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We genetically characterized highly pathogenic avian influ-
enza virus A(H5N6) clade 2.3.4.4b isolates found in Ger-
many in 2017-2018 and assessed pathogenicity of repre-
sentative HSNS and H5NG viruses in ferrets. These viruses
had low pathogenicity; however, continued characterization
of related isolates is warranted because of their high poten-
tial for reassortment.

During winter 2016—17, outbreaks of highly patho-
genic avian influenza (HPAI) virus A(H5N8) clade
2.3.4.4b caused substantial losses in wild water birds
and domestic poultry across Europe (/—4). This virus is
related to strains from China and Mongolia and has a
high potential for reassortment (4—6). Genetic and tem-
poral analysis of these isolates revealed multiple reas-
sortant events, indicating multiple independent entries
into Europe; the outbreaks in Germany were dominated
by 5 independent reassortant groups of HPAI virus HSN8
(5). Several outbreaks of HPAI virus H5Nx strains in
wild birds confirmed the continued presence of H5 clade
2.3.4.4b in Europe well into the summer of 2017. This
virus’s high tendency to reassort raised concerns that fur-
ther reassorted strains could dominate in HPAI outbreaks
in Europe or become enzootic in wild bird populations in
the future. In this study, we set out to characterize related
reassortant viruses of subtype HSN6 or H5NS isolated in
Germany during 2017-2018 and delineate their zoonotic
potential in ferrets.
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Starting in November 2017, H5 HPAI viruses, classified
as clade 2.3.4.4b according to their hemagglutinin (HA)
segments, carrying N6 segments were detected in the
Netherlands (7), United Kingdom, Switzerland, and Ger-
many (8). We used samples mostly from the outbreaks
in Germany collected during December 2017—-August
2018 (Appendix Table 1, https://wwwnc.cdc.gov/EID/
article/25/10/18-1931-Appl.pdf). We sequenced (Ap-
pendix) and analyzed these viruses and found they
carried a neuraminidase (NA) segment of subtype N6
with a high similarity to low pathogenicity avian influ-
enza (LPAI) viruses identified in Asia during 2015-2017
(Appendix Table 2).

According to a full-genome analysis, these HSN6
viruses represent 2 mosaic reassortants of HPAI virus
H5N8 found in Europe during the epizootic of 201617
(Figure, panel A). Reassortant group I shares all but the
NA segment with viruses from the epizootic of 201617
(Appendix Figure 1), and because of distinct homologies
in the HA, matrix, and nonstructural protein gene seg-
ments (Appendix Figure 1), these viruses were further
divisible into 3 subgroups, which we designated Gre-02-
17-N6, Tai-12-17-N6, and Kor-12-17-N6 (Figure, panel
A). The divergence within this reassortant group might
have been caused by genetic drift and would be in line
with their temporal and geographic patterns of occur-
rence (Figure, panel B). In contrast, reassortant group
II (designated Ger-12-17-N6; Figure) comprises a more
homogeneous group of HSN6 viruses from Western and
Central Europe. Reassortant group II is genetically dis-
tinguishable from reassortant group I by separate clus-
tering of the polymerase acidic (PA) and polymerase ba-
sic 2 (PB2) genes (Appendix Figure 1). Group II viruses
were detected in Germany during December 2017—Au-
gust 2018. Their PA segment is similar to that of the
HPAI virus A(H5N8) found in the Netherlands in No-
vember and December 2016, and their PB2 segment is
similar to that of LPAI viruses in Europe and, to a lesser
extent, HPAI HSNS5 and H5NS 2.3.4.4b isolates from the
epizootic of 2016—17 (Appendix Figure 1). This find-
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Figure. Phylogenetic clustering and geographic distribution of highly pathogenic avian influenza A(H5NG6) viruses, Europe, 2017—-2018.
A) Supernetwork generated by using maximume-likelihood trees of influenza virus full genomes with RAXML (https://cme.h-its.org/
exelixis/web/software/raxml/index.html) and 1,000 bootstrap iterations followed by network analysis with SplitsTree4 (http://ab.inf.
uni-tuebingen.de/software/splitstree4). Reassortant viruses are grouped according to their phylogenetic results. Scale bar indicates
nucleotide substitutions per site. The mosaic genome structure of reassortant groups | and Il is also provided. Gene segment
descriptions are given in Appendix Figure 1 (https://wwwnc.cdc.gov/EID/article/25/10/18-1931-App1.pdf). B) Geographic locations of
cluster isolates. Inset of cluster in the Netherlands is provided for easier visualization.

ing underscores the ability of HPAI virus clade 2.3.4.4b
from the epizootic of 2016-17 to frequently reassort,
probably empowered by its genome constellation, espe-
cially its HA segment.

HS5NG6 viruses of clades 2.3.4.4c and 2.3.4.4d and an
HS5 virus of clade 2.3.4.4b (A/Fujian-Sanyuan/21099/2017)
have been reported in cases of human influenza; thus, con-
cerns have been raised about these viruses’ zoonotic poten-
tial (9). Several clade 2.3.4.4b H5 HPALI viruses isolated in
South Korea (Appendix Table 3) have already been evalu-
ated in multiple animal models and showed no zoonotic
propensity in ferrets (/0,/1). These results concur with
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our previous analysis of cluster 2.3.4.4b HPAI virus HSN§
from Germany (A/tufted duck Germany/AR8444/2016)
in human lung explants and in ferrets (/2).

We extended the zoonotic risk assessment of these
viruses by using a reassortant group II HPAI H5N6 vi-
rus (AR09/18, A/common_pochard/Germany-BY/AR09-
18-L02421/2017). For comparison, we included a related
reassortant HPAI HS5NS clade 2.3.4.4b virus (AR425/17,
A/turkey/Germany-SH/R425/2017) with 3 genes, NA
(Appendix Table 2), polymerase basic 1, and nucleo-
protein, related to LPAI viruses from different countries
and 4 genes, PB2, PA, matrix, and nonstructural protein,
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related to HPAI viruses isolated during the epizootic of
2016-17 (9).

We inoculated 10 ferrets intranasally with either the
H5N6 or H5NS virus (Appendix). None of the animals
displayed any respiratory signs; the only change observed
was a minor, short-lived increase in body temperature.
Only 1 of the 5 ferrets inoculated with HSNS exhibited
body temperatures >40°C for 3 consecutive days (5-7
days postinfection [dpi]). This particular animal also ex-
hibited a mild gait disorder at 5 dpi, and because these
atactic movements persisted (a sign qualifying for termi-
nation), the ferret was euthanized at 7 dpi. The viral RNA
loads in the nasal washings of animals inoculated with
H5NS and H5N6 were low up through 7 dpi (Table), and
RNA excretion ceased thereafter. However, at 7 dpi, the
H5NS5-inoculated ferret showing mild ataxia displayed a
peak of 100 copies/uL of extracted RNA (input volume
100 pL) in the nasal washing fluid (Table).

Nucleoprotein antibody—specific seroconversion (Ta-
ble) was detected in all inoculated ferrets surviving until
euthanasia at 14 dpi. The serum sample of the atactic ani-
mal euthanized at 7 dpi scored reactive but not positive.

We dissected all euthanized animals and analyzed
spleens, tracheas, lungs, conchae, cerebellum, and cere-
brum for viral genome loads, as described previously (/2).
All organ samples taken at 14 dpi were negative; however,
the cerebrum, trachea, and nasal concha of the single ani-
mal exhibiting disease euthanized at 7 dpi had a low viral
load of 7-25 copies/uL of extracted RNA from =2 mm?®
tissue material homogenized in 1 mL of medium (input vol-
ume 100 pL).

Histopathologic workup of the sick ferret revealed
mild, subacute necrotizing rhinitis; moderate, oligofocal,

Table. Viral RNA loads in nasal washing samples from ferrets
infected with highly pathogenic avian influenza A(H5SN6/H5N5)
clade 2.3.4.4b virus isolates from Germany, 2017-2018, and
seroconversion in study assessing virus zoonotic risk*
Day postinfection, viral RNA load,
genome copies/pL
Group 0o 1 3 5 7 9

Seroconversiont

Controls - - = — — — —
H5N5 - 0.2 0.2 0.1 100.6 NDt +/-§
- 12 28 0.1 - - +
- 19 09 29 - - +
- 12 - 041 - - +
- 01 - 82 09 - +
H5N6 - - 08 13 13 - +
- 02 19 138 3.2 - +
- 02 - 02 02 - +
— — — — — — +
- 0 13 02 42 - +

*ND, not done; —, negative.

tSeroconversion measured with sensitive nucleoprotein ELISA (ID Screen
Influenza A Antibody Competition ELISA Kit; ID.Vet, https://www.id-
vet.com) with day 14 or 7 serum sample, depending on day of animal
sacrifice, and compared with preinoculation serum sample.

}Sacrificed day 7 because animal displayed neurologic symptoms.
§Reaction interpreted as reactive but not positive.

Emerging Infectious Diseases « www.cdc.gov/eid * Vol. 25, No. 10, October 2019

Characterization of HPAIV A(HSN6/H5NS), Germany

subacute necrotizing bronchointerstitial pneumonia; mod-
erate, multifocal necrotizing hepatitis; severe necrotizing
salpingitis; and the focal-to-multifocal intralesional pres-
ence of influenza virus matrix protein (Appendix Figure
2) consistent with systemic virus spread. Only 1 of 4 of
the HSN5-infected ferrets and 2 of 5 of the HSN6-infected
ferrets necropsied at 14 dpi revealed inflammatory lung le-
sions, yet all were negative for matrix protein by immu-
nohistochemical staining (Appendix Table 4). Considering
the low morbidity rate (10%), these HS viruses have a mild
pathogenic potential in the ferret model compared with
other HPAI viruses (/3).

Conclusions

The genetic makeup of HPAI HS5 clade 2.3.4.4b viruses
fosters reassortment, which can expand their evolution-
ary capacity. Segment reassortment bears a concomitant
danger of the emergence of strains that are more patho-
genic or zoonotic or that have a higher potential to evolve
to propagate in avian hosts with different migratory be-
haviors. HSN6 and H5NS5 viruses of this clade have been
continuously present in Europe since 2017, necessitat-
ing continuous surveillance and virus characterization.
Our study excludes the possibility of enhanced zoonotic
potential for the analyzed H5NS and HS5N6 2.3.4.4b
clade viruses. Nonetheless, existing reports of clade
2.3.4.4c HPAI H5N6 virus infections in mammals and
clade 2.3.4.4b-2.3.4.4d virus co-infections in humans
indicate a continued risk for zoonotic events with HSNx
reassortants (9). Continued surveillance and character-
ization of these viruses is crucial to reduce the risk for
outbreaks with burgeoning HPAI isolates of the goose/
Guangdong lineage.
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Influenza is a contagious respiratory
illness caused by influenza viruses. It can
cause mild to severe illness. Serious out-
comes of influenza infection can result in
hospitalization or death. Some people,
such as older people, young children,
and people with certain health condi-
tions, are at high risk for serious influenza
complications. The best way to prevent
the flu is by getting vaccinated each year.
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