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Background. Thirteen human infections with an influenza A(H3N2) variant (H3N2v) virus containing a com-
bination of gene segments not previously associated with human illness were identified in the United States from
August 2011 to April 2012. Because laboratory confirmation of influenza virus infection is only performed for a mi-
nority of ill persons and routine clinical tests may not identify H3N2v virus, the count of laboratory-confirmed
H3N2v virus infections underestimates the true burden of illness.

Methods. To account for this underascertainment, we adapted a multiplier model created at the beginning of
the influenza A(H1N1) 2009 pandemic to estimate the true burden of H3N2v illness. Data to inform each of these
parameters came from the literature and from special projects conducted during the 2009 H1N1 pandemic and the
2010–2011 influenza season. The multipliers were calculated as the simple inverses of the proportions at each step,
and we accounted for variability and uncertainty in model parameters by using a probabilistic or Monte Carlo ap-
proach.

Results. We estimate that the median multiplier for children was 200 (90% range, 115–369) and for adults was
255 (90% range, 152–479) and that 2055 (90% range, 1187–3800) illnesses from H3N2v virus infections may have oc-
curred from August 2011 to April 2012, suggesting that the new virus was more widespread than previously thought.

Conclusions. Illness from this variant influenza virus was more frequent than previously thought. Continued sur-
veillance is needed to ensure timely detection and response to H3N2v virus infections.
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From August 2011 to April 2012, the Centers for
Disease Control and Prevention (CDC) confirmed 13
human infections with influenza A(H3N2) variant
(H3N2v) virus, which contained the matrix (M) gene
from the influenza A(H1N1) 2009 pandemic (influenza
A(H1N1)pdm09) virus. [1–3]. Influenza viruses that
circulate in swine are called swine influenza viruses
when isolated from swine but are called variant viruses

when isolated from humans [2]. Twelve of the 13 re-
ported cases occurred in children, most <10 years old,
and 3 of the 13 cases were hospitalized for influenza. A
majority of the cases were identified from respiratory
specimens voluntarily submitted by healthcare provid-
ers to state public health laboratories, where the CDC
Influenza Real-Time Reverse-Transcription Polymerase
Chain Reaction (RT-PCR) Diagnostic Panel was per-
formed. Specimens with results suggesting infection
with H3N2v virus were forwarded to the CDC’s Influ-
enza Division for characterization and confirmatory
testing.

Although US influenza surveillance efforts success-
fully identified the H3N2v cases, laboratory-confirmed
H3N2v cases likely represent an undercount for several
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reasons. Among these, less than half of all people with influen-
za-like illness (ILI) seek healthcare; when healthcare is sought,
providers test few patients for influenza; point-of-care rapid in-
fluenza antigen diagnostic tests have low test sensitivity and are
not able to differentiate H3N2v virus from the currently circu-
lating seasonal influenza A virus strains, and a majority of
healthcare providers do not forward respiratory specimens to
their public health laboratory, thereby preventing further char-
acterization and confirmation [4–7]. Therefore, the true
number of H3N2v virus infections is likely much higher than
reported. To better estimate the true number of illnesses due to
human infection with H3N2v virus, we adapted a model previ-
ously created at the beginning of the influenza A(H1N1) 2009
pandemic to adjust for sources of underascertainment [8].

METHODS

The methodology to correct for the underascertainment of in-
fluenza cases is described elsewhere [8]. To account for the
challenges in confirming H3N2v virus infections in the United
States, we utilized a probabilistic multiplier model that corrects
for the underascertainment of influenza at each of the following
steps: the proportion of persons with ILI who seek medical care
for their illness (parameter A); the proportion of those seeking
medical care that visits healthcare providers in the United
States who are more likely to participate in voluntary influenza
surveillance programs, including viral surveillance (parameter
B); the proportion of persons who have a respiratory specimen
collected for influenza testing (parameter C); the proportion of
the respiratory specimens submitted to a public health labora-
tory (parameter D); the proportion of state laboratory real-time

RT-PCR tests that would detect H3N2v virus infection from
H3N2v-positive respiratory specimens (parameter E); and the
proportion of specimens with results suggestive of H3N2v for-
warded to CDC for further characterization and confirmatory
tests (parameter F). By incorporating the probability of occur-
rence of each of these steps, we were able to estimate how many
additional illnesses occurred in the United States for each
H3N2v case detected by the US influenza surveillance system.

Data to inform each of these parameters came from the litera-
ture and from special projects conducted during the 2009 H1N1
pandemic and the 2010–2011 influenza season (Table 1). To es-
timate the proportion of persons with ILI who visited healthcare
providers and had an influenza respiratory specimen collected
(parameters A and C), we analyzed survey data from the Behav-
ioral Risk Factor Surveillance System (BRFSS) ILI module from
the 2009–2010 and 2010–2011 influenza seasons [4]. To esti-
mate the proportion of persons who visited healthcare providers
participating in voluntary influenza surveillance programs (eg,
a US Outpatient Influenza-like Illness Surveillance Network
[ILINet] physician, a hospital, or a healthcare site conducting a
special study of influenza; parameter B), we used ILINet catch-
ment as a proxy [9]. To calculate this measure, the number of
ILI visits from ILINet for 23 July 2011 to 1 April 2012 (the
period in which the H3N2v case patients had illness onset)
was divided by the median number of national outpatient ILI
visits for the same weeks in 2005–2008 as reported by SDI
(SDI Health, LLC, Plymouth Meeting, Pennsylvania), a claims
data provider offering analytic products comprised of aggregat-
ed outpatient claims data (data not shown). The proportion of
respiratory specimens collected by healthcare providers that
were forwarded to the state or local public health laboratory

Table 1. Model Parameters, Sources of Data, and the Estimated Multiplier From the Model Estimating the Underascertainment of
Influenza A(H3N2) Variant Virus Infection, United States, August 2011–April 2012

Ranges Included in the
Model (%)

Parameter Description Source <18 y ≥18 y

A Proportion of persons with influenza who seek
medical care

BRFSS [4, 5] 52–67 43–48

B Proportion of persons who visit an enhanced
surveillance provider

ILINet estimated catchment 3–5

C Had a specimen collected for influenza testing BRFSS [4, 5] 18–44

D Specimen sent to state for confirmatory testing Assumption 50–100
E Tests detects H3N2v virus Published study [10] 90–100

F Case reported to CDC Nationally notifiable
disease [11, 12]

100

= Multiplier (for every 1 reported case) 200 (115–369) 255 (152–479)

Abbreviations: BRFSS, Behavioral Risk Factor Surveillance System [4]; CDC, Centers for Disease Control and Prevention; H3N2v, influenza A(H3N2) variant; ILINet,
Influenza-like Illness Network [9].
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for RT-PCR (parameter D) was based on input from experi-
enced influenza surveillance coordinators. Published literature
indicates that RT-PCR test sensitivity for influenza is high (pa-
rameter E) [10]. Finally, because novel influenza A virus infec-
tions are nationally notifiable, we assumed that all respiratory
isolates found to have suspected novel influenza viruses would
routinely be forwarded from public health laboratories to the
CDC (parameter F) [11, 12].

The multipliers were calculated as the simple inverses of the
proportions at each step. We accounted for variability and un-
certainty in model parameters by using a probabilistic or
Monte Carlo approach. For each parameter included in the
model, we used uniform probability distributions that covered a
range of minimum to maximum values, from which the model
randomly sampled 1000 iterations. We generated median and
upper and lower 90% values for the number of total cases of
illness. Because care seeking for ILI varies based on the age of
the patient, we stratified the model between pediatric (<18
years old) and adult (≥18 years old) cases [4].

RESULTS

Using this approach, from August 2011 to April 2012, we esti-
mate that the median multiplier was 200 (115–369) for pediat-
ric H3N2v cases and 255 (152–479) for adult H3N2v cases
(Table 1). That is, every reported pediatric H3N2v case may
represent 200 total cases, with a 90% probability range of 115–
369, and every reported adult H3N2v case may represent 255
total cases, with a 90% probability range of 152–479. Because 3
of the 13 reported cases were identified during investigations of
other confirmed cases and would be more likely to be identified
and not subject to the parameters developed here, they were ex-
cluded from the total number of observed cases, leaving 10 re-
ported cases of H3N2v (Table 2). Using 10 cases (9 pediatric
and 1 adult), the median number of estimated cases of H3N2v
was 2055 (90% range, 1187–3800).

CONCLUSIONS

We describe the first approach to account for the underascer-
tainment of illness caused by H3N2v virus infection by adapt-
ing the parameters of a previously published model. For the
period from August 2011 to April 2012, we estimate that 1 in
200 pediatric illnesses from H3N2v virus infections and 1 in
255 adult illnesses from H3N2v virus infections were detected,
indicating that the 10 independently identified cases may repre-
sent approximately 2000 cases of H3N2v illnesses.

This analysis suggests that only a minority of illnesses result-
ing from H3N2v infection were detected by influenza sur-
veillance efforts, a finding consistent with observations made
from previous efforts to estimate the burden of influenza in the
United States [8, 13]. Consequently, illnesses from H3N2v virus
infection may have been more widespread than previously
thought, and approximately 2000 illnesses may have occurred
during this period. Although this value represents a small frac-
tion of the illnesses that normally occur in the course of an
influenza season or pandemic, continued surveillance and in-
vestigation of this virus are warranted [13–16]. H3N2v has
been identified with greater frequency than other variant
viruses (eg, H1N1v), and cases detected in late 2011 were identi-
fied with no reported swine exposure, suggesting that limited
person-to-person transmission of H3N2v may have occurred [2].
The same H3N2 virus has been reported in pigs in the United
States; however, the prevalence of the virus among swine popu-
lations in the United States is uncertain [2]. Enhanced monitor-
ing and rapid investigation of any H3N2v case, even when
occurring outside of the traditional influenza season, will con-
tinue to provide important epidemiologic and virologic data for
evaluating the potential impact of this novel virus [17].

Recent reports of more widespread transmission of H3N2v
virus in humans with swine or agricultural fair exposure during
the summer of 2012 highlights the need for increased awareness of
reporting biases when relying on counts of laboratory-confirmed
H3N2v virus infections [7, 18]. As described in this report, these
counts will underestimate the true burden of illness. However,
many of these recent H3N2v cases were identified because of en-
hanced surveillance for variant influenza virus infection. These
enhancements included multiple state and CDC investigations to
identify and confirm H3N2v virus among ill fair attendees, calls
to the public to report respiratory illness among those with swine
or agricultural fair exposure, and increased messaging to clini-
cians requesting more frequent influenza testing among those
with swine or agricultural fair exposure [7]. Because methods to
identify the recent H3N2v cases were enhanced compared to the
cases described in this report, the multiplier developed here
would overestimate the true number of H3N2v cases that oc-
curred during the summer of 2012. Further efforts are under way

Table 2. Summary of Influenza A(H3N2) Variant Virus Case
Ascertainments, United States, August 2011–July 2012

Source of Case Ascertainment No. of H3N2v Cases

Emergency department/hospital 5

Outpatient provider 3
Healthcare site conducting special study into
influenza

2

H3N2v case investigations 3

Abbreviation: H3N2v, influenza A(H3N2) variant virus.
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to develop a method to accurately estimate the underascertain-
ment of the most recent H3N2v illnesses.

This approach is subject to certain limitations. Data for the
proportion of persons with ILI who sought care and had a re-
spiratory specimen collected were self-reported from BRFSS
surveys collected during the 2009 influenza pandemic and the
2010–2011 influenza season. These values do not include
summer months, when influenza activity is low, and may not
be generalizable to some of the period included in this report.
Although the proportion of respondents with ILI who sought
care has remained consistent during the 2 study periods, the
proportion of persons with influenza specimens collected
during the summer months is more likely to differ. Persons
may either have fewer respiratory specimens collected overall or
be tested less frequently for influenza but more frequently for
pathogens associated with transmission during the summer
months (eg, pertussis) [4, 5]. Therefore, the proportion of speci-
mens collected for influenza testing used in this analysis may
be too high and the resulting underascertainment multiplier
too low. Additionally, the proportion of persons who visited
healthcare providers participating in voluntary influenza sur-
veillance programs was estimated using ILINet catchment as a
proxy. While the accuracy of this measure is unclear, the results
of a survey conducted by the Association of Public Health Lab-
oratories (APHL) to ascertain the major sources of specimens
for influenza testing by state indicated that ILINet was the
primary or secondary source of specimens for influenza testing
for a majority (84%) of the states included (APHL, unpublished
data). In an effort to account for these and other limitations de-
scribed previously, we have included a plausible range of values
for each parameter [8].

Adapting a previously published approach, we were able to
estimate that the total number of H3N2v cases in the United
States ranged from approximately 1200 to 3800 from August
2011 to April 2012. Illness from this variant influenza virus was
more frequent than previously thought. Continued surveillance
is needed to ensure timely detection and response to H3N2v
virus infections.
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