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Abstract

Introduction: Avian influenza viruses of the HON2 subtype have been reported to cause human infections. This study demonstrates the impact
of nasal viral passaging of avian HON2 in hamsters on its cross species-pathogenic adaptability and variability of amino acid sequences of the
hemagglutinin (HA) and neuraminidase (NA) stalk.

Methodology: Three intranasal passagings of avian HON2 in hamsters P1, P2, and P3 were accomplished. Morbidity signs and lesions were
observed three days post viral inoculation. The HA test was used for presumptive detection of HIN2 virus in the trachea and lungs of the
hamsters challenged with the differently passaged viruses. Different primers were used for PCR amplification of the HA1 and NA stalk
regions of the differently passaged HON2 viruses, followed by sequence alignment.

Results: The morbidity signs indicated low pathogenicity of the differently passaged HIN2 viruses in hamsters. The frequency of gross and
microscopic lesions in the tracheas and lungs were insignificantly different among hamsters challenged with the differently passaged HON2
viruses (p > 0.05). There was 100% similarity in the amino acid sequence of the HA gene of most passaged viruses. The amino acid sequence
of the neuraminidase in the third passaged HON2 virus recovered from lungs showed a R46P mutation that might have a role in the
pathogenic adaptability of P3 viruses in hamsters’ lungs.

Conclusions: The apparent adaptation of avian HIN2 virus to mammalian cells is in agreement with the World Health Organization’s
alertness for a possible public health threat by this adaptable virus.
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Introduction Al strains that enables them to cross the interspecies

Avian influenza viruses of the HON2 subtype are
widely circulating in avian species and have been
reported to cause infections in humans. Interspecies
transmission of HIN2 avian influenza (Al) viruses is
well documented in the literature [1-3]. Major poultry
HON2 virus outbreaks originated from viruses
harbored by shorebirds and wild ducks, while various
birds and mammals such as quails and ferrets are
thought to play a major role in the reassortment of new

barrier [2,4-7]. It has been documented that 16% of
quails in Hong Kong tested positive for HON2 viruses
containing an H5N1like internal genome. Moreover,
H6N1 and HON2 viruses have been reported to be co-
circulating in quails of Hong Kong, and they both
share common genes with the HSN1 viruses that have
caused human fatalities and poultry outbreaks in
Southeast Asia [2].
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The isolation of H9N2 viruses from swines in
Hong Kong in 1998 raised concerns about the
potential of this virus to be transmitted to humans,
since both hosts have the same type of sialic acid (SA)
receptors for avian influenza viruses [3].
Unfortunately, this prediction became a reality in
1999, when the HIN2 virus was isolated from seven
patients in different provinces of China [1].

The continuous circulation of HIN2 viruses in
Asia and worldwide [8-11] triggered scientists to focus
on understanding the molecular changes in various
genes from different strains that might lead to
interspecies barrier crossing. Consequently, several
animal models using mice, ferrets, and hamsters have
been used to understand the HON2 virus pathogenesis,
tissue tropism, and host specificity or adaptability [12-
14].

Hamsters offered a good model for studying the
reassortment of Al viruses. Hamsters can be infected
with avian influenza viruses and transmit the viruses to
uninfected animals. The upper and lower respiratory
tracts and digestive system of hamsters are
characterized by the presence of a-2,3 and a-2,6 sialic
acid used by Al viruses as primary receptors [13,15].
Avian influenza viruses preferentially bind to a-2,3
SA receptors [14,16-18], while human Al viruses bind
to a-2,6 SA receptors [19]. The adaptation of avian
influenza A viruses to mammalian cells is dictated by
a series of modifications in the viral internal genes,
specifically those coding for hemagglutinin (HA) at
the cleavage site and neuraminidase stalk (NA); such
modifications enable the virus to recognize and bind
to a-2,6 SA receptors, inducing antibody responses in
humans [9,20].

At the HA gene level of H9 viruses, the literature
documents the presence of glutamine at position 226
in avian viruses, while human and mammalian viruses
have leucine at this position [1,11]. In addition, the
loss of glycosylation site at positions Asn-11, Asn-94,
and Asn-198, close to the receptor binding site at the
C-terminus of HA of human viruses, may affect the
receptor binding characteristics, thus increasing the
pathogenicity of these viruses.

It is worth noting that among all of the isolated
avian and human H9N2 viruses, two human isolates,
namely A/Hong Kong/1073/99 HO9N2 and A/Hong
Kong/1074/99, and one quail isolate (Qa/HK/GI/97)
had the same amino acid combination of His-191, Gln-
198 and Leu-234 in their hemagglutinin protein [1].
This combination was not found in the two reported
Lebanese quail isolates of the HIN2 virus, namely
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A/quail/Lebanon/273/2010 and
A/quail/Lebanon/272/2010 [21].

At the neuraminidase stalk (N2) level, mammalian
HON2 viruses have been characterized by deletion of
two amino-acids at the 38 and 39 positions. The
absence of a glycosylation site at position 402 of the
N2 was a characteristic of the two human HIN2 virus
isolates, thus differentiating them from the
Qa/HK/GI/99 isolate of quails [1,11].

Other internal viral proteins, such as the non-
structural protein (NS) [1] and the polymerase basic
protein (PB),specifically the PB2 [6,15],may have a
role in determining the host range of avian influenza
viruses; it is worth noting that the role of the matrix
protein has not yet been established in host range
specificity.

This study aimed to assess the impact of in vivo
viral passaging of an original HIN2 virus isolated
from poultry on its pathogenic adaptability to
hamsters, and the relatedness of this adaptation to the
variability of the amino acid sequence of the HA and
N2 stalk proteins.

Methodology
Original virus

The original virus (P0), Lebanonl/H9N2, is a
mildly pathogenic HON2 virus that was isolated from a
broiler chicken and propagated in the allantoic
membranes of nine-day-old chicken embryos. The
virus was subtyped as HIN2 at the Animal and
Veterinary Sciences Department of  the
AmericanUniversity of Beirut, and its type was
confirmed by the Central Veterinary Laboratory in
Weybridge, UK.

HYN2 passaging in hamsters

The hamsters used in this study were influenza
naive prior to the initiation of the experiment. In
studying the effect of each of the three differently
passaged strains, experimental (n = 10) and control
hamsters (n = 10) were distributed in four separate
cages, with five hamsters per cage. The experimental
and the control hamsters were kept in two separate
isolation rooms. The ten experimental fourweekold
hamsters were intranasally challenged with the
original HON2 Al virus (PO0), at two hemagglutination
(HA) units/50 pL inoculum per hamster. The other 10
control hamsters were left free from any viral
challenge. Following the first passage (P1), an
individual presumptive detection of  the
hemagglutinating HIN2 virus from homogenates of
tracheas and lungs of the experimental and control
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hamsters was assessed three days post inoculation
using the hemagglutination (HA) test [22]. Lung
homogenates with HA activity were pooled in equal
volume, and the pool was used as an inoculum for a
second passage of the HON2 virus in another ten four-
week-old hamsters (P2), leaving 10 hamsters as
controls. The inoculum used was adjusted to two
hemagglutination (HA) units/50 pL inoculum per
hamster. The same recovery protocol was used for P2
and P3 passages. The H9N2 wviral detection in
homogenate pools of tracheas or lungs of hamsters
was confirmed by PCR amplification of the
conservative matrix gene of the type A influenza virus.

Approval of the Institutional Animal Care and Use
Committee at the Medical School of the American
University of Beirut was obtained before the initiation
of this study.

Pathogenic adaptability assessment in hamsters
Mortality and morbidity assessment in hamsters

The frequency of mortality and illness signs,
including rales, ocular exudates, nasal discharge, and
morbidity were observed at days 1, 2, and 3 post
challenge with each of the differently passaged
viruses. These frequencies were used as indicators of
HON2 virus adaptability to hamster host cells.

Gross lesions

Experimental and control hamsters were sacrificed
with CO, three days following the viral incubation
period. Gross lesions resulting from the three
differently passaged HIN2 viruses in hamsters were
observed and recorded for each animal, namely
tracheitis and lung congestion. These observations
were used as additional indicators of the HON2 virus’s
pathogenic adaptation to mammalian cells of hamsters.
Tracheas and lungs were each individually removed
aseptically and cut into two sections. One section was
fixed in 10% formalin for histopathologic
observations, while the second section was used for
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HON2 viral detection by the presumptive HA test [5].

Histopathology
The histopathological studies on collected organs

of experimental and control hamsters included the use
of the 10% formalin fixed tissues that were sectioned
at 4 um thickness, followed by hematoxylin and eosin
staining. Microscopic observations included the
recording of tracheal deciliation, mucosal hypertrophy,
goblet cell degeneration, mucus accumulation, and
heterophil infiltration in four tracheal sections per bird.
The observations were done in four microscopic fields
per tissue section, located at 2, 4, 8, and 10 o’clock
positions. These microscopic lesions were additional
indicators of the HON2 viral pathogenic adaptability to
the mammalian cells of hamsters. A score of 1 was
assigned for each of the following tracheal tissue
changes: deciliation, mucosal hypertrophy, goblet cell
degeneration, and mucus accumulation. A score of 0
was assignedto the absence of tracheal changes. The
average score of four observed microscopic fields per
tissue section in each of the 10 hamsters per treatment
was used in statistical analysis. The same procedure
was followed to compare the frequencies of mucus
accumulation in the air ducts of the lungs. The
cumulative heterophil count in 16 fields (4 fields per
each of the four tissue sections of each respiratory
organ) was recorded.

Amplification and sequencing of specific HY9N2
genome segments

Different sets of primers were used for the
amplification and nucleotide sequencing of the HA
and of neuraminidase (NA) stalk genes of PO, P1, P2,
and P3 HIN2 viruses (Table 1).

Viral RNA was extracted from tracheal and lung
homogenates using the QIAamp Viral RNA Mini Kit
(Qiagen, Hilden, Germany). The extracted RNA from
all passages was adjusted to 100 ng per 50 uL of the
reaction mixture. The RNA was amplified by reverse

Table 1. Primers used in RT-PCR amplification of HA and N2 stalk genes of the experimental HON2 viruses

. Expected
Primer set Target Nucl?(.)tlde length of the Host c?lls of Reference
position . the virus
amplicon (bp)
Banks et

Hul: 5>-TAT GGG GCA TAC AYC AYC C-3’ .
Hu2c: 5’-TCT ATG AAC CCW GCW ATT GCT CC-3° 592-1078 486 Avian al.[,223(}00

s s Peiris et
Hum F: 5°-TTG CAC CAC ACA GAG CAC AAT-3 143-575 432 Humans, 1999
Hum R: 5°-TGA TGT ATG CCC CAC AT GAA-3’ . swine, avian a 'i24]
NAF: 5°-GCA ATT GGC TCT GTT TCT CT-3’ 25-1296 1271 Humans, Liuet al.,
NAR: 5’-CTT TGG TCT TCC TCT TAT CA-3’ swine, avian 2003 [5]
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transcription-polymerase chain reaction (PCR), using a
One-Step RT-PCR Kit (Qiagen, Hilden, Germany).

The resulting DNA amplicons were subjected to
electrophoresis and visualized in 2% agarose gel using
ethidium bromide staining. The DNA amplicon was
excised from the gel and purified with the QIAquick
Gel Extraction Kit (Qiagen, Hilden, Germany). The
nucleotide sequence of the successfully amplified HA
and NA stalk of the experimental viruses recovered
from each of the two respiratory organs of the
hamsters was determined by the 3100 AvantGenetic
Analyzer ABI PRISM (Applied Biosystems Hitachi,
Foster City, USA), and by the inclusion of the reverse
primers for avian and mammalian H9-HA (Hu2c and
HumR, respectively) and for NA stalk (NAR primer).

The amino acid coding by the nucleotide
sequencesof the original (PO) and the differently
passaged isolates of HON2 (P1, P2, and P3) were
determined and compared using the program of the
NCBI website, known as the Basic Local Alignment
Search Tool (BLAST version 2.2.15)
(www.ncbi.nlm.nih.gov).

Statistics

The frequencies of mortality and morbidity signs,
indicators of avian influenza viral pathogenic
adaptability to mammalian tissues of hamsters,
observed at days 1, 2, and 3 post challenge, were
compared among the controls and challenged animals
using the Chi-square test. The same test was applied to
compare other indicators of the viral pathogenic
adaptability, namely the frequencies of detection of the
differently passaged viruses from the tracheas and
lungs of the experimental animals, and the frequencies
of gross lesions in the two respiratory tissues of
experimental hamsters three days post challenge. The
frequency of other pathogenic adaptability indicators
(microscopic lesions) were compared using one-way
ANOVA and Tukey’s test. Statistical analysis was
performed using the Statistical Package for the Social
Sciences program version 18 (SPSS Inc., Chicago,
USA).
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Results
Pathogenic adaptability assessment in hamsters
Mortality and morbidity

No mortalities were recorded among the control
hamsters and those challenged with P1, P2, or P3
viruses. Moreover, no signs of rales or ocular exudates
were observed during the three consecutive days post
challenge with the differently passaged HIN2 viruses.
The morbidity sign was not observed among P1, P2,
and P3challenged hamsters at one or two days post
challenge. In addition, the frequency of morbidity,
observed at day three post challenge, was not
significantly different among P1, P2, and P3 hamsters
(2/10, 2/10, and 1/10, respectively; p > 0.05) (Table 2).

The frequency of nasal discharge increased
significantly in P3challenged hamsters, in comparison
to P1 and P2 hamsters, rising from 1/10 in day one to
respective frequencies of 6/10 and 4/10 in days two
and three post challenge (p < 0.05).

Gross lesions

In studying the gross lesions caused by each of the
three differently passaged strains, experimental (n =
10) and control hamsters (n = 10) were distributed in
four separate cages, with five hamsters per cage. The
experimental and the control hamsters were kept in
two separate isolation rooms. The frequencies of the
gross lesions were insignificantly different among
hamsters challenged with either P1, P2, or P3 viruses
(Table 3).

Presumptive and confirmative HIN2 viral detection in

hamsters’ respiratory organs.
The presumptive HON2 viral detection by

observation of the hemagglutination reaction of
tracheal and lung homogenate against chicken red
blood cells (RBC) is shown in Table 4. The frequency
of viral presumptive detection dropped to 0/10 in
tracheas and 4/10 in lungs of P2challenged hamsters,
then rose significantly to 5/10 and 9/10, respectively,
in the tracheas and lungs of P3challenged hamsters (p
< 0.05). The RT-PCR amplification of the matrix gene
of the infecting viruses used in this work confirmed
the presence of influenza viruses in the lungs and
tracheas of the experimental hamsters, yielding a 265
bp amplicon, except for the pooled tracheas of
hamsters challenged with the P2 virus.

The RT-PCR results for the detection of HIN2
virus in tissues of challenged hamsters were in
agreement with those obtained by the HA test,
revealing an absence of HA activity by the tracheal
homogenate of P2-challenged hamsters (Table 4).
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Table 2. Frequency of hamsters with specific morbidity signs three days post HON2 virus challenge”

Frequency of hamsters with specific signs

Passage number Treatment - —
Rales Nasal discharge Ocular exudates Morbidity

Control 0/9* 0/9* 0/9* 0/9*

Pl Al challenged 0/10* 0/10* 0/10* 2/10*
Control 0/10* 0/10* 0/10* 0/10*

P2 Al challenged 0/10* 0/10* 0/10% 2/10%
Control 0/10* 0/10* 0/10% 0/10*

P Al challenged 0/10* 4/10° 0/10° 1/10*

“Intranasal challenge with two hemagglutination (HA) units/50 uL per male hamster at four weeks of age
**Frequencies in columns with different alphabetic superscripts are significantly different (p < 0.05)

Table 3. Frequency of hamsters with specific gross lesions at three days post HON2 challenge”

Frequency of hamsters with specific lesions

Passage number Treatment
tracheitisT lung congestionL.

- Control 0/10* 0/10*

Al challenged 4/10° 7/10°
Control 0/10° 2/10*
P2 Al challenged 2/10%° 5/10°°

P3 Control 0/10* 0/10°

Al challenged 3/10*° 5/10°°

“Intranasal challenge with two hemagglutination (HA) units/50 pL per male hamster at four weeks of age
““Frequencies in columns with different alphabetic superscripts are significantly different (p < 0.05)

Table 4. Frequency of presumptive” viral detection in tracheas and lungs of the experimental hamsters three days post HON2
virus challenge”” using the hemagglutination test

Frequency of presumptive viral detection in organs

Passage number Treatment

Trachea Lung

Control 0/9* 0/9*
Pl Al challenged 10/10¢ 10/10°
Control 0/10* 0/10*

P2 Al challenged 0/10° 4/10°
Control 0/10* 0/10*

P Al challenged 5/10° 9/10°

"Presumptive detection was based on hemagglutination (HA) test performed on individual organs’ homogenate against 0.5% of chicken RBC
“Intranasal challenge with two hemagglutination (HA) units/50 pL per male hamster at four weeks of age
““Frequencies in columns with different alphabetic superscripts are significantly different (p < 0.05)
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Histopathology
The frequencies of hamsters showing microscopic

lesions in their tracheas and lungs are presented in
Table 5. A non-significant increase in the average
percentage of microscopic fields showing goblet cells
degeneration (26.2%) and mucus accumulation
(11.2%) was observed in the tracheas of P3challenged

hamsters in comparison to their respective
observations in Pl- (20.1% and 6.9%) and
P2challenged  hamsters (23.1% and 10.6%,
respectively) (p > 0.05).

In addition, a non-significant increase was
observed in the average percentage of lung tissue
fields showing mucus accumulation (26.3%) and
hyperplasia (25.6%) in the lung parenchyma of
P3challenged hamsters in comparison to their
respective observation in P1 (25.7% and 16.7%) and
P2challenged hamsters (23.0% and 16.5%) (p > 0.05).

Amplification and sequencing of the HIN2-specific
genome

PCR amplification of the HA1 gene in pools of
tracheas and lungs obtained from P1, P2, and P3
hamsters using primers Hul and Hu2c [23], failed; the
HA gene of the original PO virus, however, was
successfully amplified, resulting in an amplicon
situated at 486 bp size.
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The primers reported by Peiris et al. [24] for
amplification of the H9-HA gene part of swine, avian,
and human HIN2 viruses (HumF and HumR), were
able to amplify successfully triplicate runs of the H9-
HA gene at position 143 to 575 of PO and P3 viruses
recovered from tracheas and lungs, and of P1 and P2
viruses recovered only from lung tissues of challenged
hamsters (P1L and P2L, respectively).The sequencing
was restricted to the amino acid position 50 to 165,
revealing a 100% similarity in the HA sequenced
region of PO, P1L, P2L, and P3 HI9N2 viruses. The
sequence had a 99% similarity to that of HON2 viruses
isolated from Israeli chickens, and a 93% to 95%
similarity to that of two human HIN2 isolates (Table
6).

Amplification of the N2 stalk using NAF and NAR
primers was successfully obtained in the PO and P3
viruses recovered from the lungs of the experimental
animals, yielding an amplicon of 1270 bp. A common
amino acid difference was obtained at position 46 of
the N2 stalk of PO and P3, in which the arginine (R) in
PO was replaced by proline (P) in P3 of the lungs
(Table 7).

Table 5. Histopathologic lesions by HON2 virus in two respiratory organs of hamsters three days post challenge” with the

differently passaged viruses.

Average number of infiltrated

heterophils/tissue section”

Average % of fields/tissue section”" showing a specific lesion
in each of the two organs

Trachea Lung
8 - . g
HI9N2 Passage £ 2 & g
g Treatment = 2 = = =g s
number kS & E 5 ek iz
Trachea Lung g ks E & E £ =
B 2 g = 8 g 2
a 8 g z S 5 )
3 E g g
§ = = s
ol Control 0* 0 0* 0.0° 0.0° 0 0.0° 0.0°
Al challenged 0 0 0 20.1° 6.9° 0 25.7° 16.7°
» Control 0 0° 0* 0.0° 0.0° 0° 0.0° 0.0°
Al challenged 0 0* 0? 23.1° 10.6° 0* 23.0° 16.2°
- Control 0 0° 0* 0.0° 0.0° 0° 0.0° 0.0°
Al challenged 0 0* 0? 26.2° 11.2° 0* 26.3° 25.6°

“Intranasal challenge with two hemagglutination (HA) units/50 uL per male hamster at four weeks of age
" Average number of infiltrated heterophils in 4 microscopic fields/tissue section (4 sections/organ) observed at clock positions of 2, 4, 8, and 10 (1000X

magnification)

" Average percentage of 4 microscopic fields/tissue section (4 sections/organ) showing positive lesion, and observed at clock positions of 2, 4, 8, and 10

(1000X magnification)

*PAverages in columns with different alphabetic superscripts are significantly different (p < 0.05)
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Table 6. Comparison of the analyzed amino acid sequences of a part of the HA gene of the differently passaged HIN2 viruses to two reported human isolates
(A/HK/1073/99 and A/HK/1074/99) (position 50-165)

Experimental”
i;;;;jg‘::sted Amino acid sequence of HA from a.a position 50 to 165"
PO, P1L, P2L, 50 165
P3L and P3T LLHTEHNGMLCATNLGHPLILDTCTIEGLIYGNPSCDLLLGGREWSYIVERPSAVNGTCYPGNIENLEELRTLFSSASSYQRIQIFPDTIWNVTYTGTSKACSDSLYRSMRWLTQK
&
A/HK/1073/99 ............... L Ve eieeoiaennneasoenonnaanns Seviinenannan Vit tieiiieetiannnanenonnea Tevevnnannn R...G.F.ovovvinnnnn
A/HK/1074/99 ............... S Voo E.oooaai., 1 PP Teiieiie e G.Fevviinennnnn

"POL original HON2 virus isolated from a broiler; P1L, P2L, and P3L: experimental HON2 strains recovered from lungs of hamsters challenged respectively with one, two, and three times passaged viruses;
P3T: experimental HON2 viruses recovered from tracheas of hamsters challenged with a three times passaged virus

" A/HK/1073/99 and A/HK/1074/99 HON2 strains were isolated in Hong Kong on 5 March 1999 from nasopharyngeal aspirates of two patients with mild influenza namely a 4-year-old girl and a 13-month-
old girl, respectively

""Each dot indicates the presence of the same amino acid found in the original PO1 virus. The presence of an alphabet letter in the place of a dot indicates a point mutation (replacement by a different amino
acid).

Table 7. Comparison of the analyzed amino acid sequences of a part of the neuraminidase stalk of the differently passaged avian HON2 viruses in hamsters to the
two reported human isolates from Hong Kong (A/HK/1073/99 and A/HK/1074/99) (position 32-104)

Experimental” and reported” HON2 viruses Amino acid sequence of NA stalk from position 32 to 104"
PO 32 104
TMTLHFKONDCTNPRNNQVVPCGPILIERNITEIVHLNNTTIEKENCPKVAEYKNWLKPQCQITGFAPFSKDN
PO e e e e e e e
S0
P31 Loveoo.. P e e e e e e e
p3r2 Ll Leveon.. P
p3L3 Loveo... D e e e e e e e
A/HK/1073/99 L. NE....S...A...E..T. it S St e
A/HK/1074/99 L. NE....S...AM..E..T.... i, S S T

P01, P02, P03: original avian HON2 virus’ sequences in triplicate; P3L1, P3L2, and P3L3: experimental HON2 viruses recovered in triplicates of pooled lung homogenates of hamsters challenged with the
three times passaged virus

" A/HK/1073/99 and A/HK/1074/99 viruses were isolated in Hong Kong on 5 March 1999 from nasopharyngeal aspirates of two patients with mild influenza, namelya 4-year-old girl and a 13-month-old
girl, respectively

""Each dot indicates the presence of the same amino acid found in the original PO1 virus. The absence of a dot, in a defined position, indicates the presence of an amino acid deletion at that position. The
presence of an alphabet letter in the place of a dot indicates a point mutation (replacement by a different amino acid).
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Discussion

The results of this study demonstrated the low
pathogenicity of the original avian influenza HIN2
virus and the differently passaged HON2 viruses, as
deduced from the absence of mortality and the low
morbidity among the differently challenged hamsters
[25].

The nasal discharge signs during the incubation
period of P3 viruses in hamsters rose three days post
challenge. This is in agreement with the studied
incubation period reported in the works of Newby et
al. [13] and Deng et al. [26]. However, the impact of
three HON2 virus passages in hamsters was not
prominent compared to the observation of high
mortality in mice that were challenged with 10
passaged viruses [27]. This could be due to differences
in the number of passages and/or the difference in the
susceptibility of the mammalian species used in the
two studies.

The frequency of lung congestion in challenged
hamsters was higher than that of tracheitis, indicating
a higher tropism of the HON2 viruses to lung cells
compared to ciliated tracheal cells [13,28]. The work
of Newby et al. 2006 [13] proved that type A
influenza viruses infect primarily non-ciliated cells of
hamsters, expressing both a-2,3 and 0-2,6 SA
receptors, specifically at one and two days following
infection. It is worth noting that the ciliated cells show
a reduction in the amount of 0-2,3 SA in comparison
to non-ciliated cells. However, these findings may
vary according to the host species used for challenge.
For instance, previous literature reported that the
tracheal tissue is the preferred infection site for HON2
viruses in avian [25,29,30] and equine [31] species,
due mainly to the prevalence of 0-2,3 SA receptors in
their tracheal cells.

The HON2 viruses were presumptively detected in
all tracheas and lungs of Plchallenged hamsters,
which encourages the use of this animal model for
studying the pathogenic adaptation of avian influenza
viruses to mammals [13]. However, this observed
pathogenic adaptation of avian influenza raises a
concern about the mixing of different animal species
in farm settings, which is widely the situation in many
of the developing countries [32,33].

The third passage of the HON2 virus seems to
restore the viral tropism of the HON2 virus to the lungs
more than to the trachea, proving a preferred tropism
of these viruses to non-ciliated alveolar cells of the
lungs that are richer in a-2,3 and a-2,6 SA receptors
[13].
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These findings point at the future possible role of
the original and multiply passaged HON2 viruses in
human pandemics, since the replication of HON2 Al
viruses in hamsters’ lungs is highly correlated to their
virulence in humans [34,28]. In this context, human
A/HK/1073/99 HON2 viruses were recovered from
100% of the lungs of hamsters three days following
the challenge with a dose of 10> EIDs,. Accordingly,
the HON2 virus replication in hamsters’ lungs could
relate to its pathogenic adaptation to human hosts [28].

The absence of heterophils infiltration in the
tracheal mucosal layer and lung parenchyma and the
absence of epithelial cell deciliation and thickening of
mucosal layer in tracheal cuts of the challenged
animals are indicators of the insignificant damage,
mainly to the tracheal tissue by the avian HON2 virus,
and its inability to form necrosis in this organ [35,36].
Advanced tissue damage of virulent Al viruses,
including HON2 viruses that were previously reported
in literature, included desquamation of the ciliated
epithelium of tracheo-bronchial airways, mononuclear
cell inflammatory infiltrates, and necrosis of lung and
trachea tissue in avian species and mammals [37,38].

The insignificant tissue changes due to viral
passaging observed in this work are mainly hindered
by the interspecies pathogenic adaptability and the low
number of viral passaging in hamsters. However, other
studies have reported that a tenfold lung-to-lung
passage of a swine isolate (SW/HK/9/98-MA HIN2)
in mice resulted in an increase of virulence of this
virus towards murine respiratory cells and was
associated with high mortality among the experimental
animals [27]. On the contrary, the human HIN2 strain
pathogenicity was reduced by passaging it in hamsters
and MDCK cells, thus emphasizing the role of the type
of host cells in the level of pathogenic adaptability of
the passaged HON2 viruses.

Regarding mutations, the failure of the
amplification of the HA gene in pools of tracheas or
lungs from P1, P2, and P3 hamsters by PCR using Hul
and Hu2c primers indicates the possibility of a
significant mutation occurrence at the complementary
sequences of the used primers, namely at nucleotide
positions 592-610 and 1055-1078. However, the
successful amplification of the HA gene of the original
PO virus confirms the specificity of the used primers to
the avian HIN2 virus, as cited in the literature [23].

In addition, mutations could have occurred at
certain complementary sequences to the Humf and
HumR primers in the H9-HA gene of P1 viruses
recovered from the tracheas of challenged hamsters
(P1T). These mutations could have prohibited the

577



Shaib et al. —Pathogenicity and genetics of passaged HIN2 viruses

primers’ annealing and the subsequent amplification.
These results could indicate the presence of two
different populations of HON2 viruses in the lungs and
tracheas of the challenged hamsters due to the
presence of different receptors in these two tissues
[13]. Consequently, this part of the HA gene seems
unsuitable for tracking amino acid changes that could
be responsible for an increased pathogenic adaptability
to mammalian cells. This finding suggests the need for
future investigation of the nucleotide sequence
variability at the complementary sequences to the
HumF and HumR primers of the HA gene; significant
mutations in complementary sequences of HA gene to
avian or mammalian primers (HumF and HumR)
could lead to a failure in PCR amplification of this
specific HA gene segment, as demonstrated in the
tracheas of P1 hamsters that showed the presence of
the HIN2 matrix gene. In the future, it is worth
looking at the whole HA gene sequence and at a series
of modifications in the viral internal genes that could
dictate the adaptation of the avian influenza HIN2
virus to the mammalian cell.

The H9-HA amino acid sequence of PO, P3, PIL,
and P2L viruses had a 99% similarity to that of the
HON2 viruses isolated from Israeli chickens, namely
Al/avian/Israel/584/2005, A/chicken/Israel/178/2006,
A/chicken/Israel/1376/2003,A/chicken/Israel/1966/20
04, A/chicken/Israel/29/2005, and
A/chicken/Israel/1475/2003. However, the similarity
dropped to a respective 93% and 95% when the HA
sequence was compared to that of the two human
HON2 isolates, namely the A/HK/1073/99 and
A/HK/1074/99 recovered in Hong Kong [1]. The HA
amino acid sequence of the multiply passaged viruses,
between positions 50 to 165, were stable, and showed
a higher similarity to the avian HON2 virus.

Amplification of the N2 stalk was successful for
PO and P3 viruses recovered from the lungs of
experimental animals. The passaging and adaptation of
the HON2 virus to mammalian cells led to mutations at
the primer level of the N2 gene, positions 25-44 and
1277-1296 in P1 and P2 H9N2 viruses. Sequencing
revealed a similarity percentage of the N2 stalk of PO
(avian) and P3 (mammalian) virus of 97.3%, while
both PO and P3 viruses had N2 gene with 86% and
85% similarity to the two human isolates
A/HK/1073/99 and A/HK/1074/99, respectively.

However, it has been reported in the literature that
the adaptation of the HIN2 virus to mammalian cells
includes a deletion of two amino acids from the N2
stalk, namely at positions 38 and 39, as reported in
strains HK/1073/99 and HK/1074/99 [21]; these
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deletions were not present in the N2 stalk of the PO
and P3 viruses. More serial passages could lead to
higher pathogenicity as a result of the possible deletion
of the two amino acids at positions 38 and 39 in the
NA stalk. This hypothesis will be dealt with in a future
investigation.

The replacement of arginine at amino acid position
46 of the N2 stalk of the PO avian isolate by the
proline in P3 of hamsters’ lungs could be of
significance in affecting the pathogenic adaptability of
the HON2 virus. The proline possesses a neutral side
chain instead of a positively charged one, which might
affect the configuration of the N2 stalk of the P3
HON2 virus [39], thus raising concerns about its
impact on public health. The role of these mutations in
the N2 stalk of the HIN2 virus in mammalian species
needs further investigation, which can lead to the
development of efficacious vaccines against this
threatening zoonotic etiology of avian influenza.
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