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Because little is known about the ecology of influenza
viruses in camels, 460 nasal swab specimens were collect-
ed from healthy (no overt illness) Bactrian camels in Mongo-
lia during 2012. One specimen was positive for influenza A
virus (A/camel/Mongolia/335/2012[H3N8]), which is phylo-
genetically related to equine influenza A(H3N8) viruses and
probably represents natural horse-to-camel transmission.

ince the first isolation in 1963 of an avian-origin in-

fluenza A(H3NS) virus from horses (/), subtype H3N8
influenza viruses have continued to circulate panzooti-
cally among horses, causing severe outbreaks of equine
influenza respiratory disease. In the United States, these
viruses jumped from horses to dogs and continue to cir-
culate among dogs (2,3). In Mongolia, the site of some of
the world’s largest epizootics of equine influenza A(H3N8)
virus (EIV) infection, transmission of this virus is sustained
among 2.1 million free-ranging horses, causing significant
economic losses among rural herders. Major epizootics
of EIV infection occurred in Mongolia during 2007-2008
(459,000 cases, 24,600 deaths) and again in 2011 (74,608
cases, 40 deaths) (4).

Over previous decades in Mongolia, outbreaks of
respiratory disease, thought to be influenza, among cam-
els have been reported, In the 1980s, the virus was char-
acterized, and researchers speculated that it was related
to a reassortant influenza A(HIN1) virus vaccine strain,
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A/PR-8/34 + A/USSR/77, generated in a Soviet labora-
tory and administered to humans in Mongolia and pos-
sibly transmitted from vaccinated humans to camels in a
reactivated form (5,6). However, only 1 genetic sequence
from this outbreak among camels is available in Gen-
Bank: A/camel/Mongolia/1982/HIN1. Despite reports of
serologic activity against influenza A virus among camels
in several African countries (7,8), the lack of isolated vi-
rus from these populations highlights how little is known
about the ecology of influenza viruses in camels. Ques-
tions about the potential role of camels in human cases
of Middle East respiratory syndrome (9) further highlight
our lack of knowledge of infectious diseases in camels
and the merits of increased surveillance at this unique hu-
man—animal interface.

Since January 2011, surveillance of equine influenza
viruses has been enhanced in 3 Mongolian aimags (prov-
inces). Surveillance among camels was also initiated in re-
sponse to anecdotal reports of signs of respiratory illness
in Bactrian camels (Camelus bactrianus). We describe the
isolation, full-genome sequencing, and phylogenetic char-
acterization of an influenza A(H3N8) virus of equine lin-
eage isolated from a Bactrian camel, thereby identifying a
novel route of influenza virus interspecies transmission and
raising further questions about influenza A virus ecology in
understudied regions such as Mongolia.

The Study

During January—January 2013, a total of 460 nasal
swab specimens were collected through active surveil-
lance of horses and camels in 3 Mongolian aimags (Fig-
ure 1) known for high densities of free-ranging horses
and camels (Table). Specimens were collected monthly,
as weather permitted, from 50 free-ranging horses and 20
free-ranging Bactrian camels that were safely and careful-
ly restrained with halters, ropes, and by hand, according
to a protocol approved by the Department of Veterinary
and Animal Breeding, Government of Mongolia. During
sampling, camels were in a crouched or take-down po-
sition. Horse and camel specimens were carefully stored
and shipped in separate containers; to prevent cross-con-
tamination with EIV, specimens were separated during
laboratory analyses.

All specimens were first screened at the Institute of
Veterinary Medicine laboratory (Ulaanbaatar, Mongolia) by
using the World Health Organization (WHO) influenza A
quantitative reverse transcription PCR (qQRT-PCR) protocol
(10). Six specimens collected from camels without respirato-
ry signs were positive for influenza A and were double-blind
passaged in embryonated chicken eggs. Subsequent testing
revealed hemagglutination activity in all 6 specimens. Allan-
toic fluid of the 6 cultured specimens was then shipped to the
University of Florida for confirmation testing and sequencing.
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Figure 1. The 3 aimags from
which nasal swab specimens
were collected from healthy
Bactrian camels, for influenza
A virus testing, Mongolia, 2012.
1, Toév; 2, Khentii; 3, Dundgovi.

Only 1 specimen was confirmed positive by influenza A—
specific qRT-PCR (cycle threshold [C]<35), suggesting
possible virus degradation during shipment, despite speci-
mens being shipped on dry ice and carefully handled upon
receipt (/0). The original swab specimen from a camel was
later shared with the Mongolia National Influenza Center
for confirmation in an anonymized panel of 10 camel swab
specimens. Using WHO qRT-PCR procedures, staff identi-
fied the specimen as having the strongest evidence (by C)
of influenza A virus. Staff further studied the specimen with
conventional RT-PCR primers and probes for the hemagglu-
tinin and neuraminidase genomes. These reactions yielded
amplicons of the expected size, which were sequenced and
found to be 100% identical to the corresponding portions of
the J. Craig Venter Institute (Rockville, MD, USA) sequenc-
es described below.

Sanger sequence data for the hemagglutinin and neur-
aminidase genes of this isolate demonstrated extremely

high levels of identity with recent EIV from Asia isolated
under this project in 2011 (4). Full-genome sequencing of
the 8 genome segments amplified by multisegment RT-PCR
(11) was performed at the J. Craig Venter Institute by using
Ion Torrent PGM technology (Life Technologies, Grand
Island, NY, USA) with a 314v2 chip, and the sequences
were validated by using the MiSeq platform (Illumina,
Inc., San Diego, CA, USA). Full-genome sequence data
for this virus, named A/camel/Mongolia/335/2012(H3NS),
were deposited in GenBank (accession nos. CY164120.1,
CY164121.1, CY164122.1, CY164123.1, CY164124.1,
CY164125.1, CY164126.1 and CY164127.1). The isolate
should soon (summer 2014) become available for other re-
search use through BEI Resources (Manassas, VA, USA).
For each of the 8 viral genome segments, phyloge-
netic trees were inferred separately by use of the max-
imum-likelihood methods available in RAXML version
7.2.6 (12), a general time-reversible model of nucleotide

Table. Number of specimens collected from camels, by aimag, each month, and result of testing for influenza A virus, Mongolia,

January 2012—January 2013*

Aimag (province)

Toév Khentii Dundgovi
Date Positive Total Positive Total Positive Total
2012
January 0 20 - - - -
February - - - - 0 20
March 0 20 - - - -
April 0 20 0 20 - -
May 0 20 - - 0 20
June 0 20 - - 0 20
July - - 0 20 0 20
August 0 20 - - 0 20
September 0 20 - - 0 20
October 0 20 0 20 - -
November - - 0 20 4 20
December 0 20 - - 0 20
2013
January 2 20 0 20 - -
Total 2 200 0 100 4 160

*Testing was performed by quantitative reverse transcription PCR. A total of 460 specimens were collected across all aimags. — denotes when sampling

did not occur because of poor weather or road conditions.
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Figure 2. Evolutionary relationships of 155 full-length hemagglutinin sequences from equine A(H3N8)viruses collected globally and A/
camel/Mongolia/335/2012 (arrow). The 2 clades associated with most recent equine influenza A(H3N8) viruses, Florida clade 1 and
Florida clade 2, are denoted as FC1 and FC2, respectively, and with nomenclature adopted previously (73). The maximum-likelihood
tree is midpoint rooted for clarity, and all branch lengths are drawn to scale. High (>70) bootstrap values are provided for key nodes.
Hemagglutinin sequences containing a 2aa insertion are identified with a solid black circle. Scale bar indicates nucleotide substitutions per
site. An expanded version of this figure is available online (http://wwwnc.cdc.gov/ElD/article/20/12/14-0435-F2.htm).

substitution, and a gamma-distributed rate variation
among sites, with a bootstrapping resampling process
(500 replicates). All 8 viral genome segments (poly-
merase basic protein [PB] 2, PBI, polymerase acidic
protein (PA), hemagglutinin (HA) , nucleocapsid pro-
tein (NP), neuraminidase (NA), matrix protein (MP),
and nonstructural protein (NS) are closely related to the
equine influenza A(H3N8) viruses that have recently
been circulating among the horse population in Asia;
this lineage is evolutionarily distinct from the influenza
A(H3NBS) viruses circulating among birds in Asia (online
Technical Appendix Figures 1-7, http://wwwnc.cdc.gov/
EID/article/20/12/14-0435-Techappl.pdf). A more de-
tailed phylogenetic analysis of the hemagglutinin segment
performed by using the additional background sequence data
representing the global diversity of influenza A(H3N8) vi-
ruses in horses indicates that A/camel/Mongolia/335/2012
is positioned within Florida clade 2 (FC2) (Figure 2) (13)
and, more specifically, within a bootstrap-supported clade
that contains 3 influenza A(H3NS) viruses isolated from
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horses in Mongolia in 2011: A/equine/Mongolia/6/2011
(100% nt similarity), A/equine/Mongolia/56/2011 (99.9%
nt similarity), and A/equine/Mongolia/3/2011 (100% nt
similarity). A/camel/Mongolia/335/2012 also contains an
insertion of 2 aa (I and F) near the beginning of the hem-
agglutinin sequence (hemagglutinin positions 8-9, online
Technical Appendix) that was first detected among FC2
equine viruses in 2005 (A/equine/Bari/2005/H3N8) and
has been detected in most FC2 viruses, including all viruses
that are closely related to A/camel/Mongolia/335/2012.

Conclusions

The phylogeny indicates that A/camel/Mongolia/
335/2012 probably represents a relatively recent horse-to-
camel transmission event. Without additional isolates from
camels or corresponding epidemiologic data, and given
the close genetic relationship between A/camel/Mongo-
lia/335/2012 and related equine viruses, it is impossible to
determine at this time whether the virus has been success-
fully transmitted from camel to camel.
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In recent years, enhanced surveillance has detected
influenza A viruses across a wider range of mammalian
hosts, including horses, swine, dogs (/4), seals (15), cats,
and now camels, providing a more complete picture of the
ecology of influenza A viruses beyond their presence in
birds. How influenza A viruses successfully jump from 1
host species to another, and what the constraints on inter-
species transmission are, remain key questions about influ-
enza virus ecology and assessments of pandemic threats.
Our findings highlight the need to further elucidate the
ecology of influenza viruses and other pathogens in free-
ranging camel populations.
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Equine Influenza A(H3N8) Virus Isolated
from Bactrian Camel, Mongolia

Technical Appendix

Technical Appendix Table 1. Virus name, subtype, host species, collection date, and GenBank accession number (PB2 segment) for the
36 H3N8 viruses used in the whole-genome phylogenetic analysis conducted for all eight viral genome segments.

Virus name Subtype s;eocsi:es Collection date Accession no.
A_camel_Mongolia_335_2012 H3N8 Camel Nov-2012 CY164127.1
A_avian_Japan_8K10102_2008 H3N8 Avian Oct-08-08 CY079266
A_avian_Japan_8KI0129 2008 H3N8 Avian Oct-08-08 CY079258
A_avian_Japan_8KI0150_2008 H3N8 Avian Oct-08-08 CY079242
A_avian_Japan_8KI0162_2008 H3N8 Avian Oct-08-08 CY079234
A_chicken_Laos_A0573_2007 H3N8 Avian 2007 CY040963
A_chicken_Vietnam_G14 2008 H3N8 Avian Jan-2008 AB593452
A_donkey_Xinjiang_5_2007 H3N8 Equine Dec-2007 EU794572
A_duck_Beijing_40_04 H3N8 Avian 2004 EU492488
A_duck_Beijing_61_05 H3N8 Avian 2005 EU492492
A_duck_Hokkaido_8_1980 H3N8 Avian 1980 AB274963
A_duck_Hunan_S1256 2012 H3N8 Avian Mar-23-12 CY146601
A_duck_Hunan_S1824 2012 H3N8 Avian Mar-24-12 CY146625
A_duck_Nanchang_1681_1992 H3N8 Avian Dec-01-92 CY005475
A_duck_Vietnam_G119_2006 H3N8 Avian Nov-2006 AB593428
A_environment_Hunan_S4350 2011 H3N8 Avian Nov-13-11 CY146753
A_equine_Gansu_7_2008 H3N8 Equine Jan-2008 EU794492
A_equine_Heilongjiang_1_2010_ H3N8 Equine Apr-23-10 KF309031
A_equine_Heilongjiang_10_2008 H3N8 Equine Apr-2008 EU794508
A_equine_Huabei_1_2007 H3N8 Equine Dec-03-07 GU571147
A_equine_Inner_Mongolia_8_2008 H3N8 Equine Feb-2008 EU794524
A_equine_Kyonggi_SA1_2011 H3N8 Equine Jul-01-11 JX844143
A_equine_Liaoning_9 2008 H3N8 Equine Apr-2008 EU794516
A_equine_Qinghai_1_1994 H3N8 Equine 1994 EU794532
A_equine_Sachiyama_1_1971 H3N8 Equine 1971 CY034941
A_equine_Tokyo_2_1971 H3N8 Equine 1971 CY096922
A_equine_Tottori_1_07 H3N8 Equine 2007 AB591847
A_equine_Xinjiang_1_2007 H3N8 Equine Nov-2007 EU794540
A_equine_Xinjiang_2_2007 H3N8 Equine Nov-2007 EU794548
A_equine_Xinjiang_3_2007 H3N8 Equine Nov-2007 EU794556
A_equine_Xinjiang_4_ 2007 H3N8 Equine Dec-2007 EU794564
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Technical Appendix Table 1. Virus name, subtype, host species, collection date, and GenBank accession number (PB2 segment) for the
36 H3N8 viruses used in the whole-genome phylogenetic analysis conducted for all eight viral genome segments.

Virus name Subtype sé-'eocsi:es Collection date Accession no.
A_equine_Xuzhou_01_2013 H3N8 Equine Aug-27-13 KF806992
A_Mallard_SanJiang_90_2006_2006 H3N8 Avian 2006 CY100631
A_muscovy_duck_Vietham_LBM240_2012 H3N8 Avian 2012 AB786912
A_swine_Anhui_01_2006 H3N8 Swine Jan-06-06 FJ200417
A_swine_Chibi_01_2005 H3N8 Swine Dec-15-05 FJ200425

Technical Appendix Table 2. Virus names for the hemagglutinin sequences of the 155 equine A/H3N8
viruses used in Figure 1. Viruses containing the two amino acid insertion near the beginning of the
hemagglutinin are specified.

Virus name Subtype Insertion
A_camel_Mongolia_335_2012 H3N8 yes
A_donkey_Xinjiang_5_2007 H3N8
A_equine_Alaska_29759 1991 H3N8
A_equine_Algiers_1_1972 H3N8

A_equine_Almaty 26_2007 H3N8 yes
A_equine_Argentina_1 93 H3N8
A_equine_Austria_421_ 1992 H3N8
A_equine_Bari_2005 H3N8 yes
A_equine_Berlin_1_1989 H3N8
A_equine_California_1_1980 H3N8
A_equine_California_103_1982 H3N8
A_equine_California_191_2003 H3N8
A_equine_California_4537_1997 H3N8
A_equine_California_83_1982 H3N8
A_equine_California_8560_2002 H3N8
A_equine_Carlow_1_2009 H3N8
A_equine_Colorado_10_2007 H3N8
A_equine_Cordoba_18 1985 H3N8
A_equine_Donegal_1_2007 H3N8 yes
A_equine_Donegal_1_2009 H3N8
A_equine_Down_1_2008 H3N8 yes
A_equine_Egypt_6066NAMRU3-VSVRI_2008 H3N8
A_equine_Florida_1 93 H3N8
A_equine_Florida_612_2004 H3N8
A_equine_Florida_779_2004 H3N8
A_equine_Fontainbleu_1_1979 H3N8
A_equine_Fontainebleau_1976 H3N8
A_equine_France_1_1976 H3N8
A_equine_Gansu_7_2008 H3N8
A_equine_Georgia_1_1981 H3N8
A_equine_Georgia_10_1981 H3N8
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Technical Appendix Table 2. Virus names for the hemagglutinin sequences of the 155 equine A/H3N8
viruses used in Figure 1. Viruses containing the two amino acid insertion near the beginning of the
hemagglutinin are specified.

Virus name Subtype Insertion
A_camel_Mongolia_335_2012 H3N8 yes
A_equine_Georgia_13_1981 H3N8
A_equine_Georgia_3_1981 H3N8
A_equine_Georgia_9_ 1981 H3N8
A_equine_Guelph_06-28865_2006 H3N8
A_equine_Guelph_G03-0250_2003 H3N8
A_equine_Guelph_G03-55399 2003 H3N8
A_equine_Guelph_G04-54701_2004 H3N8
A_equine_Heilongjiang_1_2010 H3N8 yes
A_equine_Heilongjiang_10_2008 H3N8
A_equine_Hokkaido_1828_ 2008 H3N8
A_equine_Hong_Kong_J_1992 H3N8
A_equine_Huabei_1_2007 H3N8 yes
A_equine_Hubei_6_2008 H3N8
A_equine_lbadan_6_91 H3N8
A_equine_lbadan_9 91 H3N8
A_equine_lbaraki_1_07 H3N8
A_equine_ldaho_37875_1991 H3N8
A_equine_Inner_Mongolia_8_2008 H3N8
A_equine_ltaly_1062_1991 H3N8
A_equine_ltaly_1199 1992 H3N8
A_equine_ltaly_824_1991 H3N8
A_equine_Johannesburg_1_ 1986 H3N8
A_equine_Kanazawa_1_2007 H3N8
A_equine_Kascakew_1_1978 H3N8
A_equine_Katra-Jammu_6_2008 H3N8 yes
A_equine_Kentucky 1 1981 H3N8
A_equine_Kentucky_1_1986 H3N8
A_equine_Kentucky 1 1987 H3N8
A_equine_Kentucky_1_1990 H3N8
A_equine_Kentucky 1 1991 H3N8
A_equine_Kentucky_1_1992 H3N8
A_equine_Kentucky 1 1994 H3N8
A_equine_Kentucky_1277_1990 H3N8
A_equine_Kentucky 2 1980 H3N8
A_equine_Kentucky_2_1981 H3N8
A_equine_Kentucky 2 1986 H3N8
A_equine_Kentucky_2_1987 H3N8
A_equine_Kentucky 211 1987 H3N8
A_equine_Kentucky_3_1981 H3N8
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Technical Appendix Table 2. Virus names for the hemagglutinin sequences of the 155 equine A/H3N8
viruses used in Figure 1. Viruses containing the two amino acid insertion near the beginning of the

hemagglutinin are specified.

Virus name Subtype Insertion
A_camel_Mongolia_335_2012 H3N8 yes
A_equine_Kentucky_3_1986 H3N8
A_equine_Kentucky 4 1980 H3N8
A_equine_Kentucky_5_2002 H3N8
A_equine_Kentucky 692_1988 H3N8
A_equine_Kentucky_694_1988 H3N8
A_equine_Kentucky 698_1988 H3N8
A_equine_Kentucky_8_1994 H3N8
A_equine_Kentucky_bitter_boredom5_1976 H3N8
A_equine_Kentucky_magnificent_genius1_1981 H3N8
A_equine_Kentucky_pass_the_pepperl_1976 H3N8
A_equine_Kentucky_Rosie100_1981 H3N8
A_equine_Kildare_1_2007 H3N8 yes
A_equine_Kyonggi_SA1_ 2011 H3N8
A_equine_Liaoning_9 2008 H3N8
A_equine_Limerick_1_2010 H3N8
A_equine_Lincolnshire_1_2007 H3N8
A_equine_Lonquen_1_2006 H3N8
A_equine_Massachussetts_213 2003 H3N8
A_equine_Miami_1_1963 H3N8
A_equine_Mongolia_20_2011 H3N8 yes
A_equine_Mongolia_3_ 2011 H3N8 yes
A_equine_Mongolia_56_2011 H3N8 yes
A_equine_Mongolia_6_2011 H3N8 yes
A_equine_Montana_9233_2007 H3N8
A_equine_Mysore_1_ 2008 H3N8
A_equine_New_Market_1_1979 H3N8
A_equine_New_Market_1976 H3N8
A_equine_New_Market_nasalwashl_1979 H3N8
A_equine_New_York_1_1975 H3N8
A_equine_New_York_1 1999 H3N8
A_equine_New_York_146066_2007 H3N8
A_equine_New_York_452_2003 H3N8
A_equine_New_York_VR-297_1983 H3N8
A_equine_Newmarket_5_2003 H3N8
A_equine_Ohio_1_2003 H3N8
A_equine_Ohio_113461-1_2005 H3N8
A_equine_Ohio_113461-2_2005 H3N8
A_equine_Ohio_113461-3_2005 H3N8
A_equine_Otar_764_2007 H3N8 yes
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Technical Appendix Table 2. Virus names for the hemagglutinin sequences of the 155 equine A/H3N8
viruses used in Figure 1. Viruses containing the two amino acid insertion near the beginning of the

hemagglutinin are specified.

Virus name Subtype Insertion
A_camel_Mongolia_335_2012 H3N8 yes
A_equine_Qinghai_1_1994 H3N8
A_equine_Richmond_1_2007 H3N8 yes
A_equine_Romania_1_1980 H3N8
A_equine_Rome_5_1991 H3N8
A_equine_Rook_93753_1989 H3N8
A_equine_Sachiyama_1_1971 H3N8
A_equine_Santa_Fe_1_1985 H3N8
A_equine_Sao_Paulo_1_1969 H3N8
A_equine_Sao_Paulo_6_1963 H3N8
A_equine_Spain_1_2007 H3N8 yes
A_equine_Suffolk_89 H3N8
A_equine_Sussex_1_1989 H3N8
A_equine_Switzerland_1118_1979 H3N8
A_equine_Switzerland_173_1993 H3N8
A_equine_Sydney_6085_2007 H3N8

A_equine_Taby 1991 H3N8
A_equine_Tennessee_5_ 1985 H3N8
A_equine_Tennessee_5_1986 H3N8
A_equine_Texas_117793_2005 H3N8
A_equine_Texas_39655_1991 H3N8
A_equine_Tiaret_1_2011 H3N8 yes
A_equine_Tiaret_10_ 2011 H3N8 yes
A_equine_Tiaret_2_2011 H3N8 yes
A_equine_Tiaret_3 2011 H3N8 yes
A_equine_Tiaret_4 2011 H3N8 yes
A_equine_Tiaret_5 2011 H3N8 yes
A_equine_Tiaret_6_2011 H3N8 yes
A_equine_Tiaret_7_2011 H3N8 yes
A_equine_Tiaret_8 2011 H3N8 yes
A_equine_Tiaret_9 2011 H3N8 yes
A_equine_Tokyo_1971 H3N8
A_equine_Tokyo_2_1971 H3N8
A_equine_Tottori_1_07 H3N8
A_equine_Uruguay_1_1963 H3N8
A_equine_Virginia_131054-3_2005 H3N8
A_equine_Wisconsin_1_03 H3N8
A_equine_Xinjiang_1_2007 H3N8
A_equine_Xinjiang_2_2007 H3N8
A_equine_Xinjiang_3_2007 H3N8
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Technical Appendix Table 2. Virus names for the hemagglutinin sequences of the 155 equine A/H3N8
viruses used in Figure 1. Viruses containing the two amino acid insertion near the beginning of the
hemagglutinin are specified.

Virus name Subtype Insertion
A_camel_Mongolia_335_2012 H3N8 yes
A_equine_Xinjiang_4_2007 H3N8
A_equine_Xuzhou_01_2013 H3N8 yes
A_equine_Yokohama_aql3 2010 H3N8 yes
A_equine_Yokohama_aql9_ 2009 H3N8
A_equine_Yokohama_aq29 2011 H3N8
A_equine_Yokohama_ag5_2011 H3N8
A_equine_Yokohama_aq53 2011 H3N8
A_equine_Yokohama_aq79_2011 H3N8

Technical Appendix Table 3. Position of the two amino acid insertion at the beginning of the
hemagglutinin sequence.

Example of virus with insertion:

Alequine/Almaty/26/2007/H3N8 MKTTIIFIFILLTHW
Example of virus without insertion:
Alequine/Alaska/29759/1991/H3N8 MKTTIIL--ILLTHW
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Technical Appendix Figure 1. Evolutionary relationships of the PB2 segment of 36 influenza A viruses of
the H3N8 subtype collected in Asia from horses (n = 17), avian species (n = 16), swine (n = 2), and a
camel (A/camel/Mongolia/335/2012(H3N8), highlighted in bold). The tree is midpoint rooted for clarity,

and all branch lengths are drawn to scale. High bootstrap values (> 70) are provided for key nodes. Scale

bar indicates nucleotide substitutions per site.
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Technical Appendix Figure 2. Evolutionary relationships of the PB1 segment of 36 influenza A viruses of
the H3N8 subtype collected in Asia from horses (n = 17), avian species (n = 16), swine (n = 2), and a
camel (A/camel/Mongolia/335/2012(H3N8), highlighted in bold). The tree is midpoint rooted for clarity,

and all branch lengths are drawn to scale. High bootstrap values (> 70) are provided for key nodes. Scale
bar indicates nucleotide substitutions per site.
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Technical Appendix Figure 3. Evolutionary relationships of the PA segment of 36 influenza A viruses of
the H3N8 subtype collected in Asia from horses (n = 17), avian species (n = 16), swine (n = 2), and a
camel (A/camel/Mongolia/335/2012(H3N8), highlighted in bold). The tree is midpoint rooted for clarity,
and all branch lengths are drawn to scale. High bootstrap values (> 70) are provided for key nodes. Scale

bar indicates nucleotide substitutions per site.
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Technical Appendix Figure 4. Evolutionary relationships of the NP segment of 36 influenza A viruses of
the H3N8 subtype collected in Asia from horses (n = 17), avian species (n = 16), swine (n = 2), and a
camel (A/camel/Mongolia/335/2012(H3N8), highlighted in bold). The tree is midpoint rooted for clarity,

and all branch lengths are drawn to scale. High bootstrap values (> 70) are provided for key nodes. Scale
bar indicates nucleotide substitutions per site.
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Technical Appendix Figure 5. Evolutionary relationships of the NA segment of 142 influenza A viruses of
the H3N8 subtype collected from horses and A/camel/Mongolia/335/2012(H3N8), highlighted in bold. The
tree is midpoint rooted for clarity, and all branch lengths are drawn to scale. High bootstrap values (> 70)

are provided for key nodes. Scale bar indicates nucleotide substitutions per site.
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Technical Appendix Figure 6. Evolutionary relationships of the MP segment of 36 influenza A viruses of
the H3N8 subtype collected in Asia from horses (n = 17), avian species (n = 16), swine (n = 2), and a
camel (A/camel/Mongolia/335/2012(H3N8), highlighted in bold). The tree is midpoint rooted for clarity,
and all branch lengths are drawn to scale. High bootstrap values (> 70) are provided for key nodes. Scale

bar indicates nucleotide substitutions per site.
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Technical Appendix Figure 7. Evolutionary relationships of the NS segment of 36 influenza A viruses of
the H3N8 subtype collected in Asia from horses (n = 17), avian species (n = 16), swine (n = 2), and a
camel (A/camel/Mongolia/335/2012(H3N8), highlighted in bold). The tree is midpoint rooted for clarity,

and all branch lengths are drawn to scale. High bootstrap values (> 70) are provided for key nodes.
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