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Antigenic and Genetic Characteristics
of Swine-0Origin 2009 A(H1N1)
Influenza Viruses Circulating in Humans
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Since its identification in April 2009, an A(H1N1) virus containing a unique combination of gene
segments from both North American and Eurasian swine lineages has continued to circulate in
humans. The lack of similarity between the 2009 A(H1N1) virus and its nearest relatives indicates
that its gene segments have been circulating undetected for an extended period. Its low genetic
diversity suggests that the introduction into humans was a single event or multiple events of
similar viruses. Molecular markers predictive of adaptation to humans are not currently present in
2009 A(H1IN1) viruses, suggesting that previously unrecognized molecular determinants could be
responsible for the transmission among humans. Antigenically the viruses are homogeneous and
similar to North American swine A(H1N1) viruses but distinct from seasonal human A(H1N1).

virus with a hemagglutinin (H4), against

which there is little or no existing immunity,
emerges in the human population and efficiently
transmits from human to human. The genomes of
the last three pandemic influenza viruses (1918
HINI, 1957 H2N2, and 1968 H3N2) all originated
in whole or in part from nonhuman reservoirs,
and the HA genes of all of the pandemic viruses
ultimately originated from avian influenza viruses.

A(HINT1) influenza viruses were first isolated
from swine in 1930 (/). They have been shown
to be antigenically highly similar to a recently
reconstructed human 1918 A(HINT1) virus (2)
and likely share a common ancestor (3, 4). From
1930 to the late 1990s, these “classical swine
influenza” viruses circulated in swine and re-
mained relatively antigenically stable (5, 6).

In, or just before, 1998, the classical swine
influenza viruses reassorted with a contemporary
human A(H3N2) influenza virus and an Amer-
ican lineage avian influenza virus of an unknown
subtype, resulting in the emergence of a triple
reassortant H3N2 (rH3N2) swine virus in swine
populations throughout North America (7-9).
Shortly after the initial detection of the rH3N2
virus, subsequent reassortment between the rH3N2
virus and classical HIN1 swine virus is believed
to have resulted in the generation of further triple
reassortant swine A(HIN1) and A(HIN2) viruses
(6). In addition to the detection of these triple
reassortants in North American swine populations
since the late 1990s, triple reassortant swine vi-
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ruses of the North American lineage have also
recently been detected in Asian swine populations
(10~12). Since 1999, there has been antigenic di-
vergence within the various triple reassortant H1
viruses, with as much as a 16-fold difference in
hemagglutination inhibition (HI) assay titer from
the pre-reassortment strains when measured with
swine antisera (6), which if it were seen in human
viruses would be sufficient antigenic change to
require an update of the human seasonal influenza
vaccine strain.

A(HINT1) viruses circulated in humans from
1918 until the A(H2N2) influenza pandemic of
1957. During this period there was substantial
antigenic drift of A(HINI1) viruses in humans
away from the 1918 virus (2, /3). A(HIN1) in-
fluenza viruses from the early 1950s reemerged
in humans in 1977 (1/4). From 1977 to 2009,
there was substantial further antigenic evolution
of the human A(HINT1) viruses that was suffi-
cient to warrant eight updates of the H1 com-
ponent of the influenza virus vaccine (75).

The relative antigenic stasis of classical HIN1
influenza viruses in swine until 1998 during the
time when substantial antigenic drift of HI in
humans was observed has created a substantial
antigenic gap between classical swine H1 and
human seasonal H1 viruses. Thus, swine have
become a reservoir of H1 viruses with the
potential to cause major respiratory outbreaks or
even a possible pandemic in humans.

In recent decades, both classical swine in-
fluenza and triple reassortant swine influenza
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viruses have occasionally been isolated from
humans (/4-18). Although these infections cause
clinical disease, and occasionally hospitalizations
and deaths, only limited human-to-human trans-
mission has previously been documented.

In April 2009, a previously undescribed
A(HINI) influenza virus was isolated from hu-
mans in Mexico and the United States (/9). As of
18 May 2009, there have been 8829 laboratory-
confirmed cases in 40 countries, resulting in 74
deaths (20-23). Of the 2009 A(HINT1) viruses,
we have sequenced full or partial genomes of 17
isolated in Mexico, and 59 from 12 states in the
United States (table S1).

This 2009 A(HINT1) virus contains a combi-
nation of gene segments that previously has not
been reported in swine or human influenza vi-
ruses in the United States or elsewhere. The NA
and M gene segments are in the Eurasian swine
genetic lineage (fig. S1, F and G). Viruses with
NA and M gene segments in this lineage were
originally derived from a wholly avian influenza
virus and thought to have entered the Eurasian
swine population in 1979 (24), continue to cir-
culate throughout Eurasia (25), and have not
been previously reported outside Eurasia. The
HA, NP, and NS gene segments are in the clas-
sical swine lineage (fig. S1, D, E, and H). Viruses
that seeded this lineage are thought to have en-
tered swine around 1918 (/) and subsequently
circulated in classical swine viruses and triple

wHO Collaborating Center for Influenza, Centers for Disease
Control and Prevention (CDC), Atlanta, GA 30333, USA. 2De-
partment of Zoology, University of Cambridge, Cambridge
(B2 3EJ, UK. *Fogarty International Center, National Institutes
of Health, Bethesda, MD 20892, USA. 4Department of Virology,
Erasmus Medical Center, 3000 CA Rotterdam, NL. °Instituto
de Diagndstico y Referencia Epidemioldgicos (InDRE) Prolonga-
cion de Carpio, México, 11340 Mexico, DF. ®Naval Health Re-
search Center, San Diego, CA 92152, USA. ’Arizona State Public
Health Laboratory, Phoeniz, AZ 85007, USA. ®Colorado Depart-
ment of Public Health and Environment, Denver, CO 80230,
USA. °Indiana State Department of Health Laboratories, In-
dianapolis, IN 46202, USA. pyplic Health Laboratory, Minnesota
Department of Health, St. Paul, MN 55164, USA. 'Nebraska
Public Health Laboratory, Omaha, NE 68198, USA. *Westchester
County Department of Laboratories & Research Public Health
Laboratories, Valhalla, NY 10595, USA. **Wadsworth Center,
New York State Department of Health, Slingerlands, NY 12159,
USA. M0hio Department of Health Laboratory, Reynoldsburg,
OH 43068, USA. South Carolina Department of Health and
Environmental Control, Columbia, SC 29223, USA. *®Dallas
County Health and Human Services, Dallas, TX 75207, USA.
Y7San Antonio Metro Health District, Brooks City—Base, TX
78235, USA. *®Diagnostic Virology Laboratory, Texas Children’s
Hospital, Houston, TX 77030, USA. *?San Diego Public Health
Laboratory, San Diego, CA 92186, USA. *®imperial County Public
Health Department, El Centro, CA 92243, USA. 21CDC Border
Infectious Disease Surveillance Project, Atlanta, GA 30333, USA.
Z\villiam A. Hinton State Laboratory Institute, Massachusetts
Department of Public Health, Jamaica Plain, MA 02130, USA.
B(alifornia Department of Public Health, Viral and Rickettsial
Disease Laboratory, Richmond, CA 94804, USA. **Marshfield Clinic
Research Foundation, Marshfield, WI 54449, USA. *Michigan
Department of Community Health, Lansing, MI 48906, USA.
%pyblic Health Laboratory, NYC Department of Health and
Mental Hygiene, New York, NY 10016, USA.

*These authors contributed equally to this work.
1To whom correspondence should be addressed. E-mail:
dsmith@zoo.cam.ac.uk (D.).S.); njcl@cdc.gov (N.J.C.)

10 JULY 2009

197

Downloaded from www.sciencemag.org on December 5, 2009


http://www.sciencemag.org

REPORTS

reassortant swine viruses (26). The PB2 and PA
gene segments are in the swine triple reassortant
lineage (fig. S1, A and C). Viruses that seeded
this lineage, originally of avian origin, entered
swine in North America around 1998 (9). Finally,
the PBI gene segment is in the swine triple re-
assortant lineage (fig. S1B). This lineage of PB1
was seeded in swine from humans at the time of
the North American swine triple reassortment

Fig. 1. Host and lineage origins for the gene seg-
ments of the 2009 A(HIN1) virus: PB2, polymerase
basic 2; PB1, polymerase basic 1; PA, polymerase
acdidic; HA, hemagglutinin; NP, nucleoprotein; NA,
neuraminidase; M, matrix gene; NS, nonstructural
gene. Color of gene segment in dircle indicates host.
Determination of lineage is explained in the main
text.

Fig. 2. A maximum likelihood phylogenetic tree for
nucleotide sequences of the HA gene of selected
influenza viruses. The selected viruses were chosen to
be representative from among all available relevant
sequences in GenBank: sequences that had both
high and low divergence to avoid biasing the dis-
tribution of branch lengths; swine strains that had
been isolated from humans and that had been
isolated from swine; strains that were representative
of the major gene lineages from different hosts; and
the nearest BLAST relative to include the most
closely related non-outbreak virus. Phylogenetic trees
of a larger number of representative HA gene seg-
ments, and of all H1 HA swine gene segments, are
shown in figs. S1D and S2D, respectively. Tree was
inferred using PAUP* (version 4.0b10) (40), using
GTR+I+I"4 (the general time-reversible model with
the proportion of invariant sites and the gamma
distribution of among-site rate variation with four
categories estimated from the empirical data) as
determined by ModelTest (41). Global optimization
of the tree topology was performed by tree bisection-
reconnection branch swapping. The robustness of
individual nodes of the tree was assessed using a
bootstrap resampling analysis (1000 replicates, with
topologies inferred using the neighbor-joining meth-
od under the GTR+I+I"4 substitution model).
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events (9) and was itself seeded from birds
around 1968 (27). Figure 1 summarizes these
host and lineage origins for the gene segments of
the 2009 A(HIN1) virus.

The M gene segment most closely related to
the 2009 A(HIN1) viruses is from A/Hong
Kong/1774/1999 (H3N2), which was isolated from
a human case of swine influenza (28). A further
human case of swine influenza, A/Thailand/271/

Gene Segments, Hosts,
and Years of Introduction

~1998 PB2, PA
PB2, PA —’
Fet ~1998 PB1

o ~1968 l

NA, M
NA, M

—— A/Swine/lowa/15/1930 H1N1
A/Wisconsin/301/1976 H1N1

A/PuertoRico/8/1934 H1N1

A/Swine/Chonburi/05CB1/2005 H1N1
A/Thailand/271/2005 H1N1
A/Swine/Ratchaburi/NIAH550/2003 H1N1

A/Ohio/3559/1988 H1N1
-[—A/Phwlipp\nes/344/2004 H1N2
- A/Swine/lowa/24297/1991 H1N1
—— A/Swine/Wisconsin/125/1997 H1N1
A/Swine/Missouri/1877/2001 H1N2
A/Swine/Korea/CY02/2002 H1N2
A/Swine/Korea/CAS08/2005 H1N1
L] A/lowa/CEID23/2005 H1N1
A/Swine/lowa/00239/2004 H1N1
A/lowa/01/2006 H1N1
A/Duck/NorthCarolina/91347/2001 H1N2
A/Swine/NorthCarolina/98225/2001 H1N2
A/Wisconsin/10/1998 H1N1
A/Swine/Minnesota/00194/2003 H1N2
A/Wisconsin/87/2005 H1N1
A/Ohio/01/2007 H1N1

— gA/Swine/Kansas/00246/2004 H1N2

A/Swine/Ohio/511445/2007 H1N1
A/Swine/Korea/ASAN04/2006 H1N2
— A/Swine/Guangxi/13/2006 H1N2
A/Mexico/4115/2009
100} A/NewYork/20/2009
A/California/07/2009
A/California/04/2009
A/NewCaledonia/20/1999 H1N1
100 A/Solomonlslands/03/2006 H1N1

A/Brisbane/59/2007 H1N1
A/Duck/NewYork/13152-13/1994 H1N1

2005, contains genes from both North American
and Eurasian swine influenza lineages (29), in-
dicating previous reassortment between these two
swine virus lineages.

Given the history of reassortment events of
swine influenza, it is likely that additional reas-
sortant viruses have emerged but have not been
sampled. The poor surveillance for swine influ-
enza viruses and the observation that the closest

Triple
Reassortant PB2
PB1
PA
 HA
CONP
I Classical '\,JlA
Swine NS
Eura§ian 2009 A(H1N1)
Swine
Classical
Swine

Human
Seasonal

A/Swine/Saskatchewan/18789/2002 H1N1 American
100 A/Mallard/Maryland/161/2002 H1N1 Avian
A/Mallard/Minnesota/SG-00121/2007 H1N1
A/Swine/Belgium/1/1983 H1N1
2009 A(H1N1) A/Swine/England/WVL7/1992 H1N1 Eurasian
A/Swine/Denmark/WVL9/1993 H1N1 A

Human Infection Swine Virus — A/Swine/Spain/50047/2003 H1N1 Swine
Human Seasonal 0.05

A/Swine/Zhejiang/1/2007 H1N1
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