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We detected a novel reassortant highly pathogenic avian
influenza A(H5N2) virus in 3 poultry farms in Egypt. The
virus carried genome segments of a pigeon HIN2 influ-
enza virus detected in 2014, a nucleoprotein segment
of contemporary chicken HON2 viruses from Egypt, and
hemagglutinin derived from the 2.3.4.4b H5N8 virus clade.

Since 2006, Egypt’s poultry industry has been
plagued by endemic infections with highly patho-
genic avian influenza (HPAI) virus, subtype H5N1,
clade 2.2.1, of the goose/Guangdong (gs/GD) lin-
eage (1). In addition, low pathogenicity avian influ-
enza (LPAI) virus of subtype HON2, G1 lineage, in-
troduced in 2011 (2), and HPAI H5NS8 (gs/GD clade
2.3.4.4b) introduced in 2016, have become entrenched
in local poultry populations (3). Despite ongoing
control measures, respiratory disease with increased
mortality rates is endemic in poultry farms in Egypt.

The zoonotic nature of HPAI H5N1 2.2.1 viruses
has caused in Egypt the highest number of human
infection cases per country worldwide; a low level
of sporadic benign human cases of HIN2 viral infec-
tion has also been reported from Egypt (4). Continued
adaptation by point mutations, but not reassortment,
to enhance replication in mammalian hosts has been
repeatedly reported in avian influenza in Egypt (5).
Here, we describe the detection of a new reassortant
HPAI virus in commercial chicken holdings in Egypt.
This virus carries the hemagglutinin (HA) gene of
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HPAI clade 2.3.4.4b H5N8 virus and 7 genome seg-
ments derived from Egyptian HIN2 viruses (6).

The Study
During January-April 2019, we examined samples
from 11 commercial broiler farms reporting respira-
tory clinical signs among chickens by using the Riems
Influenza A Typing Assay (7). We detected co-pres-
ence of avian influenza viruses subtypes H5 and H9
with N2 (8 farms) as well as HSN2 only (3 farms).
We selected 8 samples representing H5N8, HIN2,
and H5N1 from 2017-2018, plus 1 positive H5N2
sample from 2019, for full-genome sequencing (Table
1, Appendix 1 Table, https:/ /wwwnc.cdc.gov/EID/
article/26/1/19-0570-Appl.pdf). Sanger- and next-
generation sequencing results identified various reas-
sortants new to Egypt (Figure 1). All H5 HA segments
encoded a polybasic cleavage site, PLREKRRKR-
GLF (H5 clade 2.3.4.4b) or PQGEKRRKKR-GLF (H5
clade 2.2.1.2), thus classifying those viruses as high-
ly pathogenic. We identified the closest related se-
quences by BLAST (https:/ /blast.ncbi.nlm.nih.gov/
Blast.cgi) homology searches in the GISAID (http://
platform.gisaid.org) and International Nucleotide Se-
quence Data Collaboration (http://www.insdc.org)
databases. Phylogenetic analyses of each genome
segment aided in clustering sequences (Appendix 1
Figure). We delineated the putative origin of each of
the genome segments (Figure 1). The HA segment
of the novel HPAI H5N2 reassortant virus was de-
rived from clade 2.3.4.4b viruses with closest homol-
ogy to viruses circulating in ducks in Egypt in 2017
(Figure 2), whereas >4 additional genome segments
(polymerase basic 1, polymerase basic 2, polymerase,
and nonstructural protein) originated from novel
reassortant HON2 viruses first detected in pigeons
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Table. Characteristics of avian influenza viruses in samples from diseased poultry, Egypt*

Collection Flock  Mortality = Genome
Strain Subtype date Host species Governorate size rate, % sequence Clade
A/duck/Egypt/AR518/2017 H5N8 2017 Mar 15 Duck Giza 3,000 40 Full 2.3.4.4b
A/duck/Egypt/AR560/2018 H5N8 2018 May 20 Duck Giza 5,000 35 Full 2.3.4.4b
Alturkey/Egypt/AR550/2018 H5N8 2018 Mar 2 Turkey Beni-Suef 5,000 100 Full 2.3.4.4b
A/duck/Egypt/AR526/2017 H5N1 2017 Mar 20 Duck Beni-Suef 3,000 15 Full 2.21.2
Alchicken/Egypt/AR528/2017 H5N1 2017 Mar 22 Chicken, Beni-Suef 5,000 30 Full 2212
layer
Alchicken/Egypt/AR544/2018 HON2 2018 Jan 20 Chicken, Giza 10,000 25 Full G1.B
broiler
Alchicken/Egypt/AR545/2018 HON2 2018 Mar 25 Chicken, Qualiobia 5,000 25 Full G1.B
broiler
Alchicken/Egypt/AR546/2018 HON2 2018 Mar 22 Chicken, El-Menia 8,000 10 Full G1.B
broiler
Alchicken/Egypt/Al00994/2019 H5N2 2019 Jan 19 Chicken, Beheira 17,000 47 Full 2.3.4.4b
broiler
Alchicken/Egypt/Al00986/2019 H5N2 2019 Jan 5 Chicken, Fayoum 10,000 5 HA 2.3.4.4b
broiler (partial)
Alchicken/Egypt/Al00987/2019  H5,H9, 2019Jan9 Chicken, Beheira 7,000 15 HA 2.3.4.4b
N2 broiler (partial)
Alchicken/Egypt/Al00988/2019  H5, H9, 2019 Jan 19 Chicken, Beheira 8,000 20 HA 2.3.4.4b
N2 broiler (partial)
Alchicken/Egypt/Al00989/2019  H5, H9, 2019 Jan 27 Chicken, El-Menia 6,000 14 HA 2.3.4.4b
N2 broiler (partial)
Alchicken/Egypt/Al00991/2019  H5, H9, 2019 Feb 16 Chicken, Beni-Suef 74,000 16 NA* NA
N2 broiler
Alchicken/Egypt/Al00992/2019 H5N2 2019 Mar 3 Chicken, Beheira 5,000 15 HA 2.3.4.4b
broiler (partial)
Al/duck/Egypt/Al00993/2019 H5, N8, 2019 Jan 14 Chicken, Giza 4,000 15 NA NA
N2 broiler
Alchicken/Egypt/Al00995/2019  H5, H9, 2019 Jan 14 Chicken, Beheira 33,000 33.3 NA NA
N2 broiler
Alchicken/Egypt/Al00996/2019  H5, H9, 2019 Jan 15 Chicken, Beheira 10,000 60 NA NA
N2 broiler
Alchicken/Egypt/Al00997/2019  H5, N8, 2019 Mar 9 Chicken, Dakhalia 40,000 7.5 NA NA
H9, N2 broiler
*HA, hemagglutinin; NA, not available.
H5N1 HIN2 H5NS8 Figure 1. Genotype and reassortment analyses
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Figure 2. Phylogenetic analysis

of the hemagglutinin segments

of reassortant highly pathogenic
avian influenza H5N2 and H5N8
viruses belonging to clade 2.3.3.4b
from Egypt and reference viruses.
Sequence analysis was based on
alignment analyses by MAFFT
version 7.450 embedded in the
Geneious software suite, version
11.1.7 (https://www.geneious.com)
with manual editing. We performed
maximum-likelihood calculations
using PhyML version 3.0 (http:/
www.atgc-montpellier.fr/phyml); we
chose the best-fit model according
to the Bayesian selection criterion
using Model Finder embedded in
Geneious. Colors indicate grouping
of segment origin and match those
shown in Figure 1: blue, most closely
related to H5N8 viruses from China;
green, most closely related to H5N8
viruses from Russia and Europe.
GenBank or GISAID accession
numbers (http://www.gisaid.org) are
provided for reference sequences.
Scale bar indicates nucleotide
substitutions per site.
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in Egypt during 2014 (6). The nucleoprotein seg-
ment and perhaps others were acquired from HIN2
viruses circulating in chickens in Egypt since 2010.
Matrix and neuraminidase segments are identical in
the pigeon and chicken HIN2 viruses. We identified
no new mutations in the genome of reassortant H5SIN2
that would suggest increased adaptation to mam-
malian hosts. In addition, we observed 2 previously
undescribed genotypes of HPAI H5NS8 with distinct
polymerase basic 1 and 2 segment origins (Figure 1).
The composition of HPAI H5N1 viruses phylogeneti-
cally assigned to clade 2.2.1.2 (Figure 1; Appendix 1
Figure) was unaltered compared with other HPAI
H5NT1 viruses isolated since 2015.

Natural reassortants between H5 HPAI of the
gs/GD lineage and HIN2 viruses, including subtype
H5N2, have repeatedly emerged in Southeast Asia (8).
So far, both the HPAI H5N1 2.2.1.2 and the co-circulat-
ing HIN2-G1 viruses appeared to be genotypically sta-
ble in poultry in Egypt. Successful forced reassortment
of these viruses by co-cultivation and serum selection in
embryonated chicken eggs ruled out a principal incom-
patibility between their genome segments (5); however,
Naguib et al. did not rescue an H5N2 reassortant.

We and others have shown that HPAI H5 viruses
of clade 2.3.4.4 have a high tendency to reassort with
various influenza A viruses of wild birds or poultry
(9). Thus, the incursion of clade 2.3.4.4b viruses into
Egypt in 2016 not only added another antigenically
distinct HPAI virus, but also signaled an increased
reassortment risk. In fact, the 2.3.4.4b H5N8 virus
proved to be a parent of the newly emerged H5N2
reassortant. Likewise, the second parental virus, an
influenza A(H9N2) virus first detected in pigeons,
was not described in Egypt before 2014. Genotypical-
ly, this HON2 virus is distinct from the third parental
virus, that is, the original HIN2 virus introduced to
poultry in Egypt in 2010 (Figure 1). Infection of pi-
geons with clade 2.3.4.4b H5N8 HPAI virus has been
described in Egypt, although pigeons are believed to
be less susceptible to avian influenza infections (10).
Although we cannot attribute the origin of the current
HPAI H5N2 reassortant to a single host species, we
cannot exclude pigeons as a possible host.

In March 2019, Egypt’'s Ministry of Agriculture
announced the detection of a new influenza A(H5N2)
virus from seemingly healthy ducks in the Dakahlia
governorate (11); recently published information
on this reassortant indicated the presence of a neur-
aminidase N2 segment of chicken HIN2 viruses in the
background of an HPAI H5 clade 2.3.4.4b virus (11).
Our data confirm the presence of a different HSN2
reassortant and its occurrence in chickens in different
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geographic regions of Egypt (Table 1). We detected the
current reassortant HPAI H5N2 viruses in 2 different
broiler farms in Beheira (January and March 2019) and
1 broiler farm in Fayoum (January 2019) governorates
(Table 1). The HA amino acid sequence of these reas-
sortants does not signal antigenic variation compared
with parent HPAI H5 subtype of clade 2.3.4.4b. Anti-
genic and further phenotypic properties, such as host
specificity, require investigation as soon as isolates are
available. For the H5N2-positive samples, only FTA
card material was available at Friedrich-Loeffler-In-
stitut. However, H5N2 isolates were successfully gen-
erated at the Beni-Suef University, Egypt, but were
currently not available for further antigenic and phe-
notypic analyses (M. El-Kady, unpub. data).

Intensified targeted surveillance in poultry and
pigeons is urgently required and may lead to detec-
tion of additional reassortants. However, co-detection
in a sample of H5N8 and HIN2 subtypes by reverse
transcription quantitative PCR may blur the identifica-
tion of H5N2 reassortants; plaque purification of such
samples would aid in separating subtypes but cannot
currently be used in routine diagnostics.

There is a risk for transboundary spread of HPAI
A(H5N2) virus in northern Africa and the Middle
East, and similar reassortment events are to be ex-
pected in regions where clade 2.3.4.4 HPAI and HON2
viruses are co-circulating. Long-term solutions in
combating avian influenza virus infections in poultry
are sorely needed and would help to lower risks of
human exposure to zoonotic avian influenza viruses
such as the highly zoonotic H7N9 viruses in China
that carry a full set of internal genes of an HIN2-G1-
like avian influenza virus (12).
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EID Podcast: A Worm’s Eye View

Seeing a several-centimeters-long worm traversing the conjunctiva of an eye
is often the moment when many people realize they are infected with Loa loq,
commonly called the African eyeworm, a parasitic nematode that migrates
throughout the subcutaneous and connective tissues of infected persons. In-
fection with this worm is called loiasis and is typically diagnosed either by the
worm’s appearance in the eye or by a history of localized Calabar swellings,
named for the coastal Nigerian town where that symptom was initially ob-
served among infected persons. Endemic to a large region of the western and
central African rainforests, the Loa loa microfilarice are passed to humans pri-
marily from bites by flies from two species of the genus Chrysops, C. silacea and
C. dimidiate. The more than 29 million people who live in affected areas of
Central and West Africa are potentially at risk of loiasis.

Ben Taylor, cover artist for the August 2018 issue of EID, discusses how his

personal experience with the Loa loa parasite influenced this painting.
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