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Background. Variant influenza virus infections are rare but may have pandemic potential if person-to-person
transmission is efficient. We describe the epidemiology of a multistate outbreak of an influenza A(H3N2) variant
virus (H3N2v) first identified in 2011.

Methods. We identified laboratory-confirmed cases of H3N2v and used a standard case report form to charac-
terize illness and exposures. We considered illness to result from person-to-person H3N2v transmission if swine
contact was not identified within 4 days prior to illness onset.

Results. From 9 July to 7 September 2012, we identified 306 cases of H3N2v in 10 states. The median age of all
patients was 7 years. Commonly reported signs and symptoms included fever (98%), cough (85%), and fatigue
(83%). Sixteen patients (5.2%) were hospitalized, and 1 fatal case was identified. The majority of those infected re-
ported agricultural fair attendance (93%) and/or contact with swine (95%) prior to illness. We identified 15 cases of
possible person-to-person transmission of H3N2v. Viruses recovered from patients were 93%–100% identical and
similar to viruses recovered from previous cases of H3N2v. All H3N2v viruses examined were susceptible to oselta-
mivir and zanamivir and resistant to adamantane antiviral medications.

Conclusions. In a large outbreak of variant influenza, the majority of infected persons reported exposures, suggest-
ing that swine contact at an agricultural fair was a risk for H3N2v infection. We identified limited person-to-person
H3N2v virus transmission, but found no evidence of efficient or sustained person-to-person transmission. Fair manag-
ers and attendees should be aware of the risk of swine-to-human transmission of influenza viruses in these settings.
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Variant influenza viruses are swine-origin influenza A
viruses that are rare causes of influenza virus infection
in humans. From January 2005 through June 2011,
only 35 US cases of variant influenza virus infection
were reported to the Centers for Disease Control and
Prevention (CDC) [1, 2]. Because variant influenza
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viruses are antigenically distinct from circulating human influ-
enza A(H1) and A(H3) subtypes, cross-protective immunity
against variant viruses conferred by recent infection with sea-
sonal influenza viruses or influenza vaccination is likely to be
limited. Although most previous cases of influenza due to
variant viruses have occurred after contact with swine, sporadic
person-to-person transmission demonstrates the epidemic and
pandemic potential of these viruses [2].

From July 2011 to March 2012, 13 cases of infection with an
influenza A(H3N2) variant virus (H3N2v) possessing the
matrix (M) gene from the 2009 pandemic H1N1 virus (pdm09
H1N1) were identified [2–4]. The emergence of this new
H3N2v virus with the pdm09 H1N1 M gene in 2011 was con-
cerning because animal models suggested that the M gene con-
tributed to increased transmissibility of the pdm09 H1N1 virus
in swine and humans [5–7]. Furthermore, serological studies
suggested broad susceptibility to this H3N2v virus among seg-
ments of the population, notably young children [8–12]. In July
2012, the CDC received reports of new H3N2v cases in multiple
states, prompting an investigation to determine the magnitude
of the outbreak, assess possible person-to-person transmission
of H3N2v virus, and identify risk factors for illness. In this
report, we summarize the epidemiology of a multistate out-
break of H3N2v, the largest outbreak of human infections with
a swine-origin influenza virus since the 2009 H1N1 pandemic.

METHODS

Because human infection with novel influenza A viruses, in-
cluding variant influenza viruses, are notifiable conditions,
such cases are investigated and reported to the CDC. We identi-
fied H3N2v cases as part of national influenza surveillance in
accordance with reporting guidelines of the Nationally Notifi-
able Diseases Surveillance System [13]. Because the initial cases
occurred in patients who were reported to have developed
illness after swine contact at agricultural events, we encouraged
increased respiratory specimen collection and real-time reverse
transcription polymerase chain reaction (rRT-PCR) testing of
patients with influenza-like illness (ILI) during and after agri-
cultural fairs and in areas where H3N2v cases had been
identified. We defined a case as laboratory confirmation of
H3N2v by rRT-PCR test results consistent with H3N2v virus
infection [14, 15].

We used a standard investigation form to collect information
describing clinical course, medical treatment, and exposure
risks in the 7 days prior to illness onset. We investigated possi-
ble cases of person-to-person transmission of H3N2v virus
under the assumption that the incubation period for the major-
ity of swine-to-human transmission of H3N2v would be ≤4
days [16–20]. We considered a case to be the result of person-
to-person transmission if (1) no direct (touching) or indirect

(coming within approximately 6 feet or attending an agricultur-
al event where swine were exhibited) swine contact was identi-
fied, or (2) swine contact occurred >4 days before illness onset
and a close contact with ILI onset prior to the patient’s illness
onset was identified. We ascertained daily swine exposure
during the 7 days prior to illness onset and calculated the mean
incubation period and 95% confidence interval for cases, ex-
cluding those where swine exposure information was unavail-
able or there was no swine exposure reported. To account for
uncertainty in cases with multiple instances of swine exposure
prior to illness onset, we fit exposure dates to a γ distribution
using maximum likelihood estimation methods [21].

Respiratory specimens from patients underwent diagnostic
testing for influenza at public health laboratories using the
CDC Human Influenza rRT-PCR Diagnostic Panel. At the
CDC, H3N2v virus in all respiratory specimens was confirmed
by rRT-PCR testing; amplified RNA of a subset of specimens
also underwent full genome sequencing or partial genome se-
quencing (sequencing of the entire genes encoding the surface
proteins (hemagglutinin [HA], neuraminidase [NA], and M
genes). We assessed susceptibility to antiviral medications by
(1) phenotypic neuraminidase inhibition assays on viral iso-
lates, and (2) sequencing of the NA and M genes to identify
known genetic markers associated with decreased sensitivity to
NA inhibitors and adamantanes.

We estimated the number of agricultural fairs that occurred
during the outbreak using a list of 1097 US events registered
with the International Association of Fairs and Expositions
(IAFE); this list represents approximately 40% of fairs occur-
ring annually in the United States (personal communication,
IAFE Marla Calico, December 2012). We maintained all data
in a secure database at the CDC and conducted analysis using
Microsoft Excel and SAS version 9.2 (SAS Institute, Cary,
North Carolina) software. This activity was deemed to be a
public health response to an outbreak and not considered to be
human subjects research in accordance with federal human
subjects protection regulations and exempt from review by an
institutional review board.

RESULTS

We identified 306 cases of H3N2v with illness onset from 9 July
through 7 September 2012 (Figure 1). With the exception of
Hawaii, in each state reporting cases, the number of swine per
county was calculated to be in the upper quartile of swine
density in the United States (Figure 2). More than 80% of
H3N2v cases were identified in Ohio and Indiana, and the out-
break affected 28% and 26% of counties in these states, respec-
tively (Table 1). For 297 (97%) cases for which information was
available, the median duration between the date of illness onset
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Figure 1. Epidemic curve of confirmed cases of influenza A(H3N2) variant virus infection in the United States, July–September 2012 (N = 306) and esti-
mate of the number of fairs occurring in the United States. Data on fairs were obtained from a directory of registered fairs from the International Associa-
tion of Fairs and Expositions, which includes information on the location and date of voluntarily registered fairs (approximately 40% of the estimated 3000
fairs held annually in the United States). Estimates of the number of total fairs occurring each week were obtained by extrapolating the time distribution of
registered fairs to the estimated number of total fairs.

Figure 2. Geographic distribution of influenza A(H3N2) variant virus cases, by county, United States, July–September 2012, and number of pigs by
county (2007). Number of pigs by county obtained from the 2007 Census of Agriculture, United States Department of Agriculture, National Agricultural Sta-
tistics Service.
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and the date that case information was entered into the secure
CDC database was 5 days (range, 1–24 days).

The median age of all patients was 7 years (range, 3 months
to 74 years), and 92% were aged <18 years; 47% were male. The
most commonly reported signs and symptoms were fever
(98%), cough (85%), and fatigue (83%); 88% of patients report-
ed ILI (fever plus cough or sore throat). Overall, 23% of cases
had at least 1 underlying medical condition known to confer
increased risk for complications from influenza [22], the most
common of which were asthma (16%), other chronic lung dis-
eases (1.8%), and neurological or neurodevelopmental disor-
ders (1.8%). Of the 293 cases for which information was
known, 282 (96%) patients sought healthcare for their illness.
Sixteen (5.2%) patients were hospitalized with H3N2v, and 1
fatality occurred in an adult who had prolonged direct contact
with swine and multiple underlying medical conditions
(Table 2).

The majority of H3N2v cases were associated with direct
(69%) or indirect (26%) swine contact prior to illness onset,
and most swine exposure occurred at an agricultural fair
(Table 2). Two unrelated patients in Minnesota reported that
their only swine contact prior to illness was during a visit to a
live animal market. The mean duration between the last date of
swine exposure and illness onset (ie, the estimated incubation
period) for 234 cases for which information was available was
2.91 days (95% confidence interval, 2.7–3.1 days). The number

Table 2. Demographic and Exposure Characteristics, Symptoms,
and Clinical Course of Cases of Influenza A(H3N2) Variant Virus
Infection—United States, July–September 2012 (N = 306)

Characteristic No. (%)

Male sex 145 (47)

Age, y, median (range) 7 (3 mo–74 y)

<1 y 7 (2.2)
1–4 y 93 (30)

5–11 y 152 (50)

12–17 y 31 (10)
18–49 y 18 (6)

≥50 y 5 (1.6)

Race (n = 288)
White 279 (97)

Black 3 (1.0)
Asian 3 (1.0)

Multiracial 3 (1.0)

Ethnicity (n = 235)
Hispanic 8 (3.4)

Non-Hispanic 227 (97)

Signs and symptoms
Fever/feverishness 294/300 (98)

Cough 241/285 (85)

Fatigue 214/258 (83)
Sore throat 171/253 (68)

Headache 161/240 (67)

Myalgia 139/227 (61)
Vomiting 80/265 (30)

Diarrhea 66/264 (25)

Eye irritation/redness 57/243 (23)
Exposure characteristica

Any (direct or indirect) swine contact
within ≤4 d of illness onsetb

281/296 (95)

Direct contact with swine within ≤4 d
of illness onsetb

205/296 (69)

Indirect contact with swine within ≤4 d
of illness onsetb

76/296 (26)

Attended fair within ≤4 d of illness onset
but swine exposure denied or unknownc

19/296 (6.4)

Agricultural fair attendance ≤4 d of illness
onset

274/296 (93)

Swine contact in a nonfair setting only
within ≤4 d of illness onset

7/296 (2.4)

Swine contact or fair attendance > 4 d
prior to illness onsetd

10/296 (3.4)

No swine contact or fair attendance
reported prior to illness onsetd

5/296 (1.7)

No. of days with swine contact in week
prior to illness (n = 238)

1 d 83 (35)

2–3 d 42 (18)
4–6 d 48 (20)

7 d 65 (27)

Estimated incubation period, d, mean
(95% confidence interval)e

2.9 (2.7–3.1)

Illness duration, d, median (range) 4 (1–16)

Table 1. Cases of Influenza A(H3N2) Variant Virus Infection by
State of Residence—United States, July–September 2012 (N = 306)

State

No. of Casesa

(% of All
Cases)

No. of Counties
With Cases (% of
Counties in State)

No. of Fairs in State
Linked to Cases

(Range of Cases per
Fair)a

Hawaii 1 (< 1) 1/5 (20) 0b

Illinois 4 (1.3) 3/102 (2.9) 3 (1–2)

Indiana 138 (45) 24/92 (26) 10 (1–73)
Maryland 12 (4) 1/24 (4.2) 1 (12)

Michigan 6c (2) 4/83 (4.8) 2 (1–3)

Minnesotad 4 (1.3) 4/87 (4.6) 1 (2)
Ohio 107 (35) 25/88 (28) 14 (1–21)

Pennsylvania 11 (3.6) 4/67 (6) 3 (1–6)

West
Virginia

3 (1) 1/55 (1.8) 0e

Wisconsin 20 (6.5) 8/72 (11) 4 (3–8)

a The number of cases reported in each state may exceed the number linked
to fairs, as not all patients reported fair attendance prior to illness onset.
b The case in Hawaii was associated with swine contact on a farm.
c One patient in Michigan reported attendance at an agricultural fair in Ohio.
d Two cases in Minnesota were associated with a live animal market.
e Three unrelated patients in West Virginia reported attendance at an agricultural
fair in Ohio.
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of fairs implicated in the outbreak ranged from 1 each in Mary-
land and Minnesota to 14 in Ohio (Table 1), and whereas the
majority of fairs were associated with ≤5 cases each, 1 fair in
Maryland was associated with 12 cases, 2 fairs in Indiana were
associated with 25 and 73 cases, and 3 fairs in Ohio were associ-
ated with 21, 17, and 17 cases. The estimated number of agri-
cultural fairs occurring in the United States peaked at 320

during the week of 22 July 2012, approximately 1 week prior to
the peak of the epidemic curve depicting illness onset of cases
(Figure 1).

The median age of the 16 hospitalized patients was 5 years
(range, 11 months to 61 years); 14 of them (88%) were aged
<18 years, and 7 (44%) were aged <5 years (Table 3). Eleven
hospitalized patients (69%) were at increased risk for complica-
tions from influenza due to young age (n = 3) or the presence
of ≥1 underlying medical condition (n = 8). One case required
intensive care unit admission, and this patient died after a 1-
day hospitalization [23]. The median length of stay for all hos-
pitalized patients was 1 day (range, 1–8 days). For the 9 (56%)
patients receiving an influenza antiviral medication while hos-
pitalized, treatment start date ranged between 2 days before to 2
days after admission.

We identified 15 cases of possible person-to-person trans-
mission of H3N2v virus, including 5 cases in which swine
contact was not reported at any time prior to illness onset; all
cases were in children <10 years of age (Table 4). For 3 of 15
(20%) patients, prior swine exposure could not be identified
within 2 illness generations of the case; for patients 1 and 2,
there were no other ill contacts identified, and for patient 14,
swine exposure was not reported prior to illness onset of the
only ill contact.

H3N2v virus was detected in clinical specimens or virus iso-
lates from all 306 patients by rRT-PCR at CDC or state public
health laboratories. The 126 viruses that were sequenced were
93%–100% identical in all genes, with the most diversity seen
in the NA gene. Phylogenetic analysis of 104 of the viruses
identified the presence of the M gene from the pdm09 H1N1

Table 2 continued.

Characteristic No. (%)

Household size, median (range)f 4 (1–12)

Underlying medical conditiong 61/271 (23)
Received antiviral treatment 170/281 (60)

Received influenza vaccination in past year 135/244 (55)

Sought healthcare for illness 282/293 (96)
Hospitalized 16 (5.2)

Fatal 1 (<1)

a Exposure data exclude 10 of 306 cases (3.6%) for which swine exposure and
agricultural fair attendance information was not reported.
b Direct contact refers to touching or handling a pig (eg, petting, holding, or
grooming); indirect contact refers to standing within 6 feet of a pig or attending
an event where swine were exhibited, without known direct contact.
c Categorized as patients with indirect swine contact.
d These cases are presumed to be the result of person-to-person transmission
of H3N2v.
e Swine-to-human transmission, among 234 individuals reporting swine
contact prior to illness onset.
f Including patient.
g Includes asthma, chronic lung disease, chronic heart or circulatory disease,
diabetes mellitus, kidney disease, immunosuppressive conditions, and
neurologic/neurodevelopmental disorders.

Table 3. Hospitalized Patients With Influenza A(H3N2) Variant Virus Infection—United States, July–September 2012

Patient No. Age, y Sex Length of Stay Outcome Underlying Medical Conditions

1 <1 M 1 d Recovered Previously healthy

2 1 F 1 d Recovered Previously healthy
3 1 F 1 d Recovered Asthma

4 2 M 6 d Recovered Lymphocytic leukemia

5 3 M 1 d Recovered Previously healthy
6 4 F 1 d Recovered Asthma

7 4 F 5 d Recovered Developmental delay, pulmonary hypertension, asthma

8 5 M 2 d Recovered Developmental delay, neurological disorder
9 5 F 2 d Recovered Previously healthy

10 6 F 1 d Recovered Previously healthy

11 6 F 3 d Recovered Previously healthy
12 6 M 1 d Recovered Previously healthy

13 7 F 1 d Recovered Lymphocytic leukemia

14 12 F 1 d Recovered Previously healthy
15 44 F 8 d Recovered Multiple myeloma

16 61 F 1 d Died Diabetes mellitus, congestive heart failure, hypertension
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virus and 7 gene segments (PB2, PB1, PA, HA, NP, NA, and
NS) that were similar to those previously found in triple-
reassortant H3N2 swine influenza viruses (SIVs) circulating in
swine in North America. Genetic sequencing results and data
from phenotypic NA inhibition assays conducted on 117 iso-
lates indicated that all H3N2v viruses examined were sus-
ceptible to the NA inhibitors oseltamivir and zanamivir and
resistant to adamantane antiviral medications. All sequence
data were submitted to the Global Initiative on Sharing All In-
fluenza Data (GISAID).

During the course of the H3N2v outbreak, 4 cases of variant
influenza virus infection with other influenza A virus subtypes
were identified. These included 3 H1N2v cases in Minnesota
and 1 H1N1v case in Missouri; all 4 of these non-H3N2v
variant viruses contained the M gene from the pdm09 H1N1
virus, and each case was associated with swine exposure.

DISCUSSION

From 9 July to 7 September 2012, we identified 306 cases of
H3N2v virus infection in 10 US states; all specimens that were

sequenced contained the M gene from the pdm09 H1N1 virus
and were nearly identical to each other. The majority of cases
reported swine exposure at an agricultural fair, a setting that
has been implicated in previous outbreaks of variant influenza
[2, 19, 24–27]. Although we identified instances of limited
person-to-person H3N2v virus transmission, we found no evi-
dence of efficient or sustained transmission of H3N2v virus
among humans in this outbreak. This is consistent with reports
from 2011, which described 3 instances (comprising 6 cases)
among 12 cases of H3N2v virus infection in which person-to-
person transmission was suspected [2, 3]. In the 2012 outbreak,
H3N2v virus infection resulted in self-limited illness for the
majority of persons. However, the increased prevalence of un-
derlying medical conditions among the single fatality and 16
hospitalized patients in this outbreak underscores the impor-
tance of treatment and prevention strategies for patients with
known risk factors for influenza complications [22]

The H3N2v cases in this outbreak represent 88% of the 348
variant influenza cases identified by the CDC in the United
States from 2005 through 2012, and at least 3 factors may have
contributed to the magnitude of this outbreak. First, H3N2v

Table 4. Cases of Influenza A(H3N2) Variant Virus Infection With Possible Person-to-Person Transmission—United States, July–
September 2012

Patient
No.

Last Swine
Exposure Illness Onset Intervala Age Notes

1 None 2 Aug 2012 . . . 4 Sibling of patient 2; went to petting zoo but denied swine contact.
2 None 2 Aug 2012 . . . 6 Sibling of patient 1; went to petting zoo but denied swine contact.

3 None 4 Aug 2012 . . . 1 Sibling had swine contact and was ill 29–30 July but was not tested for influenza.

4 None 8 Aug 2012 . . . 1 Sibling had swine contact at multiple fairs, was ill on 5 Aug, but tested negative for
influenza.

5 None 25 Aug 2012 . . . 6 Grandmother had indirect swine contact but was not ill and was not tested for
influenza.

6 25 July 2012 2 Aug 2012 8 6 Cousin of a confirmed case; both had single exposure to same swine at a fair.

7 27 July 2012 3 Aug 2012 7 8 Sibling of a confirmed case; both had swine exposure at a fair, and sibling had
illness onset on 2 Aug.

8 28 July 2012 3 Aug 2012 6 <1 Three siblings had swine exposure on 28 July and illness onsets 30 July, 1 Aug,
and 2 Aug; nonewere tested for influenza.

9 29 July 2012 4 Aug 2012 5 5 Multiple relatives were confirmed cases with swine exposure and illness onset on
30 July.

10 1 Aug 2012 8 Aug 2012 8 <1 Two cousins and a friend were ill with onsets 5 Aug, 6 Aug, 8 Aug. All had swine
exposure and nonewere tested for influenza.

11 1 Aug 2012 11 Aug 2012 10 9 Sibling was a confirmed casewith swine exposure on 1 Aug and illness onset on 3
Aug.

12 7 Aug 2012 16 Aug 2012 9 4 Mother and a sibling had swine exposure on 7 Aug; both became ill on 10 Aug but
were not tested for influenza.

13 9 Aug 2012 15 Aug 2012 6 9 Sibling was a confirmed casewith illness onset 11 Aug after multiple days of swine
exposure.

14 16 Aug 2012 27 Aug 2012 11 2 A cousin who denied swine exposure and was not tested for influenza had illness
2 d prior to illness onset of patient.

15 31 Aug 2012 7 Sept 2012 7 5 Five household members who had swine exposure at the same fair as the patient
reported illness prior to illness onset of patient; nonewere tested for influenza.

a No. of days between most recent swine exposure reported and illness onset.
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viruses with the M gene from the pdm09 H1N1 virus may be
more readily transmitted from swine to humans than other
variant influenza viruses. Whereas 7 of the 8 gene segments in
the H3N2v viruses involved in this outbreak are similar to those
of triple-reassortant SIVs circulating in North America since the
late 1990s, the M gene, which was acquired from the pdm09
H1N1 virus [14], is thought to facilitate efficient transmission of
pdm09 H1N1 in animal models [5, 6]. Additional studies have
concluded that H3N2v and similar triple-reassortant, swine-
origin influenza viruses transmit efficiently in ferrets; however, in
these studies the role of the pdm09 H1N1 M gene in this process
was either unclear or not investigated [28–30]. Second, the ma-
jority of cases in this report were associated with agricultural
fairs, which are congregate settings for people and animals. Al-
though this H3N2 SIV appears prevalent in swine populations
in the United States [31–33], agricultural fairs may represent
increased risk for infection; the introduction of 1 infected
animal into a fair may have allowed multiple opportunities for
subsequent swine-to-human transmission, as this H3N2 virus
appears to transmit efficiently among swine [31]. Third, the
high prevalence of cases among children is consistent with the
susceptibility profile of this H3N2v virus seen in literature de-
scribing a relative increase in cross-protective immunity in
persons approximately 10 years or older [8–10]. These serologic
studies show an age-dependent immune response to this H3N2v
virus, which suggests that adults may have more preexisting im-
munity than younger children. Therefore, this large outbreak
may have been the result of a confluence of a highly susceptible
population exposed to a readily transmissible influenza virus at
agricultural fairs with swine exhibits.

Most patients reported mild illness with symptoms similar to
those of seasonal influenza. Although vomiting and diarrhea
were commonly reported, the majority of H3N2v patients were
aged <18 years, a population in which gastrointestinal symp-
toms are more frequent with seasonal influenza [34–36]. Of
note, nearly one-fourth of cases reported eye redness/irritation
as a symptom of illness. Although conjunctivitis is a rare
symptom of seasonal influenza and previous variant influenza
virus infections [1, 37], it has been reported in cases of human
infection with avian influenza A(H7) viruses [38, 39] and with
greater frequency in hospitalized children with pdm09 H1N1
compared to seasonal influenza [40]. Whether or not conjunc-
tivitis is also an indicator of H3N2v infection is unclear. The
case hospitalization (5.2%) and case fatality (0.3%) proportions
for this outbreak are higher than reported during the 2009
H1N1 pandemic [41, 42]. However, it is likely that we identified
a disproportionate number of clinically severe cases during this
outbreak, and due to the small number of H3N2v cases relative
to seasonal influenza cases, the clinical severity of this H3N2v
virus is currently unknown. The majority of hospitalized pa-
tients, including the single fatality, were at increased risk for

complications from influenza due to young age or the presence
of an underlying medical condition [22].

A distinguishing characteristic of this outbreak was direct
contact with swine on multiple days prior to illness onset. Al-
though swine exposure has been associated with variant influ-
enza virus infection [37, 43], the nature and duration of
exposure have not been previously available for such a large
number of cases. In this outbreak, the majority of patients re-
ported direct contact with swine, in contrast to recent reports
of H3N2v2 and H1N1v1 in which only 42% of cases reported
direct contact with swine prior to illness. Furthermore, nearly
two-thirds of patients in this outbreak reported swine exposure
on >1 day, and more than one-quarter reported daily exposure
during the week preceding illness onset. Although transmission
of influenza virus from swine to humans is influenced by many
factors [44, 45], our findings suggest that direct exposure to
swine on multiple occasions may make a considerable contri-
bution to infection with this H3N2v influenza virus.

This report is subject to at least 2 limitations. First, the 306
cases we identified may not accurately represent all H3N2v
cases that occurred during the outbreak. Laboratory-confirmed
H3N2v cases likely underestimate the true number of cases
because not all persons with ILI will seek healthcare and not all
persons who seek healthcare will be tested for influenza using a
method that will allow detection of a variant influenza virus
(generally an RT-PCR test) [46–49]. Therefore, the true
number of H3N2v cases that occurred may be higher than de-
scribed in this report [50]. Furthermore, there may be a diffe-
rence in how diagnostic testing for influenza is implemented
during the typical influenza season in the United States, com-
pared to during the summer months. The number of patients
with ILI who present for care during the typical influenza
season, when influenza viruses are widely circulating, will likely
be much greater than the number presenting for care during
summer months, when this outbreak occurred. It is therefore
more likely that any individual patient presenting with ILI
during a summer month will be tested for influenza using RT-
PCR, as clinicians typically test fewer outpatients for influenza
during the influenza season, when they know influenza viruses
are circulating and more likely to be the underlying etiology of
ILI. Thus, it is possible that we would be more likely to identify
a patient with H3N2v infection in the summer than during the
typical influenza season, amidst the “noise” of seasonal influen-
za cases. However, as H3N2v is a nationally notifiable condi-
tion, and because all state public health laboratories have the
capability to detect H3N2v viruses, it is unlikely that we failed
to identify a large number of H3N2v cases after September,
given that the 2012–2013 influenza season did not begin until
mid-November, 2 months after the outbreak was thought to
have ended [51]. Second, recall bias could have affected our
ability to evaluate the relationship between swine exposure and
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infection for H3N2v cases. However; in 297 cases, the median
duration between the date of symptom onset and the date of
case report to the CDC was 5 days. This suggests that in the ma-
jority of cases, it took approximately 5 days for the following to
occur: illness onset, case identification by the local health de-
partment, interview by the local health department, and case
report to the CDC. Because we asked about exposure history in
the 7 days prior to illness onset, most patients were likely inter-
viewed within ≤12 days of their relevant exposures. Further-
more, because exposure questions pertained to relatively
uncommon events (ie, under the assumption that attending a
fair or coming into direct contact with swine would not be con-
sidered common, everyday events), we do not believe that our
analysis was subject to significant recall bias.

To prevent variant influenza virus infection during the out-
break, the CDC recommended that persons at increased risk for
complications from influenza, including those aged <5 years or
≥65 years, and with certain underlying medical conditions
avoid swine and swine barns at agricultural fairs in 2012 [52].
This recommendation was based in part on evidence suggesting
that transmission of influenza viruses to humans can occur
from healthy-appearing swine at agricultural events [53, 54].
(Additional recommendations for the public can be found at
http://www.cdc.gov/flu/swineflu/h3n2v-outbreak.htm.

Clinical management of H3N2v is similar to management of
seasonal influenza virus infections; for patients who are hospi-
talized, have severe or progressive illness, or are in a high-risk
group, empiric antiviral treatment with oral oseltamivir or
inhaled zanamivir should be started as soon as possible, without
waiting for the results of influenza testing. (More information
on diagnosing, reporting, and treating H3N2v infection can be
found at http://www.cdc.gov/flu/swineflu/h3n2v-clinician.htm.)

Although seasonal influenza vaccination may offer only
minimal protection against H3N2v viruses [55], the CDC rec-
ommends it for all persons ≥6 months of age. Prevention of
seasonal influenza in children and adults may limit transmis-
sion of influenza virus from humans to swine, thereby reducing
opportunities for reassortment in swine and subsequent gener-
ation of new variant influenza viruses. A candidate vaccine
virus (A/Minnesota/11/2010) has been identified, from which
clinical investigational lots of an inactivated subunit H3N2v
monovalent vaccine has been manufactured; clinical trials by
the National Institutes of Health Vaccine and Therapeutics
Evaluation Unit are in progress.

Despite enhanced surveillance for ILI in states where H3N2v
cases were identified, we identified only 15 instances where
person-to-person transmission was suspected. Thus, there is
little epidemiological evidence from this outbreak that supports
efficient or sustained person-to-person transmission of this
H3N2v virus. However, because H3N2 SIVs containing the
pdm09 H1N1 M gene seem prevalent in swine populations in

the United States [31–33], additional cases associated with
future agricultural fairs are possible.

In conclusion, we report a multistate outbreak of variant in-
fluenza virus infection among patients with exposure histories,
suggesting that swine contact at an agricultural fair was a key
risk factor for infection. Although we found no evidence of sus-
tained transmission, infrequent instances of limited person-
to-person H3N2v transmission indicate that person-to-person
spread of this virus is possible. Although the majority of pa-
tients had mild illness, documented risk factors for complica-
tions from seasonal influenza, including young age and the
presence of underlying medical conditions, were prevalent
among H3N2v patients who were hospitalized and/or died. Two
H3N2v cases were identified in 2012 after 7 September [56],
and 14 cases were reported to the CDC in June and July of 2013;
additional cases may occur during the remainder of the 2013 ag-
ricultural fair season. Thus, it remains important for fair manag-
ers, swine exhibitors, and fair attendees to be aware of the risk of
swine-to-human transmission of influenza viruses in these set-
tings, especially among high-risk individuals. The outbreak of
H3N2v described in this report also underscores the need for
continued cooperation among animal and public health agencies
in surveillance, preparedness, and response activities involving
novel influenza A viruses.
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