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Virulent strains of AAvV-1s and low-pathogenic HON2 avian influenza viruses are presently endemic in
Pakistan and repeated outbreaks are continuously being reported with high mortality in poultry and non-
poultry avian species. In this study, five AAvV-1s have been pathotyped and genetically characterized
from vaccinated birds collected between 2013-14. A phylogenetic analysis revealed that all the isolates
belonged to sub-genotype VIIi with high similarity of 97.9 to 99.8% with similar viruses in this clade.
Analysis of the hemagglutinin (HA) gene sequences of the two AIV was performed and phylogenetic
analysis reveals genetically closely-related to HON2 viruses classified into Mideast group-B and sub-
lineage B2. The two strains classified as LPAIV in poultry based on amino acid sequence at the proteolytic
cleavage-site of the HA gene with PAKSSR/G. Our findings highlight the potential risk of ND and Al in
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poultry and continued active surveillance is needed to monitor the transmission of these viruses.

INTRODUCTION

Poultry farming industry is the second biggest industry
of Pakistan and is always overwhelmed by multiple
avian pathogens. Repeated outbreaks of ND and Al have
been reported from the last three decades and are of
great economic concern for poultry production facilities
in Pakistan. AIV subtype HON2 and ND are two of the
most significant diseases of poultry caused by type A
orthomyxoviruses and Avian Avulavirus-1 (Previously
referred to as APMV-1 or Newcastle disease virus). ND is
caused by virulent strains of Avian Avulavirus-1 (AAvV-
1) is affecting domestic and wild bird species (Wajid et
al., 2017). AAvV-1 is classified as a member of family
Paramyxoviridae of the genus Avulavirus and contains
a negative sense, single stranded, non-segmented RNA
genome of approx. 15.2 kb and encoded six structural
proteins 3-N-P-M-F-HN-L-5. Genetically, two classes of
AAvV-1 based on the phylogenetic analysis of complete
F-gene sequences. Class-1 contains viruses are mostly
avirulent with a single genotype and Class-II contains
eighteen genotypes (I-XVIII) together with several sub-
genotypes are present in both wild-birds and poultry
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(Diel et al., 2012). To date, several genotype and sub-
genotypes of AAvV-1 have been reported in Pakistan (VIId,
VIIf, XIIIb, VI, IT) and newly identified sub-genotype VIIi
AAvVV-1 is highly pathogenic causing high mortality in
vaccinated poultry (Rehmani et al., 2015).

AlVs are encoded by ecight segments of single-
stranded, enveloped and negative-sense RNA genome of
13.5 kb. Since the first outbreak of HON2 reported in 1998,
Pakistan poultry industry has been experienced significant
economic losses due to LPAIV (Lee ef al., 2016). The
HON?2 viruses have become prevalent in poultry in Pakistan
and have evolved through re-assortment with highly
pathogenic avian influenza viruses H5N1 and H7N3,
generating a novel genotypes of HIN2 (Munir et al.,
2013). The novel genotypes of HON2 contain mammalian
host specific markers, recent surveillance is important to
better understand any continuing public health risk. Here
we report complete F-gene sequences of five virulent
strains of AAvV-1 and two HA-gene sequences of HON2
strains isolated during 2015-16 from various outbreaks
have been genetically characterized.

MATERIALS AND METHODS

Sample collection and virus isolation
In this study, cloacal swabs were collected from
the suspected cases, 100 each for ND and HIN2 from
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poultry farms located in Lahore, Gujranwala, Okara,
Kasur and Sialkot districts of Punjab province, Pakistan.
The swabs were suspended in phosphate buffered saline
(PBS) containing antibiotic, streptomycin (1000U/ml)
and penicillin (1000U/ml). Samples were inoculated into
the allantoic cavity of 9-10 day-old embryonated chicken
eggs-ECE (specific NDV-antibodies free) and (Specific
AlV-antibodies free) for NDV and AIV propagation.
The harvested allantoic fluids were tested using a spot
hemagglutination (HA) assay. The antisera against Al
(H9N2) and ND was received from the OIE recognized
Lab for NDV and Al at South East Poultry Research Lab,
Athens, Georgia, USA.

Intracerebral pathogenicity index (ICPI) assay

The virulence of five AAvV-1 isolates was
determined by ICPI assay using day-old chicks following
an established procedure (OIE, 2012).

RNA Extraction and Sequencing

The genomic RNA was extracted from HA-positive
allantoic fluids through TRIzol LS-reagent (Invitrogen)
according to the manufacturer’s protocol. Reverse
transcriptase-PCR (RT-PCR) kit was used for the synthesis
of first strand complementary DNA (cDNA) using
random hexamer (Themro-Scientific) according to the
manufacturer’s recommendations. For PCR amplification
of complete coding region of F-gene of five AAvV-1s
was performed using primers as previously described
(Wajid et al., 2017). For the amplification of complete
coding region of HA-gene of two influenza viruses was
performed by newly designed primers H9HA 1 F:
5'-ATGGAAGCAATATCACTGATGATTATA-3’ and
H9HA 1 R: 5-ATCTTACTCTCAACGTCTGTCC-3’
(764 base pair [bpD). H9HA 2 F:
5'-GAACCGACACAACAACAAGCG-3 and HO9HA 2
R: 5"-CTATATACAAATGTTGCATCTGCATG-3" (1070

Table 1.- Description of samples analyzed in this study.

bp). The amplified products were sequenced by ABI-3130-
XL genetic analyzer (ABI, Inc., CA, USA).

Phylogenetic analysis

The obtained nucleotide sequences of complete
F-gene and HA-gene were aligned using BLAST. The
phylogenetic analysis based on F-gene (1662 bp) and
hemagglutinin gene (1683 bp) was performed with
MEGA7 (Kumar et al., 2016) and the evolutionary history
was inferred by using the Maximum likelihood-method
with statistical analysis based on 1000 bootstrapping
replicates. To infer the phylogenetic analysis of AAvVV-
Is (n=71) Avian influenza virus (n=64) sequences were
retrieved from GenBank.

RESULTS AND DISCUSSION

The virulent strains of AAvV-1s and LPAI HIN2
strains are endemic in Pakistan. The continuous co-
circulations of these viruses in poultry production facilities
causes huge direct and indirect economic losses and pose a
significant threat to global food security. Consequently, it
is indispensable to evaluate the degree of genetic diversity
of these viruses circulating in the field and to estimate the
genetic relationship with previously characterized viruses.
At present, limited molecular epidemiological data are
available regarding the causes of ND and Al outbreaks in
vaccinated commercial poultry farms. Field observations
indicate that the influence of AAvV-1 is more severe with
simultaneous circulation of LPAI strains in countries where
these viruses are endemic (Bonfante et al., 2017). In this
study, we surveyed the prevalence and characterization of
AAvV-1s and HON2 LPAIVs in one hundred vaccinated
commercial poultry farms located in Lahore, Gujranwala,
Okara, Kasur and Sialkot districts of Punjab province,
Pakistan.

Strain Host Type City Year ICPI Cleavage site Genotype HI titer
(F-gene aall12-117) Mean SD
AAvVV-1s
Chicken/Pak/Lahore/AW-98/2013 Chicken Farm Lahore 2013 1.61 RRQKRF VI 6.9 1.06
Chicken/Pak/Gujran/AW-122/2013  Chicken Farm Gujranwala 2013 1.66 RRQKRF VI 6.0 0.88
Chicken/Pak/Lahore/AW-269/2013  Chicken Farm Lahore 2013 1.83 RRQKRF VI 5.8 239
Chicken/Pak/Sialkot/AW-101/2014  Chicken Farm Sialkot 2014 1.71 RRQKRF VIIi 6.0 1.02
Chicken/Pak/Okara/AW-61/2014 Chicken Farm Okara 2014 1.70 RRQKRF VI 6.8 1.59
H9N2 HA-gene Pathogenicity
A/Chicken/Pak/AW03/2014(HON2) Chicken Farm Kasur 2014 - PAKSSR/G LPAIV 64 1.05
A/Chicken/Pak/RZQ25/2014(H9N2) Chicken Farm Lahore 2014 - PAKSSR/G LPAIV 69 1.06
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Here, we discovered the continual isolation of
genetically very closely related virulent AAvV-1 strains
from poultry and wild birds species over a seven years
period (Wajid et al., 2017; Miller et al., 2015; Munir et
al., 2010). Sequencing of the region corresponding to
fusion protein cleavage site of five studied AAvV-1 strains
revealed its amino acid sequence '">-RRQKRF-"7 typical
for virulent form (OIE, 2012) and consistent with the
determined ICPI value recorded 1.61 to 1.83 (Table I). We
analyzed the evolutionary distance to compared compete
F-gene of the studied AAvV-1s and other previously

87

[

10

L 76h s
AYQBEBBB cncIgatunflndon95|a-f14598-f!-][]

100

F
—:C_S;USEBUSBSIEUSBSEIUS 1

Wo17133IFI751918 1|
551 262217140|FJ751919.1|

characterized Pakistani viruses. The nucleotide distance
among the analyzed viruses was found 0.2% to 2.1%.
The recently isolated viruses were phylogenetically
characterized by complete coding region of F-gene. Based
on the set criteria by Diel ef al. (2012) these isolates were
classified as members of the most prevalent sub-genotype
VIIi (Fig. 1). We demonstrated very close phylogenetic
relationship between the current viruses with previously
characterized viruses isolated from different commercial
and domestic and captive non-poultry birds in country.

4I-(FF"SQ(L?CI parrat/lsrael/2012/5841 524

KFE792019 Chicken/KY-lsrael/2012/50 326

HQGE97254 chicken/Banjarmasin/010/10

KF792018 Chiken/lsrael/2011/1115 818

chicken/Pakistan/Buner/KPK/1078/2015

[C_hICKEI'I-'F'EKISIEHJBUHEFI‘KPK-'1004"’2015

Chicken/Pakistan/Okara/AW-61/2016

- chicken/Pakistan/Buner/KPK/1079/2015

chicken/Pakistan/chakshahzad/1000-304/2015

chicken/Pakistan/Buner/KPK/1003/2015

chicken/Pakistan/Buner/KPK/1004/2015

I- chicken/Pakistan/Buner/KPK/1078/2015

d chlcl-cean'aklstanFA‘u"J 14/2014
Chicken/Pakistan/Lahore/AVW-98/2015
Chicken/Pakistan/Lahore/AW-269/2015
Chicken/Pakistan/Gujranwala/AW-122/2015
Chicken/Pakistan/Sialkot/AW-101/2016

H&JE 7260 chicken/Kudus/018/10

HQ697259 chicken/Kudus/017/10

HQB697258 chicken/Sragen/014/10

HQBIT257 chicken/Gianyar/013/10

=T}

s ad

R

VITi

'
B

[
[=1

=

JN88683T APMV-1/chicken/MNL/152608/93

KF767105 Lory/indonesia/1988/88-08989-623

ABB05247 MDV/Bali-1/07 »
J¥193074 egret/China/Guangxi/2011
HQGQ?ESE chicken/Makassar/003/09

7 97261 chicken/bali/020/10

* 214559154AY0289951

}Ullh

SEgab043]C 000411 1

4929108|AF140343 1] VIIf
298398406&(30338310 1
112363469|0Q858357 .1

100, 22771 FJ

90025095|DQ4171
222711160|FJ608337T.
100 109631557|DQ4B5256.1|
109631561|DQ485258 1]
148509155|E 589134 11
71012|DQ363537 1]
6356963|EF592501. |1|

E
51
J480805 1
85@0245?92 1]
63A36.1]|
0|DQ363531 1|
86371008|DQ363535.1]
?Sé’?md Cockatoo/Indonesia/1988/B7-36

VIIb, d, e

724-624

_EKFTENUE Parrot/Indonesia/1976/C300{19625)-520

J772494 1| :| X111

Goj17j2011 (X
%92939031|EF026579.1
122939040|EF026582.1]

I

:|UIII
DQ097393 DE-R49/99 Classl

nns

Fig. 1. Neighbour-joining analysis using the MEGA7-software of the complete nucleotide sequence of the F-gene from the five

AAvV-1s isolated in this study (red-filled circles).
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In order to genetically characterize two influenza
viruses isolated from vaccinated commercial poultry
flocks in Eastern region of Pakistan, the HA-gene was
sequenced. The two Pakistani isolates tested in this study
were LPAIV viruses in poultry based on aa sequence at the
proteolytic cleavage site of the HA-gene PAKSSR/G. The
two isolates were phylogenetically analyzed on the basis
of HA-gene and compared with the representative HON2
strains of Eurasian origin. The previous investigations
demonstrated that the HIN2 strains causing diseases in
poultry are divided into three lineages including Y439 or
Korean-like, Ch/Bj/1/94, and Qa/HK/G1/97 represented by
A/duck/H-K/Y439/97, A/chicken/Beijing/1/94 and quail/

genetically closely related to HON2 viruses classified into
Mideast group B and clustered with other viruses belonged
to India, Iran, Israel, Saudi Arabia, United Arab Emirate
(UAE) and Pakistani isolates (Fig. 2). Mideast B is divided
into two sub-lineages, B1 and B2, which contains viruses
collected from 2004-2008 and 2008-2015, respectively.
The two Pakistani HIN?2 isolates collected in this study are
clustered into sub-lineage B2 which contains previously
characterized Pakistani viruses. The nucleotide sequence
identity of Pakistani isolates demonstrated that the HA-
gene shared very high nucleotide sequence similarity
ranged from 99-99.3% with viruses isolated during 2015-
2016 in sub-lineage B2.
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CONCLUSION

The present study investigated the co-circulating
of virulent-AAvV-1s and LPAIVs in vaccinated poultry
flocks. Although the HON2 isolates are considered as low
pathogenic, the current condition in Pakistan revealed
that it could cause indeed very substantial losses in
different types of poultry production. Though, there are
many reasons supporting the emerging of disease mainly
the migratory birds as a possible mechanism for the re-
distribution of virulent-AAvV-1s and LPAIVs. But other
unnoticed causes may be involved such as the marketing
trend i.e. the movement of infected commercial poultry,
free-range rearing of backyard and captive non-poultry
birds. Unfortunately, the country still lacks the international
quarantine standards for interstate movement and that
might be the major reason of the spread of pathogens in
avian species.
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