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All Israeli HON2-strain viruses used in the present study were subdivided among three
groups: groups A and B viruses contained - in all eight segments — 90658/00-like and
1304/03-like sequences, respectively; Group C comprised viruses isolated in 2006-2010,
which contained four 1304/03-like segments and four 1525/06-like segments. Molecular
analysis revealed that most of the isolates had an RSSR motif at the cleavage site of
haemagglutinin. Most of the viruses had an haemagglutinin with L216 typical of humans,
and internal proteins associated with the avian host specificity. The studied viruses infected
the majority of the directly inoculated birds.

Exposure to the virus with full-length PB1-F2 protein for 24 h caused destruction of
mitochondria and cell death in cultures of human macrophages, and this effect was not
associated with activation of protein p53. A virus with truncated PB1-F2 protein exhibited
no destructive effect on mitochondria, but induced enhanced production of pro-apoptotic

P53 protein.

Keywords: HINZ virus; phylogenetic analysis; viral genes; virus replication;, PB1-F2

protein; apoptosis

Introduction

Avian influenza A viruses of subtype
HON2 were first isolated and studied in the
United States in 1966 [1]. Since then,
HON2 viruses have been isolated from wild
birds and poultry in various countries of the
Old and New Worlds [2-5]. Outbreaks of
HION2-virus-associated disease have been
reported in many European, Asian, African,
and American countries [5], but these
viruses were found to be endemic in only
two regions: China and the Middle East [6-
13]. At least two main lineages — A/Duck/
Hong Kong/Y280/97-like and A/Quail/Hong
Kong/G1/97 - were established amongst
HON2 viruses isolated from domestic
poultry birds in Asia [14].

Similarly to the two highly pathogenic
viruses, subtypes H5N1 and H7, low-
pathogenic viruses can cross the
interspecies barrier and be directly

transmitted from birds to mammalian
species, including pigs and humans [15-
16]. In Israel, HON2 virus was initially
isolated in May 2000 and subsequently,
after a 1.5-yr break, from December 2001
to mid-2003, this virus became the
predominant avian influenza virus in the
country [17]. In a previous study ([18]
Golender et al., 2008) we characterized the
virus that circulated in Israel until 2006; the
main objective of the present study was to
conduct phylogenetic and biological
characterization of HIN2 avian influenza
viruses isolated in Israel during 2000-2010.
Materials and methods
Viruses

The isolation and identification
methods used were based on classical
laboratory methodology ([18] Golender et
al., 2008). Generally, samples were
collected from suspect birds by taking
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Fig. 1. Phylogenetic relationships of HA (A) and NA (B) genes from HON2 influenza viruses
isolated in Israel and from those from other countries. The phylogenetic trees based on
nucleotide sequences were generated by neighbour-joining analysis with the Maximum
Composite Likelihood model, using MEGA 5.0 software. Numbers below branches indicate
neighbour-joining bootstrap values; numbers above branches indicate branch lengths.

smears from the trachea. The isolates were
propagated in specific-pathogen-free
embryonated chicken eggs for 10 to 11
days by the allantoic route. A
haemagglutination inhibition test with
monospecific polyclonal antisera obtained
from Dr. Capua of the Office International
des Epizooties [OIE] (Food and Agriculture
Organization of the United Nations), and
the National Reference Laboratory for
Newcastle Disease and Avian Influenza,
Istituto Zooprofilattico Sperimentale delle
Venezie, Legnaro, ltaly, was used for
serological identification of the avian
influenza virus (AIV) isolates. Identification

was confirmed by reverse transcription-
polymerase chain reaction (RT PCR) with
two sets of primers for HA and NA
subtypes, respectively [18]. The studies
used sixty-eight HON2 viruses selected
from the Kimron Veterinary Institute’s
collection.
Genetic and sequence analysis

The viral RNA was extracted directly
from the allantoic fluid with the QlAamp Viral
RNA Mini Kit (Qiagen, Valencia, CA, USA).
Purified genomic RNA was used to
generate cDNA clones by RT-PCR,
according to the standard procedure. The
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Fig. 2. Phylogenetic relationships between NP (A) and M (B) genes from HON2 influenza viruses
isolated in Israel and from those from other countries. The phylogenetic trees based on
nucleotide sequences were generated by neighbour-joining analysis with the Maximum
Composite Likelihood model, using MEGA 5.0 software. Numbers below branches indicate
neighbour-joining bootstrap values; numbers above branches indicate branch lengths.

sets of primers that were used for the RT-
PCR reaction and for the subsequent
sequence analysis are available from the
Avian Diseases Division of the Kimron
Veterinary Institute. The PCR products were
subjected to electrophoresis in agarose
gel, and specific DNA was excised, purified
with the MEGAquick-spin PCR and Agarose
Gel Extraction System  (iNtRON
Biotechnology, Gyeonggi-do, Korea), and
then sequenced at the Weizmann Institute
of Science, Rehovot, Israel, by means of
capillary electrophoresis with a Model 3700

DNA Analyzer (Perkin Elmer, Foster City,
CA, USA).
Phylogenetic analysis

All sequence data were compiled and
edited by using the SegManll from the
DNASTAR System that used the lllumina,
ABI SOLID, and Helicos Data subsystems
(454 Life Sciences, Banford, CT, USA).
Nucleotide and deduced amino acid
sequences were aligned by using the
BioEdit Package, version 7 [19] with
ClustalW [20]. Phylogenetic trees were
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Fig. 3. Phylogenetic relationships between NS (A) and PB2 (B) genes from HIN2 influenza viruses
isolated in Israel and from those from other countries. The phylogenetic trees based on nucleotide
sequences were generated by neighbour-joining analysis with the Maximum Composite Likelihood
model, using MEGA 5.0 software. Numbers below branches indicate neighbour-joining bootstrap
values; numbers above branches indicate branch lengths.

generated by using the MEGA Software,
version 5 [21]. The nucleotide regions used
in phylogenetic analysis were of the
following lengths: for the PB2 gene, 2277
nucleotides; for the PB1 gene, 2274
nucleotides; for the PA gene, 2151
nucleotides; for the HA gene, 1680
nucleotides; for the NP gene, 1494
nucleotides; for the NA gene, 1406
nucleotides; for the M gene, 977
nucleotides; and for the NS gene, 834
nucleotides. The nucleotide sequences
used in this study are available from
GenBank under accession numbers
AY738451-AY738456, DQ683025-

DQ683047, EF492221-EF492428,
FJ464596-FJ464730, GQ120534-
GQ140290, GQ148820-GQ148875,
EF501983, JQ254936-JQ254991,
JQ973661, and EU574919

Human macrophage culture

We studied THP-1 macrophages
generated from the THP-1 human
monocytic leukaemia cell line. To induce
differentiation THP-1 was cultured for 48 h
in the presence of phorbol 12-myristate 13-
acetate (PMA) at 100 ng/ml.
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Fig. 4. Phylogenetic relationships between PB1 (A) and PA (B) genes from H9N2 influenza
viruses isolated in Israel and from those from other countries. The phylogenetic trees based
on nucleotide sequences were generated by neighbour-joining analysis with the Maximum
Composite Likelihood model, using MEGA 5.0 software. Numbers below branches indicate
neighbour-joining bootstrap values; numbers above branches indicate branch lengths.

Human macrophage culture virus

infection

The 24-h cultures of human THP-1
macrophage cells were infected with 104
EID,, (50 % egg-infecting dose) of selected
HON2 isolates and, 24 h post-infection, the
cells were examined by fluorescent staining

of the macrophage culture and apoptosis
determination.
Fluorescent staining of macrophages
culture
Forty-eight hours after plating, the
cellsin the culture medium were incubated
for 40 min with MitoTracker Red 580

ACTUAL PROBLEMS OF TRANSPORT MEDICINE +# 1 (39), 2015



AKTYANbHBIE MPOBNIEMbl TPAHCMIOPTHOM MEAULMHBI 4 Ne 1 (39), 2015 1.

(Molecular Probes, Eugene, OR, USA) at
200 nmol/L, for mitochondrion staining.
The dye was then removed. After rinsing
with cold PBS (pH 7.4) the cells were fixed
in absolute methanol for 10 min. After
rinsing with cold PBS the cells were
permeabilized with 0.5 % Triton X-100 for
10 min atroom temperature. After blocking,
Mab-421 (a kind gift from Prof. V. Rotter,
of the Weizman Institute of Science,
Rehovot, Israel), which recognizes a C-
terminal epitope of the p53 protein [22]
was added without dilution, and the mixture
was incubated at room temperature for 2
h, and then with anti-mouse IgG-FITC
(Sigma, St. Louis, MO, USA) at 1:128
dilution for 1 h. After removal of antibodies,
the cells were rinsed with PBS and
mounted with an aqueous mounting
medium Fluorescence was immediately
observed by means of an Axioskop 2 (Karl
Zeiss, Germany]) or a Leica laser scanning
confocal microscope (Leitz, Bensheim,
Germany).

All control sections were processed in
the absence of primary antibody. The slides
were washed, mounted with an aqueous
mounting medium, and photographed
within a few hours under a digital
microscope camera with image processing
by the Image Pro Plus version 6 software.
Light intensity and contrast were
standardized for each culture with an
appropriate control.

Apoptosis determination

The apoptotic index (Al) was
determined by using the ApopTag Marker
(Oncor, Inc., Gaithersburg, MD) and was
calculated as the percentage of terminal
deoxynucleotidyl transferase-mediated
dUTP-biotin nick-end labeling (TUNEL) -

positive cells per 1,000 cells, according to
Gavrieli et al. [23].

Animal tests

Eight Israeli HON2 viruses belonging
to the 1%t (one isolate), 2" (one isolate), 3¢
(three isolates), and 4" (three isolates)
introductions were selected for the animal
tests. One millilitre of allantoic fluid
containing 10° 4 EOD, of one isolate was
inoculated into each of six 3-week-old
White Leghorn chickens. The dose was
divided between the intranasal (0.3 ml),
intraocular (0.1 ml), and intratracheal (0.6
ml) routes. Four contact birds were
introduced into the inoculated birds’ cage
4 h post-inoculation (p.i.) to check
transmission properties of the viruses. All
the birds were observed daily for signs of
disease or mortality. Tracheal and cloacal
swabs were collected on days 3, 5, 7, and
10 p.i., and virus was titrated in 10-day-old
embryonated chicken eggs.

Results

All the viruses examined in this study
were isolated in Israel during 2000-2010.
In the light of epidemiological and genetic
analyses, the viruses isolated prior to mid-
2006 were divided among three
introductions. In brief: the first two HIN2
viruses were isolated in May 2000 and the
appearance of these viruses in Israel was
designated as the 1%t introduction. Then,
after devastation of affected flocks, no
HIN2 viruses were found for 1.5 years. The
2" introduction was recognized in
December 2001, when the virus
reappeared in Israel and affected both
chicken and turkey flocks. Viruses
belonging to the 3 introduction were first
isolated in March 2003 and until April 2006
this virus was totally predominant in Israel

Table 1.
General phylogenetic characterization of HIN2 viruses isolated in Israel in 2000-2010
Introduction of HON2 Virus genes
HA NA NP NS M PA PB1 PB2
1st and 2nd 90658/00- | 90658/00- | 90658/00- | 90658/00- | 90658/00- | 90658/00- | 90658/00- | 90658/00-
introductions like like like like like like like like
3d introduction 1_304/03- 1_304/03- 1_304/03- 1_304/0 3- 1_304/03- 1_304/03- 1_304/03- 1_304/03-
like like like like like like like like
4th introduction 1 525/06- 1 525/06- 1 304/03- 1 525/06- 1 525/06- 1 304/03- 1304/03- 1 304/03-
like like like like like like like like
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caused mild respiratory disease
accompanied by a drop in egg production.
Phylogenetic analysis of the envelope
glycoprotein genes of HON2 viruses

According to the phylogenetic
analysis of the HA gene, all the Israeli HON2
isolates fell into a single G1-like lineage
(Fig. 1 A). Inside this lineage, the Israeli
AlVs fell into two groups: the first contained

[Protein

e
RS

AlVs belonging to thelst, 2r and 3
introductions; the second group comprised
strains isolated after the end of 2006, which
were designated as the 4™ introduction.
The lIsraeli viruses belonging to the first
group clustered with AlVs isolated in Asian
and Middle-Eastern countries during 1997-
1999; local isolates belonging to the
second group clustered together with HON2
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viruses isolated in Iran and Pakistan during
2005-2008 (Fig. 1A). The latter group was
subdivided into two phylogenetically
neighbouring subgroups: subgroup A
comprised isolates closely related to
prototype virus A/ck/Israel/1525/2006;
subgroup B comprised viruses related to
prototype A/ck/Israel/869/07, and within
the latter subgroup might be distinguished
a cluster containing three viruses isolated
in 2010.

Phylogenetic analysis of the NA gene
placed all Israeli isolates into a single G1-
like lineage within which they formed two
separate groups (Fig. 1B) that were
analogous to the H9 groups described
above. Local isolates of the first group
contained AlVs belonging to the 1%, 2" and
3" introductions. The second group
contained Israeli isolates of AlVs belonging
to the 4" introduction, which clustered with
A/ck/lran/NGV-1/06 and A/ck/Pakistan/
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UDL-01/05. This second group might be
subdivided into two subgroups, but
differences between these subgroups are
only about 1 %. All viruses isolated in 2010
also belonged to the second group, within
which they formed two small clusters,
separated by a difference greater than 5
%.
Phylogenetic analysis of the HON2
internal genes

Phylogenetic analysis of NP gene
revealed that all Israeli isolates, together
with some other Middle-East viruses, fell
into one G1-like Asian lineage (Fig. 2 A),
within which the Israeli isolates fell into two
groups: the first contained viruses
belonging to the 1%t and 2" introductions,
and comprised 90658/00-like viruses,
isolated during 2000-2003; the second
contained viruses belonging to the 3 and

4™ introductions, which were 1304/03-like.
The viruses isolated in 2010 formed two
clusters.

Phylogenetic analysis of the M gene
showed that all Israeli isolates belonged to
the G1-like lineage, within which they fell
into two main groups. The first group
contained 90658/00-like viruses belonging
to the 1st, 2" and 3" introductions; the
second group included 1525/06-like
viruses belonging to the 4" introduction.
The latter group could be separated into
two clusters containing viruses isolated in
2010 (Fig. 2B).

Phylogenetic analysis of the NS gene
placed all Israeli isolates in two main
phylogenetic groups, both different from
the G1-like and Y280-like Asian lineages
(Fig. 3 A): the first group comprised 90658/
00-like and 1304/03-like clusters; the
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second group comprised 1525/06-like and
869/07-like clusters. In turn, the 1525/06-
like cluster contained 54/08-like and 1067/
10-like sub-clusters, and the 869/07-like
cluster contained an 1167/10-like sub-
cluster.

Analysis of the three polymerase
genes, PB2, PB1 and PA showed that
Middle-Eastern HIN2 viruses (all Israeli
isolates together with A/ck/Middle East/
ED-1/ 99 and A/ck/Saudi Arabia/532/99)
fell into one lineage which was different
from G1-like and Y280-like Asian lineages.

In the case of PB2 gene (Fig. 3 B),
Israeli isolates formed two main groups: the
first contained ck/Israel/90658/00-like
viruses isolated in Israel during 2000-2003,
i.e., the 15t and 2" introductions; the
second group contained viruses isolated
during 2003-2010, i.e., the 3@ and 4"
introductions. The second group includes
the cluster containing viruses isolated in

Israel in 2010.

In the case of the PB1 gene, lsraeli
isolates formed two main phylogenetic
groups: the first group contained only
90658/00-like viruses, i.e., the 1st and 2™
introductions; the second group contained
AlVs isolated during 2003-2010, i.e., the 3¢
and 4" introductions. The second group
was found to contain two clusters
comprising viruses isolated in 2010 (Fig. 4
A).

Analysis of the PA gene (Fig. 4 B)
placed Israeli isolates into two phylogenetic
groups, which differed from Asian G1-like
and Y280-like lineages. The first group
comprised 90658/00-like viruses isolated
during 2000-20083, i.e., the 1st and 2"
introductions; the second group included
viruses isolated during 2003-2010, i.e., the
3 and 4" introductions. Three of the
viruses isolated in 2010 formed one cluster,
whereas other two — A/ck/Israel/1067/10
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Fia. S8. Amino acid substitutions in NS1 and NS2 proteins of HIN2 viruses isolated in Israel during 2000-2010.

and A/ck/Israel/1302/10 — clustered with
different isolates.

In the light of the phylogenetic
characteristics of all eight gene segments,
all Israeli HON2 strains examined in the
present study fell into three groups: A,
containing 90658/00-like sequences in all
eight segments - the 1st and 2
introductions; B, containing 1304/03-like
sequences in all segments - the 3™
introduction; and C, containing four 1525/

06-like and four 1304/03-like segments —
the 4" introduction (Table 1).

Virus proteins

The envelope glycoproteins of the
analyzed HIN2 were typical for this subtype
and did not contain any deletions or
insertions. In HA, four variable positions
were found in the receptor binding pocket:
in position 216 (H9 numbering) 58 viruses
had leucine (216L) and 10 had glutamine
(216Q); in position 180, fifty-three isolates
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Fig. S9. Amino acid substitutions in NS1 and NS2 proteins of HON2 viruses isolated in Israel during 2000-2010.

had alanine (180A), nine had glutamate  ,itein of the analyzed HIN2 isolates no

(180E), five had threonine (180T), and one
had valine (180V); in position 217, thirty-
one isolates had glutamine (217Q) and 37
had isoleucine (2171); in position 132, thirty
strains had alanine (132A), 37 had serine
(132S) and one had threonine (132T). Most
of the studied HIN2 isolates maintained an
arginine-serine-serine-arginine (RSSR)
motif at the connecting peptide of their HA,
but a few substitutions were observed in
this peptide: in position 319, six isolates
had an RSKR motif, two an RSNR motif and
one an RSGR motif (Fig. S1). In the NA

R292 K substitutions associated with
resistance to neuraminidase inhibitor drugs
(oseltamivir) were observed (Fig. S2).

All internal proteins of the Israeli
isolates were typical of avian HIN2 viruses,
but in some positions they had amino acids
characteristic of mammalian viruses.

In PB2 proteins, 66 analyzed isolates
had 674A typical of avian hosts, and the
mammalian-specific variant 674T was
found in only two isolates; in position 627,
no isolates had 627K (lysine), which is
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Table 2.
Tracheal and cloacal shedding of virus after inoculation with three HIN2 viruses

. virus | infected birds, post infection day [ contacted birds, post infection day
Introduction 3 | 5 ‘ 7 | 3 ‘ 5 [ 7
Tracheal shedding of virus, number shedding/total (mean tracheal virus titers*)
1st introduction Alty/lsrael/90710/00 5/6 (1.5) 4/6 (2.8) 0/6 0/4 0/4 0/4
2" introduction AlcklIsrael/786/01 6/6 (2.4) 16 (1) 0/6 0/4 0/4 0/4
Alck/lsrael/ 1376/03 6/6 (3) 6/6 (2.2) 2/6(1.5) 474 (1.5) 474 (2.8) 474(2)
3"introduction Altyllsrael/1567/04 1/6 (3) 1/6(4) 1/6 (1) 0/3 0/3 0/3
Alck/Israel/114/07 6/6 (2) 3/6 (1.2) 0/6 3/4 (1.4) 4/4 (2.2) 4/4 (2.2)
Al ck/lsrael/ 1525/06 6/6 (4.6) 516 (1.6) 176 (2) 313 (3) 313 (3) 373 (1)
4™introduction Alck/Israel/386/07 6/6 (4.2) 5/6 (1.6) 0/6 4/4 (4) 4/4 (2.3) 0/4
Alck/Israel/449/07 6/6 (3.2) 1/6 (1) 1/6 (1) 1/4 (1) 4/4 (3.2) 4/4 (3.2)
Cloacal shedding of virus, number shedding/total (mean cloacal virus titers*)
1%'introduction Alty/Israel/90710/00 3/6 (1) 2/6 (3) 2/6(1.8) 0/4 0/4 0/4
2" introduction Alck/Israel/786/01 3/6 (2.2) 0/6 0/6 0/4 0/4 0/4
Alck/Israel/1376/03 6/6 (1.5) 1/6 (2) 1/6(1) 0/4 1/4 (1) 0/4
3" introduction Alty/lsrael/1567/04 1/6 (1) 0/6 1/6 (2) 0/3 0/3 0/3
Alckllsrael/114/07 5/6 (2) 0/6 1/6 (1) 0/4 0/4 0/4
Alck/Israel/1525/06 3/6 (2.4) 1/6 (3) 0/6 0/3 0/3 0/3
4"introduction Ack/Israel/386/07 5/6 (2) 1/6 (1) 0/6 0/4 0/4 0/4
Alck/Israel/449/07 6/6 (1.5) 0/6 0/6 0/4 0/4 0/4
*In brackets presented titer of the virus expressed as LgEIDsy/ml
associated W|th the Table 3
mammalian Amino acid substitutions typical for mammalian and human AlVs in genes of
adaptation, most Israeli HON2 isolates
HON?2 isolates had ) B Predicted aa . Introduction
. . Protein aa position Avi Mammalian/ gt | ond 3 4th
the avian-virus- vian Human
specific 627V, and g Q ? Q Q Q Q
Only two had 627A, 199 A S A A A A
which had not been |PB2 588 A l Al A A A
. . 627 V K V V V/IA V/A
observed previously; =01 5 N D D D D
no D701N or A199S 674 A T Al A A AT
i i 76 V A \ V VIA’ VIA®
itutions - al
substitutions — also | g, 8 L s s s [ s [ &K
associated with host 87 E G E E E E
specificity — were 35576 E g i E E E
revealed (Fig. S3). PA 404 A s Al A | A | As
In the PB1-F2 409 8 y T
protein, 76A and 82S, NP 214 R K R | R R R
which is typical of 357 Q K Q| Q Q | oK
li h t 372 E D E E E E
mammalian OS1S, 1 T I T T T T
were found in11 and |\, 20 S N S| s [ sN" ] SN
. 57 Y H Y Y Y YH
65 . |sglates, % Vv A vV v v
respectively (Fig. S4). NS 215 P T Pl pPC | PL PIL°
Three HIN2 isolates 227 E RK E| E E K
NS2 70 S G S S S S

— A/ck/ lIsrael/793/ 1~ Alck/lsrael/883/08, Alck/lsrael/330/08
05, A/ck/Israel/853/ 2- Ack/Israel/953/07
05 and A/ck/lsrael/ 3- Ackl/lsrael/330/08
909/05 - contained 4- A/ck/Isra}eI/114/07, A/ck{lsrael/953/07
: 5- P—-29viruses, L — 39 viruses
the PB1-F2 protein 6- All viruses belonging to 4th introduction
truncated to 25 7- V-10,A-9
amino acid residues. 8- A-2[Alck/Israel/953/07, Alck/Israel/184/09]
The last three viruses 9- L - A/ckllsrael/1167/2010, A/ck/lsrael/1184/2010, A/ck/Israel/1293/2010

and three isolates —
A/ck/lsrael/114/07,
A/ck/lIsrael/375/07
and A/ck/lsrael/953/
07 - had a V27A

10- A/ck/Israel/793/05, A/ck/Israel/853/05, Alck/Israel/909/05,
Alck/lsrael/114/07, A/ck/Israel/375/07

11- A/ck/Israel/953/07

12- Afty/lsrael/689/08, A/ck/Israel/1040/07

13- A/ck/lsrael/114/07

14- A/ck/Israel/953/07
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Fig. S10. Phylogenetic relationships of HA and NA genes from HION2 influenza viruses

isolated in Israel and Lebanon. The phylogenetic trees based on nucleotide sequences were
generated by neighbour-joining analysis with the Maximum Com posite Likelihood model,
using MEGA 5.0 software. Numbers below branches indicate neighbour-joining bootstrap
values; numbers above branches indicate branch lengths. Viruses isolated in Lebanon are
marked with black circles.
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Fig. S11. Phylogenetic relationships of NP and NS genes from HON2 influenza viruses
isolated in Israel and Lebanon. The phylogenetic trees based on nucleotide sequences were
generated by neighbour-joining analysis with the Maximum Composite Likelihood model,
using MEGA 5.0 software. Numbers below branches indicate neighbour-joining bootstrap

values; numbers above branches indicate branch lengths. Viruses isolated in Lebanon are
marked with black circles.
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Fig. S12. Phylogenetic relationships of M and PB1genes from HIN2 influenza viruses isolated
in Israel and Lebanon. The phylogenetic trees based on nucleotide sequences were
generated by neighbour-joining analysis with the Maximum Com posite Likelihood model,
using MEGA 5.0 software. Numbers below branches indicate neighbour-joining bootstrap
values; numbers above branches indicate branch lengths. Viruses isolated in Lebanon are

marked with black circles.

substitution at the M2 protein, which is
associated with amantadine resistance.
Also in this protein, some viruses had 20N
and 57H amino acids, which are associated
with the specificity of the mammalian host

(Fig. S5). The PA protein in only one virus
- A/ck/lIsrael/953/07 - had the
mammalian-typical 404S (Fig S6). The NP
protein of two viruses — A/ck/Israel/953/07
and A/ck/Israel/114/07 - had the
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Fig. S13. Phylogenetic relationships of PA and PB2 genes from H9N2 influenza
viruses isolated in Israel and Lebanon. The phylogenetic trees based on nucleotide

sequences were generated by neighbour-joining analysis with

the Maximum

Composite Likelihood model, using MEGA 5.0 software. Numbers below branches

indicate neighbour-joining bootstrap values; numbers above branches indicate branch
lengths. Viruses isolated in Lebanon are marked with black circles.

mammalian-specificity-associated 375K
(Fig. S7).

The NS1 protein of all viruses
belonging to the 4™ introduction had the
mammalian-specific 227K. The NS1 of the
analyzed H9N2 possessed the EPEV, KSEV

and KSEI PDZ ligand motif (Fig. S8). The
F103L and M1061 NS1 mutations were
adaptive genetic determinants of growth
and virulence in both human and avian NS1
genes in the mouse model. All Israeli
viruses had 103F, viruses belonging to the
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Fig S14. Apoptosis by TUNNEL in the cells line THP-1(Human macrophages) induced by
Alck/lsrael/853/2005 and Alty/lsrael/884/2005 HINZ2 viruses.

A — control, 4400 ; B — control, 41000; C — 24 h after infection with virus Alck/Israel/853/2005, 4 400;
D — 24 h after infection with virus A/ck/Israel/853/2005, Y 1000. This virus stimulated apoptosis only
slightly; it induced minimal difference from the virally uninfected macrophage control culture.

E — 24 h after infection with virus Afty/Israel/884/2005, 4 400.

F — 24 h after infection with virus A/ty/Israel/884/2005, 4 1000. This virus strongly induced pronounced
apoptosis (brown-stained nucleus)

1st, 2@ and 3™ introductions had 103lI, substitutions associated with mamalian
whereas, viruses belonging to the 4" specificity were found in the PB1 protein
introduction had 103M. No amino acid (Fig. S9)
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A-853 A-884 A-Control

B-853 'B-884 'B-Control

100 pm

C-853 C-884 C-Control
s : : —

853 — A/ck/Israel/853/2005 (truncated PB1-F2, length of 25 aa);

884 — A/ty/Israel/884/2005 (PB1-F2, length of 90 aa).

A-853, A-884 and A-control. Mitochondrion staining of infected macrophages with MitoTracker Red 580. 24 h post-
infection.

A-853: virus Alck/Israel/853/2005-infected macrophages had intense staining of mitochondrion with MitoTracker.
A-884 : virus Alty/Israel/884/2005-infected macrophages completely free of mitochondrion staining. A-control:
MitoTracker Red 580 mitochondrion staining of uninfected macrophages.

B-853, B-884 and B-control. Pab 421 staining against p53 protein.

B-853: Intense staining was found in the cytoplasm and nucleus of the infected macrophages.

B-884 and B-control: No P53 staining of the cytoplasm or nucleus was found.

C-853, C-884 and C-control. DAPY nucleus staining.

D-853, D-884 and D-control. Meraed images

Replication and transmission of HON2 belonging to the 1st and 2™ introductions
viruses in chickens replicated to a limited extent in the tracheas

The animal test data are presented in and cloacae of directly infected birds, but
Table 2. It was shown that viruses were not transmitted to contact chickens
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introduced into the same cage. Two out of
three studied isolates belonging to the 3
introduction — A/ck/Israel/1376/03 and A/
ck/lsrael/114/07 - replicated in the
tracheas and cloacae of inoculated
chickens and were transmitted and
replicated in tracheas of contact chickens
(Table 2), whereas A/ty/Israel/1567/04
directly infected only one bird; though this
virus replicated successfully, it was not
transmitted into contact birds. All viruses
belonging to the 4" introduction replicated
into tracheas and cloacae of inoculated
birds and transmitted to contacted
chickens. None of the inoculated or
contacted birds showed visible signs of
disease, and all groups continued to gain
weight.

Influence of HON2 viruses with
complete and truncated PB1-F2
proteins on human macrophages in
vitro

To study the influence of the PB1-F2
gene on human macrophages in culture we
selected two HIN2 viruses belonging to the
same introduction but having considerable
differences in their PB1-F2 gene
sequences: A/ty/lsrael/884/2005, with
PB1-F2 protein, 90 aa in length; and A/ck/
Israel/853/2005, with truncated PB1-F2
protein, 25 aa in length. At 24 h post-
infection, virus A/ty/Israel/884/2005
strongly induced pronounced apoptosis of
the human macrophage cells and complete
loss of the mitochondrion MitoTracker
staining, but no P53 staining of the
cytoplasm or nucleus was found. In
contrast, virus A/ck/Israel/853/2005
stimulated apoptosis only slightly, and
elicited only minimal differences as
compared with control uninfected
macrophage culture. Similarly to the control
macrophage culture, macrophages
infected with A/ck/Israel/853/2005
exhibited intense MitoTracker staining of
the mitochondrion. In this case, the
cytoplasm and nucleus of the infected
macrophages exhibited intense staining
with antibody Pab 421 against p53 protein
(Fig. S14-S15).

Discussion

During 2000-2010 the Israeli poultry
industry was exposed to four introductions
of LPAI-HI9N2 Panshin et al. [24]. As noted
above, on the basis of phylogenetic
characteristics of complete AV genomes,
all Israeli HON2 strains examined in the
present study fell into three groups. Viruses
belonging to group A — the 1%t and 2™
introductions — contained 90658/00-like
sequences that were closely related to
those in Asian H9N2 strains. Local AlVs
from Group B — 3 introduction — contained
1304/03-like sequences that differed
significantly from 90658/00-like
sequences, in all segments. Group C
comprised viruses belonging to the 4
introduction; these viruses contained four
1304/03-like segments and four 1525/06-
like segments (HA, NA, NS, and M) which
differed significantly from 90658/00-like
and 1304/03-like sequences (Table 1).
Thus, these viruses occurred as a result of
reassortment between the new variant of
HIN2 and the viruses circulating previously
in the local region. Unfortunately, the Gene
Bank contains only a limited set of viruses
isolated in countries that share borders with
Israel during 2000-2010. Among them were
found four viruses, namely: A/chicken/
Jordan/1540/2003(H9N2) — closely related
to the lIsraeli HON2 of the 3™ introduction;
A/avian/Egypt/920431/2006(H9N2) -
significantly different from all the Israeli
isolates; and two Lebanese viruses — A/
quail/Lebanon/272/2010(HI9N2) and A/
quail/Lebanon/273/2010(H9N2) — which
had envelope genes closely related to
those of lIsraeli isolates of group C, and
internal genes significantly different from
those of all the lIsraeli strains (Figs S10-
S13). Thus, the HON2 strains circulating in
this region have internal genes from several
different sources: in the case of the Israeli
isolates — from local HIN2 AlVs circulating
in Israel; in the case of the Lebanese
viruses - from the Eurasian viruses
belonging to various subtypes other than
HON2. Experimental studies of HION2
viruses in infected and contacted chickens
showed no differences among local HON2
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isolates belonging to different

introductions.

Some molecular changes in the
envelope and internal proteins have been
associated with the host specificity of Israeli
HION2 viruses for mammals, including
humans. In general, differences in host
specificity and pathogenicity correspond to
changes in the envelope glycoproteins, in
addition these properties may be
associated with substitutions in internal
genes Fusaro et al. [25]. Chen et al. [7]
validated 50 amino acid signatures that
distinguish AIV from human influenza
viruses. In most positions of all internal
proteins our local isolates contained amino
acids typical of avian viruses; amino acids
typical of human influenza viruses were
found in only a few cases (see Table 3).

The results of experiments in vivo
imply that all the studied viruses infected
the majority of the directly inoculated birds,
and the viruses belonging to the 3 and 4%
introductions were able to infect contacted
birds (Table 2). Although it seems that
viruses related to the more recent
introductions multiply efficiently in the
trachea, no significant differences were
found among the studied viruses, in their
virulence and invasiveness.

Protein PB1-F2 was encoded in an
alternative reading frame of the PB1 gene.
This protein was found in most PB1-coding
sequences of influenza viruses isolated
from birds [26]; it increases virulence and
the risk of secondary infections [27-28] by
inducing apoptosis in macrophages [29].
This protein is functionally active if it has a
length of 79 or more amino acids. Our
present data show that the complete PB1-
F2 gene must be present for induction of
mitochondrion death and apoptosis. Most
local AlV isolates had the full-length PB1-
F2 protein, except for three HIN2 isolates
that were truncated. It is not clear why the
percentage of truncated PB1-F2 protein is
much smaller in avian influenza A viruses
than in swine and human influenza A
isolates. The above findings show that
exposure to the virus with full-length protein

for 24 h caused destruction of
mitochondria and cell death in cultures of
human macrophages (Figs. S14 and S15),
and this effect was not associated with
activation of protein p53 (Fig. S15). In
contrast, a virus with truncated PB1-F2
protein did not have a destructive effect on
mitochondria, but induced enhanced
production of pro-apoptotic P53 proteins
(Figs. S14 and S15).

It can be assumed that the virus with
an inactive PB1-F2, in contrast to viruses
with the full-length protein, can multiply in
macrophages to some extent, and,
consequently, reassortment of genes
between avian and human AlVs with
truncated PB1-F2 can occur directly in
human macrophages.

Our present study demonstrated that
low-pathogenic HON2 influenza viruses
have been circulating continuously in the
Middle-East region, including Israel, during
the last decade. Periodical introductions of
highly pathogenic H5N1 and pandemic
H1N1viruses have aggravated the
epidemiological situation in this region.
Although we have found only a few
substitutions in AlV internal protein genes
that might be associated with a high risk
of interspecies transmission, including
avian-to-human and human-to-human, the
possibility of the occurrence of such
mutations remains sufficiently high to
cause concern.
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Pesiome

MOJTEKYJTAPHAA N BMONOIMYECKAA
XAPAKTEPNCTUKA HN3KOMATOIEHHbBIX
BPYCOB I'PUIIMA HIN2,
BblAEJIEHHbLIX B U3PANJIE
Tenanep E., loneHaep H., LLkoaa Y.,
LpabkuH M., Jlanux K., MNaHivH A.

Bce mnspaunbckne BUPYChl LITaMMa
HIN2, ncnonb3yemble B HACTOALWEM MUC-
crnenoBaHuK, OblM pa3geneHbl Ha rpynnbl:
BUpycChl rpynn A u B coaoepxxanu coOTBeT-
CTBEHHO - BO BCEX BOCbMW CErMeHTax -
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90658/00-nopo6Hbie n 1304/03-nogobHbIE
nocnegosarensHoOCTU; rpynna C coctosna
13 BUPYCOB, BblaeneHHbix B 2006-2010 ro-
hax, KoTopble cogepxanu 4detbipe 1304/
03-nogoOHbLIX cerMeHTa U 4yeThipe 1525/
06-noaoobHbIX cermeHTa. MonekynsapHbiin
aHann3 nokasars, 4To 60JIbLUMHCTBO LWTaM-
MoB nmenn RSSR-MOTMB B canTe pacuien-
JIeHUs remarrnioTUHUHA. BonbLLUMHCTBO BU-
pycoB cogepxann reMarriloTUHUH C Tu-
NMU4YHBIM ONa nogen L216, u, kpome TOro,
BHYTPEeHHME Oenku, xapakTepHble ang
ntuy,. M3yyeHHble BUpychl 3apa3nnu 60sb-
LUMHCTBO NMPUBUTBLIX MTUL, HENOCPEACTBEH-
HO.

Bospgencrteme Bupyca ¢ nonHopas-
MepHon PB1-F2 6enka B TeyeHue 24 4
Bbl3BaN paspylleHne MUTOXOHOPWUIA U Tn-
Oenb KNEeTOK B KyJIbTypaxX 4el0Be4YecKux
Makpodaros, u 3ToT adpPekT He Obin CBA-
3aH ¢ akTnBauuen benka p53. Bupyc ¢ yce-
yeHHoWM uenbto 6enka PB1-F2 He oka3biBan
pPa3pyLIMTENbHOIo BO3AENCTBUA HA MUTO-
XOHAPWUN, HO NHAYUMPOBAN MOBbILLIEHHOE
NpPou3BOACTBO NPOanonToTUieckoro o6en-
ka P53.

Knro4desblie cnosa: Bupyc HIN2, ¢uno-
reHeTNn4eCKu aHasan3, BUPYCHbIE reHbl,
pennvkaums Bupyca, PB1-F2 6enok,
anonroas.

Bnepsbie noctynuna B pegakumio 10.06.2014 r.
PekomeHgoBaHa K nedatun Ha 3acenaHum
PEeaaKkUMOHHON KOJIZIErn rocse PeLeH3npoBaHns

Pe3lome
MOJTIEKYJTAPHA | BIOJIOINHYHA
XAPAKTEPUCTUKA
HNU3bKOIMATOINEHHWMX BIPYCIB I'PUIY
HION2, BUOITEHUNX B I3PAINI
TeHanep €., loneHaep H., Llikoaa I.,
Apabkin M., Jflanin K., MaHwmH O.

Bci ispainbebki Bipycn wtamy HIN2,
WO BMKOPUCTOBYIOTLCH B LLbOMY OOCHIA-
XEeHHi, 6ynn posaineHi Ha rpynu: Bipycu
royn A i B mictunu BignoBigHO - y BCIiX
BOCbMM cermeHTax - 90658/00-nopnibHi i
1304/03-nopnibHi nocnigoBHocTi; rpyna C
cknaganacs 3 BipyciB, BuaineHmx y 2006-
2010 pokax, gki mictunm yotupu 1304/03-
nonioHnx cermeHTa i Hotnpm 1525/06-noa-
iBHMX cermeHTa. MonekynapHuin aHanis
nokasas, WO OinNbWiCcTb WTaAMiB Manu
RSSR-MOTMB B caiiTi po3LLENNEHHS remar-
NIOTUHIHY. BinbwicTb BipyciB MiCcTUAN re-
MarioTUHIH 3 TMNOBUM Ans nogen L216,
i, KpiM TOro, BHYTPIiWHI Binkn, xapakTepHi
Oons ntaxie. BmB4yeHi Bipycu 3apasunm
OinbLUiCTb WEenneHnx nrtaxis 6esnocepes-
HbO.

Bnnne Bipycy 3 NOBHOPO3MIipPHOIO
PB1-F2 6inka npotarom 24 ropn, BUKINKaB
PYMHYBaHHS MIiTOXOHAOPIN | 3arnbenb KNiTUH
B KyNnbTypax noacbknx makpodaris, i uen
edekT He OyB NOB’A3aHUN 3 aKTMBALLEID
6inka p53. Bipyc 3 yCi4eHO NaHLUIorom
6inka PB1-F2 He 4vMHMB pyIHIBHOro BNN-
BY Ha MITOXOHAPII, ane iHayKyBaB MiaBuLLE-
HWIA CiHTEe3 NpoanonToTuyeckoro Oinka
P53.

Knoyosi cnoBa: Bipyc HIN2, pinoreHe-
TUYHUY aHaJsli3, BIPYCHI reHu, perikaLis
Bipycy, PB1-F2 6inok, anonroas.
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