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Avian influenza A virus (AlV) infections with H5N1- and HO9N2-strains and co-infections with both subtypes have been
frequently reported in field samples from poultry, but genetic reassortment between both subtypes has not been reported
yet. Therefore, we evaluated the genetic compatibility and the replication efficiency of H5N1 reassortants of recently
circulating H5N1 and HON2 in Egypt (H5N1-EGY and HIN2-EGY). We show that the replication efficiencies of HSN1-EGY
reassortants expressing PB2 and PA polymerase subunits of HON2-EGY, H5N1PB2-HIN2EGY and H5N1PA-HIN2EGY,
were higher than the wildtype H5N1-EGY in mammalian cells, but comparable to the positive HSN1 control comprising the
6 human-adapted/HIN2 derived internal proteins-encoding segments of human H7N9 (H5N1-6H7N9Anhui), at 37°C. By
propagating both H5N1 reassortants on mammalian cell cultures at 33°C and 39°C, both viruses replicated to higher
levels than the parental HSN1-EGY, but comparable to the control HSN1-6H7N9Anhui, at both temperatures. This may
confirm that the emergence of H5N1 reassortants with internal proteins-encoding segments from cocirculating H9N2
viruses is possible in principle and may be potentiated by improved replication fitness of these reassortants. The eventual
spread of these reassortants would negatively augment the zoonotic potential of HSN1 viruses in nature.
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| 1. Introduction

Highly pathogenic avian influenza A viruses (HPAIVs) of the H5N1 subtype have crossed the animal/human barrier in
1997 causing lethal zoonotic infections in humans @[1]. During the second wave of human HPAIV H5N1 infections—
specifically in December 2005, HPAIV H5N1 (clade 2.2.1) have been reported in Egypt in migratory birds [&. Subsequently
in mid-February 2006, HPAIV H5N1 were transmitted to farmed and backyard poultry in Egypt Bl where they kept
circulating. They were therefore officially declared “endemic” in the Egyptian poultry sector since 2008 &, In parallel,
human infections with HPAIV H5N1 are annually reported since 2006, classifying Egypt as the country with the highest
cumulative number of human cases in the world [,

Concomitantly, low pathogenic avian influenza A virus (LPAIV) of the HIN2 subtype are circulating extensively worldwide
in poultry for several decades, resulting in a high genetic diversity @I, In 2010, LPAIV HIN2 of a G1-like lineage were
detected in different avian species in Egypt ZEI&. Currently, the virus appears to be endemic in Egyptian poultry [, Since
2011, these viruses crossed the species barrier to humans due to their mammalian-like characteristics, causing mild to
moderate human infections in different countries of the Middle East including Egypt W, The global concern about these
HINZ2 viruses is mainly associated with their ability to donate their genes to other avian influenza viruses (AlV) giving rise
to high and low pathogenic AlVs that might thereby achieve the capability to efficiently cross the specie barrier and infect
humans such as the LPAIV H7N9, reported in China since 2013 L0,

As both LPAIV HON2 and HPAIV H5N1 subtypes are co-circulating in birds in several regions of the world co-infections
with both subtypes have been frequently reported in individual avian hosts 1. Consequently, this scenario increases the
probability of genetic reassortment between both strains and could result in reassortants with enhanced zoonotic potential
(101 The limited detection of such reassortants in nature is probably due to insufficient surveillance, genetic incompatibility
of possible H5N1/H9N2 segment combinations/constellations and/or negative selective pressure against such
H5N1/HON2 reassortants with new genetic constellations that render the virus replication incompetent, compared to the
parental strains.



2. Replication Efficiency of Reassortant and Wild-Type H5N1ggy in Human
Lung Cells Increases at Elevated Temperature Resembling Lung Ambient
Temperature in Humans

In an attempt to better estimate the outcome of human infections with reassortants between H5N1ggy and HIN2ggy, we
set out to examine the influence of site-specific mammalian body temperatures on viral replication efficiency. Therefore,
we investigated whether different temperatures resembling either the initial site of IAV replication in the upper respiratory
tract (33 °C) or the later replication site of the lower respiratory tract (39 °C) in case of viral pneumonia 22, would affect
the replication efficiency of the H5N1lpgs.ponzegy and HS5N1pa ponzegy Versus wild-type H5N1ggy and the control
H5N16H7n9anNi- TO this point, mammalian cell lines Calu-3 as an in vitro model for bronchial epithelial cells of the upper
respiratory tract (URT) 23] and A549 as a type-Il alveolar epithelial cell model of the lower respiratory tract (LRT) 24 were
infected in triplicates with the indicated viruses at low MOI of 0.001.

The obtained results (Figure 1) demonstrated that in Calu-3 cells both reassortants H5N1pgs.ponzecy @and HS5N1pa.
HonzeEGy replicate to higher levels than the parental HSN1ggy, but comparable to the control H5N1gh7ngannui @t both
temperature settings. In A549 cells, the H5N1pg,_Hon2eGY replicated significantly higher than the wild-type HSN1ggy, but
comparable to control H5N1gh7nganhui @t 33 °C and 39 °C. However, the replication of HSN1pa_Hon2egy iN A549 cells was
only higher than the wild-type H5N1ggy at 39 °C. These data demonstrate the ability of both reassortant viruses to
replicate efficiently at different temperature conditions, mimicking the temperatures of the different lung compartments
during AlV invasion at the initial site of infection and subsequently during alveolar infection.
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Figure 1. Replication kinetics of HSN1ggy reassortants in mammalian cell culture models. Calu-3 and A549 cells were
infected (in triplicates) with the H5N1ggy reassortants or wild-type HSN1ggy and control HSN1gh7nganhui @t multiplicities of
infection (MOIs) of 0.001 and incubated at 33 °C or 39 °C. At 6, 12, 24, 36 h p.i., the cell culture supernatants were
collected and the virus titre was determined. Statistical analysis was performed using two-way ANOVA, followed by
Bonferroni post hoc test. The significant differences are indicated (* = p < 0.05, ** = p < 0.01, *** = p < 0.001 and non-
significant = ns).

3. Reassortants H5N1PB2-H9N2EGY and H5N1PA-H9N2EGY Showed Similar to
Lower Virulence When Compared to the Wild-Type H5N1ggy in Mice

To analyze the characteristics of HSN1pgs. Honzegy @and H5N1pa HonzEGY IN ViIVO we inoculated female BALB/c mice with
the reassortant viruses and the wild-type H5N1ggy. After inoculation (10° PFU/100 pL) with H5N1pgo.ponzecy and
H5N1ggy all mice showed comparable reduction in body weight at 1 dpi compared to the relative body weight immediately
before infection and compared to the PBS control group (Figure 2a). Unlike H5N1ggy-infected mice, which started to
regain body weight at 11 dpi (2 mice only), the body weight of HSN1pgs.nan2eGy iNOCUlated mice started to increase faster
at 5 dpi to the end of the experiment. However, the H5N1pa_Hon2EGY INOCUlated mice exhibited transient reduction in body
weight at 5 dpi and the body weight started to increase at 9 dpi to the end of the experiment, although at significantly
lower levels than the control group (Figure 2a). Interestingly, the survival rates between the reassortants and the wild-type
differed strongly (Figure 2b). Here, 60% of the mice survived the infection with the reassortants, while only 20% of the
mice survived the infection with the wild-type virus.
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Figure 2. Pathogenicity of H5N1ggy and reassortants H5N1pgy Honoecy and HS5N1pa.Honoegy IN female BALBIc mice.

Mice were infected with 10° PFU of each virus in 100 uL phosphate-buffered saline (PBS). The morbidity rate and the

mortality rate as demonstrated by weight loss of body (a) and the survival rate (b), respectively, were monitored for 14 dpi.

Mice judged moribund (body weight loss >25%) were euthanized.

These data suggest that the reduced pathogenicity of the reassortant HSN1pgs.nonzecy @nd H5N1pa Hon2EGY Viruses may

be attributed to specific genetic difference between the PA and PB2 segments of HON2ggy and H5N1ggy.
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