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ABSTRACT

HIN2 avian influenza A viruses are endemic in poultry of many Eurasian countries and have caused
repeated human infections in Asia since 1998. It has been also reported that HIN2 can cause high mortality
in commercial broiler farms in Iran previously. However there was no report of HON2 outbreak in any other
species. In order to evaluate the pathogenicity of HON2 virus in Japanese quail, 145 Japanese quail were
randomly divided into 5 separate groups (116 quails in the treatment and 29 quails in the control groups).
The experimental groups infected via oral rout, eye drop, intramuscular injection and spray method at the
age of 32 days with 10%° EID50/bird. The virus A/chicken/Iran/ZMT-101/98(HIN2) was kindly provided
obtained from Razi vaccine& serum institute with EID50=10° The blood samples were experimented the
day before use to show freedom from antibodies to influenza A and more specifically, the H9 subtype. The
clinical signs and antibody titer of the infected chicks were also monitored. Five birds of each group were
bled at 10 and 20 days post infection (DPI), and 20 birds of each group at 30 DPI were bled. The immune
response to infection was measured by Haemmaglutination Inhibition (HI) test using the HIN2 virus as
antigen. Feed & water consumption were recorded on daily bases before and after inoculation. Body weight
of each group was also recorded on weekly bases before and after inoculation. During the current study
clinical signs such as sneezing, gasping, depression observed in challenged groups followed by decreasing
in laying (1-17%). High HI antibody titers of AIV subtype H9 was seen in 10 DPI. The quails exhibited no
decrease in food and water consumption and all quails were growing well and did not show any
abnormality.

Keywords: Avian influenza, pathogenicity, HON2, Body weight, Immune responses, Clinical signs, Egg
production.

INTRODUCTION frequently caused problems in diagnosis, definition
and the understanding of influenza infection in

Variations in the pathogenicity and transmissibility poultry (Bankowski 1982). Nardelli et al. (1970)
of influenza viruses for different hosts have found that quail to be infected with influenza A
virus caused respiratory disease and was lethal to
young quail (<3 months old)(Nardelli et al 1970).
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Tashiro et al. (1987) showed that quail infected with
an H5N3 virus that was highly pathogenic to
turkeys were resistant to disease, but could transmit
the lethal virus to chickens (Tashiro et al 1987). The
findings of Perez et al. (2003) emphasized the role
played by quail in the evolution of influenza A
viruses; quail provide an environment in which
influenza viruses from ducks can adapt and generate
variants with the capacity to infect other avian
species (Perez et al 2003). In laboratory infections
influenza viruses have tended to be either overtly
pathogenic or of low pathogenic for chickens and
turkeys (Alexander et al 1986). Variation in
pathogenicity for specific viruses between hosts
such as chickens, turkeys and other members of the
order Galliformes are less obvious. However,
several studies have suggested that variation in
susceptibility to infection by influenza viruses and
the pathogenicity, when infections are established,
do exist with this group of closely related species
(Alexander et al 1986). Interestingly, the.natural
avian reservoir of H9 viruses in Asia has not been
identified. Surveillance studies <in ~the:.1970s
identified H9 viruses in domestic ducks.(Markwell
et al 1982, Shortridge et al 1998, Shortridge et al
1992). Alexander et al. (1978) revealed that
chickens and turkeys responded very similarly to
infection by different routes, but other birds have
suggested more variation in disease seen in these
two hosts (Alexander et al 1987). Narayan et al.
(1969) reported that infections of chickens with
A/Turkey/Ontario/7732/66 (H5N2) tended to be less
severe than infections of turkeys, although still
highly pathogenic, and that the virus was less
transmissible in chickens (Narayan et al 1969).
Slemons and Easterday (1972) found considerable
variation in the diseases seen in adult turkeys, quails
and pheasants infected with A/ Turkey/ Ontario/

7732/66(H5N9) by the intranasal route (Selemons &
Easterday 1972), while Wood et al. (1985) showed
that A/chicken/ Pennsylvania/83(H5N2), a highly
pathogenic virus for chickens, produced only mild

transient disease in pheasant (Wood et al 1985).
During the H5N1 incident, HON2 viruses were
isolated from duck, geese, pigeon, quail, chicken
and market environmental swabs. The virus appears
to be widespread in chicken in Asia and may have
been the donor of the ‘internal' genes of the virus
responsible for the H5N1 incident in Hong Kong in
1997 (Alexander 1999). HINZ2 influenza A viruses
are currently widespread in chickens, quail, and
other poultry in Asia and have caused a few cases of
influenza in humans (Peiris et al 1999). HIN2
viruses from Hong. Kong live bird markets have
receptor specificity similar to that of human H3N2
viruses (Matrosovich et al 2001). During 1994-99
infections of poultry with influenza viruses of HON2
subtype appear to have been common world-wide.
Outbreaks occurred in Germany in 1995-96, Italy in
1994, Ireland in 1997, South Africa in 1995, and
Korea in 1996. Since 1997 serious problems
associated with HON2 virus have been reported in
Iran, Saudi Arabia, Pakistan, China and other Asian
countries (Alexander 1999). Quails were more
susceptible than chickens to these viruses, and
generation of recombinant H9 viruses by reverse
genetics showed that changes in the HA gene are
sufficient to initiate efficient replication and
transmission in quail. Seven amino acid positions on
the HA molecule corresponded to adaptation to
land-based birds. In quail H9 viruses, the pattern of
amino acids at these seven positions is intermediate
between those of duck and chicken viruses; this fact
may explain the susceptibility of quail to duck H9
viruses. These findings suggest that quail provide an
environment in which the adaptation of influenza
viruses from ducks generates novel variants that can
cross the species barrier (Perez et al 2003).
According to this fact, quail could transfer the
pathogen, without showing obvious clinical signs; It
has been previously reported that HIN2 avian
influenza virus can cause high mortality in
commercial broiler farms in Iran (Naeem et al
2003), however there was no report of HIN2
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outbreak in any other species. At this study we want
to experiment the pathogenicity of avian influenza
virus HIN2 subtype in Japanese quail.

MATERIALS AND METHODS

Virus. The virus A/chicken/Iran/ZMT-101/98
(HON2) was kindly provided obtained from Razi
vaccine & serum research institute with EID50=10°.

Bird. Quail chicks (Coturnix coturnix japonica)
reared at Yazd industrial company. All birds were
used in experiments at 5 weeks of age. Blood
samples of birds were experimented the day before
inoculation to show freedom from antibodies to
influenza A and, more specifically, the H9 subtype.

Serological test. Serum samples were tested for
the presence of antibodies to the challenge virus
antigen using the HI test (Burleson et al 1992).
Chicken red blood cells were used however, sera
were also tested for agglutination of red blood cells
but none was seen at titers greater than log 2: A
heamagglutination Inhibition (HI) test using antigen
from an HIN2 Al virus (courtesy of Iranian. Razi
Institution) was use for detecting. anti-Influenza
antibodies in field cases. All HI titers were
expresses as log 2 of reciprocal of the highest
dilution causing inhibition of 4
heamagglutinatinating units of wvirus. The HI tests
were measured the day before inoculation and it
also was done 3 timestafter inoculation (10DPI,
20DPI, 30DPI).

Experimental infections. Five-week-old
Japanese quail chicks were randomly divided into 5
separate groups: group 1, eye drop challenged,;
group 2, oral challenged; group3, injection
challenged; group 4, spray challenged; group 5
unchallenged group. The spray challenged group
and control group were housed separately to prevent
from trans infection. The inoculum was prepared
from Iranian Razi Institution. The quail chicks were
inoculated with 10°°EID50 of virus in each group
depend on the way of inoculation that was

expressed before. At 10-20-30 days post inoculation
(PI), 4-5 birds were bled for Antibody measurement
by the HI test. Feed & water consumptions were
recorded on daily basis before and after inoculation.
Body weight of each groups were also recorded
weekly before and after inoculation. Egg production
was recorded at 20 days PI (2 weeks after the quails
produced egg) to last day of experiment. The quail
chicks were checked for clinical signs every day
after the inoculation.

Statistical tests. The following statistical tests
have been used at the current study:
1. Repeated measure ANOVA for the results of
body weight.
2. One way ANOVA for the results of food & water
consumptions.
3..Non parametric test for the results of antibody
titers.

RESULTS

Clinical signs. Of 116 quail chicks inoculated
with HON2 virus, none of quail chicks died, but in
2" weeks of PI 10/29 in eye drop challenged; 8/29
in oral challenged; 16/29 in injection challenged:;
11/29 in spray challenged had clinical signs such as
gasping, snicking and depression. No clinical signs
were seen in unchallenged groups (Table 1).

Tablel. Clinical signs following infection with HON2 virus

o Treatment®
Clinical signs A B C D E
Gasping F 3 6 5
Snicking 3 2 4 -
Depression 4 3 6 6

Treatments: A= eye drop challenged group; B= oral challenged
group; C= injection challenged group; D= spray challenged
group; E= control challenged group (received no virus),
f=number of bird in each group.

Serological response. HI test was used to
measure the antibody titer against HON2 in the
blood samples collected on days 10, 20 and 30 PI.
As shown in Table 2, the mean antibody titer was
increased at 10 DPI and reached to 9-10 at 10 DPI
in the experimental group. All challenged groups
had HlI titers at 42 days of age (10 DPI). Antibodies
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to Al virus were some positive in the unchallenged
(Table2).

Egg production. In the present study, there was
decrease in Egg production about 1-17% in
challenged groups (Table 3). It should be check for
few weeks, from beginning of egg production until
the end of experiment. As the recording of egg
production wasn't  proposed for this study, then it
mentioned lately during the mentoring of birds,
because of getting a good result as a helping factor
to assess the pathogenicity of virus better, so there
wouldn’t re mark any statistical test for it.

Table 2. Haemagglutination inhibition titers® of birds infected
by different routes with influenza virus of HON2 subtype.

Mean + SD
Treatment?

10 days PI 20 days P1 30 days PI
A 0.577+9.66 6.00+ 0.00 4.55+1.14
B 0.577+9.66 6.33+ 0.577 3.95+1.46
C 0.577+10.66 7.00+ 0.00 3.40+0.75
D 0.00+10.00 6.33+ 0.577 5.10+1.13
E 0.577+3.66 2.00+ 0.00 2.05+1.09

1: Titers are expressed as log 2 of the reciprocal of the highest
dilution of serum inhibiting 4HAU of the infecting virus.

2: Treatments: A= eye drop challenged group; B= oral
challenged group; C= injection challenged group; D= spray
challenged group; E= control challenged group (received no
virus). (p<0.05)

Water & feed consumption-body weight. In
the present study quail chicks-exhibited no decrease
in food and water consumption. ‘All quail chicks
were growing well and did not'show any clinical
abnormality.

At the end of the study all quail chicks were killed
for necropsy that none of challenged and
unchallenged showed any gross lesions.

DISCUSSION

In the present study we have evaluated the
pathogenicity = of  A/chicken/Iran/ZMT-101/98
(H9N2) isolation.in.quails. Slemons and Easterday
(1972) reported that quail to be more resistant than
chickens and. turkeys to infection with
A/Ontariol7732/66(HS5N2), but they noted high
serological responses in 17/20 birds and 3/20 deaths
in adult-quail given the virus by intranasal route
(Selemons et al 1972).  Viruses  of:
AJ/Chicken/Pennsylvania/1370/83(H5N2), a/Tern/
South Africa/61(H5N3) and A/Chicken/Scotland/59
(H5N1) were able to infect quail without death or in
some cases sickness (Alexander et al 1986). It
seems reasonable to extrapolate these finding to
suggest the possibility that viruses of high
pathogenicity for chicken and turkeys may be
carried by wild Galliform bird such as quail and
pheasant (Wood et al 1985). However, MPAI
viruses produced mostly respiratory diseases, but
mortality rates have been very high in the field,
while experimental studies reported no or low
mortality rates with the current outbreak of HON2 in
Iran;

Table3. Mean egg production following infection with HON2 virus

Days post infection(DPI) ( daf/\sgce)l d) 1A
20 53 4

21 54 7

22 55 6

23 56 5

24 57 3

Number of female quail 10

Mean egg production + SD

Treatment

28 30 4D 5E
Number of eggs
4 4 5 7
4 4 6 8
3 4 5 8
3 7 4 8
3 7 8 7
9 16 14 15

50+15.8 35.55+4.9 32.46+10.22 39.98+10.82 50.62+3.6
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mortality rates of up to 65% have been reported
(Nili & Asasi 2002). Other experimental studies
with virus alone have shown all HON2 Al viruses
from Middle East to be non HP (i.e. causing low or
no mortality in chickens in pathotyping test) (Banks
et al 2000). No mortality was observed in the
current study. Previous study showed high HI
antibody titers of AIV subtype H9, 2 weeks
following the infection in field study and 21 days
post challenge in chicken inoculated experimentally
with HIN2 virus (Nili & Asasi 2002). Vasfimarandi
et al. (2002) in field study showed that antibodies
against A/chicken/lran/ZMT-101/98 (H9N2) strain
of AIV antigen were increased from 0 to 9 log, titers
in sera prepared at 1,2,3,4,5 and 6 weeks after acute
phase of disease occurred in 32 week-old layer and
38 wk-old breeder flocks (Vasfi Marandi et al
2002). Slemons and Easterday (1972) identified
high serological responses with H5N1, H5N2 and
H5N3 (Selemons et al 1972). In the current study
with A/chicken/Iran/ZMT-101/98(H9N2) in ‘quails
showed high serological responses 10 DPI in all
inoculated groups. At the present study,  all
challenged groups were shown a significant increase
in antibody titers. This increase showed at 10 DPI in
all challenged groups clearly.. The procedure of
decreasing of antibody titers in injection challenged
group was more than other treatment groups. The
procedure of decreasing antibody titers in other
challenged groups was. lower than injection
challenged group at 20 DPI to 30 DPI, on the other
hands the titers were stayed for a long time at 20
DPI to 30 DPI in all challenged groups except
injection challenged group. In injection challenged
group, there is no place for viruses to localize in
order to growing, so they enter to blood stream very
rapidly than other treatment groups, on the other
side there are no specific obstacles or immunity
surface to prevent the viruses to settle. As we see in
table 2, the highest antibody titers belong to
injection challenged group. The viruses in other
treatment groups face at least to an obstacle, which

it prevents them to settle, but after localizing, there
would be a place to let the viruses to grow, for
example in oral challenged group the virus at first
face to mucous of oral cavity, and then the low pH
of proventriculous and gizzard. In eye drop
challenged group the virus should pass from eye
mucosa and in spray challenged group the virus
after passing the nasal cavity should traverse the
mucocilliary of trachea, which not let them to
localize in trachea. After localizing, the body
system produces many virus particles, and then they
moved to blood stream, so after that the antibody
titers <increase. very lately rather than injection
challenged group, so the durability of the antibody
titer in body will be more than injection challenged
group. A suitable place to provide a media for
growing can probably play an important role, which
caused a long time staying antibody titers, for
example in eye drop challenged group and spray
challenged groups “the trachea”, let the the virus to
grow, In oral challenged group the virus probably
didn’t find a suitable place to grow, and then
excreted from body through stool, so we can see
significant reduced antibody titers after injection
challenged group during 20 DPI and 30 DPI. The
mild pathogenic Al in addition to clinical signs
(particularly depression, respiratory and enteric
signs) and variable mortality (2-10%) includes also
decrease in laying (5-50%) for about 5-10 weeks in
chickens (Zanella et al 2002). Naeem et al. (1997)
showed in his research that the flock-level morbidity
rates ranged from 13.9 to 86.7% and within flock
mortality ranged from 51 to 100% (Naeem et al
1997). This study revealed that mild clinical signs in
14 days PI such as gasping, shicking and depression
was seen (table 2) but there was no mortality in all
infected groups. Mutinelli showed that the oviduct
wall appeared thickened due to edema, with
minimal diffuse hetrophil infiltrated within
epithelium, the latter were also occasionally found
in the lumen after infection with MPAIs (Mutinelli
et al 2003). Prior experiment revealed that
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seroprevalence of Al virus had relation with
increased mortality and decreasing egg production
in chicken (Narayan et al 1969). In1996, Al
outbreak was reported in breeder broiler farm in
Korea with 20-40% mortality and dramatic (80%)
drops of egg production. The viruses isolated were
identified as non-highly pathogenic HON2 Al virus
(Mo et al 1997). At the present study in addition to
clinical signs without mortality there was also
decrease in laying (1-17%). Nili and Asasi (2002)
showed Between 8 and 14 days post challenge with
the field inoculums the infected chicken, exhibited
decrease food and water consumption followed by
depression, respiratory disease, swelling of the head
and nasal and ocular discharge (Nili & Asasi 2002).
The recent experimental infection of chickens with
HIN2 subtype showed significant clinical signs and
recovered gradually without any deaths. However,
the virus induced mild influenza in layers, and
eliciting severe drops of egg production. Although,
20-60% mortality in broiler flocks were seen during
the outbreak of Al, but the mortality was closely
associated with the improper disease prevention
practiced and was not entirely caused by Al. This is
due to secondary infections“and Is related to the
greater bird density, the poorer. hygienic measures
and air quality of confinement conditions
(Pourbakhsh et al 2000).(In the current experimental
study, the lack of mortality; decrease food and water
consumption was. observed ‘in all groups and all
quail chicks had normal body weight.
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