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ABSTRACT

Highly pathogenic avian influenza A virus (HSN1) has diverged antigen-
ically and genetically since its initial detection in Asia in 1997. Viruses
belonging to clade 2.2 in particular have been reported in numerous
countries with the majority occurring in Egypt. Previous reports identi-
fied antigenic similarities between viruses belonging to clade 2.2. How-
ever, poultry and human viruses isolated in northern Egypt during 2007
and 2008 were found to be antigenically distinct from other clade 2.2
viruses from this country. Genetic analysis of the hemagglutinin revealed
a high degree of nucleotide and amino acid divergence. The antigenic
changes in Egyptian viruses isolated during 2007-08 necessitated that
two of these strains be considered as potential H5N1 pre-pandemic vac-
cine candidates.
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INTRODUCTION:

Highly pathogenic avian influenza
(HPAI) has been confined to in-
fluenza A subtypes H5 and H7 (7).
The outbreaks of HPAI H5N1 in
Hong Kong in 1997 were believed
to be caused by a reassortant HSN1
virus that derived the hemagglutinin
(HA) gene from
A/Goose/Guangdong/1/96 (GS/GD)
and its internal genes from avian
viruses of other subtypes circulating
in China (5). GS/GD was isolated
from geese on a commercial farm in
Guangdong Province, China (25).
Since their initial detection in Asia,
HPAI viruses originating from
GS/GD have undergone extensive
evolution resulting in antigenic di-
versification (5). Because of the ex-
tensive genetic divergence of virus-
es within the GS/GD lineage,
H5N1strains are now classified into
numerous genetic groups (clades)
based on the HA gene (2,23). In
2005 there was an outbreak of HPAI
H5N1 in migratory waterfowl in the
Qinghai Lake region of western
China (4,8). The Qinghai-like virus-
es have caused severe disease in
ducks and migratory birds and ra-
pidly spread throughout Asia and
then into Europe, the Middle East,
and Africa (1,8,18). H5N1 viruses
that emerged from the Qinghai Lake
outbreak have been identified as be-
longing to clade 2.2. Clade 2.2 vi-
ruses have been implicated in poul-
try and wild bird outbreaks in more
than 60 countries and appear to be

the most geographically diversified
of the HPAI H5N1 viruses. As clade
2.2 viruses began to spread west-
ward in 2005 and 2006, Egyptian
authorities prepared for their possi-
ble introduction into Egypt.

In February 2006 outbreaks of
H5N1 in poultry were confirmed in
Egypt, and genetic analyses indi-
cated introduction of a Qinghai
Lake-like HSN1 strain (10,12). In
collaboration with the Egyptian
Ministry of Agriculture, initial isola-
tion of H5N1 viruses in poultry was
performed at the National Laborato-
ry for Quality Control of Poultry
Production (NLQP) and later con-
firmed by the U.S. Naval Medical
Research Unit No. 3 (NAMRU-3).
Following the first detection of
HPAI H5NI1, authorities began a
culling and vaccination program to
control the spread of the disease in
poultry, Several inactivated vaccines
derived from low-pathogenicity
HS5N2 or H5N1 strains were im-
ported, and outbreaks in industrial
poultry production facilities were
reasonably controlled by late 2006.
However, scattered outbreaks in
backyard and rooftop flocks that
may have been inconsistently vacci-
nated (10) led to the emergence of
many human cases in 2006, 2007,
and 2008. As of March 2009, Egypt
has had the third highest number of
human cases after Indonesia and
Vietnam (22).

As a result of the persistent circula-
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tion of HPAI H5N1 in Egypt, the
viruses have diverged to the extent
that they have been reclassified as a
third-order clade, termed clade 2.2.1
(23).

In addition to the notable genetic
diversification, recent Egyptian vi-
ruses from both birds and humans
demonstrated significant antigenic
drift within clade 2.2. Consequently,

(WHOQ) has recommended that two
strains from the 2007-08 human
outbreaks in Egypt be considered as
potential HSN1 pre-pandemic vac-
cine candidates (21). This report de-
scribes recent surveillance activities
in Egypt that led to the isolation of
one of these vaccine candidates as
well as molecular and antigenic cha-
racterization of this and other Egyp-
tian viruses.

the World Health Organization
Table 1. Dy patmgenic HIN? avian inflaea vines variano {groups Band F drarsrerized for this sudy,

Stratn mame GenBask ro,  Soume bborawny  Govenanste  Duie colased Vascinaed  Soquending bib
AchickenEgep DINAMRUS 00" EUGIMGT  CLEVB Shargirs N7 e NAMRL-3
Alchicken/Fgrpt/ MIENAMRUS2007  EUAZIGS CLEVB Shatigya Nov. 7 Yo NAMRL:3
NehidenFgp/w 68 NIQPI0DT  EUA%IS  NIQP Qhossin De” Yo NLQP
AchichenFyp0 OLNLQPZ0T  FUAMGISS NLQP Qo Dee? Yo NIQP
Alchicken/Egypti7 202 NLQP 27 Eligo 84 NQP Shargys D 7 Vs NLOP

. AfwckeyTEgypi/07 23 NLOP M ELHGG 30 RGP Shargiva Do ? Yo NIQP
AlchickenBgypt0TTHENLQPR00T  BUGWT NP Reher Des, 7 Unknown  NLQP
Nehicken BgrpitSuQKLQPIBS U4 NLQP Dgablia o4 Uskmown  NLOP
Afchicken/Egypuo88S-NLQP 2008 EU496399 QP Dagablia jan. 8 Unkpown  NLOP
AlchickenEgupedgENICLEVER200  GUIGIS CIEVE Shangva Jan.8 Yo NAMRL-3
Alchicken P s8ONSCIEVB200S  GUogi3st  CLEVB Sangra B8 Yo NAMRUL
Afchicken Fgypu OUNSCIEVBO00E  GUDG4ISE CLEVE Qalvoubivs fn g Unknown  NAMRU.3
AlchickenBgrp/andNI-CLEVR008 GUGe4353 CIEVR Shirgva Jan. 8 Unkaown  NAMRU-3
Alfchicken/Trpe 40N CLEVB0R  GLG4354 CiFVR Caim jin 8 Unknown  NAMRU
Achiden/EgeptNMCIEVBOWE  GL0GAISS CLEVE Qayoubive Jan. & Yes NAMRLU-3
Alchicken flsracl/ 11552008 EU™4927 Lsael NA Lo § Unkpown  Kimrn
A/ 300 NAMRUY 2008 F 26t NAMRLS Caira Apr. & Ne NAMRUS

MATERIALS & METHODS:- PCR) techniques, a total of 32 of

Surveillance, virus isolation,
gene sequencing. In response to re-
poits of vaccinated poultry die-offs
at industrial farms in northern
Egypt, the NLQP, in collaboration
with the Ministry of Agriculture,
and the Central Laboratory for Eval-
uation of Veterinary Biologics
(CLEVB) collected cloacal swabs
from chickens over a period from
April 2007 to January 2008. Using
conventional reverse transcription-
polymerase chain reaction (RT-

these swabs were found to be posi-
tive for the presence of HPAI H5N1
HA gene RNA. Following this de-
tection, CLEVB used the remaining
sample for virus isolation in em-
bryonated chicken eggs. Twelve iso-
lates collected from eight governo-
rates were then sent to NAMRU-3
for confirmatory testing. Several of
these samples were identified as
having been collected from poultry
previously vaccinated against HPAI
H5N1 with inactivated low pathoge-
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nicity avian influenza vaccines, al-
though the specific vaccines admi-
nistered were unknown. In addition
to poultry isolates, samples of HPAI
H5N1 isolated from humans in
Egypt were also sent to NAMRU-3
by the Egyptian Ministry of Health
for diagnostic confirmation and
analysis. Following RNA extrac

tion from virus isolates, samples
were tested using a real-time RT-
PCR method specific for the detec-
tion of the influenza A matrix and
H5 HA genes according to Spack-
man et al. (15). N1 neuraminidase
gene-specific realtime RT-PCR was
performed according to Payun-
gyoung et al. (11). Select human and
poultry H5NI1 isolates were submit-
ted to the Centers for Disease Con-
trol and Prevention, (nfluenza Divi-
sion, Atlanta, Georgia, USA (CDC)
by NAMRU-3 for comprehensive
antigenic and genetic characteriza-
tion. Viruses were passaged once in
10-11-day-old embryonated chicken
eggs under Biosafety Level 3 en-
hanced conditions. The eggs were
inoculated with a 1:10 to 1:1000 vi-
rus dilutions in phosphate buffered
saline (PBS, pH 7.2) with penicil-
lin/streptomycin  and  gentamicin
added. Eggs were incubated for 24—
26 hr at 35 C. After incubation, the
allantoic fluid was harvested and a
hemagglutination titer was deter-
mined using 0.5% turkey red blood
cells. Aliquots of each virus were
stored at -80 C. Following reisola-
tion of positive samples, PCR ampli-

fication of overlapping fragments of
the HA gene was performed using
H5N1-specific primers (primer se-
quences available upon request). Se-
quencing of PCR amplicons was
performed using the BigDye Termi-
nator cycle sequencing reaction ver-
sion 3.1 (Applied Biosystems, Fos-
ter City, CA). HA sequences were
submited in GenBank (Table 1).
Genetic analysis. HA gene nucleo-
tide sequence alignments were gen-
erated using sequences derived for
this study, as well as sequences
posted in GenBank. Analyses were
conducted in MEGA4 using the
neighbor-joining method (19). Boot-
strap analysis was implemented with
1000 replicates and
Alturkey/Turkey/1/2005 (H5N1)
was used to root the tree for Fig. 1.
Tree groupings were based on sig-
nificant bootstrap support values
(>80), as well as antigenic related-
ness of viral isolates as described
below. In addition, amino acid se-
quence alignments were used to in-
fer amino acid substitutions

between the isolates analyzed in Fig.
1. The complete open reading frame
of the mature HA! protein was in-
cluded in the final dataset for the
HA translation analysis. Substitu-
tions that were found to be con-
served between isolates showing an-
tigenic variation in the Egypt virus
hemagglutination inhibition (HI)
assay were included at pertinent
branches on the HA tree (Fig. 1).
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Ferret antisera. Antigenic characte-
rization was performed using postin-
fection ferret antisera produced at
the CDC to selected Egyptian iso-
lates (6). Approximately I-yr-old
ferrets were inoculated via the intra-
nasal route with 1:1000 to 1:10,000
of diluted virus. At day 14, ferrets
were boosted with concentrated vi-
rus and Titermax. At day 28, ferrets
were humanely uthanatized and ex-
sanguinated. Blood was collected in
serum separator tubes without addi-
tives. Vacutainers were centrifuged,
and serum was aliquoted and stored
at -20 C. All antisera were treated
with DENKA Seiken RDE, accord-
ing to the manufacturer’s recom-
mendation. The HI assay was per-
formed to compare a select number
of Egypt clade 2.2.1 viruses with
viruses from other clades.

HI assay. Fifty micro liters of
treated ferret antiserum was added to
the first column of V well micro titer
plates. Next 25 pl of PBS, pH 7.2
was added to columns 2 through 10.
The antiserum was diluted by two-
fold serial dilutions of 25 pl each.
Then 25 pl of the standardized anti-
gen (4 HA units) was added to col-
umns 1 through 10. The titers were
verified by performing a back-
titration. The plates were mixed us-
ing a plate shaker and incubated at
room temperature for 15 min. Then
50 pl of 0.5% Turkey red blood cells
were ‘added to columns 1 through
10, and the plates were mixed using
a plate shaker and then incubated at

room temperature for 30 minutes
before reading.

RESULTS:-

Phylogenetic analyses. All strains
analyzed from Egypt were identified
as clade 2.2.1. The HA gene phylo-
genetic tree indicated that all Egyp-
tian strains analyzed in this study
formed a monophyletic group with a
bootstrap support value of 97. Five
subgroups within the main Egyptian
cluster were identified on the phylo-
genetic iree with significant boot-
strap support (Fig. 1). Groups A-D
consisted of viruses collected pri-
marily from humans and poultry be-
tween 2006 and 2009 (Table 1; Fig.
1).

The majority of viruses in groups A
and B were from southern governo-
rates of Egypt. However, within all
of these subgroups, the inclusion of
strains from governorates in the Nile
Delta region (North) indicated mix-
ing of strains throughout the coun-
try. Additionally, 17 strains— 10 iso-
lates sequenced by NAMRU-3 and 7
sequenced by the NLQP—formed a
subgroup (referred to as Egypt group
E and F) within the larger Egyptian
cluster of clade 2.2.1 viruses (Table
I, Fig. 1). One of the isolates,
A/Egypt/3300 - NAMRU 3/2008,
although phylogenetically related to
group E, was an outlier to the group
and was classified as group F be-
cause of antigenic variation to be
discussed. All group E and F strains’
were collected in late 2007 and early
2008, and sequenced. SN
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by independent laboratories (NLQP,
NAMRU-3, and CDC). At least five
strains from CLEVB and four from
NLQP were collected from vacci-
nated poultry. Groups E and F con-
sisted of 16 poultry viruses and one
human virus (6 sequenced for this
study, 11 previously posted in Gen-
Bank). These groups demonstrated
considerable nucleotide distance
from the nearest relatives within
clade 2.2.1, with a bootstrap support
value of 100. Table 1 details the vi-
ruses belonging to these groups in-
cluding GenBank accession num-
bers, geographic location, and date
of collection. Egyptian viruses sent
to CDC for antigenic characteriza-
tion fell primarily into subgroups A-
D but also included representative
viruses from groups E and F (shown
underlined in Fig. 1).

Molecular characterization of
groups E and F.

HA gene nucleotide sequences of
the group E strains were nearly iden-
tical to each other (99.9% on aver-
age) but only 97%-98% identical to
the remaining Egyptian strains. The
group E strains also possessed 11
conserved amino acid substitutions
in the HA1 protein in comparison to
other Egyptian viruses (Fig. 1). Four
of the 11 amino acid changes
(S123P, R140G, S141P, and A184E)
were identified in previously de-
scribed putative antigenic sites (17).
The N165H mutation indicates a
predicted loss of glycesylation at

this site. Additionally, the glycosyla-

tion motif (N-X-S/T) at amino acids
154-156 recorded in the majority of
HPAI H5N1 was absent in the HA
genes of these isolates (7). In addi-
tion to these 11 conserved amino
acid substitutions, the group F strain,
A/Egypt/3300-NAMRU3/2008, pos-
sessed seven other substitutions.
Five of the seven substitutions were
found in other putative influenza A
antigenic sites (E126G, AIl129L,
Al56T, L1901, Q192K), and the
D154N substitution is predicted to
add a glycosylation site to the HAL
protein. Furthermore, three of the
amino acid substitutions identified
were located at residues previously
shown to be in or near receptor-
binding sites (E126G, A129L, and
L1501 (17).

ANTIGENIC ANALYSIS:

Table 2: presents data on HI analysis
of HS5N1 viruses from different
clades. In addition to antisera raised
against viruses from Egypt, Table 2
includes ferret sera obtained with
use of clade 2.2 viruses that have
been chosen by the WHO as poten-
tial vaccine candidates:

AJ/bar-headed-goose/Qinghai/ 1A /
2005, A / turkey /Turkey/1/2005, A/
whooper swan/ Mongolia/244/2005,
Alchicken /India /NIV33487/2006,
A/Egypt/ 321/2007, and A/Egypt/
3300-NAMRU3/2008, Table 2 de-
monstrates  slight cross-redetivity
between the clade 2.1 and majority
of clade 2.2 viruses. The majority of
clade 2.2.1 Egyptian' viruses col-
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lected from 2006 to 2007 were anti-
genically similar to each other, while
group E (represented by A chick-
en/Egypt/9403-NAMRU3/2007) and
F isolates (represented by A / Egypt
/3300-NAMRU3/2008;  EG/3300)
formed antigenically unique clusters
within the clade 2.2.1 viruses iso-
lated in Egypt.

Despite some antigenic similarity
observed between members of group
E and F, sera generated against vi-
ruses from each group showed low
levels of cross-reactivity between
heterologous viruses. The addition
of seven amino acid substitutions
between / chicken / Egypt / 9403-
NAMRU3 /2007 and A/Egypt/3300-
NAMRU3/2008 is likely to have
influenced these results. Important-
ly, these recent virus isolates were
antigenically dissimilar to the cur-
rently proposed clade 2.2.1 vaccine
candidate, A/Egypt/321-NAMRU3
/2007. These data indicate the need
for the production of a new clade
2.2.1 H5N1 wvaccine candidate, in
addition to the previously recom-
mended A / Egypt / 321-NAMRU3
/2007 virus (group B, Fig. 1). The
majority of viruses from ge

netic groups A-D were antigenically
similar to each other although virus-
es within each discrete group did
show on average higher cross-
reactivity to one another. Amino ac-
id differences between strains in-
cluded in the HI assay (Table 2) are
shown in Fig. 1 at relevant branches

of the phylogenetic tree. Notable
amino acid substitutions were -ob-
served between isolates A/chicken
[Egypt/9403-NAMRU3-CLEVB214
{2007 and A / Egypt/ 3300-
NAMRU3/2008 (as indicated in Fig.
1) and the majority of clade 2.2.1
isolates included in the test. Other
amino acid substitutions shared by
isolates belonging to subgroups A,
B, C, and D are also indicated in
Fig. 1 and may play a role in the mi-
nor antigenic differences observed in
the HI assay (Table 2). One or more
unique substitutions were found to
be conserved among members of the
same groups as indicated in Fig. 1,
and these changes were observed to
correlate with higher cross-reactivity
between isolates belonging to the
same group. For example, isolates in
group C showed high titers to each
other in comparison to isolates from
groups A, B, and D. Several amino
acid substitutions conserved
amongst members of groups A-D
were identified as residing in or
around putative influenza A antigen-
ic sites (D43N, Al127T, Al129del,
1151T), while others were identified
in or near previously identified re-
ceptor-binding sites (I1151T, V219I)
(16). Together, these data suggest
that the higher cross-reactivity seen
between isolates in the same phylo-
genetic/antigenic group results from
shared amino acid residues in anti-
genically significant regions of the
HAI protein
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Table 2:- HI assay of Egyptian HSN1 antigenic variants. The under-
: lined titers represent the homologous titers of the reference
antigens to reference antisera. Group A viruses are hig-
hlighted in yellow, group B in blue, group C in rose, group

D in gray, group E in orange, and group F in green.
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DISCUSSION:-

Since the initial outbreaks of
HPAI H5N1 in 1997 (3), the virus
has diverged both antigenically
and genetically with novel geno-
types and variant viruses continu-
ing to emerge (20). Similar to that
of seasonal influenza viruses, their
continuous and rapid evolution ne-
cessitates reviewing and updating,
if necessary, strains used for vac-
cine development. Continuous
monitoring of virus evolution and
genetic changes of HSN1 and other
important avian influenza viruses
with epizootic potential is critical
to detect genetic drift or a genetic
shift that may lead to new out-
breaks or a future influenza pan-
demic. In order to slow the rate of

mutation and reassortment of vi-
ruses circulating in poultry popula-
tions, complete eradication by cul-
ling or culling with vaccination are
commonly used (9). Initially, most
HPAI H5N1 affected countries fol-
lowed the eradication policy for
controlling the spread of the dis-
ease. Vaccination of poultry, how-
ever, has become more common
and is considered essential in many
countries for economic reasons (9).

Extensive vaccination of poultry
has been demonstrated to result in
the emergence of vaccine escape
mutants in studies of HSN2 viruses
in Mexico (7), and despite the dif-
ferences in duration and number of
doses administered (13 years; two
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billion doses in Mexico), vaccine
use may impart immune pressure
selection in H5N1 viruses as well.
Following the detection and spread
of Fujian-like (clade 2.3.4) viruses
in Southeast Asia, it was hypothe-
sized that the emergence of this
sublineage resuited from the selec-
tion of possible vaccine escape
mutants (14). In Egypt, culling
with vaccination has been imple-
mented since March 2006. While
there was some initial success in
large-scale poultry operations, it
was observed that household poul-
try vaccination was either incom-
plete or inefficient because of fail-
ures in vaccine efficacy (10).

Viruses collected in Egypt during
2006 and 2007 were found to be
similar to the viruses from Qinghai
Lake and viruses from neighboring
Middle Eastern and European
countries (clade 2.2). However, as
indicated by these and other phy-
logenetic studies (13), the persis-
tent circulation of H5N1 in Egypt
has resulted in the emergence of a
distinct sublineage of H5N1 virus-
es within clade 2.2, termed clade
2.2.1, that consists of viruses al-
most exclusively from Egypt (24).
This study has also identified a
subset of poultry and human virus-
es isolated in northern Egypt dur-
ing 2007 and 2008 that were found
to be antigenically distinct from
garly clade 2.2 viruses, as well as
other clade 2.2.1 viruses from

Egypt. As illustrated in Table 2,
poultry viruses belonging to this
variant subgroup (Egypt group E)
were found to be antigenically dis-
tinct from related clade 2.2.1 vi-
ruses. In addition to the poultry
isolates collected in 2008, an iso-
late from a human case in 2008
from Cairo, A/Egypt/3300-
NAMRU3/2008, was identified as
being genetically and antigenically
distinct from viruses collected in
earlier years. This isolate was
found to be genetically related to
several poultry isolates collected
from similar time periods in nearby
governates. Subsequent characteri-
zation described herein confirmed
that these variants were antigeni-
cally related.

Phylogenetic analysis of the HA
gene of strains analyzed for this
study showed six distinct sub-
groups with high bootstrap support
values (Fig. 1). In late 2007 and
early 2008, a new variant appeared
and was clearly distinct from other
Egyptian subgroups (classified
here as Egypt groups E and F; Fig.
1) with a bootstrap support value
of 100%. The HA gene of the
strains in these sub

groups had at least 11 different
amino acid mutations from the rest
of the Egyptian H5N1 strains se-
quenced from human or poultry
cases. To our knowledge, at least
nine of these poultry strains (Table



SCVMJ, XV (1) 2010

275

1) were from vaccinated farms.
Similar findings of the emergence
of possible vaccine escape variants
were reported in China one year
after the implementation of vacci-
nation in poultry (14). The detec-
tion of these variant strains oc-
curred approximately 18 months
after the beginning of vaccination
in poultry, and because surveil-
lance of poultry in Egypt has been
extremely active, it is less likely
that this variant represents a gap in
Egyptian surveillance activates but
rather a unique event leading to the
rapid emergence of this variant.
The detection of this variant strain
in seven governorates indicated
wide geographical spread of the
variant strain in Egyptian poultry.
Furthermore, a very closely related
strain (99.9% identical at the HA
nucleotide level} was also reported
in Israel in early 2008 and posted
in GenBank under accession num-
ber EUS574927, indicating even
further geographic spread. Anti-
genic analysis of the strains within
these variant subgroups indicated
significant diversity from previous-
ly isolated Egyptian viruses. While
there is antigenic diversity com-
monly seen between distinct
clades, this report illustrates with-
in-clade variation, as shown by
Table 2. Data presented in this
study suggest the emergence of a
new variant of HPAI influenza
A(H5N1) viruses circulating in

northern Egypt that appears to
have spread widely. Since the de-
tection of these isolates, review
and evaluation of vaccines by
WHO and other organizations led
to the recommendation to include
strain A/Egypt/3300-
NAMRU3/2008 as a pre-pandemic
vaccine candidate, which is cur-
rently under development (22).
The emergence of this variant
strain, its spread in a short period
of time to at least seven governo-
rates in Egypt as well as Israel, and
its considerable antigenic variation
from previous Egyptian isolates
emphasizes the need for conti-
nuous monitoring of genetic and
antigenic changes in HPAI H5NI1
as an early warning system of the
detection of new variants and fast-
er response to contain disease
spread in the future.
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