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HI9N2 influenza A virus circulates in H5N1 endemically
infected poultry population in Egypt
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We describe the identification and characterization of the HON2
influenza subtype reported in Egyptian broiler and broiler breeder
farms for the first time. Circulation of this subtype in a highly
pathogenic H5N1 influenza virus endemic population provides an

opportunity for genetic reassortment and emergence of novel
viruses.
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The HIN2 subtype virus is a notable member of influenza
A genus as it can infect not only avian species but also,
although sporadically, mammals such as pigs and
humans."” The identification of this subtype in multiple
host species combined with its cocirculation with other
type A influenza viruses has provided the conditions for
HIN2 viruses to accumulate mutations and generate novel
variants, thus increasing the probability for this subtype to
evolve into a pandemic strain.” Since the mid-1990s, HON2
avian influenza has established in poultry both in Asia and
in the Middle East, giving rise in Middle Eastern countries
to four distinct and cocirculating genetic groups provision-
ally named A, B, C, and D, all belonging to the Gl line-
age.* Despite HON2 endemicity in poultry population in
the Middle Eastern and Gulf areas,*® at the time of writing
detection of this subtype in Egyptian poultry has been
reported in a commercial quail farm only’ and there has
been no evidence of circulation of this virus in other
commercial poultry sectors.® In this study, identification
and characterization of the H9N2 subtype in Egyptian
commercial broiler and broiler breeder farms are described
for the first time.

Cloacal, oropharyngeal organ samples
collected in seven distinct poultry flocks (six broiler farms

swabs and

and one broiler breeder farm), in the governorates of Giza,
Behera, Dakahlia, and Sharkia between February 2010 and
August 2011, tested positive for HON2 subtype by real-time
reverse transcription—PCR (rRT-PCR)® and virus isola-
tion.'” At the time of sampling, affected birds showed
respiratory signs and depression with mortality rate within
the flocks ranging between 7% and 12:8%. At postmortem
examination, tracheitis, air sacculitis, and pneumonia were
identified. Considering that highly pathogenic avian influ-
enza H5N1 endemically circulates in the Egyptian poultry
population,'’ samples were tested for this subtype as well
providing negative results. Interestingly, in the HON2-posi-
tive farms located in Giza, Behera and Sharkia positivity to
H5NI1 had been detected in the rearing cycles immediately
preceding this last survey.

The complete genome of seven representative HIN2
viruses isolated in Egypt between December 2010 and
August 2011 was sequenced, as previously described.* The
nucleotide sequences obtained in this study are made
available in the GISAID database under following accession
numbers: EPI355083-EPI355122 and EPI355384-EPI355
399. Each gene segment was then aligned and compared
with the HIN2 sequences of viruses from Central Asian
and Middle Eastern countries available in GenBank.
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Maximum likelihood (ML) trees were estimated using the
best-fit general time reversible (GTR) + I + I'y model of
nucleotide substitution using PhyML. A bootstrap re-sam-
pling process (1000 replications) using the neighbor-joining
method was used to assess the robustness of individual
nodes of the phylogeny, incorporating the ML substitution
model defined above.

Analysis of the eight ML phylogenetic trees reveals that
the seven Egyptian viruses cluster with a group of reassor-
tant viruses collected between 2006 and 2010 in Israel and
Jordan* (Figure 1). In particular, these intersubtype reas-
sortant strains contain four gene segments (HA, NA, NS,
and M) belonging to cluster B and the remaining segments
from cluster A.

Our analysis shows that the HIN2 virus population
circulating in the countries bordering Egypt may be
considered the main source for the viruses detected in
the country; it is however difficult to determine the time
and the mechanism of introduction of this subtype in
Northern Africa. Indeed, the Egyptian samples form a
distinct group, as defined by high bootstrap values
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(>97%) and long branches in all the phylogenies, and
they can be distinguished from the Israeli isolates by a
total of 50 key amino acid differences found in the ele-
ven viral proteins with the HA and PB2 genes possessing
the majority of these substitutions (7 and 12, respec-
tively). The number of mutations and the long branch
observed in the phylogenetic tree may suggest a rather
long evolution period during which these strains have
been circulating undetected in the poultry population.
Although HIN2 Egyptian viruses sequenced in this study
are closely related, they show a nucleotide similarity
ranging between 98% and 100%, and in the phylogenetic
trees generated for the eight gene segments, they are
distributed in at least three distinct clusters — one including
the isolates A/chicken/Egypt/11vir4453-273/2011 and
A/chicken/Egypt/11vir4453-272/2011, the other contain-
ing the A/chicken/Egypt/11vir4453-274/2011, A/chicken/
Egypt/11vir4453-275/2011, A/chicken/Egypt/11vir4453-276/
2010, and A/chicken/Egypt/11vir4453-280/2011 viruses,
and the remaining one presenting the A/chicken/

Egypt/11vir4453-132/2011.
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Figure 1. Maximum likelihood phylogenetic tree for the HA gene segment of HIN2 avian influenza subtype. Representative HON2 sequences of
viruses from Central Asian, Middle Eastern, and African countries available in GenBank are included in the phylogeny. Sequences of HON2 viruses
from Egypt are highlighted in pink. Square indicates viruses sequenced for this study. Genetic groups are colored as follows: group A: blue, group B:
green, group C: red, and group D: yellow. The numbers at the nodes represent bootstrap values. The year of isolation and the geographical origin of

the virus sequences included in the tree are indicated for each genetic group.
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Interestingly, analysis of amino acid sequences showed
that six of the seven viruses contain the amino acid leucine
at position 226 (H3 numbering) at the receptor binding
site of the HA, responsible for human virus-like receptor
specificity and critical for replication and direct transmis-
sion of HON2 viruses in ferrets.'> Only one isolate collected
in August 2011 in Dakahlia from a broiler breeder farm
(A/chicken/Egypt/11vir4453-132/2011) presents the amino
acid glutamine (Q) at this position which is associated with
avian-like receptor specificity.'?

Although the presence of HIN2 in Northern Africa is
an expected event, because of its endemic circulation in
the neighboring Near and Middle Eastern countries, up to
date little evidence for the circulation of this virus
subtype in the region has been reported.”'* Although vac-
cination campaigns were implemented in several Asian
countries, to date HIN2 is still evolving, spreading, and
causing severe problems to the poultry industry. Besides
the negative economic drawback, the identification of this
subtype in a country that is endemic for highly patho-
genic H5N1 avian influenza raises concerns on its control
and on the public health implications of such cocircula-
tion. The coexistence of these avian influenza subtypes in
the same susceptible poultry population may result in the
emergence of natural reassortants, similarly to what has
occurred in Pakistan and Southern China in the recent
past.'>'® These potentially emerging viruses may possess
completely novel genotypes and phenotypes, and thus,
their pathogenicity for human beings is difficult to
predict. It is clear that HI9N2 circulation should be
limited and progressively eradicated, although the recent
experience in Egypt with H5N1 has shown how an enor-
mous challenge this could be. Certainly, what is to be
avoided is to favor virus spread and antigenic evolution
by applying uncontrolled vaccination. Continuous virolog-
ical and serological monitoring have to be implemented
to assess the extent of HIN2 circulation in the country
and to guarantee the early detection of HIN2/H5N1 reas-
sortants. According to the current international legislation,
HI9N2 infection in animals is not notifiable. Therefore,
the real spread and impact of this virus is likely to be
under reported and its circulation difficult to trace. Novel
approaches of disease reporting, monitoring, and collabo-
ration between veterinary and public health communities
should be implemented to reduce the risk of the
emergence of a novel chimeric virus with unpredictable
biological properties.
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