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ABSTRACT We sequenced the eight segments of influenza A virus strains A/equine/
Ibaraki/1/2007 and A/equine/Yokohama/aq13/2010, which are strains of the Florida
sublineage clades 1 and 2 of the H3N8 subtype equine influenza virus. These strains
have been used as vaccine strains in Japan since 2016 in accordance with World Or-
ganization for Animal Health (OIE) recommendations.

Equine influenza virus (EIV) (family Orthomyxoviridae, genus Influenzavirus A) causes
the acute respiratory disease referred to as equine influenza (EI) (1). Two subtypes

of influenza virus, H7N7 and H3N8, have been isolated from horses; however, the H7N7
subtype is considered to be extinct (2). In contrast, the H3N8 subtype has caused many
outbreaks of EI among horses throughout the world (3). The H3N8 subtype of EIV has
diverged into several lineages, and two clades of the Florida sublineage, clades 1 (Fc1)
and 2 (Fc2), have prevailed in recent years (1, 4, 5). Fc1 viruses are predominant in the
United States, while Fc2 viruses are predominant in Europe. Therefore, since 2010, the
World Organization for Animal Health (OIE) has recommended that EI vaccines include
both clades (6). In accordance with OIE recommendations, A/equine/Ibaraki/1/2007
(Fc1) and A/equine/Yokohama/aq13/2010 (Fc2) have been used in Japan as vaccine
strains since 2016 (7). The hemagglutinin (HA) and neuraminidase (NA) sequences of
the two strains have been released, but the genome sequences of the other six
segments have not been reported. Here, we report the complete genome sequences of
Japanese vaccine strains A/equine/Ibaraki/1/2007 (8) and A/equine/Yokohama/aq13/
2010 (9).

Strains A/equine/Ibaraki/1/2007 and A/equine/Yokohama/aq13/2010 were pas-
saged six and four times, respectively, in 10-day-old embryonated hens’ eggs. Viral
RNA was extracted using a MagNA Pure LC total nucleic acid isolation kit (Roche
Diagnostics, Mannheim, Germany). The cDNA was synthesized using the Uni12 primer
(5=-AGCAAAAGCAGG-3=) and Superscript III reverse transcriptase (Thermo Fisher Scien-
tific, Waltham, MA, USA). Amplification of the eight gene segments was performed by
using PCR with KOD-Plus-Neo DNA polymerase (Toyobo, Osaka, Japan) and the uni-
versal primer sets described by Hoffmann et al. (10). The amplified products of the two
strains were sequenced using next-generation sequencing technology on the Ion PGM
system (Thermo Fisher Scientific) according to the manufacturer’s instructions. The raw
signal data were analyzed by using Torrent Suite version 5.6.0 based on known EIV
sequences.

The sequences of the three polymerase proteins (PB2, PB1, and PA), nucleoprotein
(NP), NA, matrix (M), and nonstructural protein (NS) of both strains comprised 2,308,
2,309, 2,200, 1,529, 1,424, 991, and 855 nucleotides, respectively, excluding the primer
sequences. The HA sequences of A/equine/Ibaraki/1/2007 and A/equine/Yokohama/
aq13/2010 comprised 1,728 and 1,734 nucleotides, respectively. BLASTn analysis
showed that all eight segments of A/equine/Ibaraki/1/2007 had more than 99% nucle-
otide identities to those of A/equine/Tottori/1/07 (Fc1) (GenBank accession numbers
AB591842 to AB591849) (11). In addition, the seven segments other than the NS of
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A/equine/Ibaraki/1/2007 were closely related with those of A/equine/Kyonggi/SA1/
2011 (Fc1) (GenBank accession numbers JX844143 to JX844149). Strain A/equine/
Kyonggi/SA1/2011 had a deletion in NS (12). All eight segments of A/equine/Yokoha-
ma/aq13/2010 had more than 99% nucleotide identities with those of A/equine/
Richmond/1/2007 (GenBank accession numbers FJ195395, FJ195429, and KF559332 to
KF559337), which has been a Fc2 vaccine strain recommended by OIE (6).

In this study, we revealed the complete genomic sequences of A/equine/Ibaraki/1/
2007 (Fc1) and A/equine/Yokohama/aq13/2010 (Fc2), which are EI vaccine strains in
Japan. The results of this study will be useful for evaluating current vaccines and for
selecting future ones.

Accession number(s). The complete genome sequences of A/equine/Ibaraki/1/

2007 (H3N8) and A/equine/Yokohama/aq13/2010 (H3N8) have been deposited in
GenBank/EMBL/DDBJ under accession numbers LC369069 to LC369084.

ACKNOWLEDGMENTS

We thank the Animal Quarantine Service in Japan for providing strain A/equine/
Yokohama/aq13/2010. We are also grateful to Ryoka Miki, Osamu Takahashi, and
Satoshi Murakami (Thermo Fisher Scientific, Life Technologies Japan) and to Hirotaka
Tokushige (Equine Research Institute, Japan Racing Association) for their invaluable
suggestions.

This study was funded by the Japan Racing Association (Tokyo, Japan).

REFERENCES
1. Cullinane A, Newton JR. 2013. Equine influenza—a global perspective.

Vet Microbiol 167:205–214. https://doi.org/10.1016/j.vetmic.2013.03.029.
2. Webster RG. 1993. Are equine 1 influenza viruses still present in horses?

Equine Vet J 25:537–538. https://doi.org/10.1111/j.2042-3306.1993
.tb03009.x.

3. Cullinane A, Elton D, Mumford J. 2010. Equine influenza—surveillance
and control. Influenza Other Respir Viruses 4:339 –344. https://doi.org/
10.1111/j.1750-2659.2010.00176.x.

4. Rash A, Morton R, Woodward A, Maes O, McCauley J, Bryant N, Elton D.
2017. Evolution and divergence of H3N8 equine influenza viruses circu-
lating in the United Kingdom from 2013 to 2015. Pathogens 6:6. https://
doi.org/10.3390/pathogens6010006.

5. Woodward AL, Rash AS, Blinman D, Bowman S, Chambers TM, Daly JM,
Damiani A, Joseph S, Lewis N, McCauley JW, Medcalf L, Mumford J,
Newton JR, Tiwari A, Bryant NA, Elton DM. 2014. Development of a
surveillance scheme for equine influenza in the UK and characterisation
of viruses isolated in Europe, Dubai and the USA from 2010 –2012. Vet
Microbiol 169:113–127. https://doi.org/10.1016/j.vetmic.2013.11.039.

6. OIE. 2017. Equine influenza vaccine composition. OIE Bull 2017(2):
86 – 88.

7. Yamanaka T, Nemoto M, Bannai H, Tsujimura K, Matsumura T, Kokado H,
Gildea S, Cullinane A. 2018. Neutralization antibody response to booster/

priming immunization with new equine influenza vaccine in Japan. J Vet
Med Sci 80:382–386. https://doi.org/10.1292/jvms.17-0538.

8. Yamanaka T, Niwa H, Tsujimura K, Kondo T, Matsumura T. 2008. Epi-
demic of equine influenza among vaccinated racehorses in Japan in
2007. J Vet Med Sci 70:623– 625. https://doi.org/10.1292/jvms.70.623.

9. Motoshima M, Okamatsu M, Asakura S, Kuribayashi S, Sengee S, Batchu-
luun D, Ito M, Maeda Y, Eto M, Sakoda Y, Sodnomdarjaa R, Kida H. 2011.
Antigenic and genetic analysis of H3N8 influenza viruses isolated from
horses in Japan and Mongolia, and imported from Canada and Belgium
during 2007–2010. Arch Virol 156:1379 –1385. https://doi.org/10.1007/
s00705-011-1000-5.

10. Hoffmann E, Stech J, Guan Y, Webster RG, Perez DR. 2001. Universal
primer set for the full-length amplification of all influenza A viruses. Arch
Virol 146:2275–2289. https://doi.org/10.1007/s007050170002.

11. Said AW, Kodani M, Usui T, Fujimoto Y, Ito T, Yamaguchi T. 2011. Molecular
changes associated with adaptation of equine influenza H3N8 virus in
embryonated chicken eggs. J Vet Med Sci 73:545–548. https://doi.org/10
.1292/jvms.10-0510.

12. Na W, Hong M, Yeom M, Kim S, Kim JK, Song D. 2014. Complete genome
sequences of noncoding regions of Korean equine H3N8 influenza virus.
Genome Announc 2(3):e00461-14. https://doi.org/10.1128/genomeA
.00461-14.

Nemoto et al.

Volume 6 Issue 12 e00172-18 genomea.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/LC369069
https://www.ncbi.nlm.nih.gov/nuccore/LC369084
https://doi.org/10.1016/j.vetmic.2013.03.029
https://doi.org/10.1111/j.2042-3306.1993.tb03009.x
https://doi.org/10.1111/j.2042-3306.1993.tb03009.x
https://doi.org/10.1111/j.1750-2659.2010.00176.x
https://doi.org/10.1111/j.1750-2659.2010.00176.x
https://doi.org/10.3390/pathogens6010006
https://doi.org/10.3390/pathogens6010006
https://doi.org/10.1016/j.vetmic.2013.11.039
https://doi.org/10.1292/jvms.17-0538
https://doi.org/10.1292/jvms.70.623
https://doi.org/10.1007/s00705-011-1000-5
https://doi.org/10.1007/s00705-011-1000-5
https://doi.org/10.1007/s007050170002
https://doi.org/10.1292/jvms.10-0510
https://doi.org/10.1292/jvms.10-0510
https://doi.org/10.1128/genomeA.00461-14
https://doi.org/10.1128/genomeA.00461-14
http://genomea.asm.org

	Accession number(s). 
	ACKNOWLEDGMENTS
	REFERENCES

