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Background. Persons with influenza can develop complications that result in hospitalization and death. These
are most commonly respiratory related, but cardiovascular or neurologic complications or exacerbations of under-
lying chronic medical conditions may also occur. Patterns of complications observed during pandemics may differ
from typical influenza seasons, and characterizing variations in influenza-related complications can provide a better
understanding of the impact of pandemics and guide appropriate clinical management and planning for the future.

Methods. Using a population-based surveillance system, we compared clinical complications using Internation-
al Classification of Diseases, Ninth Revision (ICD-9) discharge diagnosis codes in adults hospitalized with seasonal
influenza (n = 5270) or 2009 pandemic influenza A(H1N1) (H1N1pdm09; n = 4962).

Results. Adults hospitalized with H1N1pdm09 were younger (median age, 47 years) than those with seasonal
influenza (median age, 68 years; P < .01), and differed in the frequency of certain underlying medical conditions.
Whereas there was similar risk for many influenza-associated complications, after controlling for age and type of
underlying medical condition, adults hospitalized with H1N1pdm09 were more likely to have lower respiratory
tract complications, shock/sepsis, and organ failure than those with seasonal influenza. They were also more likely
to be admitted to the intensive care unit, require mechanical ventilation, or die. Young adults, in particular, had 2–4
times the risk of severe outcomes from H1N1pdm09 than persons of the same ages with seasonal influenza.

Conclusions. Although H1N1pdm09 was thought of as a relatively mild pandemic, these data highlight the im-
pact of the 2009 pandemic on the risk of severe influenza, especially among younger adults, and the impact this virus
may continue to have.
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Influenza causes considerable morbidity during each
annual influenza season. Although influenza is most
often a self-limited respiratory illness, severe illness

including hospitalization and death can occur as a result

of complications stemming from the influenza virus in-

fection. In the United States, an estimated 100 000–

300 000 hospitalizations [1] and 3300–48 000 deaths

[2] are attributable to influenza each year. Since the

1960s, several factors have been recognized to increase

the risk for complications of influenza, including ex-

tremes of age, certain underlying chronic diseases,

and pregnancy [3, 4].
The most common influenza-associated complica-

tions are pulmonary, especially pneumonia, but a
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number of organ systems can be affected [5]. Cardiovascular
complications, such as myocardial infarction, have been asso-
ciated with antecedent respiratory infection, including influ-
enza [6]. Neurologic complications including seizures and
encephalopathy have also been documented among persons
with influenza [7],more often observed in children [8].Compli-
cations may also result from the exacerbation of underlying
chronic medical conditions following infection, such as asthma,
chronic obstructive pulmonary disease (COPD), or heart dis-
ease [9, 10].

In April 2009, the influenza A(H1N1)pdm09 virus
(H1N1pdm09) caused the first influenza pandemic in >40
years [11]. Patterns of complications among persons with influ-
enza may differ between influenza pandemics and annual sea-
sons due to either differences in age groups most affected or
virulence of circulating strains. An appreciation of particular
patterns of complications and how they may differ during an
influenza pandemic can help in understanding the clinical im-
pact of the 2009 pandemic, guide clinicians toward the most ef-
fective diagnosis and management of patients with influenza,
and assist in future resource planning.

Several studies have described patients hospitalized with
H1N1pdm09, including those with influenza-related complica-
tions, in case series or at single-hospital sites or geographic areas
[8, 12–17]. However, there has been limited evaluation of influ-
enza-related complications in a large multicenter population of
adults hospitalized with influenza during multiple influenza
seasons, with the ability to directly compare complications
from seasonal and pandemic influenza and with a large enough
sample size to assess more rare complications. In this analysis,
we describe data on >9000 adult patients during 2005–2010
from the Emerging Infections Program (EIP) Influenza Surveil-
lance Network, a population-based surveillance system in the
United States for patients hospitalized with laboratory-
confirmed influenza. The purpose of this analysis was to de-
scribe and compare influenza-associated complications among
adults hospitalized with H1N1pdm09 and seasonal influenza.
Complications among children in this network have been pre-
viously described [18].

METHODS

Study Population and Case Definitions
Since 2005, the EIP influenza surveillance network has conduct-
ed population-based surveillance of adults hospitalized with
laboratory-confirmed influenza virus infection, using a stan-
dardized surveillance protocol in 240 hospitals of 10 geograph-
ically diverse surveillance areas across the United States.
Included in this analysis are adult patients hospitalized with
laboratory-confirmed influenza identified in EIP during
2005–2010.

An adult is included in EIP influenza surveillance if he/she is
≥18 years of age, resides in the surveillance area, and is hospi-
talized with laboratory confirmation of influenza virus infec-
tion. Laboratory testing for influenza is ordered at the
discretion of clinicians providing medical care, and confirma-
tion may include a positive result from viral culture, direct or
indirect fluorescent antibody staining, rapid antigen test, reverse
transcription polymerase chain reaction (PCR), or documenta-
tion of a positive test result in a patient’s medical record.
Patients are identified through hospital laboratory and admis-
sion databases, infection control logs, and hospital discharge
data for patients with a documented positive influenza test.
Through medical record review, data are collected for each pa-
tient regarding demographic characteristics, medical history,
clinical course, and outcomes (eg, admission to intensive care
unit, mechanical ventilation, or death), as well as the first 9 dis-
charge codes using the International Classification of Diseases,
Ninth Revision (ICD-9).

Patients identified through surveillance were classified as hav-
ing seasonal influenza (hospitalized 1 October 2005–14 April
2009) or H1N1pdm09 (hospitalized 15 April 2009–30 April
2010). Patients hospitalized during the pandemic period but
known to be infected with influenza B viruses or seasonal influ-
enza A subtypes were excluded.

Complications were classified based on ICD-9 discharge
codes and included from the following categories: pulmonary,
cardiovascular, neurologic, metabolic, musculoskeletal, cere-
brovascular, and endocrine. A complete list of included
complications and associated ICD-9 codes are included in Sup-
plementary Table 1.

Data Analysis
Clinical characteristics of patients and frequencies of complica-
tions were compared using χ2 tests for categorical variables, and
medians and distributions of continuous variables were com-
pared using the Wilcoxon-Mann-Whitney test. To control for
the contribution of age and underlying medical condition to
the risk of complications, we calculated adjusted relative risks
of complications in patients with H1N1pdm09 compared
with patients with seasonal influenza using multivariable log-
binomial regression. All analyses were performed using SAS
software version 9.2 (Cary, North Carolina).

RESULTS

A total of 5959 adult patients with influenza were identified
through EIP surveillance during the seasonal influenza periods
from 1 October 2005 through 14 April 2009, and 5446 adult pa-
tients were identified during the pandemic period 15 April
2009–30 April 2010. Among adults identified during the pan-
demic period, 66 (1.2%) were excluded because they were
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infected with influenza B viruses (n = 52) or seasonal influenza
A virus subtypes (n = 14 for H3N2). Unknown subtypes were
assumed to be the predominant H1N1pdm09. In addition, a
total of 689 (11.6%) patients with seasonal and 418 (7.8%) pa-
tients with pandemic influenza were excluded from the analysis
because they were missing ICD-9 code data. Patients without
ICD-9 data did not differ in risk of intensive care unit (ICU)
admission, mechanical ventilation, or death. The data collection
instrument captures the first 9 ICD-9 codes; among included
patients, 5388 (52.7%) had all 9 ICD-9 code fields completed.

Adults hospitalized with H1N1pdm09 were younger (median
age, 47 years) than those with seasonal influenza (median age,
68 years) (P < .01; Table 1). Figure 1 shows the substantial dif-
ferences in the age distribution of patients during the seasonal
and pandemic periods. During the seasonal influenza period,
the largest proportional age group of patients was ≥80 years
of age (29%), whereas this age group represented the smallest
fraction of patients with pandemic influenza (4%), and only

21% of patients hospitalized with H1N1pdm09 were ≥60
years of age. Fewer than half of patients had documented influ-
enza vaccination in either group, although significantly more
during prepandemic seasons (46%) than during the pandemic
season (23%; P < .001), when vaccine was not available until
after the peak of the fall wave. Antiviral treatment was higher
during the pandemic, with 83% of patients receiving antiviral
medications compared with 54% during prepandemic seasons
(P < .001).

Patients hospitalized during the pandemic were only slightly
less likely to have a documented underlying medical condition
than during the seasonal influenza period (80% vs 84%;
P < .01); however, the types of medical conditions reported var-
ied between the 2 groups (Table 1). Patients hospitalized with
H1N1pdm09 were more likely than patients with seasonal influ-
enza to have asthma or be pregnant; they were substantially less
likely to have COPD or other chronic lung diseases, chronic car-
diovascular disease, or chronic metabolic diseases (Table 1).

Table 1. Characteristics of Adults Hospitalized With Laboratory-Confirmed Seasonal or Pandemic Influenza

Characteristic

Seasonal 2005–2009
(n = 5270)

Pandemic 2009–2010
(n = 4962)

P ValueNo. % No. %

Demographics

Age, y, median (IQR) 68 (48–82) 47 (31–58) <.01
Male sex 2282 43.3 2061 41.4 .05

Underlying medical conditions

None 839 15.9 1005 20.3 <.01
Chronic pulmonary disease 1987 37.7 2110 42.5 <.01

Asthma 902 17.1 1493 30.1 <.01

COPD 1096 20.8 717 14.4 <.01
Other chronic lung disease 220 4.2 159 3.2 <.01

Chronic cardiovascular disease 2210 41.9 999 20.1 <.01

Chronic metabolic disease 2156 40.9 1584 31.9 <.01
Diabetes 1408 26.7 1139 23.0 <.01

Renal disease 786 14.9 498 10.0 <.01

Neurologic 781 14.8 466 9.4 <.01
Neuromuscular disease 278 5.3 217 4.4 .03

Seizure disorder 194 3.7 190 3.8 .75

Cognitive dysfunction 450 8.5 204 4.1 <.01
Cancer/immunosuppressive 751 14.3 739 14.9 .30

Cancer 262 5.0 197 4.0 .02

Immunosuppressive condition 599 11.4 645 13.0 .01
Pregnant 165 3.1 430 8.7 <.01

Outcome

Length of stay, d, median (IQR) 4 (2–6) 3 (2–6) .38
Intensive care admission 808 15.3 1165 23.4 <.001

Mechanical ventilation 471 8.9 643 12.9 <.001

Death 191 3.6 198 4.0 .35

Abbreviations: COPD, chronic obstructive pulmonary disease; IQR, interquartile range.
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A greater percentage of adults hospitalized with H1N1pdm09
were admitted to the ICU (23%) or required mechanical venti-
lation (13%) than adults hospitalized with seasonal influenza
(15% ICU, P < .001; 9% mechanical ventilation, P < .001). Mor-
tality was similar in both groups (4%) (Table 1).

We examined several complications affecting a number of
organ systems (Table 2). Among seasonal patients, 64% had
at least 1 of the included complications recorded, compared
with 71% of patients with H1N1pdm09 (P < .01). Overall, pa-
tients with 1 of the included complications had 5.5% risk of
mortality compared with 0.3% mortality in patients without
any of the included complications (P < .001; relative risk = 15.4
after controlling for age and underlying condition). Whereas
pulmonary complications were the most commonly recorded
during both periods (Table 2), there was a significant difference
between the 2 periods, with 55% of seasonal influenza patients
having at least 1 recorded pulmonary complication, compared
with 64% of patients with H1N1pdm09 (P < .001). Of pulmo-
nary complications, pneumonia was the most commonly re-
corded (seasonal: 35%, pandemic: 43%, P < .01). Other
common complications included renal failure (12% among
both seasonal and pandemic patients, P = .99), cardiovascular
complications (seasonal, 6%; pandemic, 5%; P = .02), and
shock/sepsis (seasonal, 6%; pandemic, 10%; P < .01). Neurolog-
ic, musculoskeletal, cerebrovascular, and endocrine complica-
tions were also noted, but less frequently (<5% of seasonal or
pandemic patients).

Although the frequency of many complications differed be-
tween the seasonal and pandemic period, for some the associa-
tions were no longer significant after we controlled for patients’
ages and underlying medical condition(s), indicating that the
risk of those complications did not differ during the pan-
demic for persons of similar age and medical history. These

complications included exacerbations of asthma and COPD,
most cardiovascular and neurologic complications, and muscu-
loskeletal, cerebrovascular, and endocrine complications
(Table 3).

There were several complications, however, that were signifi-
cantly more likely to occur among adults hospitalized with
H1N1pdm09 than adults with seasonal influenza, even after
controlling for age and underlying medical conditions (Table 3).
These were most commonly respiratory complications such as
pneumonia (adjusted relative risk [aRR] = 1.3) and respiratory
failure (aRR = 1.8), as well as nonrespiratory complications
such as renal failure (aRR = 1.3) and shock/sepsis (aRR = 1.7).
Some other, less frequent complications were also more likely
among patients hospitalized with H1N1pdm09 including
acute respiratory distress syndrome (aRR = 3.0), acute heart fail-
ure (aRR = 3.4), hemoptysis (aRR = 1.8), and encephalopathy
(aRR = 1.5). We further found that adults hospitalized with
H1N1pdm09 were approximately 1.5 times more likely to expe-
rience clinical outcomes such as ICU admission, mechanical
ventilation, or death than those hospitalized with seasonal influ-
enza, after controlling for age and underlying conditions.

To examine whether these associations were modified by age,
we repeated the analysis in 3 age strata: 18–39 years, 40–64
years, and ≥65 years (Figure 2). Young adults <40 years of
age hospitalized with H1N1pdm09 were particularly affected,
with approximately 2.5 times the risk of respiratory failure,
twice the risk of ICU admission or mechanical ventilation,
and 4 times the risk of death compared with adults <40 years
hospitalized with seasonal influenza.

DISCUSSION

Although the 2009 influenza pandemic is considered to have
been a relatively mild pandemic, especially when compared
with the previous 3 documented influenza pandemics, many se-
rious complications did occur. We found that compared with
adults hospitalized during 4 previous influenza seasons, those
hospitalized with pandemic influenza were younger and more
likely to have lower respiratory tract complications (including
pneumonia) and corresponding indicators of severe illness (in-
cluding shock/sepsis and acute organ failure), even after con-
trolling for differences in age and comorbidities. Furthermore,
adults hospitalized with influenza during the pandemic were
also more likely to be admitted to the ICU, require mechanical
ventilation, or die during hospitalization.

These findings are consistent with observations from previ-
ous influenza pandemics, which have noted an increased risk
of lower respiratory tract complications, including viral pneu-
monia with or without bacterial coinfection [19, 20]. Likewise,
the findings from this large case series are similar to a few small-
er recent studies that were able to directly compare adults with

Figure 1. Age distribution of adults hospitalized with seasonal or pan-
demic influenza, 2005–2010, United States.
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Table 2. Frequency of Complications Among Persons Hospitalized With Laboratory-Confirmed Seasonal or Pandemic Influenza, as
Categorized by ICD-9 Code

Complication

Seasonal (n = 5270) Pandemic (n = 4962)

P ValueNo. % No. %

Any 3393 64.4 3529 71.1 <.001
Pulmonary, any 2893 54.9 3190 64.3 <.001

Pneumonia 1868 35.4 2122 42.8 <.001

COPD exacerbation 608 11.5 406 8.2 <.001
Respiratory failure/arrest 583 11.1 878 17.7 <.001

Asthma exacerbation 540 10.2 808 16.3 <.001

Pulmonary collapse 142 2.7 117 2.4 .28
Pleural effusion/empyema 138 2.6 121 2.4 .56

Hemoptysis 36 0.7 75 1.5 <.001

Acute respiratory distress syndrome 27 0.5 98 2.0 <.001
Pneumothorax 13 0.2 38 0.8 <.001

Metabolic failure, any 648 12.3 618 12.5 .81

Acute renal failure 646 12.3 608 12.3 .99
Acute hepatic failure 11 0.2 38 0.8 <.001

Cardiovascular, any 333 6.3 258 5.2 .02

Myocardial infarction 175 3.3 78 1.6 <.001
Acute heart failure 57 1.1 84 1.7 .01

Arterial or venous embolism 50 0.9 35 0.7 .18

Pulmonary embolism 25 0.5 43 0.9 .01
Carditis 20 0.4 16 0.3 .63

Cardiac arrest 19 0.4 25 0.5 .27

Malignant hypertension 23 0.4 19 0.4 .67
Acute ischemic heart disease 12 0.2 4 0.1 .06

Shock/sepsis, any 321 6.1 479 9.7 <.001

Disseminated intravascular coagulation 13 0.2 18 0.4 .29
Neurologic, any 223 4.2 185 3.7 .19

Altered mental status 123 2.3 69 1.4 <.001

Encephalopathy 61 1.2 64 1.3 .54
Convulsions 86 1.6 34 0.7 <.01

Meningitis 19 0.4 23 0.5 .42

Anoxic brain damage 16 0.3 21 0.4 .26
Encephalitis/myelitis 8 0.2 2 0.0 .11

Coma 7 0.1 10 0.2 .41

Guillain-Barré/polyneuropathy 0 0 7 0.1 .006
Musculoskeletal, any 110 2.1 86 1.7 .19

Rhabdomyolysis 108 2.0 68 1.4 .01

Myositis 2 0.0 6 0.1 .17
Critical illness myopathy 1 0.0 13 0.3 <.01

Cerebrovascular, any 69 1.3 59 1.2 .58

Cerebral infarction 33 0.6 29 0.6 .79
Cerebral hemorrhage 12 0.2 6 0.1 .20

Cerebral edema 3 0.1 7 0.1 .17

Endocrine, any 42 0.8 63 1.3 .02
Diabetic ketoacidosis 33 0.6 59 1.2 <.01

Diabetic hyperosmolarity 5 0.1 1 0.0 .22

Diabetic coma 4 0.1 4 0.1 .99

Abbreviations: COPD, chronic obstructive pulmonary disease; ICD-9, International Classification of Diseases, Ninth Revision.
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H1N1pdm09 or seasonal influenza. In Hong Kong, adults hos-
pitalized with H1N1pdm09 had a significantly greater frequen-
cy of complications and mortality despite being younger than
patients hospitalized with influenza in 2007–2008 [14]. A
small study of patients hospitalized with influenza in Australia
in 2009 found an increased risk of admission to intensive care
among persons infected with H1N1pdm09 vs co-circulating

seasonal influenza strains [21], whereas patients with outpatient
medically attended H1N1pdm09 in the United States experi-
enced a greater risk of pneumonia than patients with seasonal
influenza H1N1 or H3N2 in previous seasons [22]. Postpan-
demic, 2 studies have also found an increased risk of pneumonia
[23] or ICU admission/death [24] among patients with
H1N1pdm09 compared with those with other seasonal influen-
za strains. During a pandemic, the spread of an antigenically
novel influenza virus against which there is limited preexisting
immunity may be expected to result in an increased risk of se-
vere respiratory complications compared with annually circu-
lating strains of seasonal influenza.

One notable hallmark of the 2009 influenza pandemic was
the increased risk of influenza among younger persons, which
was reflected in the substantial differences in the age distribu-
tion we observed between adults hospitalized with pandemic
or seasonal influenza. Whereas this trend is often seen during
influenza pandemics [25], some degree of cross-reactive immu-
nity among persons of older ages may have contributed to rel-
atively low levels of infection with H1N1pdm09 in older adults
[26]. Although we did find that all adults had a higher risk of
respiratory complications and severe outcomes with
H1N1pdm09 than seasonal influenza, we further stratified by
age and found that younger adults aged <40 years were partic-
ularly affected, including a 4 times greater risk of death during
the pandemic compared with adults of similar age hospitalized
with seasonal influenza.

This trend toward more severe illness, especially in younger
persons, has important implications for clinical management
during pandemics, as younger persons are also likely to have dif-
ferent comorbidities that need to be managed in parallel. As we
found, patients hospitalized during the pandemic were more like-
ly to have asthma or be pregnant, medical histories associated
with younger age. While we did not have data on obesity for hos-
pitalized patients prior to the pandemic, other studies have indi-
cated that morbid obesity was associated with hospitalization
during the pandemic even in the absence of other medical con-
ditions [27], and thus may be a frequent comorbidity seen among
younger adults with severe influenza. Conversely, adults hospital-
ized during the pandemic were less likely to have conditions such
as COPD, chronic heart disease, or chronic metabolic diseases,
which are more prevalent among older adults.

Consistent with these differences in age and medical history,
the overall pattern of other complications observed among pa-
tients hospitalized with influenza during the 2009 pandemic
differed from that observed during previous seasonal epidemics.
During the pandemic, for example, there were fewer exacerba-
tions of COPD or acute myocardial infarctions, but more hos-
pitalizations with acute complications of asthma. Much of these
differences in frequency were attributable to differences in age
and corresponding underlying comorbidities, as the risk of such

Table 3. Risk of Selected Complications in Adults Hospitalized
With Influenza and Comparison of Pandemic and Seasonal
Influenzaa

Complication
% of
Total

Adjusted
RRb 95% CI

Any 67.7 1.12 1.09–1.15
Pulmonary, any* 59.5 1.14 1.11–1.18

Pneumonia* 39.0 1.33 1.26–1.40

Respiratory failure/arrest* 14.3 1.76 1.58–1.96
Asthma exacerbation 13.2 0.97 .89–1.06

Acute exacerbation of COPD 9.9 0.97 .86–1.09

Pulmonary collapse 2.5 0.96 .73–1.25
Pleural effusion/empyema 2.5 1.17 .89–1.53

Acute respiratory distress
syndrome*

1.2 3.02 1.92–4.75

Hemoptysis* 1.1 1.75 1.14–2.67

Metabolic failure, any* 12.4 1.33 1.19–1.48

Acute renal failure* 12.3 1.31 1.17–1.47
Shock/sepsis* 7.8 1.70 1.46–1.97

Cardiovascular, any* 5.8 1.38 1.16–1.64

Acute myocardial
infarction

2.5 1.03 .78–1.37

Acute heart failure* 1.4 3.35 2.34–4.79

Other, combined 2.3 1.13 .85–1.49
Neurologic, any 4.0 1.12 .91–1.38

Altered mental status 1.9 0.91 .66–1.26

Encephalopathy* 1.2 1.54 1.05–2.27
Other, combined 1.1 1.17 .78–1.76

Musculoskeletal 1.9 0.92 .68–1.25

Rhabdomyolysis 1.7 0.77 .56–1.07
Cerebrovascular, any 1.3 1.20 .82–1.76

Endocrine, any 1.0 0.88 .60–1.27

Other
ICU* 19.3 1.55 1.42–1.69

Mechanical ventilation* 10.9 1.50 1.33–1.70

Death* 3.8 1.58 1.28–1.96

Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary
disease; ICU, intensive care unit; RR, relative risk.
a For complications occurring in at least 1% of patients.
b Relative risk of selected complications using negative-binomial regression
among persons with H1N1pdm09 compared with seasonal influenza,
controlling for age (18–39 years, 40–64 years, ≥65 years) and the following
types of underlying medical condition: pulmonary, cardiovascular, metabolic,
neurologic, cancer/immunosuppression, pregnancy.

*P < .05.
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complications did not differ during the pandemic for individu-
als of similar ages and medical history. Nonetheless, there was a
different distribution of complications during the pandemic
and as clinicians may expect to encounter a younger demo-
graphic of patients with severe influenza during pandemics,
the approach to resource planning for patients and their
associated medical complications may need to reflect these
differences.

Finally, an increased incidence of influenza in the population
during the pandemic resulted in a corresponding increased in-
cidence of hospitalization compared with previous influenza
seasons [28]. In 1 year during the pandemic, we identified
5446 patients with H1N1pdm09 in the same surveillance
areas, similar in number to 4 previous influenza seasons com-
bined (n = 5959). An increase in the number of hospitalizations
during a pandemic not only affects demands on hospital capac-
ity, but also means an increased number of patients with com-
plications that may require additional resources, staffing, and
equipment (eg, supplemental oxygen, mechanical ventilation,
dialysis) to effectively manage them.

This analysis is subject to some limitations. First, complica-
tions were classified based on ICD-9 discharge coding and were
not confirmed with medical record review; however, our fre-
quencies were similar to other smaller series of hospitalized pa-
tients during the 2009 pandemic that used chart review and/or
radiology for confirmation of complications [12–14]. While we
also cannot exclude the possibility of changes in ICD-9 coding

practices during the pandemic, this surveillance system has been
operating using standardized methods and in the same sites
across all of the included years and when we compared the dis-
tributions of other recorded ICD-9 codes between patients be-
fore and during the pandemic (Supplementary Table 2), there
were no differences in the proportion coded for pneumonia
and influenza, any respiratory disease, or respiratory and circu-
latory diseases. Second, only the first 9 discharge ICD-9 codes
were captured during data collection. Approximately half of
the included patients had 9 codes recorded; thus, we were un-
able to determine if they had additional codes in which one of
the included complications were recorded. However, we consid-
ered acute and often severe complications, which may have been
more likely to be listed higher among discharge codes.

Finally, patients included in this surveillance system are test-
ed for influenza at the discretion of the treating clinicians; thus,
some patients who truly had influenza but were not tested
would not be represented in our analysis. This may be especially
true of patients who do not present with a typical influenza-like
illness, but with complications of underlying medical condi-
tions or other nonrespiratory complications. In this study pop-
ulation, approximately 5% of patients did not have any
respiratory ICD-9 code (Supplementary Table 2), and about
12% of patients with 1 of the included complications did not
have a respiratory complication (Table 2). These complications
may be underrepresented if physicians are less likely to test such
patients for influenza. Likewise, an increased use of the more

Figure 2. The relative risk of selected complications (with 95% confidence intervals) among patients hospitalized with pandemic influenza vs seasonal
influenza, stratified by age. Abbreviations: ARDS, acute respiratory distress syndrome; ICU, intensive care unit.
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sensitive PCR to diagnose influenza during the pandemic could
have increased the detection of influenza during 2009.

In the largest case series describing clinical complications of
influenza, we observed a greater proportion of lower respiratory
complications and severe outcomes among persons hospitalized
with influenza during the 2009 pandemic compared to previous
influenza seasons. In addition, although the risk of many other
complications did not differ for persons of similar age and med-
ical history, these were often less likely overall because of the
younger age of patients with severe influenza during the pan-
demic. Understanding the patterns of influenza-associated
complications and how those may differ during influenza pan-
demics can help direct clinicians toward the most effective man-
agement of ill patients and assist in resource planning for future
seasons and pandemics. Although the 2009 pandemic was
thought of as relatively mild, these data highlight the impact
of this pandemic on increasing the risk of severe illness from
influenza, especially among younger adults, and the impact
this virus may continue to have in the future.
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