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Detection in 2009 of the Swine Origin Influenza A (H1N1)
Virus by a Subtyping Microarray�

A novel H1N1 swine origin influenza A (IAV) virus (S-OIV)
was discovered in specimens from two unrelated children in
the San Diego area in mid-April 2009 (1, 2). Those samples
were positive for IAV but negative for both human H1 and H3
subtypes. The outbreak evolved rapidly, and the World Health
Organization (WHO) declared the highest phase 6 worldwide
pandemic alert on 11 June 2009. While the severity of the
illness caused by the virus currently does not exceed that of
seasonal IAV, the unpredictable nature of IAV evolution via
mutation and reassortment poses serious concern (6). This is
made evident by the analysis of the origins of S-OIV that has
three genome segments (HA, NP, NS) from the classic North
American swine (H1N1) lineage, two segments (PB2, PA)
from the North American avian lineage, one segment (PB1)
from the seasonal H3N2 lineage, and, most notably, two seg-
ments (NA, M) from the Eurasian swine (H1N1) lineage (2).

Cocirculation of current seasonal human IAV H1N1, IAV
H3N2, and S-OIV in the upcoming flu seasons poses a chal-

lenge for subtyping individual strains and potential reassor-
tants. The more complicated, and perhaps dangerous, scenario
is the reassortment of S-OIV with highly pathogenic avian IAV
(H5N1) or with other serotypes. While S-OIV-specific real-
time PCR detection is available (2), it may not be applicable
for more-complex reassortant strains. Here, we present a mi-
croarray-based assay to classify S-OIV. We took advantage of
a previously developed Virochip technique (5) and a universal
primer set for enriching gene segments of all IAV strains (3).

We constructed several sets of 50- to 70-bp probes, targeting
hemagglutinin and neuraminidase specific to H5N1, H3N2,
and H1N1 serotypes and more-conserved gene segments, for
general “influenza A” detection, using a custom bioinformatics
pipeline (http://www.hyphy.org/pubs/IAVprobes). Computa-
tional quality control established that all sets of probes
achieved 95% sensitivity or better (at least one of the probes
had less than two mismatches to every target sequence from
the NCBI Influenza database) and 95% specificity or better (all
probes had at least three mismatches to sequences of the
incorrect serotype). Probes with predicted secondary RNA
structure and long regions of homology to IAV sequences of
the incorrect serotype or non-IAV sequences were excluded
from the candidate set.

Nasal swabs were collected from patients for virus culture in
MDCK cells. Viral RNA was isolated from 100 �l of culture
medium that was mixed with 300 �l of Trizol LS (Invitrogen)
in the presence of 1 �g of linear polyacrylamide and subse-
quently treated with DNase to remove contaminated host
genomic DNA. Viral RNA was converted to cDNA, with a 1:1
ratio of primer A and primer B-Uni12 (GTT TCC CAG TCA
CGA TCA GCA AAA GCA GG) (round A), amplified, and
labeled with primer B (rounds B and C), as described previ-
ously (4, 5).

We were able to identify six S-OIV samples with hybridiza-
tion patterns through the analysis on the microarray (Fig. 1).
The array result was further confirmed by PCR with the vali-
dated primers (2) and direct sequencing. Overall, the S-OIV is
readily distinguishable from seasonal influenza virus with
strain-specific probes (especially those derived from HA and
NA). Cross-hybridizations were observed with more-conserved
probes. We expect that a unique hybridization pattern may
occur when coinfection or reassortment of two strains of in-
fluenza viruses occurs (5).
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