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Abstract: H5N1 Highly Pathogenic Avian Influenza (HPAT) viruses have posed a serious threat to poultry, wild
birds and mammals mcluding humans since 1997. Quails are a potential reservorr in which mfluenza viruses
might mutate to a mammalian transmissible form. To mvestigate the molecular changes that occur in HSN1 HPAT
viruses following passage m quail, two 1solates, A/Quail/Guangdong/342/2008 (QL342) and
AMQquall/Guangdong/176/2004 (QL176) were selected. QL342 (clade 2.3.2) and QL176 (clade 7) viruses were
high pathogenic to quail with a mortality rate of 18.3-100% and could be transmitted between naive contact
quails. After six passages in Japanese quails, researchers obtained two viruses, F6QL342 and FoQL176.
Compared with Q1.342, F6QIL.342 had six animo acid substitutions in polymerases PB1 and PA, Nucleoprotein
(NP) and Hemagglutinin (HA) but there was little difference in their pathogenicity to mice. Compared with
QL176, FeQL176 virus had 10 amino acid substitutions in PB2, NA, HA proteins. F6QL176 showed an increased
pathogenicity towards mice causing more severe weight loss and higher lethality compared with QL.176. The
findings showed that quails might play an important role in the adaptation of H5N1 avian mfluenza viruses to
mammals. Therefore, researchers should enhance surveillance of HSN1 HPAI viruses in the quail population

especially in live-bird markets.
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INTRODUCTION

H5N1 Highly Pathogenmic Avian Influenza Viruses
(HPAT) have the potential not only infect many species of
birds mecluding chicken, duck, quail, pigeon, mallard,
bar-headed goose and sparrow but also infect mammals
such as cat, dog, tiger, leopards and human
(Webster ef al., 1992, Lei et al., 2007, Smith ef al., 2009).
An H5N1 virus sample was solated from quails sold n a
live poultry retail market in Hong Kong in 2001
(Guan et al., 2002). However, the first case of quails
infected with influenza A was reported in Ttaly as early as
1966 (Nardelli et al., 1970). Quail have the potential to
support the replication of at least 14 HA subtypes of
influenza A viruses (Makarova et al., 2003). Especially in
some Hast Asian countries where quail is farmed over a
widespread area and often sold in live-bird markets, quails
play an important role in the complex transmission cycles
of avian influenza in live birds (Yee et al., 2009) and are

considered as a source of influenza viruses that could
potentially cross to humans (Shortridge et al, 1998,
Webby and Webster, 2001).

For influenza viruses to accomplish interspecies
transmission and expand their host range, they need to
overcome selective receptor-binding mechamsm. Quails
possess two receptors on the epithelial cell surface mn the
trachea and mtestine, one 1s a sialic acid 2,3-galactose-
linked receptor to which avian viruses preferentially bind
and the other is a sialic acid 2,6-galactose linked receptor
to which human influenza viruses preferentially bind.
(Wan and Perez, 2006). The quail therefore can be
considered as an intermediate host providing an
environment in which avian influenza viruses could
recombine to expand their host range and possibly
transmit to mammals mcluding humans. To mvestigate the
molecular changes in H5N1 quail-origin influenza viruses
after passage in quail, researchers chose two viruses
for this study and examined thewr selection in quail
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Pathogenicity to mice and the genomic variation was
detected when comparing the original viruses with the
passaged viruses.

MATERIALS AND METHODS

Viruses and animals: The H5N1 HPAT viruses used in
this study, QL342 and QL176 were 1solated from swabs
taken from quails being sold in live-bird markets in
Guangdong, China, in 2004 and 2008. These isolates
were purified and propagated in 9-10 days old
Specific-Pathogen-Free (SPF) embryonated hen eggs
(Table 1). The 4 weeks old healthy Japanese quails
(serological negative for avian influenza) were purchased
from a quail farm in Guangzhou The 5 weeks old SPF
female BATL.B/c mice were purchased from the Laboratory
Animal Center of South China in Guangzhou, China and
housed m BSL-3 category facilities.

Infection of quails: First, researchers examined the
pathogenicity of QL342 and QL176 to quails. In each
experiment, 16 quails were inoculated intranasally (1n.)
with virus in doses of 10° Egg Infectious Doses (EID),; in
a 0.1 mL volume. Six quails were placed in the same cage
with inoculated birds to allow direct contact. At 2 Day
Post Inoculation (DPT) three dead moculated quails were
dissected and the virus titers in brain, spleen, kidney,
lung, colon, cloacal bursa, trachea and pancreas were
measured. Tracheal and cloacal samples were collected at
3, 5. 7 and 9 DPI and tested as previous described
(Perez et ai., 2003). Quails were observed for mortality rate
at 14 DPL

Passages of viruses in quails: To investigate the
variation of viruses i quails that occurs following
passage, six quails were noculated 1n. with virus at a
dose of 10° EID.,. As soon as possible after bird death,
reisolation of the virus from lung was performed. The
reisolated virus was inoculated i.n. into quails again and
the virus was reisolated from the lungs of dead quails.
After six passages, the virus isolates, FO6QI.342 and
F6QL176 were obtamed.

Infection of BALB/c mice: To compare the pathogenicity
of progenitor virus with that of variants in mice, thirty two
5 weeks old SPF female BALB/c mice were randomly
divided into four groups of eight mice each. Tn each
group, the mice were anaesthetized by CO, and were

Table 1: The virus used in this study

Strain EIDy/ml*  FLDg/mL®
A/Quail/Guangdang/342/2008 (QL342) 8.500 832
A/Quail/Guangdong/176/2004 (QL176) 8375 817

“Virus titer expressed as log,; "Lethality was determined at 48 h after
inoculation and titers were expressed as log,

inoculatedin with Q1.342, F6Q1.342, QL1 76and F6QL176
at a dose of 10° EIDs,in a 0.05 mL volume, respectively. In
addition, five mice were inoculated i.n. with 0.05 mL
Phosphate Buffered Saline (PBS) as negative controls.
Three mice in each group were euthanized at 2 DPT and
virus titers m their brain, spleen, kidney and lung were
determined. The remaining mice were checked daily for
weight loss and mortality rate for 14 DPL

Phylogenetic analysis and molecular change analysis:
Viral RNA of QL342, F6QL342, QL176 and F6QL176
viruses was extracted from allantoic fluid supernatant
using the RNeasy Mini Kit (Promega) following the
manufacturer’s instructions. RT-PCR was conducted by
use of Superscript 11T (Invitrogen) and Unil2 (5'-AGC
AAAAGCAGG-3") primer. Eight genes were amplified
using universal primers, PCR products were purified with
the mim PCR Purification Kit (Promega) and sequencing
was performed by Shanghai Tnvitrogen Biotechnology
Co., Ltd. Sequencing data were compiled with the Seqman
program of Lasergene7 (DNASTAR). Amino acid
sequence sumilarities were determined with the Lasergene?
Megalign program (DNASTAR). A phylogenetic tree of
HA in the H5N1 influenza A viruses was generated using
MEGA 4 software (Sinauer Associates, Inc., Sunderland,
MA, USA) based on the distance-based neighbor-joming
method. The HA sequences of QL342 and QL176 are
available i GenBank under the relevant accession
numbers (pending).

RESULTS AND DISCUSSION

Pathogenicity of HSN1 HPAIT viruses in japanese quail:
Both QL342 and QL176 viruses had ligh lethality to
Tapanese quails. The QL342 virus caused a 53.8% death
rate and the Mean Death Tune (MDT) was 3.6 days. The
mortality rate of quails inoculated with QL176 was 100%
and the MDT was 2.8 days. Two out of six contact quails
died (16.7% mortality) in both the QL342 and QL176
groups (Table 2).

QL342 and QL176 viruses could replicate well m the
organs examined for the experiment. QL342 virus
replicated to the mean titers of 5.2, 4.37, 6.78, 6.7, 5.95,
4.78, 5.62 and 4.2 logEID,, in the brain, spleen, kidney,
lung, colon, cloacal bursa, trachea and pancreas,
respectively. QLI176 wvirus titers in the brain, spleen,

Table 2: Moitality of experimentally inoculated quail
Tnoculated quail Naive contact quail

Strains Mortality (%6) MDT* Mortality (%) MDT
QL342 3.8 (15/16) 3.6 33.3 (2/6) 5
QL176 100.0 (16/16) 2.8 33.3 (2/6) 5

Mean death time (days post-inoculation) of dead p oultry
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Fig. 1: Virus titers in Japanese quails at 2 days post-
mtranasal inoculation. For statistical analysis, a
value of 1.2 was assigned if the virus was detected
from the undiluted sample mn three embryonated
hen eggs. Vius titers are expressed as
means+standard deviation in log, . EID. /g of tissue

kidney, lung, colon, cloacal bursa, trachea and pancreas
were3.78,3.03,4.53,6.03,4.78,3.7, 5.62and 1.53log EID;,,
respectively. Generally except for trachea, QL342 virus
titers were a little higher than those of QL176 in the
remaining organs (Fig. 1).

Viruses shedding could be detected from swabs from
experimental quails before 7 DPL. QL342 virus shedding
was detected at 3 DPI from oropharyngeal and cloacal
swabs of inoculated quails (mean titer, 2.20 and 1.53
logEID.,, respectively). QL342 virus shedding was also
detected from oropharyngeal swabs of contact quails at
3, 5 and 7 DPI (mean titers, 1.62-2.20 logEID.;). QL342
virus was only detected in cloacal swabs of contact quails
at 3 and 5 DPI (mean titers, 1. 28-1.95 logEID,;). QL176
virus could be detected in cropharyngeal and cloacal
swabs of inoculated quails at 3 DPT (mean titers, 3.28 and
2.20 logEID, respectively). QL176 virus could also be
detected from oropharyngeal swabs of contact quails at
3, 5 and 7 DPI (mean titers, 1.45-1.87 logEID.;). QL176
virus could only be detected in cloacal swabs of contact
quails at 3 and 5 DPT (mean titers, 1.28-1.53 logEID.,).
Neither of two viruses was detected from swabs of
moculated or naive contact quails at 9 DPI (Table 3).

Pathogenicity in BALB/c mice: To detect any difference
in pathogenicity between the original virus isolates and
viruses passaged in mice, SPF female BALB/c mice were
inoculated i.n. at a dose of 10°EID;; in 0.05 mL. All mice
exposed to the QL342 virus died by 7 DPI while those
moculated with the F6QL342 virus died by 6 DPL The
mortality rate of mice moculated with QL176 was 20%
while the mortality rate of mice inoculated with F6QL176
was 60% (Fig. 2). QL342 virus replicated systemically to

Table 3: Vins titers in cloacal or oropharyngeal swabs firom quails
Days post inoculation

3 5 7

Strains Oro-swab® Clo-swab® Oro-swab Clo-swab Oro-swab Clo-swab

AQUGD/342/08

I 330 2208 23 1.53 11 ND* o1 ND O/1 ND 0/1 ND
P 23 162 1/3 1.28 2/3 220 2/3 1.95 1/3 1.87 3/3 ND
A/QU/GD/176/04

I 33 328 33 220 - - - -

C 13 145 1/3 1.53 3/3 1.87 1/3 1.28 2/3 1.70 3/3 ND

For statistical purposes, a value of 1.2 was assigned if virus was not detected
from the undiluted sample in three embryonated hen’s eggs; °*Quails
inoculated with virus; *Quails housed with inoculated quails; “Number with
positive swab/total N; *Virus titer expressed as log, EIDsy; “Quails died
before 5 day post-inoculation; Oro-swab: Oropharyngeal swabs; Clo-swab:
Cloacal swabg; ND: Not Detected
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Fig. 2. Lethality of the QL342, F6QL342, QL176 and
FeQL176 viruses to mice. Survival curves of the
mice inoculated with different H5N1 viruses,
QL342, F6QL342, QL176 and F6QL176 with the
doses of 10°EID;,

a titer of 6.13 logEID,; in the lung and to 2.17, 1.34 and
1.08 logEID.; in the spleen, kidney and brain, respectively.
FeQL.342 virus replicated to a mean titer of 6.75 logEID.,
in the lung and to 2.55, 1.58 and 1.08 logEID,, m the
spleen, kidney and brain, respectively. QL176 virus
replicated systemically to a titer of 3.34 and 1.04 logEID,
in the lung and spleen. F6QL176 virus replicated to a mean
titer of 4.08 and 1.33 logEID,; 1n the lung and spleen
(Fig. 3). Infection with QL176 virus caused a 7.17% body
weight loss by 14 DPI. F6QL176 virus caused an 11.05%
body weight loss by 14 DPI (Fig. 4). In all, the
pathogenicity of passaged viruses was greater than that
of the original virus isclates.

Molecular change analysis between original virus
Isolates and passaged viruses: The virus RNA was
sequenced in order to detect any molecular differences
between original virus isclates and passaged viruses.
When comparing QL342 to the passaged F6QL342, six
amino acids substitutions were found: V4511 and C730Y
in polymerase PBl; N228T in polymerase PA;
DI101E in Nucleoprotein (NP) and Q376l. and N497S in
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Fig. 3: Virus titers of organs of BALB/c mice at 3 days
post-intranasal  inoculation. For  statistical
analysis, a value of 1 was assigned if the virus
was not detected from the undiluted sample in
three embryonated hen eggs. Virus titers are
expressed as meanststandard deviation 1n
log, . EID./gram of tissue
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Fig. 4 Weight variation of BATLB/¢ mouse during the 14
days post-moculation. The mean weight variation
of the mice moculated with different H5NI1
viruses, QL342, F6QL342, QL176 and F6QL176 at
a dose of 10°EID,,

Table 4: The amino acids substitution between QL342 and F6QL342
Amino acid substitution

PB2 NA HA

Viruses 210 44 128 323 11 105 170 199 224 226
QL176 G R G R 1 L N N K I
F60L176 E H E G VvV P D D RV
Amino acids sites were located by taking A/Gs/GD/1/96 as reference

Hemagglutinin (HA) (Table 4). There were 10 amino acids
changes between QL176 and passaged FEQL176: G201 E in
polymerase PB2; R44H, GI28E and R323G in
Neuraminidase (NA) and 111V, L105P, N170D, N199D,
K224R and 1226V in HA.

The HA phylogenetic analysis of quail-origin H5N1
virus: To better understand the characteristics of the HA
antigen and the degree of circulation of H5N1 viruses
found in the quail population, the HA sequences from
domestic poultry, wild birds, humans and quails available

in GenBank were used to construct an HA phylogenetic
tree. Quail-origin H5N1 influenza viruses isolated in some
countries of southeast Asia during 2001-2004 were mainly
the viruses classified as clades 1,2.1.1,2.1.3,3, 5and 7.
Viruses classified as clades 1, 2.2 and 2.3.2 were the
primary H5N1 viruses found to be circulating in quails in
the years 2005-2008. H5N1 influenza viruses solated from
quails in Thailand or Viet Nam between 2004 and 2005
were clade 1 viruses. Quail-origin HSN1 mfluenza viruses
1solated in China during 2001-2008 were mainly clade 1,
2.3.2, 3, 5 and 7 viruses. QL342 could be classified as
belonging to clade 2.3.2 viruses while QL 176 was member
of the clade 7 virus group (Fig. 5).

Since 2003, H5N1 HPAT viruses have caused several
disease outbreaks in many countries in Asia, Europe and
Africa that have resulted in large economic losses and
posed serious threats to public health. H5N1 HPAI
circulating in quails has been reported in several Asian
countries including Tndonesia, Viet Nam, Korea, Egypt
and China. The viruses isolated from quails in these
countries mainly belonged to the clade 1, 2.1.1, 2.1.3, 2.2,
232,234, 5and 7 virus groups. In addition, clades 2.3.2
and 7 viruses were found to be the predommant group
circulated in poultry and wild birds in China during
2007-2009 (lang et al., 2010). Clade 2.3.2 and 7 H5N1
viruses in particular had the potential to infect humans.
(Xu et af., 2009). In the study, QL342 was characterised as
a mermber of the clade 2.3.2 viruses while QL176 belonged
to the clade 7 virus group therefore researchers selected
these two viruses to passage in quails (Table 5).

Previous studies have shown that quails are very
susceptible to infection with H5N1 HPAIT viruses and
have a lngh mortality rate and that these viruses are able
to replicate systemically in brain, spleen, kidney, lung,
trachea, intestine, heart, liver and skeletal muscle (Perkins
and Swayne, 2001; Saito et al, 2009, Antarasena et al.,
2006). The findings showed that QL342 and QL176 virus
isolates were highly pathogenic to JTapanese quails when
inoculated with 10°EID.,/0.05 mL with a MDT of 3.6 days.
The two viruses replicated to very high virus titers in the
brain, spleen, kidney, lung, colon, cloacal bursa, trachea
and pancreas. In addition, in quail it has previously been
recognised that influenza viruses could be shed via the
respiratory tract rather than just in faeces (Liu ef al., 2003).
found that the
oropharyngeal swabs were higher than those isolated

Researchers titers of wvirus in
from cloacal swabs.

Although, in mice the 2 3-linked Sialic Acid (SA)
receptor 18 distributed in ciliated airways and in particular
on type II alveolar epithelial cells, the 2,6-linked SA
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Fig. 5: Phylogenetic tree of HA m the H5N1 influenza A viruses. The HA tree was generated with MEGA 4 software
based on nucleotides (nt) 29-1732 using the distance-based neighbor-joining method. The reliability of the tree

was assessed by bootstrap analysis with 1000
distance. Except for the two isolates, other virus s
receptor has not been found to be expressed
(Thricevic et al., 2006). Despite this, mice are often used as
a convement small ammal model to determine the
pathogenicity of different avian mfluenza viruses in

replicates. Horizontal distances are proportional to genetic
equences were downloaded from GenBank

mammalian species (Chen et al., 2004; Tiao et al., 2008).
H5N1 viruses are able to infect mice without adaptation
and menifest different levels of lethality in different strains
(Chen et al., 2004; lao et al,2008). In the study, there
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Table 5: The amino acids substitution between QL 176 and F6QL 176
Amino acid substitution

FBI PA NP HA
Viruses 451 730 228 101 376 497
QL342 v C N D Q N
F6QL342 I Y I E L 5

Amino acids sites were located by taking A/Gs/GD/1/96 as reference

was a 100% lethality rate in BALB/c mice moculated with
a dose of 10°EID;, HSN1 QL1342 virus ina 0.05 mL volume
and this virus could spread systemically to replicate in
brain, spleen, kidney and lung. QL176 virus had low
pathogenicity to BALB/c mice given a dose of 10° EIDs,
The lethality rate of QL 176 to mice was 20% and the virus
only replicated i the spleen and the lung. After six
passages in the lung of quails, FEQL342 virus also had
100% lethality to mice and its pathogenicity was a little
higher than that of QL176. Tn contrast, F6QI1 76 manifested
an increased pathogenicity to mice, causing more severe
welght loss and possessing stronger replication capability
and higher lethality compared with Ql176.

Quails possess two receptors, 2,3-galactose-linked
receptors and 2,6-galactose-linked receptors on the
epithelial cells of their trachea and intestine. Tt was found
previously that the HA4 gene of some H5N1 viruses with
human-type receptor specificity reverted back to only
recognizing avian-type receptors followmng passage in
duck (Shinya et al., 2010).

CONCLUSION

This study suggested that avian influenza wvirus
receptor-linked specificity could change by passages in
the host i vive. The researchers want to clarify if QL.342
or QL176 had gained human receptor-linked specificity
following passage in quails. However, the study showed
that the amino acids present m the HA receptor-binding
sites of the two viruses were not changed after six
passages in quails. Interestingly, the substitution N170D
in HA protein in the FoQI176 isolate resulted in the
absence of a potential N-linked glycosylation site.
Glycosylation can affect hemagglutinin receptor affinity
and also the efficiency of release of new virus from host
cells (Gallagher er al., 1992; Abe ef al., 2004). There were
nine animo acids changes in NA and HA proteins from
the F6QI176 isolate that could potentially change the virus
membrane characteristics.

RECOMMENDATIONS

Further studies using reverse genetics are needed to
confirm if the changes in HA and NA sequence found
following passage in quails are able to enhance the
pathogenicity of the FoQI176 isolate in mice.
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