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ABST RACT
Influenza A viruses constitute major threat to both human and poultry. These viruses are characterized by their 
ability to change and mutate frequently, which impact their adaptation potential and virulence. Several factors 
may congregate and result in emergence of novel strains of avian influenza in Israel: Egypt is considered 
endemic to both H9N2 and H5N1 and previously was the leading country in human illness resulting from 
HPAI H5N1. This have resulted from spillover through routine commerce. Another essential public health 
aspect of Egypt’s endemicity to avian influenza viruses is the genotypic signature of H9N2 isolates which is 
“mammal”-oriented. Israel is located on the central migratory route of wild birds that serve both as reservoir 
and spreaders of avian influenza viruses (e.g. H5N8). Being endemic to H9N2, could support a process of 
reassortment with variety of strains, introduced through various ways. Environmental sentinels should be 
viewed and surveyed in order to mitigate future emergence of novel strains.
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INTRODUCTION
Influenza A viruses belong to the family Orthomyxoviridae. 
Influenza A, circulates in a wide variety of animals including 
humans, swine, wild birds, horses, cats, dogs, and waterfowls, 
which constitute the reservoir of these viruses. It is a RNA 
virus, which is composed of a segmented genome (eight seg-
ments) that encodes 10 core proteins and a variable number 
of accessory proteins (1, 2). Influenza A viruses are commonly 
characterized and designated by their combinations of surface 
proteins, hemagglutinin (HA) and neuraminidase (NA), giv-
ing rise to a multitude of different subtypes, such as, H1N1, 
H5N6 or H9N2. 

Influenza A viruses express an error-prone RNA poly-
merase which lacks proof-reading activity and post replica-
tive repair properties, facilitating the rapid accumulation of 
mutations subject to negative and positive selection, which 
is host-dependent (3). These changes can be of two types: 
point mutations (“genetic drift”) such as in the seasonal ‘flu 

strain (H3N2) or major changes (“genetic shift”, reassort-
ment) following the emergence of two genetically distinct 
strains in a host cell. 

Why is Israel at risk of reemergence? Egypt is facing 
a complex ecology and epidemiology of a both highly 
pathogenic avian influenza strain (HPAI) H5N1 and a low 
pathogenic avian influenza variant (LPAI) H9N2. HPAI 
H5N1 has emerged in Egypt in 2006 and has been declared 
to be enzootic in 2008 (4). Since then, Egypt has become 
a major focus of both epizootics among birds as well as a 
leading country of human cases. Up to January 2018, 860 
human cases due to H5N1 have been reported worldwide, 
42% of these cases have been reported in Egypt with a case 
fatality rate of 27-30% (5, 6). The majority of clinical cases 
have been women and children, who are the main caretakers 
of household flocks in rural areas (7, 8). Nonetheless the 
number of human cases is likely underreported since a sero-
logic survey may demonstrate that the true number would 
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probably amount to several hundred thousand human cases 
(4). In addition, HPAI H5N1 outbreaks in poultry in Egypt 
are suspected to be heavily underreported (9). As for the 
efforts to control these epizootics, limited human resources 
and low vaccination coverage, coupled with improper use of 
vaccines and limited biosecurity precautions practiced by the 
vaccination squads, have been a major contributory factor for 
the HPAI H5N1 endemicity (6).

In 2010, Egypt has experienced incursion of the LPAI 
H9N2 strain and since then, the virus has established en-
demic status among the Egyptian poultry population, causing 
serious economic problems to the poultry industry (10, 11). 
It is noteworthy that the continuous spread and circulation 
of LPAI H9N2 in the Egyptian poultry population has 
been linked to LPAI H9N2 cases in humans and pigs (12).
In January 2015, three human cases of LPAI H9N2 follow-
ing exposure to infected poultry was recorded indicating the 
zoonotic potential of these viruses. Importantly, this ranks 
Egypt as the third country, after China and Bangladesh, 
reporting H9N2 infections in humans. The vast majority of 
Egyptian H9N2 viruses were found to have undergone a shift 
in the affinity of the HA from the “avian” receptor (alpha 2-3 
sialic acid linkage) to the “human” receptor (alpha 2-6 sialic 
acid linkage) (13). 

The fact that two avian influenza viruses (AIV) subtypes, 
HPAI H5N1 and LPAI H9N2, co-circulate among poultry 
and wild birds creates suitable conditions for reassortant 
viruses. Another virus subtype namely HPAI H5N8 was 
first detected in Egypt during November-December 2016, 
when it was isolated from wild migratory birds (14). Recently, 
simultaneous detection of the three subtypes (H5N1, H5N8, 
and H9N2) has been described in a poultry farm in Egypt 
(15). 

In 2014, a reassortant LPAIV H9N2 was reported in 
pigeons containing five internal gene segments (PB2, PB1, 
PA, NP, and NS) form Eurasian avian influenza viruses 
subtypes (16). Furthermore, following an outbreak of respira-
tory disease in commercial broiler farms, a novel reassortant 
subtype of avian influenza virus was documented and desig-
nated as HPAIV H5N2 (17). The HA segment was found 
to be derived from H5N8 virus, with the closest homology 
of viruses circulating in ducks in Egypt in 2017, whereas the 
other segments originated from two other H9N2 viruses 
from pigeons and chickens (17, 18). 

H9N2 viruses are known as “gene donors”. The 1997 

HPAI H5N1 outbreak in Hong Kong was retrospectively 
been shown to have received its internal genes cassette (all 
genes except HA and NA) from H9N2 viruses (19). 

From 2013 onwards, reassortment between H9N2 viruses 
and other circulating subtypes resulted in the generation of 
multiple zoonotic avian influenza viruses with a high propen-
sity to cause disease in humans and poultry, such as H7N9 
(20), H10N8 (21) and H5N6. All of which contain the six 
genes of H9N2 (genotype G57) internal gene cassette. It has 
been shown, particularly for H7N9 viruses that the H9N2 
(G57) internal gene cassette greatly contributes to the patho-
genicity of these viruses in mammals, again highlighting that 
the endemicity of H9N2 viruses may drive the emergence of 
future zoonotic influenza virus strains (22, 23).

In Israel, the H9N2 virus was initially isolated in May 
2000 and after a 1.5 year break, starting in December 2001, 
this virus became predominant among avian influenza viruses 
in the country (24). Most of the Israeli isolates (related to G1 
lineage) have been shown to harbor the human-like motif 
L216 in the HA receptor binding site and exhibit the prefer-
ence for binding of (alpha2-6 sialic acid) receptors (25). This 
potential endemicity is based on apparent recurring epidem-
ics of the virus, although the vaccine regimen, which began 
in 2003 has had some success in limiting the endemicity of 
the virus (24). 

Israel also experienced six events in which HPAI H5N1 
was involved (2006, 2008, 2010, 2011, 2012 and 2015) (26). 
The virus first emerged in Israel in March 2006, shortly after 
it was detected in Egypt (February 2006). Then, outbreaks 
were detected simultaneously in the Palestinian Authority’s 
Gaza strip and in Israel. Molecular characterization of the 
isolates from Israel and Gaza performed in the Veterinary 
Services Central Laboratory showed that they were dif-
ferent from influenza (H5N1) viruses recently isolated in 
Indonesia (27), however, they belonged to a single strain and 
were closely related to other HPAI H5N1 strains isolated 
during this period in European, Asian, and African countries. 
Noteworthy, during the 2012 outbreak cats, feeding on car-
casses of turkeys, became infected and showed clinical signs 
characteristic of avian influenza. This event demonstrate the 
virus capacity to overcome the species barrier, as demon-
strated in several outbreaks in the past (28, 29).

On November 11, 2016, HPAI H5N8 hit a large poultry 
farm near Heftsiba, in the northern district of Israel. This 
was the country’s first emergence of this strain. Following 
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this outbreak, HPAI H5N8 was responsible for several other 
events in 2017 and 2019 that culminated in 2020. During this 
year, 12 temporally clustered and spatially spread outbreaks 
in commercial poultry farms and 5 discrete isolations in wild 
birds, have been documented in Israel (30). Emergence and 
spread of HPAI H5N8 tightly correlates with wild waterfowl 
migration routes. 

CONCLUSION
Emergence of existing or novel AIV strains poses a major 
risk to public health. The main risk for such emergence in 
Israel is based on 3 different strains namely H5N1, H9N2 
and H5N8. The epidemiological, ecological and geographi-
cal conditions that exist in our region, and specifically the 
situation in Egypt, supports this possibility. 

Primarily, the complex epidemiological situation in Egypt 
may lead to the transmission of HAPI H5N1, the most lethal 
AIV strain to humans, through commerce of live poultry. 
Another potential means in which HPAI H5N1 may emerge, 
is through wild birds, since their migration routes pass twice 
yearly in our region . Such introductions are responsible for 
inter-continental dispersal of this strain (31). In the past, 
introductions of H5N1 resulted in severe losses in the poultry 
sector. 

Secondly, although known to be of reduced hazard to 
public health, LPAI H9N2 isolated in Egypt, is characterized 
by a genetic signature that imposes increased affinity to the 
mammailan receptor. Furthermore, this strain was impli-
cated as “gene donor” that contributed to the emergence of 
several zoonotic AIV strains. This was recently documented 
in Egypt, when a novel reassortant AIV H5N2 was isolated 
from a quail (considered as a “mixing vessel” for AIV, similar 
to the role of swine). LPAI H9N2 was also implicated in 
reassortant strains that found to have genetic markers that 
enhanced virulence in poultry and transmission to humans 
(16). 

The third AIV strain that may constitute an important 
component of future public health threat is HPAI H5N8. 
Similar to the process underwent by HPAI H5N1, the epi-
demiology is primarily based on migration of a waterfowl 
reservoir. A critical reminder is the ability of the virus to 
cross the species barrier was documented in several events 
in which seals (32, 33) and foxes was found to be infected 
with this strain. Furthermore, a cluster of humans infected by 

HPAI H5N8 was recorded in a poultry farm in Russia, this 
year (34) .These outbreaks mark “sentinels” among mammals, 
regarding the process of the virus’ ability to adapt to mam-
mals “milieu” as well to evade immune reaction. The ability 
of this strain to reassort was mentioned earlier.
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