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ABSTRACT
Introduction
Since the influenza A/H1N1 pandemic of 2009 to 2010, numerous studies have described the clinical course and outcome
of the different subtypes of influenza (A/H1N1, A/H3N2, and B). A recent systematic literature review concluded
that there were no appreciable differences in either clinical presentation or disease severity among these subtypes, but
study parameters limit the applicability of these results to military populations. We sought to evaluate differences in
disease severity among influenza subtypes in a cohort of healthy, primarily outpatient adult U.S. Department of Defense
beneficiaries.

Materials and Methods
From 2009 to 2014, we enrolled otherwise healthy adults age 18 to 65 years with influenza-like illness in an observational
cohort study based in 5 U.S. military medical centers. Serial nasopharyngeal swabs were collected for determination of
etiology and viral shedding by polymerase chain reaction. The presence and severity of symptoms was assessed by
interview and patient diary.

Results
Over a 5-year period, a total of 157 adults with laboratory-confirmed influenza and influenza subtype were enrolled. Of
these, 69 (44%) were positive for influenza A(H1N1), 69 (44%) for influenza A(H3N2), and 19 (12%) for influenza B.
About 61% were male, 64% were active duty military personnel, and 72% had received influenza vaccine in the past
8 months. Almost 10% were hospitalized with influenza. Seasonal influenza virus distribution among enrollees mirrored
that of nationwide trends each year of study. Individuals with A/H1N1 had upper respiratory composite scores that were
lower than those with A/H3N2. Multivariate models indicated that individuals with A(H1N1) and B had increased lower
respiratory symptom scores when compared to influenza A(H3N2) (A[H1N1]: 1.51 [95% CI 0.47, 2.55]; B: 1.46 [95%
CI 0.09, 2.83]), whereas no other differences in symptom severity scores among influenza A(H1N1), influenza A(H3N2),
and influenza B infection were observed. Overall, influenza season (maximum in 2012–2013 season) and female sex of
the participant were found to be associated with increased influenza symptom severity.
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Conclusions
Our study of influenza in a cohort of otherwise healthy, outpatient adult Department of Defense beneficiaries over 5
influenza seasons revealed few differences between influenza A(H1N1), influenza A(H3N2), and influenza B infection
with respect to self-reported disease severity or clinical outcomes. This study highlights the importance of routine, active,
and laboratory-based surveillance to monitor ongoing trends and severity of influenza in various populations to inform
prevention measures.

INTRODUCTION
Since its emergence and ascent to pandemic status,1,2

influenza A(H1N1)pdm09 has continued to circulate. Although
seasonal influenza A virus (ie, influenza A[H3N2])) was the
predominant strain from 2010 to 2013,3–5 a resurgence of
influenza A(H1N1)pdm09 occurred in 2013 to 2014, again
becoming the leading cause of influenza-associated illness,
hospitalization, and mortality in the United States.6

Clinical descriptions of influenza A(H1N1)pdm09 are
numerous.7–13 When compared to influenza A(H3N2),
the most notable difference of influenza A(H1N1)pdm09
infection as it emerged was younger host age.7–9 Otherwise,
with respect to risk groups, clinical course, clinical outcome,
and hospitalization rates, the differences were few.7–10 Some
even associated influenza A(H1N1)pdm09 infection with
a milder course.11–13 This is also true of comparisons of
symptom severity and clinical outcomes with influenza B.14,15

Previous comparative studies of influenza A(H1N1)pdm09,
influenza A(H3N2), and influenza B utilized either historical
controls or contemporaneous controls during, or immediately
after, the pandemic. Additionally, many of these comparisons
were among hospitalized populations.14–20 As such, these
characterizations of influenza A(H1N1)pdm09 may have
been shaped by trends in health care seeking behavior, access
to care, antiviral use, and/or vaccination uptake around the
time of the pandemic. Studies comparing disease severity
and clinical outcomes among the different influenza subtypes
in various populations are warranted. In June 2009, we
initiated an observational cohort study of influenza-like
illness (ILI) at 5 geographically diverse U.S. military medical
centers.21–22 This infrastructure has proven invaluable for
the study of influenza, where major shifts in predominant
types/subtypes can occur from year to year. Herein, using data
from 2009 to 2014, we compared characteristics of influenza
A(H1N1)pdm09, influenza A(H3N2) infection, and influenza
B, using prospectively collected virologic, clinical, and
symptom severity data in a geographically diverse, healthy,
and predominantly outpatient population.

METHODS

Study Overview

The Acute Respiratory Infection Consortium Natural History
Study21 is an observational, longitudinal cohort study of ILI
among otherwise healthy Department of Defense (DoD) mem-
bers and beneficiaries. Participating centers include: (1) Naval
Medical Center Portsmouth, Virginia, (2) Naval Medical

Center San Diego, California, (3) Madigan Army Medical
Center, Tacoma, Washington, DC, (4) San Antonio Military
Medical Center, Texas, and (5) Walter Reed National Military
Medical Center, Bethesda, Maryland.

Study Population and Procedures

From October 2009 to May 2014, patients 18 to 65 years
and presenting within 72 hours after ILI onset (temperature
≥ 100.4◦ F and sore throat or one of the following: cough,
sputum production, shortness of breath, or chest pain) were
recruited. Both inpatient and outpatient subjects were eligi-
ble. Patients with type 1 or 2 diabetes, immunodeficiency
besides human immunodeficiency virus, chronic obstructive
pulmonary disease, cystic fibrosis, severe asthma, chronic
neuromuscular disease, chronic heart disease, or chronic kid-
ney disease were excluded. Women with a current high risk or
complicated pregnancy and patients with a poorly controlled
psychiatric disorder were also excluded.

After obtaining informed consent, patient data were
recorded through a standard questionnaire, and a nasopharyn-
geal swab (Nylon-flocked, Copan Diagnostics, Corona, Cali-
fornia) was collected. After enrollment, participants returned
at 3 subsequent time points (days 3 ± 1, 7 ± 2, and 28 ± 7)
and symptom data and an nasopharyngeal swab were again
collected. Participants were also asked to complete a daily
symptom diary for 7 days, beginning at illness onset23 Patients
were instructed by study personnel on appropriate completion
of their symptom diary. Recording of symptom severity
on the days before enrollment was by participant recall.

Clinical Characteristics and Severity Measures

Presence and severity of symptoms were recorded on a 4-point
scale (0: none; 1: mild; 2: moderate; and 3: severe) similar to
that previously described.20 Participants were trained by study
personnel on the definitions. Symptom severity was quantified
for each day of symptom data using the following 6 measures:
(1) individual symptom score for 20 symptoms, (2) upper
respiratory infection (URI) symptom score, calculated as the
sum of severity scores for earache, runny nose, sore throat,
and sneezing, (3) lower respiratory infection (LRI) symptom
score, calculated as the sum of severity scores for cough,
difficulty breathing, hoarseness, and chest discomfort, (4)
gastrointestinal (GI) score, calculated as the sum of severity
scores for nausea, vomiting, diarrhea, abdominal pain, and
appetite loss), (5) systemic symptom score, calculated as the
sum of severity scores for chills, muscle ache, headache, and
fatigue, and (6) total composite score, calculated as the sum of
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severity scores for upper respiratory, lower respiratory, GI, and
systemic composite scores. Participants only contributed 1 ILI
episode to the analysis (the following episodes were dropped).
Overall episode scores (upper respiratory, lower respiratory,
GI, ILI, GI, systemic symptom score, and total) were calcu-
lated based on the maximum symptom scores reported during
the episode.

Influenza Testing and Subtyping

Swabs were placed immediately into viral transport media,
stored at −70◦ or − 80◦F, and shipped on dry ice to the
Naval Health Research Center (San Diego, California). All
specimens were tested for influenza by real-time reverse
transcription polymerase chain reaction (PCR).24 Determi-
nation of influenza species and subtype was performed on
all influenza-positive specimens. Influenza viral load was
determined by comparison of influenza-specific quantitative
PCR assays against 2 housekeeping gene quantitative PCR
assays among cases for whom specimens were available. Viral
load was normalized by comparison to standards of known
concentration, and then to measured amounts of housekeeping
gene signals (manuscript in preparation). We assessed viral
co-detection (ie, human rhinovirus, adenovirus, respiratory
syncytial virus, coronavirus, parainfluenza virus, human
metapneumovirus, and bocavirus) with 1 of 3 multiplex assays
(xTAG Respiratory Viral Panel, Luminex, Austin, Texas;
PLEX-ID Viral IC Spectrum, Abbott, Chicago, Illinois; or
Target-enriched multiplex PCR, Diatherix Laboratories, Inc.,
Huntsville, Alabama).25–27

Statistical Analysis

We compared categorical variables (subject and clinical char-
acteristics, symptom severity) by influenza subtype using
chi-square tests, or Fisher’s exact tests if appropriate. For
continuous outcomes, we performed ANOVA and t-tests. P-
values < 0.05 were considered statistically significant. Linear
mixed effects models with random effects for participant were
run to evaluate differences in symptom scores by day of
episode and influenza subtype, controlling for season, sex,
and age. Maximum symptom scores during the episode were
compared among the influenza subtypes using multivariate
linear models, controlling for factors such as season, sex, age,
and race/ethnicity. Analyses were performed using R 3.5.28, 29

RESULTS
Between October 2009 and May 2014, 930 adult enrollees
with demographic information had specimens available,
among whom 159 cases of influenza were identified (69
influenza A(H1N1)pdm09, 69 influenza A(H3N2), 19
influenza B, and 2 untyped influenza, Supplemental Figure 1).
In 2009 to 2010, all (n = 8) had influenza A(H1N1)pdm09
(Figure 1). In the 3 seasons that followed, A/H3N2 pre-
dominated (48% in 2010–2011; 47% in 2011–2012; 74%

FIGURE 1. Influenza subtypes by season, 2009/10 to 2013/14 (bar chart,
first y-axis), and percent of samples that were tested that were influenza
positive (blue line, second y-axis).

in 2012–2013). In 2013 to 2014, a resurgence of influenza
A(H1N1)pdm09 occurred in the United States, and the
pandemic strain was again the predominant cause (75%).
Rates of influenza B remained relatively low between 2010
and 2014 (0% in 2009/10; 10% in 2010/11; 16% in 2011/12;
14% in 2012/13; and 14% in 2013/14). These annual trends
were generally reflective of the nationwide trends as reported
by the Centers For Disease Control and Prevention.30–34

Among the 159 participants with influenza, 157 had
subtype and symptom severity data. The median age of this
group was 32 years, 61% were male, 50% were White (non-
Hispanic), and 64% were active duty military personnel. The
baseline demographic characteristics were similar among
all 3 influenza subtypes, with the exception of military
status (Table I). Similar proportions in each group had been
vaccinated during the 8 months before enrollment (71%
(A/H1N1), 75% (A/H3N2), 63% (B); P = 0.56), and among
the active military participants, vaccination rates were 88%
to 98%. Among the 113 participants who had received an
influenza vaccine within the past 8 months (median months
since vaccination = 4), 63% received injectable and 37%
received mist. Mist vaccines were used primarily in the
November 2010 season (44% of vaccinations during that
season were mist).

Symptom severity and clinical outcomes univariate analy-
sis is presented in Table II. Cough, fatigue, chills, and muscle
aches were most frequently reported as moderate or severe
symptoms among those with ILIs (Supplemental Figure 2).
Lower respiratory, GI, systemic, and total severity scores
revealed no differences among the 3 influenza subtypes,
although there was a statistically significant difference
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TABLE I. Demographic and Risk Factor Characteristics of Study Participants With Influenza Infection, by Subtype

Variable Description A/H1N1 A/H3N2 B

Age 18–24 y 17 (25) 9 (13) 4 (21)
25–34 y 28 (41) 34 (49) 4 (21)
35+ y 24 (35) 26 (38) 11 (58)

Sex Male 40 (58) 41 (59) 14 (74)
Site MAMC 8 (12) 7 (10) 3 (16)

NMCP 11 (16) 11 (16) 4 (21)
NMCSD 28 (41) 30 (43) 11 (58)
SAMMC 20 (29) 18 (26) 1 (5)
WRNMMC 2 (3) 3 (4) 0 (0)

Race White 41 (59) 26 (38) 11 (58)
Black 11 (16) 14 (20) 2 (11)
Hispanic 12 (17) 21 (30) 5 (26)
Unknown/other 5 (7) 8 (12) 1 (5)

>High school education 39 (57) 43 (62) 9 (47)
Military status∗,+ Active duty 42 (61) 50 (72) 8 (42)

Dependent 17 (25) 16 (23) 5 (26)
Retired 10 (14) 3 (4) 6 (32)

Season∗ ,∧ 2009/10 8 (12) 0 (0) 0 (0)
2010/11 22 (32) 25 (36) 5 (26)
2011/12 7 (10) 9 (13) 3 (16)
2012/13 5 (7) 31 (45) 6 (32)
2013/14 27 (39) 4 (6) 5 (26)

Vaccinated in past 8 m 49 (71) 52 (75) 12 (63)
Vaccinated in past 8 m –
active military

40 (98) 45 (88) 7 (88)

∗P < 0.05 across all 3 types.∧
P < 0.05 for H1 vs. H3.

+P < 0.05 for A vs. B.
MAMC, Madigan Army Medical Center; NMCP, Naval Medical Center Portsmouth; NMCSD, Naval Medical Center San Diego; SAMMC, San Antonio
Military Medical Center; WRNMMC, Walter Reed National Military Medical Center.

between A/H1N1 and A/H3N2 for the upper respiratory
score (5.6 vs. 6.6, P = 0.037). Duration of both severe
and moderate to severe symptoms was similar among the
3 influenza subtypes with a median of 3 days for severe
symptoms and 6 days for moderate to severe symptoms. There
were no differences among the influenza subtypes with respect
to use of antipyretics, antivirals, antibiotics, or hospitalization.

Participants recorded data on symptom presence and sever-
ity daily over 9 days, starting from illness onset (Figure 2). For
all 3 subtypes, symptom scores peaked 1–3 days after onset
of illness, and decreased thereafter. There were no detectable
differences with respect to any of the composite symptom
severity scores by day and influenza subtype, controlling for
season, sex, and age. When considering the maximum symp-
tom scores reported during the influenza episode (Supplemen-
tal Table), women had significantly higher upper respiratory,
lower respiratory, GI, systemic, and total symptom scores
(P < 0.01). Influenza season appeared to impact influenza
severity, particularly regarding LRI and total symptom scores,
independent of other risk factors. In addition, individuals with
A(H1N1) and B had higher LRI scores than did individuals
with influenza A(H3N2) (A[H1N1]: 1.51, 95% confidence
interval [CI] 0.47, 2.55; B: 1.46, 95% CI 0.09, 2.83), control-
ling for age, sex, educational history, and influenza season.

These results remained similar when time since vaccination
was accounted for in the model and time since vaccination
was not statistically significantly related to any of the severity
scores; however, the estimated effect was positive for each of
the scores (Supplemental Table II).

DISCUSSION
As the cause of the most recent influenza pandemic in human
history, influenza A(H1N1)pdm09 virus ascended, receded,
and resurged between 2009 and 2014, contributing along with
influenza A(H3N2) and influenza B to the seasonal burden
of influenza in the United States and elsewhere. Although
initially characterized as a relatively mild, self-limiting illness
like that of seasonal influenza, continuous evaluation of com-
parative disease severity is necessary.

We found few differences in the epidemiologic, virologic,
and clinical characteristics of influenza A(H1N1)pdm09 as
compared to influenza A(H3N2) infection and influenza
B in our population of generally healthy adults. To our
knowledge, no other prospective, comparative study of
influenza A(H1N1)pdm09, influenza A(H3N2), and influenza
B infection beyond the immediate postpandemic period
(2010–2011) in a primarily healthy, outpatient U.S. population
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TABLE II. Mean (range) of the Maximum Symptom Severity Scores and N (%) With Certain Clinical Characteristics, Testing for
Differences by Influenza Subtype

A/H1N1 A/H3N2 B

N = 157 69 (44%) 69 (44%) 19 (12%)
Lower respiratory scorea 6.9 (1,12) 6.1 (2,12) 7.4 (4,11)
Upper respiratory scorea,∗ 5.6 (0,12) 6.6 (0,12) 6.3 (1,11)
Gastrointestinal scorea 4.8 (0,15) 4.8 (0,15) 5.6 (0,13)
Systemic scorea 8.7 (4,12) 9.0 (3,12) 9.8 (5,12)
Total severity scorea 25.9 (10,44) 26.6 (11,50) 29.1 (16,46)
Duration of limited activitya 5.0 (1,9) 4.7 (0,9) 5.1 (0,9)
Duration of severe symptomsa 3.9 (0,9) 3.2 (0,9) 3.7 (0,9)
Duration of moderate-severe
symptomsa

6.1 (1,9) 6.2 (2,9) 6.5 (2,9)

Antivirals takenb 22 (32%) 15 (22%) 4 (21%)
Antibiotics takenb 7 (10%) 10 (14%) 6 (32%)
Antipyretics takenb 36 (52%) 44 (64%) 12 (63%)
Hospitalizedb 8 (12%) 4 (6%) 3 (16%)

aANOVA (for three-way comparison A/H1N1 vs. A/H3N2 vs. B) and t-tests (H1N1 vs. A/H3N2, and A vs. B).
bChi-square and Fisher’s exact tests.
∗P-value < 0.05 comparing A/H1N1 and A/H3N2.

has been done. In the 2013 to 2014 influenza season,
influenza A(H1N1)pdm09 was again the predominant cause
of influenza in the United States,6 but published clinical
descriptions from that season are limited. A systematic
literature review that encompassed our studied time period
showed similar results of comparable clinical presentation
and disease severity regardless of influenza subtypes.14 The
review included a heterogeneous international collection of
studies comprised of subjects of all ages in various settings,
and incorporated studies predating the 2009 pandemic.
Additionally, per the authors’ report, few of the included
studies adjusted for potential confounders, including age
and vaccination status. Thus, our study focusing on a highly
vaccinated and generally healthy adult cohort adds to the
literature while having direct military relevance.

Most previous comparative studies were conducted imme-
diately following the pandemic (ie, 2010–2011).14–20 Several
suggested that influenza A(H1N1)pdm09 infections in the
postpandemic era were increasingly severe, and that older age
groups were affected,16, 17, 19, 20 whereas 1 study showed
no such differences.18 These studies were conducted in hos-
pitalized populations, and many included those with comor-
bidities,18–20 which may account for the observed differences.
A study of a population similar to ours, otherwise healthy
adults with ILI presenting to military treatment facilities in
San Antonio, Texas, between 2005 and 2011, showed no
significant difference in the severity of infection caused by
different influenza subtypes.35 By contrast, a study comparing
the clinical presentation of different influenza strains among
service members presenting with ILI to camp clinics per-
formed by the Singapore military from May 2009 to June
2010, did suggest differences.13 A variety of factors may
account for why an apparent difference in clinical presentation
by influenza strain was detected in the Singapore military

study but not in our study of U.S. military service mem-
bers and beneficiaries, including the different locales (tropical
vs. temperate), the timing (peripandemic vs. late postpan-
demic) and the collection of a prospective symptom diary. This
observed variation in clinical presentation supports the need
for continued epidemiologic surveillance and the importance
of ongoing investigation into the pathogenic properties and
evolution of different influenza strains.

The impact of routine influenza vaccination and the timing
of that vaccination on subsequent disease risk and severity
is still incompletely understood. It is well recognized that
current influenza vaccines are only moderately effective.36

The H1N1 antigen has consistently been a component of
monovalent and seasonal influenza vaccines since the pan-
demic. It is not currently known whether repeated vaccination
with the same antigen influences host immunity. This is of
concern for military personnel for whom annual vaccination
is mandatory and vaccination rates are >90%. We previously
reported that, among those with breakthrough disease (ie,
vaccine failures), vaccination was associated with a reduction
in influenza A(H3N2) disease severity.37 In this study, there
was no statistically significant difference in symptom severity
according to timing of vaccination when the analysis was
restricted to individuals who had received vaccination during
the influenza season of interest. Whether that is because of
a true lack of difference or reflects a power limitation is
unknown and merits further study.

Our study had numerous strengths. First, our prospective
evaluation was conducted over 5 successive seasons. There-
fore, we were able to minimize potential biases stemming
from increased health care seeking behavior, case detection,
or study participation during postpandemic periods. Second,
our data in a healthy, outpatient adult population complement
the data previously published on subtype analyses, which
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FIGURE 2. Influenza disease severity scores by day of influenza-like illness.

have predominantly been in hospitalized populations with
significant comorbidities. Third, the seasonal distributions
of influenza types/subtypes were reflective of nationwide
surveillance data. Lastly, enrollment was restricted to indi-
viduals 18 to 65 years, a militarily relevant group that has
been previously shown to be at higher risk for influenza
A(H1N1)pdm09 infection.

There are limitations. Only a few hospitalized patients
were enrolled. It is possible that severe illness and hospi-
talization for influenza A(H1N1)pdm09 does occur among
otherwise healthy individuals. However, the likelihood is low.

Because individuals with comorbidities were excluded, these
findings are not applicable to individuals at increased risk for
complications.

Influenza A(H1N1)pdm09 bears few, if any, epidemi-
ologic, virologic, and clinical differences from influenza
A(H3N2) and influenza B. These conclusions were drawn
through ongoing, active surveillance for influenza at multiple
military medical centers in the United States. Nevertheless,
continued surveillance for disease trends and novel influenza
variants remains warranted to help inform future prevention
policies.
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SUPPLEMENTARY MATERIAL
Supplementary Material is available at MILMED online.
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