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Genetic analyses of highly pathogenic avian influenza
A(H5N8) virus from the Netherlands, and comparison with
strains from Europe, South Korea, and Japan, showed a
close relation. Data suggest the strains were probably car-
ried to the Netherlands by migratory wild birds from Asia,
possibly through overlapping flyways and common breed-
ing sites in Siberia.

Highly pathogenic avian influenza (HPAI) A(H5NS)
virus probably originated in China, where it was iso-
lated in 2009-2010 (/). Pathogenicity studies showed that
the virus was highly virulent in chickens but mildly or
moderately virulent in wild ducks. Phylogenetic research
demonstrated that it was the product of various reassort-
ment events: the virus’s RNA consists of segments that
come from other influenza viruses. The backbone of the
HPAI (H5N8) virus is formed by parts of the HPAI (H5N1)
virus that has circulated in China since 1997 and spread
worldwide since 2004.

Beginning in January 2014, H5NS8 virus spread rap-
idly in South Korea, initially mainly among farmed ducks.
During the first outbreaks among farmed ducks, numerous
dead Baikal teals (Anas formosa, a species of migratory
wild ducks) were found near the affected farms, leading
to the hypothesis that infection was carried by the wild
ducks. Genetic analysis of the virus indicated that iso-
lates from infected domesticated ducks and dead Baikal
teals in the surrounding area in South Korea strongly re-
sembled earlier isolates from China (2). The analysis also
indicated that the HPAI (H5NS) virus in South Korea is
a product of reassortment of A/duck/Jiangsu/k1203/2010
(H5NS) and other avian influenza viruses that co-circulated
among birds in East Asia during 2009-2012 (3). Kang et
al. (4) recently demonstrated by experimental infection of
wild ducks (4. platyrhynchos) and Baikal teals that HPAI
(H5N1) and (H5NS) virus isolates did not cause serious ill-
ness or death in these species. Recent phylogenetic studies
of HPAI (H5HS) viruses isolated from infected poultry and
wild birds in 2014 in South Korea indicate that migrating
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birds played a key role in the introduction and spread of
the virus in the initial phase of the 2014 outbreak (5). In
mid-April 2014, the presence of HPAI (H5NS) virus was
demonstrated at a poultry farm in Japan after a rise in the
death rate was noted (6). During a monitoring program in
November 2014, fecal samples of migrating Bewick’s Tun-
dra swans (Cygnus columbianus bewickii) tested positive
for the HPAI (H5NS) virus. We conducted full-length se-
quencing to elucidate the origin of the HPAI (H5NS) virus
detected in the Netherlands.

The Study

On November 9, 2014, chickens in 1 of 6 poultry houses
on a 124,000-bird indoor-layer farm in the Netherlands
began dying at an exponentially increasing rate. The dead
chickens were submitted for necropsy to the Dutch Animal
Health Service (http://www.gdanimalhealth.com) on No-
vember 14. RNA was extracted from cloacal and oropha-
ryngeal samples from clinically affected hens with positive
results from the screening influenza real-time reverse tran-
scription PCR (7), which detects all avian influenza virus
subtypes. As a standard procedure, the swab samples were
forwarded to the Central Veterinary Institute, the Neth-
erlands’ national reference laboratory. Positive screening
samples were checked for the presence of H5 and H7 influ-
enza subtypes by real-time reverse transcription quantita-
tive PCR as recommended by the European Union refer-
ence laboratory. Hemagglutinin (HA) and neuraminidase
(NA) sequence analysis was performed by using PCR
fragments that were generated according to previously
described protocols (8,9). The HA cleavage site showed
polybasic properties RNSPLRERRRKR*GLFGAIA, con-
firming the high pathogenicity of the virus. In addition, HA
and NA sequence results showed that the virus subtype
was H5NS.

At the start of the outbreak, preliminary sequencing
of the cleavage site showed that it shared high similarity
with that of the outbreak strain from Germany. However,
complete sequencing was necessary for an investigation
of the origin and emergence of this virus in Europe, spe-
cifically in the Netherlands. Therefore, we amplified all
8 RNA genome segments of the outbreak virus by using
universal 8-segment primers and then directly sequenced
the segments (/0). Purified amplicons were sequenced at
high coverage (average >1,000) by using the Nextera li-
brary preparation method and MiSeq system (Illumina, San
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Diego, CA, USA), generating paired-end read lengths of
150 bases. High-quality quality control-passed sequence
reads were iteratively mapped by using Bowtie 2 (/7)
against the genome sequence of the HSNS8 virus from South
Korea (GenBank accession nos. KJ511809-KJ511816) to
generate a majority (>80% evidence) consensus sequence
of all segments. The consensus sequences were compared
with de novo—assembled sequence reads by using SPAdes
version 3 (/2); substantial differences were not detected.
Most consensus sequences were submitted to the Global
Initiative on Sharing Avian Influenza Data (accession no.
EPI ISL 167905). We subsequently performed a molec-
ular phylogenetic analysis on all nucleic acid sequences
by using the maximum-likelihood method based on the
Tamura-Nei model in MEGAG6.0 (/3). Accession numbers
and sequence providers are listed in the online Technical Ap-
pendix (http://wwwnc.cde.gov/ElD/article/21/5/14-1839-
Techappl.xlsx).

Genetic analysis shows that the HSN8 virus from the
Netherlands (A/chicken/Netherlands/14015526/2014) and
viruses from poultry and wild birds from Europe and 2
strains from Japan (A/duck/Chiba/26-372-48/2014 and A/
duck/Chiba/26-372-61/2014) detected thereafter are closely
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related. Analysis also showed that the viruses are descen-
dants of 3 strains isolated in early 2014: A/broiler duck/
Buan2/2014 and A/Baikal teal/Korea/Donglim3/2014 from
South Korea and A/chicken/Kumamoto/1-7/2014 from Ja-
pan. HPAI (HSNS) virus isolated from a wigeon (Anas pe-
nelope) in Sakha, northeastern Russia, is a precursor phy-
logenetically located at the node of European and Chiba
viruses (Figure); this virus was isolated in September 2014,
but the sequence was released in December 2014 (75).

We determined the number of per site base substitutions
between the sequences by using the maximum composite
likelihood in MEGAG6 (/3). Sequences of the 8 genome
segments in the HSNS virus from the Netherlands differed
from those of strains A/broiler duck/Korea/Buan2/2014,
A/Baikal teal/Korea/Donglim3/2014, and A/chicken/Ku-
mamoto/1-7/2014 by a minimum of 0 and a maximum of
0.009 substitutions. On the basis of data in the National
Center for Biotechnology Information Influenza Virus Re-
source (http://www.ncbi.nlm.nih.gov/genomes/FLU/FLU.
html) and EpiFlu (http://www.gisaid.org) databases, the
HSNS virus from the Netherlands shares the highest simi-
larity with strain A/Baikal teal/Korea/Donglim3/2014 from
South Korea.
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Figure. Phylogenetic tree of hemagglutinin gene of highly pathogenic avian influenza A(H5N8) viruses. The evolutionary history

was inferred by using the maximume-likelihood method based on the Tamura-Nei model in MEGAG (73). The tree with the highest log
likelihood is shown. The percentage of trees in which the associated taxa clustered together is shown next to the branches. Initial tree(s)
for the heuristic search were obtained automatically by applying neighbor-joining and BIONJ (74) algorithms to a matrix of pairwise
distances estimated by using the maximum composite likelihood approach and then selecting the topology with superior log likelihood
value. The Tamura-Nei model was used by assuming a gamma distributed rate among nucleotide sites. The tree is drawn to scale;
scale bar indicates the number of nucleotide substitutions per site. The analysis involved 25 nt sequences. All positions containing

gaps and missing data were eliminated. There were a total of 761 nt positions in the final dataset. Black dot indicates A/chicken/
Netherlands/14015526/2014; black square indicates A/wigeon/Sakha/1/2014.
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DISPATCHES

Conclusions

Genetic analysis of influenza A(HSNS) virus from the Neth-
erlands indicates that the virus probably was spread by mi-
gratory wild birds from Asia, possibly through overlapping
flyways and common breeding sites in Siberia. In addition
to the outbreak in the Netherlands, several other outbreaks
of HPAI (H5NS) virus infections were reported in Europe
at the end of 2014 after exponentially increasing deaths
occurred in chicken and turkey flocks. Genetic sequences
submitted to the EpiFlu database indicated that the viruses
from Europe showed a strong similarity to viruses isolated
earlier in 2014 in South Korea, China, and Japan. An HSN§
virus isolated from a wigeon in Russia in September 2014
is located in the phylogenetic tree near the node of all se-
quences for HSNS viruses from Europe. In regard to time,
this location fits the hypothesized route of HSNS virus in-
troduction into Europe. Furthermore, for several reasons, it
is highly likely that the introduction of HPAI (H5N8) virus
into the indoor-layer farm in the Netherlands occurred via
indirect contact. First, despite intensive monitoring, HSN8
viruses have never been detected in commercial poultry or
wild birds in the Netherlands. Second, when the virus was
detected, the Netherlands had no direct trade contact with
other European countries or Asia that might explain a route
of introduction. Third, because of the severity of disease in
galliforms, outbreaks of H5NS§ in the Netherlands before
November 2014 would have been noticed.

Acknowledgments

We thank the Dutch Animal Health Service, the Netherlands
Food and Consumer Product Safety Authority, and the Nether-
lands Ministry of Economic Affairs for excellent cooperation
during the outbreak.

Dr. Bouwstra is a veterinary virologist and leader of the avian
influenza and Newcastle disease project in the Department of Vi-
rology, Central Veterinary Institute, Wageningen University and
Research Centre, Lelystad, the Netherlands. Her research inter-
ests are notifiable animal diseases and One Health.

References
1. Zhao K, Gu M, Zhong L, Duan Z, Zhang Y, Zhu Y, et al.
Characterization of three HSN5 and one H5NS highly pathogenic
avian influenza viruses in China. Vet Microbiol. 2013;163:351-7.
http://dx.doi.org/10.1016/j.vetmic.2012.12.025
2. LeeYlJ, Kang HM, Lee EK, Song BM, Jeong J, Kwon YK, et al.
Novel reassortant influenza A(H5SNS8) viruses, South Korea, 2014.

874

Emerg Infect Dis. 2014;20:1087-9. http://dx.doi.org/10.3201/
€id2006.140233
3. GuM, Zhao G, Zhao K, Zhong L, Huang J, Wan H, et al.
Novel variants of clade 2.3.4 highly pathogenic avian influenza
A(H5N1) viruses, China. Emerg Infect Dis. 2013;19:2021-4.
http://dx.doi.org/10.3201/eid1912.130340
4. Kang HM, Lee EK, Song BM, Jeong J, Choi JG, Jeong J, et al.
Novel reassortant influenza A(HSN8) viruses among inoculated
domestic and wild ducks, South Korea, 2014. Emerg Infect Dis.
2015;21:298-304. http://dx.doi.org/10.3201/eid2102.141268
5. JeongJ, Kang HM, Lee EK, Song B-M, Kwon YK, Kim HR, et al.
Highly pathogenic avian influenza virus (H5SN8) in domestic
poultry and its relationship with migratory birds in South Korea
during 2014. Vet Microbiol. 2014;173:249-57. http://dx.doi.
org/10.1016/j.vetmic.2014.08.002
6. ProMED-Mail. Avian influenza (78): Avian influenza (52):
Japan (KM) HPAI serotyped HSNS. 2014 Apr 17 [cited 2014 Nov 1].
http://www.promedmail.org, archive no. 20140417.2412249.
7. Spackman E, Senne DA, Myers TJ, Bulaga LL, Garber LP,
Perdue ML, et al. Development of a real-time reverse transcriptase
PCR assay for type A influenza virus and the avian H5 and H7
hemagglutinin subtypes. J Clin Microbiol. 2002;40:3256-60.
http://dx.doi.org/10.1128/JCM.40.9.3256-3260.2002
8. Gall A, Hoffmann B, Harder T, Grund C, Beer M. Universal primer
set for amplification and sequencing of HAO cleavage sites of all
influenza A viruses. J Clin Microbiol. 2008;46:2561-7.
http://dx.doi.org/10.1128/JCM.00466-08
9. Gall A, Hoffmann B, Harder T, Grund C, Ehricht R, Beer M. Rapid
and highly sensitive neuraminidase subtyping of avian influenza
viruses by use of a diagnostic DNA microarray. J Clin Microbiol.
2009;47:2985-8. http://dx.doi.org/10.1128/JCM.00850-09
10. Jonges M, Welkers MR, Jeeninga RE, Meijer A, Schneeberger P,
Fouchier RA, et al. Emergence of the virulence-associated PB2
E627K substitution in a fatal human case of highly pathogenic
avian influenza virus A(H7N7) infection as determined by
Illumina ultra-deep sequencing. J Virol. 2014;88:1694-702.
http://dx.doi.org/10.1128/JV1.02044-13
11. Langmead B, Salzberg SL. Fast gapped-read alignment with Bowtie
2. Nat Methods. 2012;9:357-9 . http://dx.doi.org/10.1038/nmeth.1923
12.  Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M,
Kulikov AS, et al. SPAdes: a new genome assembly algorithm
and its applications to single-cell sequencing. J] Comput Biol.
2012;19:455-77. http://dx.doi.org/10.1089/cmb.2012.0021
13.  Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. MEGAG6:
Molecular Evolutionary Genetics Analysis version 6.0. Mol Biol
Evol. 2013;30:2725-9. http://dx.doi.org/10.1093/molbev/mst197
14.  Gascuel O. BIONJ: an improved version of the NJ algorithm
based on a simple model of sequence data. Mol Biol Evol. 1997
Jul;14(7):685-95.
15.  ProMED-Mail. Avian influenza (116): Russia (SA) HPAI H5NS,
wild bird, OIE. 2014 Dec 26 [cited 2015 Jan 15]. http://www.
promedmail.org, archive no. 20141226.3056459.

Address for correspondence: Ruth Bouwstra, Department of Virology,
Central Veterinary Institute, Wageningen UR, Houtribweg 39, NL-8221
RA Lelystad, the Netherlands; email: ruth.bouwstra@wur.nl

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 21, No. 5, May 2015



