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Abstract

Background: Newcastle disease (ND) has been categorized as a highly contagious viral disease, remaining as a constant threat to
both wild birds and commercial chickens. Aims: In this study, we recovered and characterized the avian orthoavulavirus 1 (AOaV-1)
strain, nominated as EM1, from the Eurasian magpie (Pica pica). Methods: The nucleotide and amino acid sequence of the fusion
protein (F protein) of EM1 were determined and its phylogenetic relationship was investigated with well-characterized AOaV-1
genotypes, which originated from wild bird species and chickens around the world. Results: Phylogenetic analysis and deduced
amino acid sequences of the F gene revealed that EM1 virus belonged to VIII sub-genotype viruses with the characteristic multibasic
amino acid sequences associated with the velogenic motif as '">’RRQKRF''7 at the cleavage site of its precursor fusion protein. EM1
shared a high level of similarity to the other virus sub-genotypes in nucleotide and amino acid sequences of F protein. Furthermore,
the evolutionary difference between the studied virus and viruses belonging to the VIII sub-genotype indicated that a close
relatedness and the possibility of a common origin. Conclusion: These results show that the virulent AOaV-1 of sub-genotype VIII is
circulating continuously in Iran, and is disseminating among wild and domestic bird species that can cause bidirectional spillover
infection. Therefore, further epidemiological studies can be beneficial in the assessment of the evolution of AOaV-1 in its hosts and

will help us to be well-equipped in facing the emergence of new sub-genotypes of this virus.
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Introduction

Newcastle disease (ND) has been known as one of
the most serious infectious and fatal viral illnesses.
Newcastle disease has a global distribution and leads to
massive economic losses in the poultry industry
(Alexander, 2011). The pathogen agent, avian
orthoavulavirus 1 (AOaV-1; also known as ND virus) is
classified as the genus Orthoavulavirus belonging to the
family Paramyxoviridae within the order
Mononegavirales (ICTV, 2018).

Avian orthoavulavirus 1 is a negative-sense, single
stranded, non-segmented, enveloped RNA virus. Avian
orthoavulavirus 1 genome designs in the order of 3” NP-
P-M-F-HN-L 5° (Steward et al., 1993). Two surfaces
enveloped glycoproteins, HN, and F proteins are thought
to play a key role in virus cell entry (Sergel et al., 1993).

The amino acid sequences of AOaV-1 F cleavage-
activation site are the main determinant of virus
pathogenicity (Courtney et al., 2013). Virulent AOaV-1
strains possess two dibasic amino acids (''’R/K-R-Q-
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K/R-R''%) at the C terminus of the F2 protein and F
(phenylalanine) at residue 117, while the avirulent strains
exhibit a sequence of monobasic amino acids (!'>G/E-
K/R-Q-G/E-R''®) in the mentioned region and L
(leucine) at residue 117 (Alexander, 2011).

Based on genetic analyses of F protein, AOaV-1 has
been divided into two major genotype classes, class I and
II. Class I with nine genotypes (1-9) includes avirulent
strains, while class II consists of either avirulent or
virulent viruses. It divides into 18 genotypes (I-XVIII),
which are further clustered in various sub-genotypes
(Czegledi et al., 2006; Miller et al., 2010).

During the recent decade, new emergence of
genotypes of Class II is largely expanded in wild bird
populations. For example, several virulent strains of
genotypes VI, VII, and XIII have been reported within
the members of Phasianidae, Ardeidae, Accipitridae,
Anatidae, and Spheniscidae families (Rahman et al.,
2018). Therefore, the circulation of virulent AOaV-1
may pose severe threats to commercial poultries.

There are few studies investigating the presence and
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characterization of AOaV-1 strains in wild birds in Iran.
This study aimed to perform a genotyping and
phylogenetic analysis of a distinct AOaV-1 isolate,
named EMI, isolated from the Eurasian magpie (Pica
pica). In addition, the sequence of F protein was
analyzed to elucidate any potential evolutionary mutation
in comparison with vaccine and other AOaV-1 reference
viruses.

Materials and Methods

The experimental protocol was approved by Animal
Care Committee of Amol University of Special Modern
Technologies [ir.ausmt.rec.1399.02.16], Mazandaran,
Iran.

Sample preparation and virus propagation

Briefly, the whole brain and spleen of fresh Eurasian
magpies’ carcasses were extracted. Two hundred pL of
homogenized tissues were inoculated into the allantoic
cavity of 8-day-old embryonated chicken eggs (ECEs) in
three times passaging process. The  positive
haemagglutination assay (HA) allantoic fluid was stored
at -70°C.

RNA extraction and reverse transcriptase-
polymerase chain reaction (RT-PCR)

Viral RNA extracted using viral gene-spin™ viral
DNA/RNA extraction kit (iNtRON, South Korea),
according to the manufacturer’s instructions. The single
strand-cDNA was synthesized using murine leukemia
virus reverse transcriptase (M-MLV RT) and random
hexamer-primer (Yektatajhiz, cDNA Synthesis Kit,
Iran). PCR reaction analysis was done as described
previously by Kant et al. (1997).

Sequencing analysis

The complete extracellular domain protein of the F
gene was amplified by primer sets that were designed by
Qin er al. (2008) and subjected to sequencing. The
sequence was trimmed, assembled, and aligned using
Geneious version 6.1.2 (https://www.geneious.com) (Qin
et al., 2008). The newly generated sequence was
submitted to GenBank (accession No. MK659700). The
sequences aligned using MAFFT Plug-in in Geneious
with the default setting. The best substitution model for
each alignment was determined K2 + G using MEGA7
under the default setting.

Phylogenetic analysis

Phylogenetic trees were constructed and interpreted
with well-characterized AOaV-1 genotypes, according to
the criteria proposed by Diel et al. (2012). Analyses were
performed using the maximum likelihood method (ML)
based on the Kimura 2-parameter model using the
MEGA?7 with 500 bootstrap replicates. Bootstrap >60%
was applied for defining node, and different genotypes
were designated an average distance per site >10% and
the gamma distribution model (shape parameter = 5).

Initial phylogenetic analyses were conducted by the
coding sequences of F gene associated with the studied
virus and sequences applying in the Diel classification
system (n=82) (named data set 1). To ensure validity of
the initial tree, the second tree was constructed with the
date set 2 including 61 well known sequences from
different sub-genotypes VII (n=61) and EMI1 (named
data set 2). The evolutionary divergence among studied
virus and several sub-genotype VII isolates, as well as,
the evolutionary difference between EM1, and AOaV-1
isolates of sub-genotype VIII were assessed using the
maximum composite likelihood method with 500
bootstrap replicates in MEGA7 software (Kimura, 1980;
Kumar et al., 2016).

Results

Virus isolation and HA test

In this study, the isolated virus was confirmed by RT-
PCR. This isolate was named Eurasian
magpie/lran/EM1/2017 (abbreviated as EM1).

Preliminary analysis of nucleotide and deduced
amino acid sequences

BLAST and clustal omega analysis revealed that a
high value of nucleotide (nf) and amino acid (aa) identity
was between EMI1 and Iranian AOaVs-1 F gene
sequences available in GenBank, ranged between 83.61-
99.81% and 87.94-99.61%, respectively (Table 1).

Also, the highest level of identity was observed with
those strains recently characterized by Mouloki er al.
(2019) and Sabouri er al. (2017) particularly,
Ck/IR'IMAMG68/17 (99.81%) and Ck/IR/MAM72/18
(98.61%) in levels of nt and aa, respectively
Supplementary Table 1 (ST1) (Sabouri et al., 2017;
Molouki et al., 2019). The comparison of F gene
sequences between EMI1 and AOaV-1 strains isolating
from other countries such as Israel and China, displayed
identity up to 96.95% (nt) and 97.28% (aa) (Table 1).

Phylogenetic analysis

The phylogenetic analysis revealed that EM1 isolate
was clustered with the genotype VII and segregated into
novel VIII sub-genotypes that was distinguished from all
other sub-genotype VII strains (Fig. 1). In addition, a
phylogenetic tree generated with data set 2 again
confirmed our preliminary observation Supplementary
Figure 1 (SF1).

The evolutionary divergence between EM1 and other
sub-genotypes VII showed the distinct variation rate,
ranging from 0.0095 to 0.1160, with the lowest and
highest distances levels versus VIII and VIIk (Table 2).

As shown in the Supplementary Table 2 (ST2), 15
sub-genotype VIII viruses and EM1 were a divergence
with 0 to 1.9% within the cluster, whereas the lowest and
highest divergence toward Ck/IR/MAMG68/17 (0.2%) and
CK/IR/SMV-3/11(1.8%), respectively.

IJVR, 2021, Vol. 22, No. 2, Ser. No. 75, Pages 155-160



University

Iranian Journal of Veterinary Research, Shiraz

157

11 A od4jouad jo sadgouaS-qns tatjo Ly Apris Juasaad oty ur pauie}qo piog Ul LLMOLS a1k S9I8[0SI ACTN JO 90UBISI ATBUOTN|OAD
aBrmaar samo] pue aydiy sy (910Z) W 12 JBWY LYEEIAL A1 Ul PATONPUOD 23 M 284 BUE AIBUONN[O AT P8 BIEP [BUL] AU Ul SUoI)sod opg [ JO [BIO] B 9404 2101 ], PAJEUILLIS a3 m BjEp
Burssiw pue sded Suueiuos suomsod ||y BUIPosUON + pdg + puz + 181 papnpour suorsod uopos soousnbas aprioajonu €41 paAjoAul sisA[eue oy, (¢ = Jajawried adeys) wonngosip euLues
B UJ A Pa[apoLU 8B 89718 SUOLLE UOHBLIEA 8181 81T, "(ORG L) BIILLIS [9poLL pooyiayl] asodwios wntrxeww oy} Suisn pajonpuos s sesAeuy (seqeardat nog) ampaooad deasiooq e Aq paumeigo
oM PUB [BUOSEIP AL} HAOGE UMOUS B8 SHIELUITED JOLD PIBpUEIS ‘T A sodAjounS-qus [[& usamipq saied aousnbas |8 SuBeaoAr wody st ey umoys si o)is Jod suonmisqns sseq Jo Jaguunu ay,

L0900 L#60'0 0911'0 78900 L4600 L9010 L0S0'0 £1S0'0 6TF00 S600°0 TN
(0900'0) SPE0'0 FL1L'0 98200 70600 10010 L7800 9SH'D €8€0°0 #9500 (LT=w) amA
(£800°0) (LLOD'D) SHOL'O 6600 0€80°0 €921°0 LOLD'O PLLO'D 9€80°0 1600 (P1=1) UIIA
(5600°0) (+6000) (9800'0) 09110 87600 LiF1'0 9£60°0 L9G0'0 98010 GPLLD (S=u) MIIA
(5900°0) (6zo0'0) (0800'0) (O010°0) 89600 ZI010 L090'0 60800 L#+0°0 L1900 (€= [TIA
(6R00'0) (OR00'0) ©L00'0) (1800°0) (#FR00°0) §ST10 60L0°0 6SLOD 208070 8EA00 (0E=) 1A
(L800'0) (6LODD) (§600'0) (50100 (8L00'0) (Zolon) 9S60'0 6T60°0 8ES00 £7010 (P=wB1A
(#9000 (85000 (6900°'0) (§800°0) (€900°0) (0L00'0) (€800°0) TLEO'O ZIH00 80600 (s=t) JIIA
(85000 (SH00'0) (0L00'0) (Z800'0) (0S000) (0LO0'0) (LLOO'D) (S+00°0) 6ZE0°0 £LF00 (P1=U) 3TIA
(G000 (8£000) (1L00'0) (9800°0) (HH000) (SL00°0) (0LO00) (6H00°0) ) 66E0°0 (sg=u) PIIA
(L1000 (FS000) (GLO0D) (Z600°0) (6S000) (#800°0) (Z800°0) (8500°0) (84000 (er000) (S1=1) [TIA
arIA UIA MIIA 1A A SIIA JIA AMA PIIA A

[IA Jo sod&jouaS-qns Jatjo Jo soAjeuasoIdal pue | A5 US2 mjaq 00USSIaAIP AIBUOIN[OAD JO SOJELLISY I BT,

(9487 L6) € 1/E]RAS/HD /S0 pur (9456'96) (940€'96)  (%460'96) (LS €681 80/Z 1/ (TN /RaBApY
(t9£0PSAr)  TOMOIZODSHHDMD (12956440 LOFZPE/SIAD (RFPTLZZOM SOAOMWDS/HDND  pus (9474 LEHND L0/L1EFE THA/SI/HN, SUTRIIS BALUNOS JBLI0 SA | AL
(2419°66) (2418°66) (%6 L8)
(OR1LPZHND)  SUZLAVINALIAD  (ZOSISFHIND  SUSSIWVINNMLMD  (1'7Z8hL1S) TIMIZIAIIAD  (%419°€8) (1 TZSELLSD THALZIANAMIAD 1118 UBILEAT SA [JATH
PlOE oL aploajanN PIOE OUILLY APIOa[ANN
ST A
07 JB[ILLIS 2.074] 07 JB[ILLIS 8827

SALNUNOD JALI0 PUE BT L] paje)|or

L8 - ABOY PUB [ A U199 M3q PIOE OUILLE PUB SPNOS[OTI JO [2A9] UT AUaS 4 JO S211Uap] T A[qe ],

IJVR, 2021, Vol. 22, No. 2, Ser. No. 75, Pages 155-160



IJVR, 2021, Vol. 22, No. 2, Ser. No. 75, Pages 155-160

w Table 3: I protein comparison of EM1 with other AOaV-1 from bath chicken and non-chicken arigins
Cleavage site ) . . Neu ing epitopes
113 K 3 Cysteine residue Glycos 1 site
("RROQKRF) 72 M 75 78 |7 157-171 M43 38
EMARMEDM 117V TTME 655700 RROKRF 76,199,338,347,362,370,394,399,401,424,523 85,191,3006,447,471 D E A K 5 SIAATNEAV HEVTNG L A
Chic ken-origin poultry
CKSCN/Hi cleen/04% [1d/DQ48 5269 RROKRF 76,199,338,347,362,370,39%4,399,401,424,523 85,191,366447,471,541 D [ A K A SIAATNEAVHEVTDG L A
CK/CNSWS 030 SV ITFD() 227254 RROKRF 76,199,338,347,362,370,3%4,399.40], 424,523 85,191,366,447,471 D E A K A SIAATNEAVHEVTDG L A
CK/CNH2A07V 1 1e/EFS89 134 RROKRF 76,199,338,347,362,370,39%4,399,40],424,523 85,191,360,447,471,54 1 D L A K A SIAATNEAVHEVTDG L A
CKS/CNITZ06010708A T1d 11448 RROQKRF 76,199,338,347,362,370,39%4,399,401,424,523 85,191,3006,447,471 D ) A K A SIAATNEAVHEVTDG L A
CK/CNADAORN T g/G Q9 94433 GROGRL 76,199,338,347 362,370,394 ,399 401,424 523 85,306,447,471,541 D E A K A SIAATNEAVHEVTDG L A
CKARMBMY -1 IAVIIKU 201408 RROKRF 199,338,347,362,370,394,399,401 424,523 J60447,471,541 D E A K A SIAATNEAV HEVTNG L A
CK/ARS SMY-5/1 2V LTIKU 201409-15f RROKRF 76,199,338,347,362,370,3%,399,40],424,523 1,300447,471,541 D E A K A SIAATNEAV HEVTNG L A
CKARMSH- 1154 [1d/MGS 19855 RROKRF 76,199,338,347,362,370,39%4,399 401,424,523 1,366,447,471,541 D k A K A SIAATNEAVHEVTNG L A
CKARAsI 6 16K Y 20574 1 RROKRF 76,199,338,347,362,370,39%4,399,40],424,523 85,191,3006,447,471 D L A K A SIAATNEAV HEVTNG L A
CKARMAMOE I TATIMH481361-3 RROQKRF 76,199,338,347,362,370,39%4,399,401,424,523 85,191,366,447,471,541 D ) A K A SIAATNEAV HEVTNG L A
CKARMAMSS/17TA TIIMH247 1847 RROKRF 76,199,338,347,362,370,3%4,399.40], 424,523 85,191,366,447,471,541 D E A K A SIAATNEAY HEVTNG L A
CK/US/Lasola-AF/4 &1 1YAYEA5400 GROGRL 76,199,338,347,362,370,394,399,401,424,523 85,191,360,447,471,54 1 D k A K A SIAATNEAVHEVTDG L A
FOUSAE LATALAFI0M 1R GROGRL 76,199,338,347,362,370,39%4,399,401,424,523 85,191,366,447,471,541 D ) A K A SIAATNEAVHEVTDG L A
= Mo n chic ken-origin poultry
.m GOAON/ QY 9T7-1/9TAV e/ AF1 62714 RROKRF 76,199,338,347 362,370,394 ,399 401,424 523 85,191,366,447 471,541 D E A K A SIAATNEAVHEVTDG L A
m Pe/CNBPOL99A TTHDOOR00 1S RROKRF 76,199,338,347,362,370,39%4,399 401,424,523 85,191,366,447,471,541 D k A K A SIAATNEAVHEVTDG L A
M GOSCN/SF 0202V [ TdFAF 473851 RROKRF 76,199,338,347,362,370,39%4,399,40],424 523 85,191,360,447,471,54 1 D L A K A SIAATNEAVHEVTDG L A
m Ma/CIN/GD/ 1/ OSATTAFI480824 RROQKRF 76,199,338,347,362,370,39%4,399,401,424,523 85,191,366,447,471,541 D ) A K A SIAATNEAVHEVTDG L A
M KEKRANU-5070/054 [1d/ELT 140949 RROKRF 76,199,338,347,362,370,3%4,399.40], 424 523 85,191,366,447,471,541 D E A K A SIAATNEAVHEVTDG L A
(o
m WB/CNHLI00 106V A 480788 RROKRF 76,199,338,347,362,370,39%4,399,40],424,523 85,191,360,447,471,54 1 D k A K A SIAATNEAVHEVTDG L A
M BUSCNHILJ009/06A T 480774 RROQKRF 76,199,338,347,362,370,3%4,399,401,424,523 85,191,366,447,471,541 D D) A K A SIAATNEAV HEVTDG L A
2 DUFCSA49/07W T TdGU 227738 RROKRF 76,199,338,347,362,370,39%4,399.40],424,523 85,191,360,447,471,54 1 D E A K A SIAATNEAVHEVTDG L A
.m DUFCN/LCL 21 2V TTAKETTIRE 3 RROKRF 76,199,338,347,362,370,3%4,399,40],424,523 85 J60447,471,541 D E A K W SIAATNEAVHEVTDG L A
m TURK/ZAMN2057/ 1 3N TTTKRE 15908 RRRKRF 76,199,338,347 362,370,394 ,399 401,424 523 85,191,366,447 471,541 D E A K A SIAATNEAVHEVTDG L A
ch WE/PKS20A/996/ 15/ I X496962 RROKRF 76,199,338,347,362,370,39%4,399 401 424,523 85,191,366,447,471,54 1 D I A K A SIAATNEAVHEVTDG L A
E The modified epitope position is highlighted by dark square. BU: Buzzard, CI: Cole D' Ivoire (Ivary Coast), Ck: Chicken, CO: Cockatoo, CO: Cormorant, CRIB: Crested ibis, DU Duck, EM:
5 Eurasian magpie, EG: Egret, FA: Fantail, FO: Fowl, Go: Foose, JAQU: Japanese quail, KE: Kestrel, Ma: Mallard, MDU: Muscovy duck, OW: Owl, P& Penguin, Pe: Peacock, PG Pigeon, PH:
m Pheasant: RUTU: Ruddy turnstone, RPG: Racing pigeon, SP: Sparrow, TDO: Turtle deve, TURK: Turkey, UN: Unknown, VW Village weaver, WB: Wild bird, WPG: Wild pigeon, RPG:
,m Emm_.:mu_.ma::_ Gm._ Serbia, >C_.>:__.#E:.P GZ._ GZ:F IN: India, ID: .:a::am_.m. IR: Iran, 1E: :,a_m:ﬂ_ IT: Ttaly, KR: South Korea, MG: Madagascar, MX: Mexico, PK: Pakistan, TU: Turkey, TW:
g Taiwan, UAE: United Arab Emirates, UK: United Kingdom, US: United States, and ZA: South Africa



159

Iranian Journal of Veterinary Research, Shiraz University

GENOTYPE  virulent virus.

K/IR/MAM1S/17 (MH247184) Vill
7(MH247187) Vil

13) Vil
SMV-8/12 (KU201415) Vill
)Viid

9 (60255639) Vild

9 (KC750155) Vild

/02 (F1872531) Vild
/LGD1/05 (KM885167) Vild

K/CH/SDCQ/09 (KI525718) ilb V”
lin01/08 (KC ) Vilb
Y$/10 (KI525686) VIj
WF07/11 (JQ015295) Vilj
(K/184598) VIj
(KI525691) Vilj
B853930) Vile
53932) Vile

(60338309) Vif
01 (AY028995)VIlf

/15(K )
(KF113344) VIl

003/10 (IN627507) Xl
1(IN627508) Xl

100 1GFO/US/CA/212676/02 (EFS20718) Vb
CK/CH/QHL/73 (FI751918) VIl | Vill

992/92 (HQ266603) XI | Xl
72508/08 (HQ26602) X1

gyi5/00 (0Q485259)
107 (EFS89136) X | X
185 (AF458023) X

ooy CK/CH/NOVO4/09 (1386335) ‘ Il
CK/CH/NDVO1/09 (F1386392)
MO/US{MN)/MNOG-33/00 (F705465) X | X
7531 MD/US{MN/MN0O-33/00 (GQ288392) X
RUTU/US(DE)/492/02 (EFS64817)ta
CK/IP/ishi/62 (ABAGSE0T) la |
DU/CH/DHN34/05 (FIS97617) Ib
L DU/CH/DLIS0/05 (F1S97616] Ib

Fig. 1: Molecular phylogenetic relationship of AOaV-1 F gene
(nt 52-1599) from Eurasian magpie with other widely accepted
AOaV-1 genotypes. The analysis involved 82 nucleotide
sequences. EM1 isolate in this study is indicated by black
circle. Abbreviations are shown in the legend of Table 3

Molecular characterization of the F protein

Table 3 illustrates that the majority of the strains of
genotype VII and EM1 shared the same cleavage sites
motif (!"’RRQKRF'"") which is the characteristics of the

IJVR, 2021, Vol. 22, No. 2, Ser. No. 75, Pages 155-160

The analysis of amino acid sequences of neutralizing
epitope profiles of F protein revealed that EM1 relatively
has conserved amino acids in comparison to other
representative AOaV-1 strains. Exceptionally, EMI1
contains an amino acid S (serine) at residue 79 than
AOaV-1 vaccine strains (Lasota and B1) and other sub-
genotypes VII strains (Table 3). Furthermore, EM1 and
other references AOaV-1 strains genotype VII exhibited
conserved patterns of potential glycosylation sites and
the same number of cysteine amino acid residues (Table
3).

Discussion

In this study, the isolate EM1 was recovered from
Eurasian magpie and genotypically characterized. To the
best of our knowledge, this is the first report of isolation
and characterization of AOaV-1 from the Eurasian
magpie in Iran.

Genetic investigation indicated that the Eurasian
magpie isolate belongs to the novel sub-genotype VIII
viruses, which recently has been identified from
commercial and backyard chickens in Iran (Fig. 1 and
Supplementary Figure 1 (SF1), Supplementary Table 1
(ST1)) (Sabouri et al., 2017; Molouki et al., 2019). The
evolutionary difference analysis illustrated that EM1 has
a close relatedness with strains Ck/IR/MAMG68/17, which
was classified into clusters VIII (Supplementary Table 2
(ST2)). These results suggested the presence of an
epidemiological association and the modes of
dissemination of virus between wild birds and the
chicken population.

Molecular pathotyping exhibited that AOaV-1
isolated from the Eurasian magpie is a velogenic one.
This finding is in agreement with the data indicating that
the majority of the genotype VII viruses isolated from
both chicken and non-chicken origins were virulent
(Table 3).

In most of AOaV-1 isolates, the neutralizing epitopes
contain no deletions or insertions and were comparably
conserved. Isolate EM1 possesses S (serine) at residue 79
in comparison with vaccine strains (Lasota and B1) and
other strains of genotype VII (A79). This substitution is
followed by changing the amino acid from the state of
non-polar to polar mode (Table 3). Although the effect of
this mutation in the pathogenicity of EMI1 requires
further analysis, this antigenic variant could be related to
the virus during infection of a new host and the virus
virulence (Dimitrov et al., 2016).

Based on our data, the close genetic similarity
between AOaV-1 isolated from Eurasian magpie and
other Iranian sub-genotype VIII strains proposed the
rapid circulation of this sub-genotype among different
species of birds in distinctive geographical locations of
the country. Isolation of the virulent strains in wild birds
has been increasing the concern of new epizootics of ND
in poultry (Courtney et al., 2013). Bidirectional
spillovers occasionally disseminate virulent strains
among wild bird species and chicken populations
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(Shengqing et al., 2002). Therefore, highly mobile
infected wild bird reservoirs such as Eurasian magpies
may have crucial roles in introducing AOaV-1 to
susceptible hosts.

Several major potential factors such as increasing the
awareness of farmers, adopting strict biosecurity,
developing new antigens vaccine, and wider vaccination
can protect avian species more from the entry of AOaV-1
into chicken farms and can prevent the infection of other
avian species. Overall, the data indicate that there are
very few boundaries for virulent AOaV-1 to infect new
vulnerable hosts. Hence, constant epidemiological
studies would have a benefit for us to be well-equipped
in the emergence of a new genotype of the virus and
tracing its possible origin.
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