from Holeta (NDV/
chicken/Eth-HT2T1/2023 and  NDV/chicken/Eth-
HT9C15/2023), one sample each from Bishoftu, Addis
Ababa and Sebeta (NDV/chicken/Eth-BS2T14/2023,
NDV/chicken/Eth-AA3T1/2023 and NDV/chicken/Eth-
SLBMC1/2023), respectively, were selected.

The pathogenicity of NDV isolates was determined by
the deduced amino acid sequence of the F gene cleavage
site and MDT test. MDT was conducted to differentiate
velogenic, mesogenic and lentogenic strains as per the
standard procedure described by Alexander [4]. Fresh
infective allantoic fluids of seven representative isolates
were diluted from 107® to 107, 0.1 ml of each dilution
was inoculated into five 10-day-old specific pathogen
free (SPF) eggs (KM Biologics Co., Ltd., Kumamoto,
Japan) and incubated at 37 °C. The embryos were exam-
ined every 12 h for seven days and the time of death was
recorded. The highest dilution that kills all eggs is the
minimum lethal dose and the MDT is the mean time in
hours for the minimum lethal dose to kill the embryos.
Isolates were considered velogenic: with an MDT of less
than 60 h, mesogenic: MDT between 60 and 90 h and len-
togenic with MDT of more than 90 h. EID;, (the amount
of infectious virus required to infect 50% of inoculated
embryonated eggs) and ELD;, (the amount of infectious
virus required to cause mortality of 50% of inoculated
eggs) were determined by the Reed and Muench method
[41] from the same SPF eggs used to test MDT.

Phylogenetic analysis

Partial F gene sequences of all the isolates were used
to determine their genotype according to the previous
reports [28, 42, 43]. The sequences were subjected to
Basic Local Alignment Search Tool (BLAST) (https://bl
ast.ncbi.nlm.nih.gov/Blast.cgi) at first to retrieve closely
related sequences from the GenBank. The sequences and
the pilot dataset based on the NDV F gene sequence pro-
posed by Dimitrov et al. [9] were aligned using a Multiple
Sequence Comparison by log expectation (MUSCLE)
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in Molecular Evolutionary Genetic Analysis Version X
(MEGA X) [44]. Subsequently, phylogenetic trees from
the aligned sequences were constructed using the maxi-
mum likelihood method with the general time-reversible
model and 1,000 bootstrap. The genotypes of the isolates
were determined based on the F gene sequences from the
pilot data set reported previously [9].

Results

NDV detection and isolation

Of 231 chickens that were examined, 29 (12.6%) tested
positive for NDV by RRT-PCR. NDV was successfully
isolated from 25 of these chickens. The detection and
isolation rates of NDV from backyard chickens (Wolaita)
with no vaccination history were 13 out of 75 (17.3%)
and 12 out of 75 (16%), respectively. These rates were
relatively higher than those for vaccinated chickens from
Holeta, Bishoftu and Addis Ababa with 15 out of 151
(9.9%) for detection and 12 out of 151 (7.9%) for virus
isolation. NDV was detected and isolated from one of the
five chickens (20%) sampled in the LBM (Table 2).

NDVs were most frequently detected from oropharyn-
geal swabs only, with 15 chickens (51.7%) testing positive
from Wolaita (6), Holeta (7) and Bishoftu (2), followed
by 7 chickens (24.1%) with positive cloacal swabs only
from Wolaita (4) and Holeta (3), and 7 chickens (24.1%)
with positive results from both oropharyngeal and cloa-
cal swabs from Wolaita (3), Holeta (2), Addis Ababa (1)
and Sebeta (1). The virus isolation and RRT-PCR detec-
tion rates showed similar patterns, in which the virus was
isolated from oropharyngeal swabs only in 13 chickens
(52%) from Wolaita (7), Holeta (4) and Bishoftu (2), fol-
lowed by cloacal swabs only 7 (28%) from Wolaita (4) and
Holeta (3), and both oropharyngeal and cloacal swabs
from 5 chickens (20%) from Wolaita (1), Holeta (2), Addis
Ababa (1) and Sebeta (1) (Table 2).

Table 2 NDV screening by RRT-PCR and virus isolation by ECEs
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Antigenicity and thermostability

The HI titers of anti-HB1 antiserum for the 25 isolates
ranged from 40 to 80, while the HI titer for the live
NDV vaccine HB1 was 320, indicating a significant dif-
ference. However, the HB1 antiserum neutralized live
HB1 at a 1:640 dilution, with all seven representative
samples in this study showing similar VNT ranging from
640 to 1280. HA activity from 23 of the 25 isolates was
destroyed by only 5 min at 56 °C, while the other two still
showed HA activity after 15 min. These two isolates were
determined as thermostable. (Table 3).

Comparison of nucleotide sequences of F genes

The nucleotide similarity of the partial F gene sequence
(489 bp) among the 24 isolates in this study ranged from
97 to 100%. Only the isolate from the LBM was relatively
different, with similarities from 95.8 to 97.2%. The strains
in GenBank that are most closely related to our isolates
were Eritrean (6_19 isolate, Accession OQ466555.1)
and Iranian (CHRT40IR2011 isolate, ON184061.1) with
97-98.4% and 96.4-97.4% nucleotide identities, respec-
tively. The current NDV isolates differed considerably
from the ND strains isolated in Ethiopia between 2011
and 2014 that belongs to genotype XXI and VII.1.1, with
nucleotide identities ranging from 65.9 to 95.3%. All par-
tial F gene nucleotide sequences of the current study were
deposited in NCBI GenBank/EMBL/DDB]J (Table 3).

Pathogenicity of NDV isolates

All isolates had identical multiple basic amino acids and
F!!7 at the F protein cleavage site (Table 3), indicative of
virulent strains according to the WOAH Terrestrial Man-
ual [2]. In addition, the MDTs of all seven representative
isolates were less than 60 h, which is typical of velogenic
strains. The mean infectious dose (EIDg)) and mean
lethal dose (ELDy,) were identical for all isolates ranging
from 1071° to 10%%3/0.1 ml (Table 3).

Sample collec- Numberof Vaccination Number of NDV positive chickens
tion sites chickens history RRT-PCR  Virus Only from oropha-  Only from cloacal ~ From both oro-
isolation ryngeal swab swab pharyngeal and
cloacal swabs
RRT-PCR Iso- RRT-PCR  Iso- RRT-PCR Iso-
lated lated lat-
virus virus ed
virus
Wolaita 75 Unvaccinated 13 12 6 7 4 4 3 1
Holeta 75 Vaccinated* 12 7 4 3 3 2 2
Bishoftu 75 Vaccinated* 2 2 2
Addis Ababa 1 Vaccinated* 1 1 1 1
Sebeta LBM 5 Unknown 1 1 1 1
Total 231 29 25 15 13 7 7 7 5
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Table 3 Biological characteristics of the 25 NDV isolates

Isolates Collection  Thermo HI  Fgenecleav- MDT EID;o/ ELD;o/0.1 ml  Acces- Pathotype

site stability titer age ssite (hours) 0.1 ml sion
in minutes number

NDV/chicken/Eth-SZ172/2023 Wolaita 5 40 "?RRQKRIF' <60 10763 10793 LC846624 Velogenic
NDV/chicken/Eth-ST2T7/2023 Wolaita <5 40 "RRQKR(F' - - - LC846621 Meso/Velo
NDV/chicken/Eth-ST2T8/2023 Wolaita <5 40 "?RRQKRIF' - - LC846622 Meso/Velo
NDV/chicken/Eth-ST2T10/2023 Wolaita <5 40 '?RRQKRIF' - - - LC846623 Meso/Velo
NDV/chicken/Eth-ST2C9/2023 Wolaita 5 40 '°RRQKRIF' - - LC846619 Meso/Velo
NDV/chicken/Eth-ST2C11/2023 Wolaita 5 40 "?RRQKRIF' - - - LC846620 Meso/Velo
NDV/chicken/Eth-WG2T4/2023 Wolaita 5 40 '?RRQKRIF' - - - LC846626 Meso/Velo
NDV/chicken/Eth-WGT9/2023 Wolaita 5 40  "?RRQKRIF' - - LC846627 Meso/Velo
NDV/chicken/Eth-WG2T10/2023 Wolaita <5 40 "?RRQKRIF' - - - LC846628 Meso/Velo
NDV/chicken/Eth-WG2C5/2023 Wolaita 5 40 '°RRQKRIF' - - - LC846625 Meso/Velo
NDV/chicken/Eth-WS10C7/2023 Wolaita <5 40  "2RRQKRIF' <60 10853 1082 LC846629 Velogenic
NDV/chicken/Eth-WS10T8/2023 Wolaita <5 40 "?RRQKRIF' - - - LC846630 Meso/Velo
NDV/chicken/Eth-HT2T1/2023 Holeta <5 80  'RRQKRIF' <60 1071 10716 LC846610 Velogenic
NDV/chicken/Eth-HT2T2/2023 Holeta <5 40 "?RRQKRIF' - - - LC846611 Meso/Velo
NDV/chicken/Eth-HT2T3/2023 Holeta <5 40 '"?RRQKR(F' - - - LC846612 Meso/Velo
NDV/chicken/Eth-HT2T4/2023 Holeta <5 40 "?RRQKRIF' - - - LC846613  Meso/Velo
NDV/chicken/Eth-HT2T5/2023 Holeta <5 80  '"’RRQKRIF' - - - LC846614 Meso/Velo
NDV/chicken/Eth-HT9T11/2023 Holeta 5 40 '°RRQKRIF' - - LC846617 Meso/Velo
NDV/chicken/Eth-HT9C8/2023 Holeta 5 40 '?RRQKRIF' - - LC846615 Meso/Velo
NDV/chicken/Eth-HT9C13/2023 Holeta 15 40 '"’RRQKRIF' - - - LC846616 Meso/Velo
NDV/chicken/Eth-HT9C15/2023 Holeta 15 40 "?RRQKRIF' <60 1085 10%° LC846614 Velogenic
NDV/chicken/Eth-BS2T13/2023 Bishoftu <5 40 "’RRQKRIF' - - - LC846608 Meso/Velo
NDV/chicken/Eth-BS2T14/2023 Bishoftu 5 40 "RRQKRIF' <60 1078 1078 LC846609 Velogenic
NDV/chicken/Eth-AA3/T1/2023 Addis Ababa <5 80  "’RRQKRIF' <60 10883 1088 LC846607 Velogenic
NDV/chicken/Eth-SLBM12C1/2023 Sebeta LBM <5 40 "?RRQKRIF' <60 107° 107 LC846618 Velogenic

1:F, cleavage site; -: test not conducted; Meso/Velo: Mesogenic or Velogenic

Phylogeny of NDV isolates

A phylogenetic tree based on the partial F gene nucleo-
tide sequences showed that all this study isolates belong
to genotype VII sub-genotype VIL1.1 and cluster into
two distinct groups. The isolate from the LBM (NDV/
chicken/Eth_SLBM12C1/2023) clustered separately
from the other 24 isolates. All of the current isolates
clustered with Eritrean and Middle East strains. Isolates
from Holeta clustered into two separate branches. Those
collected during the winter season (NDV/chicken/Eth_
HT2T1-T5/2023) clustered with an isolate from Wolaita
collected during the same season. Meanwhile, isolates
from Holeta collected in the autumn season clustered
with samples of Bishoftu (NDV/chicken/Eth_BS2T13
and 14/2023) collected during winter. Except for the one
sample, all Wolaita isolates clustered into one branch
with an isolate from Addis Ababa (NDV/chicken/Eth_
AA3T1/2023) irrespective of sample collection season
(Fig. 2).

Discussion

ND poses a significant threat to poultry production
worldwide, particularly in developing countries like Ethi-
opia, where outbreaks continue to cause severe economic

losses [18]. In this study, the antigenicity, genotype and
pathogenicity of currently circulating NDV strains in
Ethiopia were assessed. These analyses revealed that all
isolates in this study were velogenic and they belonged to
genotype VII 1.1, which is different form the vaccine. The
HI test revealed significant 8-fold antigenic differences
between the HB1 vaccine and the 25 Ethiopian strains.
However, it has been reported that the HI test does not
always reflect neutralizing antibodies [48] that are effec-
tive in preventing the virus infection, and in this study,
the VN test showed no significant difference between the
vaccine strain and the field strains, indicating that the
HB1 vaccine can protect effectively against these field
strains infection regardless of genotype differences. On
the other hand, it remains unclear why many ND out-
breaks were reported in vaccinated chicken flocks. In
general, it is believed that genotype-matched vaccines are
suitable for better protection than genotype-mismatched
vaccines [34, 35]. Since the HI test showed significant
differences between their antigenicity, vaccines that are
genetically and antigenically identical to the field strains
even in HI test, may be necessary to achieve more effec-
tive prevention of the disease. The other possible reasons
are the vaccine failure, immunosuppression due to other
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NDV/chicken/Eth_BS2T13/2023
NDV/chicken/Eth_BS2T14/2023
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Fig. 2 Phylogenetic tree based on partial F gene sequences (aligned 218 nucleotides from all strains). The tree was constructed using the maximum
likelihood method with the general time-reversible model and 1000 bootstrap replicates. Bootstrap values >80% are shown at the nodes. Red: Ethiopian
NDV isolates in this study; Green: Previous Ethiopian NDV strains; Black: Top hit NDV strains from other countries closely related to Ethiopian strains se-
lected from the 1000 sequences retrieved by BLAST search and reference sequences for genotyping reported by Dimitrov et al. [9] for genotype VII.1.2,
VII.2 and VI.
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infectious diseases such as infectious bursal disease, or
poor hygiene management. To establish more effective
control measures for this disease in future, further inves-
tigation is required.

Only two of the 25 strains in this study remained active
after 15 min at 56 °C, which is less than that reported in
a previous study, in which 6 of 10 strains remained active
after 1 to 2 h at 56 °C [29]. Because thermostable strains
can survive for long periods in the environment [45],
they present a greater risk for virus transmission in tropi-
cal countries like Ethiopia.

Phylogenetic analysis based on the partial F gene nucle-
otide sequence revealed that all of the Ethiopian NDVs
isolated in this study belong to genotype VII sub-geno-
type VIL1.1. Although all isolates in this study belong
to the same sub-genotype VII.1.1 due to less than 0.05
genetic distance [9], the isolates from the same locations
did not end up in the same branch, suggesting slight dif-
ferences among NDVs circulating in Ethiopia. Similar to
our findings, genotype VII was detected recently in the
central part and mid rift-valley in Ethiopia [21, 31], In
contrast, most of the previous NDV isolates belonged to
genotype XXI (Fig. 2).

As of May 30, 2024, GenBank had only 19 (7 full and 12
partial) F gene sequences of virulent NDV strains from
Ethiopian chickens. All except two strains were classi-
fied as previous genotype VI [22, 28, 29], which has more
recently been divided into two genotypes (VI and XXI).
Only one of the previous Ethiopian strains belongs to the
current genotype VI, while the other 16 belong to the
new genotype XXI (Fig. 2). Only the remaining two pre-
vious NDV strains were clustered with the current geno-
type VIL.1.1 [46], suggesting that there has been a shift in
the most prevalent genotype of NDVs in Ethiopia which
could be due to vaccination effect or host related factors
[47, 48].

Genetic analysis showed that the current NDV strains
isolated from Ethiopian chicken farms were genetically
close to strains detected in the Middle East (Iran and
Iraq) and Eritrea. Outbreaks in these countries have
been attributed to the same genotype [49, 50]. Genotype
VIL1.1 was also detected in wild birds and chickens in
Egypt [51, 52]. Since all these countries are located close
to the Red Sea, a global trade route [48], the virus might
have been brought to Ethiopia through poultry trade in
the region.

In the present study, NDV was detected more fre-
quently in backyard chickens with no vaccination his-
tory than in commercial chickens, agreeing with recently
reported data from Ethiopia’s central part and Mid rift-
valley [21]. Together, these studies show that NDV vac-
cines are partly effective. Since a small number of LBM
chicken samples were tested, we cannot determine the
prevalence of NDV in this study. However, Delesa et al.
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[22] found a high prevalence of NDV in chickens in cen-
tral Ethiopia (44 of 146 (30.1%)) of which 29 (19.7%) were
virulent strains from LBM in Addis Ababa. Similarly, in
North Gondar (Northwest Ethiopia), NDV was detected
in 39.2% (188/480) of LBM chickens among which 39/95
(41.1%) were virulent strains [24]. Detection of viru-
lent NDVs with such high prevalence from LBMs dem-
onstrates the importance of LBMs as a hotspot for the
spread of NDV and other poultry diseases, as chickens
from different areas gather there and are either returned
back or transferred to other locations at the end of the
market day.

The F proteins of all isolates had an
H2ZRRQKR | F7cleavage site, which is a characteristic of
mesogenic/velogenic strains [2]. Additionally, an in vivo
study of representative isolates confirmed that all were
velogenic pathotypes with MDTs less than 60 h. Velo-
genic NDV strains have also been reported in several
parts of Ethiopia [19, 21, 28, 29, 31, 46], suggesting that
there is a need to implement effective control measures.

Conclusions

All of the virulent NDV strains isolated in this study
belong to genotype VIL1.1. The VN test confirmed that
the classical vaccine available in the country provides
protection despite antigenic differences between field
and vaccine strains, as indicated by the HI test. There-
fore, the cause of NDV outbreaks in vaccinated chickens
in Ethiopia requires further investigation. Due to Ethio-
pia’s geographical location, virulent NDVs can easily
spread to and from Ethiopia, the Middle East, and other
neighboring countries through the movement of fomites,
poultry, and poultry products. Thus, studies of the geno-
types and antigenicity of NDVs in Ethiopia should help to
design control measures for ND in the region.
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