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Outbreak of Influenza A(H3N2) Variant Virus Infections Among Persons
Attending Agricultural Fairs Housing Infected Swine —
Michigan and Ohio, July–August 2016
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On August 3, 2016, the Ohio Department of Health
Laboratory reported to CDC that a respiratory specimen
collected on July 28 from a male aged 13 years who attended
an agricultural fair in Ohio during July 22–29, 2016, and
subsequently developed a respiratory illness, tested positive
by real-time reverse transcription–polymerase chain reaction
(rRT-PCR) for influenza A(H3N2) variant* (H3N2v). The
respiratory specimen was collected as part of routine influenza
surveillance activities. The next day, CDC was notified of a
child aged 9 years who was a swine exhibitor at an agricultural
fair in Michigan who became ill on July 29, 2016, and tested
positive for H3N2v virus at the Michigan Department of
Health and Human Services Laboratory. Investigations by
Michigan and Ohio health authorities identified 18 human
infections linked to swine exhibits at agricultural fairs. To
minimize transmission of influenza viruses from infected
swine to visitors, agricultural fair organizers should consider
prevention measures such as shortening the time swine are on
the fairgrounds, isolating ill swine, maintaining a veterinarian on call, providing handwashing stations, and prohibiting
food and beverages in animal barns. Persons at high risk for
influenza-associated complications should be discouraged from
entering swine barns.
* Influenza viruses that normally circulate in swine are referred to as “variant”
when they infect humans. Seasonal influenza A(H3N2) viruses that circulate
worldwide in the human population have substantial antigenic and genetic
differences from influenza A(H3N2) viruses circulating in swine (http://www.
who.int/influenza/gisrs_laboratory/terminology_variant/en/).

Epidemiologic Investigation
Novel influenza viruses are different from currently circulating human influenza H1 and H3 viruses and have the potential
to cause a pandemic if the virus is efficiently transmitted from
person to person. In the United States, human infection with
a novel influenza A virus is nationally notifiable, and globally,
it is a reportable event under International Health Regulations
2005 (1); all such infections identified in the United States
are investigated and reported to CDC. In early July 2016,
before the identification of H3N2v virus infections described
in this report, CDC reminded public health and laboratory
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FIGURE. Influenza A(H3N2) variant virus infections (N = 18), by date
of symptom onset — Michigan and Ohio, July–August 2016
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partners nationwide to collect and test respiratory specimens
from patients with influenza-like illness and swine exposure.
After the initial identification of the H3N2v virus infections,
the Michigan Department of Health and Human Services
and the Ohio Department of Health encouraged enhanced
surveillance and increased collection and rRT-PCR testing
of respiratory specimens from patients with illness and swine
exposure or agricultural fair attendance. Specimens from swine
at fairs in both states were tested for influenza by The Ohio
State University in collaboration with the St. Jude Center of
Excellence for Influenza Research and Surveillance and the
United States Department of Agriculture-Animal and Plant
Health Inspection Service-Veterinary Services, National
Veterinary Services Laboratories, Influenza A Virus in Swine
Surveillance Program.
During August 3–25, 2016, a total of 18 human infections
with H3N2v virus (12 from Michigan and six from Ohio) were
confirmed and reported to CDC (Figure). All of the clinical
specimens were sent to CDC for verification and further virus
characterization. Sixteen of the ill persons were aged <18 years,
including seven aged <5 years. All 18 persons reported exposure
to swine during attendance at one or more of seven agricultural
fairs (three in Michigan and four in Ohio); no ill person reported
contact with another known infected person, and no person-toperson transmission was identified. Thirteen persons reported
direct contact with swine (touching or handling), including four
children aged <18 years who exhibited swine as part of a youth

Michigan
Ohio

3
2
1
0
24 26 28 31
July

2

4

6

8

10 12 14 16 18 20 22
August

Date of symptom onset

agriculture club. Four of the five persons who did not report
direct swine contact reported passing through a swine barn; the
fifth person was a fair attendee with unspecified indirect contact
with swine. Specimens obtained from swine from all seven fairs
tested positive for influenza A(H3N2) virus. Eight of the 18 ill
persons were at high risk for influenza-associated complications
because of the presence of an underlying medical condition or
because of their young age (2). One person, who had an underlying condition, was hospitalized for 2 days. All persons fully
recovered. Six ill persons were treated with an influenza antiviral
medication. Among the 17 persons with known vaccination
history, three had received a seasonal influenza vaccination in
the preceding 12 months.
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Laboratory Investigation
CDC performed genomic sequence analysis on all 18 specimens
from infected humans; two different H3N2v viruses were identified. Among the 18 variant viruses detected in persons, 16 were
reassortants, with a constellation of genes not previously detected
in viruses infecting humans. Whereas these viruses contained
seven gene segments similar to segments detected in previously
reported variant virus outbreaks, one gene segment coding for an
influenza A(H3) hemagglutinin (HA) gene was determined to be
similar to HA genes found in human seasonal influenza A(H3N2)
viruses from 2010 and 2011. This HA gene was likely introduced
from humans into swine in 2010 or 2011, and has since circulated
and evolved in swine to be genetically and antigenically different
from both previous and currently circulating human seasonal
influenza A(H3N2) viruses (3). The viruses in the remaining two
specimens had HA genes similar to those of swine-origin H3N2
influenza viruses circulating in the U.S. swine population since
1998, and previously identified in human H3N2v virus infections
in the United States since 2009 (4,5). Preliminary analysis suggests
that the viruses identified in all human specimens were nearly
identical to H3N2 viruses detected in swine at agricultural fairs
in Michigan and Ohio. With the exception of one virus isolated
from a human specimen, H3N2 viruses found in human cases
were genetically related to specimens from swine at the same fairs
attended by the infected persons.
All fully sequenced viruses from human infections had the
matrix (M) gene from the influenza A(H1N1)pdm09 virus,
which has been seen in H3N2v outbreaks since 2011 and
has been found to enhance transmissibility in several animal
models (6,7) and confer resistance to adamantine antiviral
drugs (amantadine and rimantadine). Four H3N2v viruses
were tested and were susceptible to neuraminidase inhibitors
(oseltamivir, peramivir, and zanamivir).
Discussion

Including the infections described in this report, 372 H3N2v
virus infections have been reported in the United States since
human infections with novel influenza A viruses became notifiable in 2005 (8); this report describes all reported H3N2v virus
infections in the United States since January 1, 2016. This outbreak underscores the importance of implementing measures to
minimize influenza transmission between swine and persons at
agricultural fairs. Young persons who exhibit or have other direct
contact with swine should know how to protect themselves from
infection, as most infections in this and previous outbreaks have
been in persons aged <18 years who had direct contact with swine
(5). Transmission is possible, though less common, without
direct swine contact. In this outbreak, five of the 18 infections
occurred in persons who did not report direct contact with swine.
Messaging about variant influenza virus transmission risk and

prevention, particularly among young persons and persons at
increased risk for influenza-associated complications (children
aged <5 years, persons aged ≥65 years, pregnant women, and
persons with certain health conditions) (2), should be provided
to all agricultural fair organizers and officials, fair attendees, and
animal exhibitors. When planning for subsequent fair seasons,
fair organizers should consider prevention measures such as
shortening the time swine are on the fairgrounds to ≤72 hours
(9), establishing a protocol to immediately isolate ill swine,
maintaining a veterinarian on call for the duration of the swine
exhibition, providing prominent handwashing stations in or
near animal barns for exhibitors and attendees, and displaying
signage that discourages or prohibits food and beverages in
animal barns (9,10) and discourages persons at high risk for
influenza-associated complications from entering swine barns.
Treatment with a neuraminidase inhibitor is recommended for
persons with suspected variant virus infection who are hospitalized, who have severe or progressive illness, or who are in a group
at high risk for influenza-associated complications. Treatment
with these influenza antiviral drugs also can be considered for
any previously healthy outpatient with confirmed or suspected
H3N2v virus infection based on clinical judgment. Human
seasonal influenza vaccine is not known to protect against
commonly circulating swine-origin influenza viruses, but it can
protect against seasonal influenza, which can circulate even during summer months when most fairs occur. An annual seasonal
influenza vaccine, which is recommended for all persons aged
≥6 months, might help prevent future reassortment of H3N2v
viruses with human seasonal influenza viruses.
Rapid detection and reporting of human infections with novel
influenza A viruses are important to facilitate prompt identification
and characterization of influenza A viruses with pandemic potential
and to accelerate the implementation of an effective public health
response. Most persons in this outbreak were infected with an influenza virus genotype not previously detected in humans. Although
person-to-person spread was not identified, ongoing investigations
to monitor for genetic changes in the virus and to detect person-toperson transmission continue to be necessary. Health care providers
should consider novel influenza virus infections in ill persons with
swine exposure or agricultural fair attendance and consult with their
state public health department about further testing, regardless of
the results of rapid influenza diagnostic tests (which can have poor
sensitivity for variant viruses), based on CDC’s interim guidance
for clinicians.† All clinical specimens that are suspected to contain
novel influenza A viruses should be sent by state public health
laboratories to CDC for additional characterization and verification
of results. Additional information about variant influenza viruses
is available at http://www.cdc.gov/flu/swineflu/h3n2v-cases.htm.
† http://www.cdc.gov/flu/swineflu/interim-guidance-variant-flu.htm.
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Summary
What is already known about this topic?
Sporadic human infections and outbreaks with influenza viruses
that normally circulate in swine have occurred in the past. The
largest known outbreak of H3N2v virus infections occurred in 2012.
What is added by this report?
In August 2016, 18 laboratory-confirmed infections with H3N2v
virus were reported among persons who had attended agricultural fairs in Michigan and Ohio. Sixteen of the 18 cases occurred
in persons who were infected with a reassortant H3N2v virus that
contained a hemagglutinin (HA) gene previously not detected in
variant viruses. The HA gene was likely introduced from humans
into swine in 2010 or 2011, and viruses with this gene have
circulated and evolved in swine to be genetically and antigenically different from both previous and currently circulating
human seasonal influenza A(H3N2) viruses.
What are the implications for public health practice?
To minimize transmission of influenza viruses from swine to
humans and from humans to swine, agricultural fair organizers
should consider measures such as shortening the time swine
are on the fairgrounds to ≤72 hours, immediately isolating ill
swine, maintaining a veterinarian on call for the duration of the
swine exhibition, providing prominent handwashing stations,
and prohibiting food and beverages in animal barns. Persons at
high risk for influenza-associated complications should be
discouraged from entering swine barns.
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