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HE PANDEMIC 2009 INFLUENZA
A(HINL) virus caused wide-
spread transmission in the
United States and other coun-
tries. The Centers for Disease Control
and Prevention (CDC) estimates that
43 million to 89 million infections oc-
curred in the United States from April
2009 through April 10, 2010, with mid-
range estimates of 274 000 HIN1-
related hospitalizations and 12470
deaths (http://www.cdc.gov/hlnlflu
/estimates_2009_hlnl.htm). Chil-
dren, young adults, pregnant women,
and individuals with underlying chronic
medical conditions appear to have a
higher risk of hospital admission and
critical illness when infected with the
pandemic virus.' Serologic studies sug-
gest that most children and young
adults do not have preexisting cross-
reactive antibodies against 2009 HIN1
and that they are highly susceptible to
infection.”
It is difficult to compare the spec-
trum of illness and outcomes for 2009
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Context The clinical characteristics of pandemic 2009 influenza A(H1N1) infections
have not been compared directly with illnesses caused by other influenza A strains.

Objective To compare clinical features and outcomes for 2009 H1N1, seasonal H1N1,
and H3N2 influenza in a population-based cohort.

Design, Setting, and Participants Active surveillance with 30-day follow-up for
influenza cases among children and adults living in a 14—zip code area in Wisconsin. Pa-
tients with subjective fever, chills, or cough of fewer than 8 days' duration were screened
for eligibility during an outpatient or inpatient encounter. Consenting patients were in-
terviewed and tested for influenza A during the 2007-2008 and 2008-2009 influenza
seasons and from May to November 2009; 6874 patients (70%-86% of eligible pa-
tients) agreed to participate. Medical records were reviewed to assess outcomes.

Main Outcome Measures Hospital admission, radiographically confirmed pneu-
monia, and clinical characteristics of influenza A by strain.

Results We identified 5452009 H1N1, 221 seasonal H1N1, and 632 H3N2 infec-
tions. The median ages of infected participants were 10, 11, and 25 years, respectively
(P<.001). Hospital admission occurred within 30 days for 6 of 395 children with 2009
H1N1 (1.5%; 95% confidence interval [Cl], 0.6%-3.1%), 5 of 135 with seasonal H1N1
(3.7%; 95% Cl, 1.4%-8.0%), and 8 of 255 with H3N2 (3.1%; 95% Cl, 1.5%-5.9%).
Among adults, hospital admission occurred in 6 of 150 with 2009 H1N1 (4.0%; 95% ClI,
1.6%-8.1%), 2 of 86 with seasonal H1N1 (2.3%; 95% Cl, 0.3%-8.1%), and 17 of 377
with H3N2 (4.5%; 95% Cl, 2.7%-7.0%). Pneumonia occurred in 10 children with 2009
H1N1 (2.5%; 95% Cl, 1.3%-4.5%), 2 with seasonal H1N1 (1.5%; 95% Cl, 0.2%-
5.2%), and 5 with H3N2 (2.0%; 95% Cl, 0.7 %-4.3%). Among adults, pneumonia oc-
curred in 6 with 2009 H1N1 (4.0%:;95% Cl, 1.6%-8.1%), 2 with seasonal H1N1 (2.3 %;
95% Cl, 0.3%-8.1%), and 4 with H3N2 (1.1%; 95% Cl, 0.3%-2.7%).

Conclusions In this population, individuals with 2009 H1N1 infection were younger
than those with H3N2. The risk of most serious complications was not elevated in adults
or children with 2009 H1N1 compared with recent seasonal strains.
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HI1N1 and seasonal influenza A infec-
tions because most reports of 2009
HIN1 influenza have been based on
surveillance reports, particularly those
for hospital admissions and fatali-
ties.>®!! These reports have provided
valuable descriptive information, but
differing criteria for influenza testing by
season and the lack of uniform stan-
dards for data collection and report-
ing limit comparisons with other in-
fluenza viruses. The objective of this

study was to compare the characteris-
tics of pandemic and seasonal influ-
enza A infections occurring in a de-
fined population, identified using
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consistent enrollment and laboratory
methods.

METHODS
Source Population

The source population included ap-
proximately 50 000 persons living in 14
zip codes surrounding Marshfield, Wis-
consin. In this area, nearly all resi-
dents receive their inpatient and out-
patient care from Marshfield Clinic
facilities, which use an electronic medi-
cal record that captures 90% of outpa-
tient visits, 99% of deaths, and 95% of
hospital discharges for the popula-
tion.'*!* This population and the en-
rollment procedures described herein
have been used to estimate the effec-
tiveness of influenza vaccines for sev-
eral seasons.'*"> Major types of insur-
ance coverage for the population
include private commercial (54%),
Medicaid (10%), Medicare (10%), and
mixed public/private insurance (15%).

For each season, we restricted en-
rollments to community-dwelling in-
dividuals with at least 12 months of
continuous residency (or since birth if
<12 months old) to ensure availabil-
ity of relevant data in the electronic
medical record. The cohort of individu-
als who met residency criteria was iden-
tified at the beginning of each enroll-
ment period, and only those individuals
were eligible to be screened and en-
rolled during a clinical encounter. We
classified individuals as having a
chronic medical condition if they had
2 or more visits to the Marshfield Clinic
during the prior calendar year with an
International Classification of Diseases,
Ninth Revision, Clinical Modification di-
agnosis code for an underlying chronic
disease conferring elevated risk of in-
fluenza complications.'* Receipt of sea-
sonal influenza vaccine and 2009 HIN1
vaccine was determined by a real-
time, Internet-based immunization reg-
istry (http://www.recin.org) that cap-
tures 95% of all influenza vaccinations
in the study population.'®

Enrollment Criteria

Among persons in our source popula-
tion meeting residency criteria, those
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presenting for an outpatient or inpa-
tient health care visit with at least 1 of
the symptoms of subjective fever, chills,
or cough were screened and enrolled
by trained research coordinators. Phy-
sicians providing care had no role in
identifying or testing patients for in-
clusion in this study. Patients with ill-
ness duration of 8 days or longer were
excluded because of the potential for
false-negative influenza test results af-
ter prolonged illness.'"'8

Eligible patients were recruited at the
main Marshfield Clinic campus, the
Colby satellite outpatient facility, and
an acute care hospital contiguous with
Marshfield Clinic (St Joseph’s Hospi-
tal). This hospital provides nearly all in-
patient care for the source population.
Some patients were contacted at home
on the following day if they were not
approached during the clinical encoun-
ter. Those who consented were
screened for eligibility and tested for in-
fluenza infection. Each participant (or
parent) completed a short interview to
assess symptoms, self-reported sever-
ity, and onset date.

Laboratory Methods

A Dacron-tipped nasopharyngeal swab
(adults and children =13 years old) or
nasal swab (children 6 months to 12
years old) was obtained from all par-
ticipants. Nasal swabs were obtained
from children aged 12 years or younger
because they were more acceptable to
parents and children and because stud-
ies have suggested that nasal and na-
sopharyngeal samples have compa-
rable sensitivity for influenza detection
in children.'** During 4 seasons, we
found that the proportion of children
with a positive influenza real-time re-
verse transcriptase polymerase chain re-
action (rRT-PCR) result was the same
for participants aged 7 to 12 years (na-
sal swab) and those aged 13 to 19 years
(nasopharyngeal swab), suggesting that
using the nasal swab did not adversely
affect influenza detection in children.

Most swabs were obtained by re-
search coordinators, but an aliquot was
obtained from physician-collected
swabs when available to avoid collec-

tion of multiple swabs. Swabs were
placed in M4 viral transport media and
refrigerated or stored on ice until they
were delivered to the laboratory on the
same day. Samples were routinely tested
within 1 day after collection; samples
obtained on weekends were processed
on Mondays. Total nucleic extrac-
tions were performed using the Roche
MagNA Pure Total Nucleic Acid Kit
(Roche Diagnostics, Indianapolis, In-
diana) on 200 pL of clinical sample.
Real-time RT-PCR was performed on
nucleic acid extracts using the Roche
LightCycler 480 Real-Time PCR Sys-
tem. All TRT-PCR protocols and probe
and primer sequences were provided by
the CDC (protocols available from the
CDC onrequest).*' Real-time RT-PCR
subtyping was performed on all samples
with a positive influenza A result (cross-
ing threshold of <40 cycles) during
each season.

Study Periods

Patients were recruited for a 10-week
period beginning January 21, 2008, for
the 2007-2008 season and for a 12-
week period beginning January 19,
2009, for the 2008-2009 season. Re-
cruitment and testing was restarted on
May 4, 2009, for pandemic influenza
surveillance and continued until No-
vember 6, 2009 (27 weeks). Enroll-
ment was then suspended to complete
a previously scheduled software up-
date of the research application that is
used for screening, enrollment, and
sample tracking. During the pan-
demic enrollment period, the number
of recruitment days per week varied
from 2 to 5 based on influenza activity
as documented by rRT-PCR testing,
with fewer days of recruitment per week
when influenza activity was absent.
During the seasonal enrollment peri-
ods, patients were recruited and tested
6 days per week. Patients could be re-
enrolled with a new respiratory illness
after an exclusion period to allow time
for recovery from the first illness
episode.

We compared the number of influ-
enza A cases in study participants with
the weekly incidence of all medically
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attended influenza-like illness in the
source population. International Clas-
sification of Diseases, Ninth Revision,
Clinical Modification diagnosis codes
were used to estimate the incidence of
influenza-like illness. For adults, these
codes included 487 (influenza), 078.8
(other specified viral and chlamydial
diseases), 780.6 (fever), 079.9 (un-
specified viral and chlamydial infec-
tions), or 465.9 (acute upper respira-
tory tract infection). In multivariable
analyses of adult enrollments in 4 prior
seasons, each of these codes was sig-
nificantly associated with influenza de-
tection by rRT-PCR performed inde-
pendent of physician evaluation and
diagnostic coding. The following codes
were used to define a pediatric encoun-
ter for influenza-like illness: 487, 079.9,
078.8, 780.6, 490 (bronchitis), 462
(acute pharyngitis), or 786.2 (cough).

Illiness Characteristics
and Outcomes

Medical records were reviewed for each
participant with rRT-PCR—confirmed
influenza A to ascertain treatment, hos-
pital admission, and complications dur-
ing the 30-day period after illness on-
set. For this analysis, an episode of
influenza-related pneumonia re-
quired a physician diagnosis, antimi-
crobial treatment for pneumonia, and
an opacity or infiltrate on chest radio-
graph that was not known to be
chronic.?? Diagnoses without radio-
graphic confirmation were excluded to
limit misclassification due to lack of
standardized clinical criteria for pneu-
monia diagnosis. A physician (E.A.B.)
reviewed all cases of pneumonia and all
hospital admissions. A serious out-
come was defined as a pneumonia di-
agnosis or hospital admission within 30
days after onset.

A subjective severity score was cal-
culated for adults and children aged at
least 24 months based on self-
reported (or parent-reported) severity
of 12 symptoms: cough, subjective fe-
ver, chills, fatigue, nasal congestion,
wheezing, vomiting, headache, muscle
aches, sore throat, ear pain, and nau-
sea. Each symptom was scored on a

©2010 American Medical Association. All rights reserved.
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4-point scale (O=absent; 1=mild;
2=moderate; and 3=severe ). The se-
verity score was calculated by sum-
ming the points for the 12 individual
symptoms. Possible scores ranged from
1 (a single mild symptom) to 36 (all
symptoms severe). The score has not
been validated against objective mea-
sures of influenza severity, but a simi-
lar severity score (based on 7 symp-
toms) was significantly reduced by
oseltamivir treatment in a random-
ized clinical trial.'®

We estimated the minimum cumu-
lative incidence of medically attended
influenza A in the source population for
each strain and time period, as well as
the cumulative incidence of hospital ad-
mission. Separate incidence estimates
were generated for children and adults.
Incident cases included all partici-
pants with rRT-PCR—confirmed influ-
enza A during each enrollment period
(for medically attended influenza inci-
dence) and all hospital admissions
within 30 days after onset of influenza
A illness (hospital admission inci-
dence). The denominators included all
individuals in the 14—zip code area who
met the age and residency criteria.
These data underestimate the cumula-
tive incidence because some patients de-
clined to participate or were not ap-
proached by research staff during the
clinical encounter, particularly dur-
ing fall 2009, when the volume of pa-
tients with respiratory illness ex-
ceeded the capacity of research staff to
perform outpatient enrollments.

We compared the clinical and demo-
graphic characteristics of patients with
2009 HINTI infection with those with
seasonal HIN1 and H3N2 infection.
Cases of influenza B were identified dur-
ing the 2007-2008 season and the 2008-
2009 season, but there were no influ-
enza B infections during the pandemic
enrollment period. Influenza B cases
were not included in this analysis be-
cause our objective was to compare
2009 HIN1 with other influenza A
strains. Most subgroup comparisons
were preplanned, although there were
some post hoc comparisons such as that
of severity score across virus types

stratified into 2 different pediatric age
groups (5-17 years vs <5 years). Me-
dians and interquartile ranges (IQRs)
were calculated for continuous vari-
ables. Univariate comparisons were
made using the x? test for categorical
variables and the nonparametric Wil-
coxon rank sum test for continuous
variables. The significance level was set
at P<.05 based on a 2-sided test. Analy-
ses were performed using SAS soft-
ware, version 9.1 (SAS Institute Inc,
Cary, North Carolina); confidence in-
tervals (Cls) for proportions were cal-
culated using WINPEPL.»

The study procedures were re-
viewed and approved by the Marsh-
field Clinic Institutional Review Board.
All participants or parents provided oral
consent for influenza testing and re-
ceived written information on study
procedures. Documentation of writ-
ten consent was waived by the institu-
tional review board because the re-
search presented no more than minimal
risk and did not involve procedures for
which written consent is normally re-
quired outside of the research con-
text.

RESULTS

Eighty-six percent of eligible patients
enrolled during the 2009 pandemic en-
rollment period (May 4-November 6),
74% during the 2008-2009 influenza
season, and 70% during the 2007-
2008 season. We identified 2009 HIN1
influenza in 545 (24%) of 2280 en-
rolled patients (2136 unique individu-
als) with subjective fever, chills, or
cough from May 4 through November
6, 2009. Illness due to 2009 HIN1 was
clustered in October and early Novem-
ber. The temporal distribution of in-
fluenza A cases in study participants
was consistent with the weekly inci-
dence of medically attended influenza-
like illness in the source population
(FIGURE). By early December, influ-
enza activity had declined to normal
preseason levels. No seasonal HIN1 or
H3N2 infections were identified dur-
ing the pandemic enrollment period.
In the 2008-2009 season, we identi-
fied 221 seasonal influenza A HIN1 in-
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fections among 262.2 participants en-
rolled before the pandemic period.
During the 2007-2008 influenza sea-
son, we identified 632 cases of influ-
enza A H3N2 among 1972 partici-

pants. Real-time RT-PCR subtyping of
all positive samples demonstrated that
seasonal HIN1 was the only influenza
A subtype in study participants dur-
ing the 2008-2009 season and H3N2

]
Figure. Number of Study Participants With Positive rRT-PCR Results for Influenza A and
Incidence of Medically Attended Influenza-like lliness in the Source Population by Week
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was the only subtype in study partici-
pants during the 2007-2008 season.

Visits for pandemic 2009 HIN1 in-
fluenza occurred in a narrow time win-
dow relative to seasonal influenza A in-
fections: 98% of 2009 HIN1 cases were
enrolled in the 5-week period of high-
est incidence (ie, 2 weeks before and
after the week with the greatest num-
ber of rRT-PCR—-confirmed cases). In
contrast, 61% of seasonal HINI1 cases
and 63% of H3N2 cases were enrolled
during the 5-week period of highest in-
cidence.

The minimum cumulative inci-
dences of medically attended influ-
enza A were 34.9 cases per 1000 chil-
dren for 2009 HIN1, 12.0 for seasonal
HIN1, and 21.7 for H3N2. The risk ra-
tio for medically attended influenza A
in children vs adults was 8.7 (95% CI,
7.2-10.6) for 2009 HIN1, 5.2 (95% CI,
3.9-6.8) for seasonal HIN1, and 2.2
(95% CI, 1.9-2.6) for H3N2. The me-
dian ages were 10 years (IQR, 6-20
years), 11 years (IQR, 6-306 years), and
25 years (IQR, 9-45 years) for partici-
pants with 2009 HIN1, seasonal HIN1,
and H3N2 infection, respectively
(P<.001).

The distribution of symptoms was
similar for patients with 2009 HIN1 in-
fection compared with those infected
with seasonal HIN1 or H3N2 strains
(TABLE 1). Children and adolescents in-
fected with the 2009 HIN1 strain were
less likely to have sore throat com-
pared with those infected with sea-
sonal HIN1 (P=.03) or H3N2
(P<<.001) strains. Nausea and vomit-
ing occurred with similar frequency by
strain and time period. We did not rec-
ord diarrheal symptoms. Among par-
ticipants older than 24 months, the me-
dian symptom severity score was 14
(IQR, 10-19) for 2009 HINT, 16 (IQR,
13-20) for seasonal HIN1, and 17 (IQR,
13-20) for 2007-2008 H3N2 infec-
tions. The severity score was signifi-
cantly lower (ie, milder perceived ill-
ness) in children with 2009 HIN1
infection relative to those with H3N2
infection (P=.009). We found a signifi-
cant association between virus type and
severity score for children 5 to 17 years

©2010 American Medical Association. All rights reserved.



old but not for children younger than
5 years. Among children 5 to 17 years
old, the median symptom severity score
was 14 (IQR, 10-18) for 2009 HIN1 in-
fections and 15 (IQR, 13-18) for H3N2
infections (P<<.001). Among adults, the
symptom severity score was also sig-
nificantly lower for 2009 HINT1 infec-
tions (median, 16; IQR, 12-20) com-
pared with H3N2 infections (median,
18; IQR, 14-21; P=.04).

For each influenza A strain, antivi-
ral agents were prescribed more often
for adults than children. Both chil-
dren and adults infected with 2009
HI1NT1 viruses were significantly more
likely to receive antiviral therapy rela-
tive to those infected with 2008-2009

CLINICAL CHARACTERISTICS OF INFLUENZA A STRAINS

HI1NI1 viruses, a strain known to be re-
sistant to oseltamivir.** Antiviral use was
not significantly different for 2009
HI1N1 infections compared with H3N2
infections in children or adults.
Twelve patients with 2009 HIN1 in-
fections were hospitalized within 30
days after symptom onset. Influenza A
was a known or suspected contribut-
ing factor for all 12 admissions. The
most common pediatric discharge di-
agnosis was dehydration, present in 4
of 6 hospitalized children and adoles-
cents. Among adults, discharge diag-
noses included pneumonia (n=2), ex-
acerbation of chronic obstructive
pulmonary disease with hyponatre-
mia (n=1), and influenza (n=3). No

children or adults with 2009 HIN1
were admitted to the intensive care unit
and no deaths occurred.

The cumulative incidence of hospi-
tal admission within 30 days of onset
(per 1000 residents) was 0.25 (95% CI,
0.1-0.4) for 2009 HIN1, 0.15 (95% CI,
0.1-0.3) for seasonal HIN1, and 0.5
(95% ClI, 0.3-0.7) for H3N2. In chil-
dren, 2009 HINI infection was not as-
sociated with either hospital admis-
sion or pneumonia compared with
HIN1 or H3N2 (TABLE 2). Among
adults, pneumonia occurred in 4.0%
(95% CI, 1.6%-8.1%) of those with
2009 HINI1 infection and 1.1% (95%
CI, 0.3%-2.7%) of those with H3N2 in-
fection (P=.03). There were no signifi-

- ______________________________________________________________________________________________]
Table 1. Clinical and Demographic Characteristics of Participants With rRT-PCR-Confirmed Influenza A in a Central Wisconsin Population?

Children/Adolescents (6 mo-17 y) Adults
I2009 H1N1 Seasonal HIN1 H3N2 I I2009 H1N1 Seasonal HIN1 H3N2 I
Characteristics (n =395 (n=135) (n = 255) (n=150) (n = 86) (n=377)

Age,y

<5 93 (24) 39 (29) 95 (37)

5-17 302 (76) 96 (71) 160 (63)

18-49 113 (75) 74 (86) 255 (68)

50-64 32 (21) 11(13) 77 (20)

=65 5@3) 1(1) 45 (12)
Male 204 (52) 75 (56) 120 (47) 52 (35) 24 (28) 168 (45)°
Symptoms

Chills 280 (71) 97 (72) 183 (72) 125 (83) 77 (90) 337 (89)

Cough 386 (98) 131 (97) 246 (96) 149 (99) 83(97) 372 (99)

Fatigue 354 (90) 128 (95) 239 (94) 137 (91) 83(97) 348 (92)

Subjective fever 376 (95) 128 (95) 244 (96) 131(87) 75 (87) 336 (89)

Nasal congestion 336 (85) 124 (92)° 222 (87) 126 (84) 75 (87) 317 (84)

Vomiting 92 (23) 31(23) 69 (27) 27 (18) 13 (15) 51 (14)

Wheezing 140 (35) 37 (27) 8132 84 (56) 34 (40)° 198 (563)

Sore throat® 238 (64) 92 (75)P 179 (80)d 102 (68) 70 (81)P 276 (73)

Ear pain® 82 (22) 32 (26) 61 (27) 54 (36) 38 (44) 133 (35)

Headache® 261 (71) 88 (72) 146 (65) 129 (86) 75 (87) 314 (83)

Myalgia® 183 (49) 59 (48) 111 (50) 128 (85) 69 (80) 324 (86)

Nausea® 150 (41) 47 (38) 95 (42) 55 (37) 39 (45) 143 (398)
Symptom severity score, median (IQR)® 14 (10-18) 15 (11-19) 15 (12-18)f 16 (12-20) 17 (14-21) 18 (14-21)b
Interval from symptom onset to swab, 2(1-4) 2(1-4) 2(1-4) 2 (2-4) 3(2-4) 2.5 (2-4)

median (IQR), d
Any chronic medical condition 45 (11) 11 (8) 16 (6)° 33(22) 10 (12)P 71(19)
Received antiviral therapy 79 (20) 15 (11)P 42 (16) 63 (42) 14 (16)d 147 (39)
Interval from symptom onset to antiviral 1(1-2) 1(1-1) 1(1-2) 2(1-3) 2(1-3) 2 (1-3)P

therapy, median (IQR), d

Abbreviations: IQR, interquartile range; rRT-PCR, real-time reverse transcriptase polymerase chain reaction.

@Data are expressed as No. (%) of participants unless otherwise indicated.

bp< .05 vs 2009 HINT.

CSore throat, ear pain, headache, myalgia, and nausea were not assessed in children younger than 24 months, and these participants were excluded from the denominator.

dp<.001 vs 2009 HINT.

©Each of 12 symptoms was rated by the participant or parent as absent (0), mild (1), moderate (2), or severe (3). The severity score was calculated as the sum of the scores for individual
symptoms. Possible scores ranged from 1 (1 mild symptom) to 36 (all symptoms severe). Children younger than 24 months were excluded because of difficulty assessing symptom
severity.

fP<.01 vs 2009 HINT.
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|
Table 2. Complications Within 30 Days of lllness Onset for Children and Adults With Different Strains of Influenza A

No. (%) [95% Confidence Interval]

Children/Adolescents (6 mo-17 y) Adults
2009 H1N1 Seasonal HIN1 H3N2 2009 H1N1 Seasonal H1N1 H3N2 I
Complications (n = 395) (n=135) (n = 255) (n =150) (n =86) (n =377)
Acute otitis media diagnosis 43 (10.9) [8.1-14.3] 17 (12.6)[7.8-19.0] 56 (22.0) [17.2-27.4]2 10(6.7)[8.4-11.6] 2(2.3)[0.3-8.1]  5(1.3)[0.5-2.9]2
Acute sinusitis diagnosis 20 (5.1) [3.2-7.6] 8(5.9)[2.8-10.9] 9(3.5[1.7-6.4] 16 (10.7) [6.4-16.4] 8(9.3)[4.4-16.9] 32 (8.5)[6.0-11.6]
Pneumonia® 10 (2.5) [1.3-4.5] 2(1.5)[0.2-5.2] 5(2.0)[0.7-4.3] 6(4.0)[1.6-8.1] 2(2.3[0.3-8.1] 4 (1.1)[0.3-2.7]°
Hospital admission for any reason 6 (1.5) [0.6-3.1] 5(3.7)[1.4-8.0] 8(3.1) [1.5-5.9] 6(4.0[1.6-8.1] 2(2.3)[0.3-81] 17 (4.5)[2.7-7.0]
Hospital admission with 6 (1.5)[0.6-3.1] 5(3.7)[1.4-8.0] 6 (2.4)[1.0-4.8] 6(4.0)[1.6-81] 2(2.3)[0.3-8.1] 16(4.2) [2.5-6.7]
respiratory signs/symptoms

Intensive care unit admission 0(0.0) [0.0-0.9] 1(0.7)[0.0-4.1] 2(0.8)[0.1-2.8] 0(0.0)[0.0-2.4] 0(0.0)[0.0-4.2] 0(0.0)[0.0-1.0]
Serious outcome (pneumonia 14 (3.5) [2.0-5.7] 7(6.2)[2.3-10.0] 11(4.3)[2.3-7.4] 10(6.7)[3.4-11.6] 4 (4.7)[1.3-11.5] 18 (4.8)[2.9-7.3]

or hospital admission)

8P <001 vs 2009 HINT.

b Episodes of pneumonia required a physician diagnosis, antimicrobial treatment, and new opacity or infiltrate on chest radiograph.

CP<.05vs 2009 H1N1.

cant differences by strain in the pro-
portion of children or adults with any
serious outcome (pneumonia or hos-
pital admission) during the 30 days af-
ter onset. Among adults with any seri-
ous outcome, the median age was 31.9
years (IQR, 24.8-37.6 years) for 2009
HINI, 30.5 years (IQR, 29.5-43.7
years) for seasonal HIN1, and 63.0
years (IQR, 28.1-71.2 years) for H3N2
(P=.02 for 2009 HIN1 vs H3N2). The
median ages of children with any seri-
ous outcomes were 5.8 years (IQR, 4.1-
8.1 years), 4.9 years (IQR, 2.5-6.4
years), and 8.3 years (IQR, 3.1-12.5
years), respectively.

We compared the characteristics of
patients with 2009 HIN1 infections and
those with noninfluenza respiratory ill-
ness (negative rRT-PCR result) dur-
ing the pandemic enrollment period
(TABLE 3). The median age was 10.4
years (IQR, 5.8-20.2 years) for those
with 2009 HIN1 infection and 18.1
years (IQR, 5.7-42.2 years) for those
with noninfluenza respiratory illness
(P<.001). Among children younger
than 18 years, those infected with 2009
HIN1 were significantly older than
those with a noninfluenza respiratory
illness. Children with 2009 HIN1 in-
fections were also more likely to have
had a prior diagnosis of asthma com-
pared with those testing negative for in-
fluenza. For both children and adults,
symptom severity scores were signifi-
cantly higher among those infected with

1096 JAMA, September 8, 2010—Vol 304, No. 10 (Reprinted)

Downloaded From: https://jamanetwor k.com/ on 03/07/2022

the 2009 HINI1 strain relative to those
with noninfluenza respiratory illness.

Thirty-one children (23%) with sea-
sonal HINI1 infection and 61 (24%)
with H3N2 infection were fully immu-
nized with seasonal influenza vaccine
at the time of enrollment (vaccine re-
ceived at least 14 days before enroll-
ment). Among adults, 25 (29%) with
seasonal HIN1 and 117 (31%) with
H3N2 infection had received seasonal
influenza vaccine at least 14 days be-
fore enrollment. Distribution of mono-
valent HIN1 vaccine began as the 2009
HIN1 outbreak was reaching its peak
in our population; no participants in-
fected with the 2009 HINT1 strain and
only 4 with a negative rRT-PCR result
had received monovalent vaccine 14 or
more days before enrollment.

COMMENT

We were able to directly compare the
epidemiologic and clinical character-
istics of 2009 HIN1 and seasonal in-
fluenza A infections in the same popu-
lation using identical enrollment,
laboratory diagnostic, and follow-up
methods. We found that participants
with the 2009 HINI strain were simi-
lar in age to those with seasonal HIN1
infection, but participants with H3N2
infection were significantly older. This
age differential between HIN1 and
H3N2 is consistent with sentinel sur-
veillance reports from Australia, al-
though the patients with 2009 HIN1

infection in Australia were older (me-
dian, 18-22 years) than those identi-
fied in this study (median, 10 years).?
The minimum cumulative incidence of
medically attended influenza in the
population was higher in children than
adults for every influenza A strain, and
the relative increase in children was
highest for the 2009 HINT1 strain.
Our results suggest that the clinical
manifestations and risk of hospital ad-
mission are similar for 2009 HIN1 and
other seasonal influenza A strains
among those presenting for medical
care and documented to have influ-
enza infection. Our finding that adults
with 2009 HINI infection had an in-
creased risk of radiographically con-
firmed pneumonia compared with those
with H3N2 infection requires confir-
mation in a different population. Other
published studies have reported a
higher-than-expected incidence of hos-
pitalization and death associated with
2009 HIN1 infection, particularly in
children.*'%% This finding may be due
to the greatly elevated incidence of 2009
HINI influenza in a highly suscep-
tible population of children and young
adults rather than increased virulence
of 2009 HIN1 relative to seasonal in-
fluenza A viruses. The increased use of
highly sensitive rRT-PCR testing for in-
fluenza in hospitalized patients dur-
ing the pandemic period was another
factor that may have contributed to im-
proved case detection in severely ill pa-
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tients during 2009 relative to prior sea-
sons.

In this study, comparisons of sever-
ity by influenza A strain could have
been influenced by antiviral therapy,
vaccination, and differences in health
care—seeking behavior. Antiviral treat-
ment was used more often for patients
infected with 2009 HIN1 compared
with seasonal HIN1, and this would be
expected to reduce serious outcomes.
However, antiviral therapy is unlikely
to explain any differences between 2009
HI1N1 and H3N2 outcomes, since the
proportion of infected participants re-
ceiving antiviral therapy was similar. In-
fluenza vaccination may have also re-
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duced the occurrence of serious
outcomes in vaccinated patients with
seasonal HIN1 or H3N2 strains but not
those with 2009 H1N1 infections, since
monovalent HIN1 vaccine was first
available in our population when HIN1
infections were peaking in mid Octo-
ber. Finally, publicity surrounding the
HI1N1 pandemic may have caused more
mildly ill individuals to seek health care
compared with a normal influenza sea-
son. If this occurred, a smaller propor-
tion of pandemic cases would be ex-
pected to be hospitalized or diagnosed
as having pneumonia compared with
seasonal cases. However, even if pre-
sent, this effect is likely to be modest

because we did not observe significant
differences in symptom severity score
or mean interval from symptom onset
to swab in children or adults with 2009
HINTI relative to 2008-2009 seasonal
HINTI infection.

Our study had several strengths, in-
cluding prospective inpatient and out-
patient enrollment from a defined popu-
lation presenting for medical care, use
of standardized screening criteria for
rRT-PCR testing, collection of detailed
data regarding clinical manifestations of
illness, and medical record review to as-
certain influenza-related pneumonia and
hospitalizations. This study also has sev-
eral limitations, including the aforemen-

L]
Table 3. Prevalence of Demographic and Clinical Characteristics at Enroliment in Participants With 2009 H1N1 Infection and Noninfluenza
Respiratory lliness During the Pandemic Period (May 4-November 6, 2009)

Children/Adolescents (6 mo-17 y)

Adults

Noninfluenza

Noninfluenza

2009 HIN1 Respiratory liness  Prevalence P 2009 H1N1 Respiratory lliness  Prevalence P
Characteristics (n=395)2 (n=866)2 Ratio (95% CI) Value (n=150)2 (n=869)2 Ratio (95% CI) Value
Age,y
Mean (SD) 8.4 (4.2) (5.0) <.001 37.8(14.4) 44.2 (17.2) <.001
Median (IQR) 7.6(6.2-11.3) 5.7 (2.2-10.6) <.001 36.0(25.2-48.9) 42.2(29.9-55.9) <.001
Male 204 (52) 432 (50) 1.04 (0.92-1.16) 52 (35) 299 (34) 1.01(0.79-1.28) .95
Any high-risk medical condition 45 (11) 2(8) 1.37 (0.96-1.95) .08 33(22) 198 (23) 0.97 (0.70-1.34) .83
History of asthma 69 (17) 106 (12) 1.43(1.08-1.88) .01 5(10) 92 (11) 0.95(0.56-1.58) .83
Symptoms
Chills 280 (71) 405 (47) 1.52 (1.38-1.67) <.001 125(83) 612 (70) 1.18(1.09-1.29) .001
Cough 386 (99) 726 (84) 1.17 (1.13-1.21) <.001 149 (99) 757 (87) 1.14 (1.11-1.17) <.001
Fatigue 354 (90) 650 (75) 1.19(1.13-1.26) <.001 137 (91) 770 (89) 1.03(0.98-1.09) .32
Subjective fever 376 (95) 673 (78) 1.23(1.17-1.28) <.001 131 (87) 617 (71) 1.23 (1.14-1.32) <.001
Nasal congestion 336 (85) 657 (76) 1.12 (1.06-1.19) <.001 126 (84) 645 (74) 1.13(1.04-1.23) .01
Vomiting 92 (29) 183 (21) 1.10(0.88-1.37) .39 27 (18) 129 (15) 1.21(0.83-1.77) .32
Wheezing 140 (35) 243 (28) 1.26 (1.07-1.50) .008 84 (56) 374 (43) 1.30(1.11-1.53) .003
Ear pain® 82 (22) 202 (31) 0.71(0.57-0.89) .002 54 (36) 345 (40) 0.91(0.72-1.14) .39
HeadacheP 261 (71) 350 (54) 1.32 (1.20-1.46) <.001 129 (86) 640 (74) 1.17 (1.08-1.26) .001
MyalgiaP® 183 (49) 233 (36) 1.39 (1.20-1.61) <.001 128 (85) 628 (72) 1.18(1.09-1.28) .001
NauseaP 150 (41) 232 (36) 1.14(0.97-1.34) .12 55 (37) 342 (39) 0.93(0.74-1.17) .53
Sore throat® 238 (64) 465 (72) 0.90(0.83-0.99) .02 102 (68) 653 (75) 0.91(0.81-1.02) .07
Symptom severity score, 14 (10-18) 11 (7-15) <.001 16 (12-20) 14 (10-18) .001
median (IQR)©
Interval from symptom onset 2 (1-4) 2 (1-4) A7 2 (2-4) 3(2-5) .002
to swab, median (IQR), d
Received 2008-2009 seasonal 190 (48) 405 (47) 1.03(0.91-1.17) .66 66 (44) 372 (43) 1.08(0.84-1.25) .79
influenza vaccined
Smoking status®
Current 35 (24) 210 (24) 0.99 (0.73-1.35)
Former 28 (19) 242 (28) 0.69 (0.49-0.98) .15
Never smoked 82 (57) 411 (48) 1.19(1.01-1.39)

Abbreviations: Cl, confidence interval; IQR, interquartile range.

aData are expressed as No. (%) of participants unless otherwise indicated.

Ear pain, headache, myalgia, nausea, and sore throat were not assessed in children younger than 24 months.
CCh\ldren younger than 24 months were not included in the severity score.

Only 4 participants received monovalent H1N1 vaccine at least 14 days before enrollment, and all had a negative real-time reverse transcriptase polymerase chain reaction test resullt.
€Smoking status was not assessed in children and adolescents younger than 18 years; 1 adult participant declined to answer this question.
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tioned differences in antiviral use and
vaccination. The cumulative incidence
proportions underestimate the actual in-
cidence of medically attended influ-
enza in the population, particularly dur-
ing October 2009, when patient volume
exceeded the capacity of research staff
to enroll outpatients. Although the
source population was approximately
50000, analyses of serious outcomes
(pneumonia or hospital admission) had
limited power because of the low num-
ber of events. We cannot conclude that
there was no difference; however, if the
clinical symptoms and severity were
truly different, the actual magnitude of
difference would be small and likely not
of clinical relevance. We were also un-
able to compare outcomes and severity
for high-risk individuals, including preg-
nant women. We did not enroll chil-
dren younger than 6 months because
data from the 2007-2008 and 2008-
2009 seasons were originally obtained
for a study to assess vaccine effective-
ness and children younger than 6
months are not eligible for influenza vac-
cination. One study showed that chil-
dren in this age group had a high rate
of hospital admission for 2009 HIN1 in-
fection.!® Finally, our source popula-
tion was predominantly white and non-
Hispanic, and we could not examine
racial and ethnic subgroups across in-
fluenza subtypes. Other studies have
suggested that certain racial or ethnic
groups experienced higher rates of hos-
pital admission or other complications
because of 2009 HIN1 infection.*?’
In summary, we found that children
were disproportionately affected by 2009
HINTI infection, but the perceived se-
verity of symptoms and risk of serious
outcomes (pneumonia or hospital ad-
mission) were not increased in chil-
dren with 2009 HIN1 infection relative
to seasonal influenza A viruses. This
study demonstrates the benefit of ongo-
ing active influenza surveillance in a de-
fined cohort with standardized testing
criteria and uniform collection of clini-
cal and epidemiologic data. The use of
consistent enrollment and testing pro-
cedures offers the opportunity to di-
rectly compare illness patterns and out-
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comes over multiple seasons, and these
results complement information ob-
tained through traditional public health
surveillance systems.
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