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SUMMARY

Objectives—During the 2009 influenza A (H1N1) pandemic, unusual influenza activity outside
the typical winter season provided a unique opportunity to evaluate the association between
influenza and pneumonia incidence. We sought to quantify the impact of the 2009 pandemic on
the incidence of emergency department (ED) visits for pneumonia in the United States (US).

Methods—Using the Nationwide Emergency Department Survey, we estimated monthly counts
and rates of excess all-cause pneumonia ED visits in the US attributable to the pandemic by
comparing observed pneumonia ED visits during the pandemic (April 2009—March 2010) to
expected values modeled from the three prior years.

Results—The pandemic was associated with an excess of 180,560 pneumonia ED visits or 0.59
excess pneumonia visits per 1,000 US population (95% confidence interval: 0.55, 0.62). These
excess visits accounted for 7.0% of all pneumonia ED visits during the pandemic year. The
greatest excess occurred during months with highest influenza activity (September - November
2009). Persons aged <65 years accounted for 94% of the excess pneumonia visits.
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Conclusions—ED visits for pneumonia increased substantially during the 2009 pandemic,
especially during peak influenza activity, suggesting a strong association between influenza
activity and pneumonia incidence during the pandemic period.

Keywords
influenza; pneumonia; epidemiology

INTRODUCTION

Influenza infection is considered an important contributor to pneumonia pathogenesis and
burden.! Influenza can cause primary viral pneumonia and also predispose to secondary
bacterial pneumonia with pathogens such as Sreptococcus pneumoniae and Staphylococcus
aureus.2-> However, quantifying the burden of pneumonia attributable to influenza on a
population level is challenging.6 Both influenza and pneumonia incidences peak in winter
months,’~10 but several other factors may contribute to this temporal association between
influenza and pneumonia, including activity of other respiratory viruses during the
winter,11:12 environmental factors such as cold temperatures and decreased daylight in the
winter,13 and increased person-to-person contact during the winter holidays.

In 2009, the influenza A (HLN1) pandemic resulted in unusually high influenza activity in
the United States (US) during the autumn, and to a lesser extent, during the preceding spring
and summer.1%:16 |nfluenza A (H1N1)pdmO09 disproportionally affected children and young
adults compared to the typical seasonal influenza pattern in which serious complications of
influenza were more concentrated among older adults.1>16 These distinctive features of
influenza activity during the 2009 pandemic provided a unique opportunity to evaluate the
impact of influenza on pneumonia burden in the absence of winter-specific factors and in
children and younger adult populations who do not typically contribute a high burden of
influenza-associated pneumonia.

Weinberger et all® demonstrated the 2009 influenza A (H1N1) pandemic was associated
with increases in hospitalizations coded as pneumococcal pneumonia in the age groups most
severely affected by the pandemic. Similar increases were recently reported for invasive
pneumococcal pneumonia.l” Nevertheless, emergency department (ED) visits and
hospitalizations are rarely coded specifically as pneumococcal pneumonia because most
pneumonia episodes never have an etiology identified, partly due to the limitations of
routine diagnostic tests.1® Furthermore, influenza infections can facilitate the development
of non-pneumococcal pneumonia, but only pneumococcal disease was considered in
previous studies. A comprehensive evaluation and quantification of the impact of the 2009
influenza pandemic on all-cause pneumonia burden is currently lacking.

With over 136 million US ED visits annually, the ED is an important venue for healthcare
utilization, both as an entry point for hospitalizations and for outpatient treatment of serious
iliness.1? To quantify the impact of the 2009 influenza A (HIN1) pandemic on pneumonia
burden in US EDs, we estimated excess all-cause pneumonia ED visits attributable to the
pandemic by comparing rates of pneumonia ED visits observed during the pandemic year
with expected rates estimated from modeling data from the three pre-pandemic years.

METHODS AND METHODS

Data source

We obtained ED visit data from the Nationwide Emergency Department Sample (NEDS), a
component of the Healthcare Cost and Utilization Project (HCUP) maintained by the
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Agency for Healthcare Research and Quality (AHRQ).20 NEDS is the largest source of US
ED data, and contains information from 25-30 million ED visits annually beginning in
2006. The sample, which includes data from 29 participating states and represents
approximately 20% of all US ED visits, is stratified by hospital geographic region, trauma
center designation, urban-rural status, teaching hospital status, and ownership. EDs represent
the primary sampling units and all visits from sampled EDs are included. The NEDS
sampling framework is updated annually and includes statistical weights and clustering
elements to allow calculation of national estimates.20

For each ED visit, NEDS contains up to 15 diagnoses coded using the International
Classification of Diseases, Ninth Revision Clinical Modification (ICD-9-CM). Additionally,
NEDS contains data on month and year of visit, disposition from the ED, and patient
demographics.

Pneumonia case definition

A pneumonia ED visit was defined as an ED visit with a primary (first-listed) pneumonia
diagnosis, or with a secondary pneumonia diagnosis (listed in diagnosis fields 2—15) with an
accompanying primary diagnosis of respiratory failure, shock, septicemia, a sign or
symptom consistent with pneumonia, another acute respiratory infection, or an acute
exacerbation of a chronic pulmonary disease (Table 1).21 This case definition for all-cause
pneumonia was not restricted to a specific pathogen.

Statistical analyses

NEDS data were used to calculate monthly counts of pneumonia ED visits nationwide from
April 2006 through March 2010. Calculations were stratified by eight age groups: <2 years;
2-4 years; 5-17 years; 18-39 years; 40-64 years; 65-74 years; 75-84 years; and =85 years.
For each age group we used Poisson regression models for survey data to calculate
annualized incidence rates for each study month using monthly counts of pneumonia ED
visits as the outcome and the respective July US population estimate?? as the model offset
term. Indicators for calendar months and year were included as covariates. To account for
the variability in duration of calendar months, the monthly denominators were adjusted by
multiplying the annual US population estimate by the fraction of days in each month within
a year.

The study period was divided into two time segments: the 36-month pre-pandemic period
(April 2006—March 2009) and the 12-month pandemic period (April 2009-March 2010). We
first used pre-pandemic data and our Poisson regression model to estimate the monthly
pneumonia ED visit rates for each age group expected during the each month of the
pandemic period in the absence of any perturbation (e.g. influenza A (H1N1) pandemic).
We then estimated rates of excess pneumonia ED visits attributable to the pandemic in each
age group by subtracting the expected monthly rates calculated with the pre-pandemic
Poisson model from the observed monthly rates during the pandemic period. Thus, our
analytic approach assumed that the number of pneumonia ED visits observed during the
pandemic months above the historical monthly expectation was the disease burden or
“excess” associated with the circulation of the pandemic virus. The overall (all-age) excess
ED visit rate was calculated by summing the following product for each age group: (age
specific excess rate) * (proportion of US population within respective age group). In order to
report excess rates by season, we grouped the following months: April-June (Spring, pre-
peak pandemic); July—August (Summer, pre-peak pandemic); September—-November
(Autumn, peak pandemic); and December—March (Winter, post-peak pandemic). Ninety five
percent confidence intervals for excess rates were computed using a normal approximation
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for each age group individually and for the population overall. Variances were calculated by
following general property of variance and variance under linear transformation rules.23

Subgroup analyses

To complement previous studies that focused only on hospitalizations, we performed a
subgroup analysis of treat-and-release outpatient ED visits to quantify the proportion of
excess pneumonia ED visits during the pandemic that resulted in ED discharge without
hospitalization. Similar to the methods described above for total pneumonia ED visits, we fit
Poisson regression models using pre-pandemic monthly pneumonia ED visit rates to predict
pandemic period rates and then calculated excess monthly rates by subtracting predicted
from observed rates during the pandemic period

Evaluation of secular trends

To assess for potential changes in ED utilization not associated with pandemic influenza
activity during the study period, we also studied ED visits for fractures, a condition unlikely
to increase with elevated influenza activity. ED visits for fractures were defined by ICD-9-
CM coded diagnoses for a fracture in any diagnosis position (Table 1). Similar to our
analysis of pneumonia ED visits, we calculated monthly rates of ED visits for fracture for
each age group and compared observed rates in the pandemic period with expected rates
from models using pre-pandemic period data.

This study was conducted with de-identified data and approved by the local institutional
review board as nonhuman research. Statistical analyses accounted for the NEDS complex
sampling design and were conducted with SAS 9.2 (SAS Institute, Cary, NC) and Stata 12
(Stata Corp, College Station, TX).

RESULTS

Characteristics of pneumonia ED visits

During the 48-month study period, there were approximately 9.4 million nationwide
pneumonia ED visits, 39.5% of which resulted in ED discharge (treat-and-release outpatient
pneumonia ED visits) (Table 2). Among adults, increasing age was associated with an
increasing proportion of pneumonia ED visits resulting in hospitalization. Medicare and
Medicaid were the primary payers for 43.5% and 21.2% of the pneumonia ED visits,
respectively.

Excess pneumonia ED visits during pandemic

The pattern of excess pneumonia ED visits during the pandemic period showed the greatest
excess corresponding to peak influenza activity from September through November, 2009
(Table 3, Figure 1A). Nationwide influenza activity during the pandemic period illustrated
in Figure 1A was estimated based on proportion of outpatient visits for influenza-like illness
reported by the Centers for Disease Control and Prevention (CDC).24 Similar monthly
patterns of pneumonia ED visits were observed for each age group with higher than
expected pneumonia ED visits in the autumn of 2009 (Figure 1B). Influenza activity was
low during December 2009 through March 2010, and during these months there were fewer
pneumonia ED visits than expected. Of note, the deficit of observed pneumonia ED visits
compared to expected values during December through March was largely driven by
patients >75 years old (Table 3, Figure 1B).

Comparison of observed pneumonia ED visit rates during the pandemic period (April 2009—
March 2010) with expected rates from the pre-pandemic period demonstrated an excess rate
of 0.59 pneumonia ED visits per 1,000 US population (95% ClI: 0.55, 0.62) and a total
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excess of 180,560 pneumonia ED visits during the pandemic year (Table 4). These excess
visits represented 7.0% of all 2,572,544 pneumonia ED visits during the pandemic year.
Excess pneumonia ED visit rates were greatest in children < 5 years old and lowest in older
adults. In fact, 94% of the excess visits were in people < 65 years old. Adults = 85 years old
had fewer pneumonia ED visits during the pandemic year than expected based on
projections from the pre-pandemic period. This deficit was largely due to lower than
expected numbers of pneumonia ED visits during December 2009 through March 2010,
which were months with relatively low influenza activity following peak pandemic
influenza activity in the autumn of 2009 (Figure 1B).

Outpatient (treat-and-release) ED visits

During the pandemic year, there were 1,037,021 treat-and-release outpatient pneumonia ED
visits; 103,232 (10.0%) of these outpatient ED pneumonia visits were excess Visits
attributable to the influenza pandemic. Outpatient visits accounted for 57.2% of all the
excess pneumonia ED visits during the pandemic period. Nearly all of these excess
outpatient pneumonia ED visits were in patients <65 years old (Table 4). In comparison,
76,073 of the 1,451,754 (5.2%) pneumonia ED visits resulting in hospitalization during the
pandemic period were excess visits attributable to the pandemic.

Evaluation of secular trends

Evaluation of ED visits for fractures did not demonstrate excess ED visits during the
pandemic period or a monthly pattern of ED utilization that matched influenza activity,
suggesting there were not concurrent changes in general ED utilization that could explain
the excess pneumonia ED visits observed during the pandemic period (Figures 2A & 2B).

DISCUSSION

Several features of the 2009 influenza A (H1N1) pandemic distinguished it from typical
seasonal influenza epidemics and allowed for a unique evaluation of the association between
influenza and pneumonia. Peak influenza activity during the pandemic occurred in the
autumn, months earlier than typical seasonal influenza activity in the winter, allowing for
evaluation of the association between influenza and pneumonia in the absence of other
winter-related factors.1516 Additionally, the attack rate for Influenza A (H1IN1)pdmO09 was
unusually high among children, young adults, and middle-aged adults, with relative sparing
of older adults.1516

We demonstrated that ED visits for pneumonia spiked during periods of peak pandemic
influenza activity among age groups most significantly affected by the pandemic—children
and young and middle-aged adults. These autumn spikes in pneumonia ED visits were
unique to 2009 and not present in the three pre-pandemic years used to create the baseline
period in our regression models. These findings suggest that high influenza activity in the
autumn of 2009 was associated with unusually high rates of ED visits for pneumonia and
indicate that influenza is an important contributor to overall pneumonia burden. During the
12-month period following onset of the pandemic in April 2009, there were 180,560 excess
pneumonia ED visits attributable to the influenza pandemic, accounting for 7.0% of all
pneumonia ED visits during that time. Approximately 94% of the excess pneumonia ED
visits occurred in patients less than 65 years old; 57% of these excess pneumonia visits were
treat-and-release outpatient ED visits. This substantial burden of outpatient visits for
pneumonia among patients less than 65 years old is often underappreciated and not assessed
by studies that focus only on hospitalizations.
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Our findings complement those of Weinberger et al'6 and Fleming-Dutra et al.1’
Weinberger et all® reported rates of excess pneumococcal pneumonia hospitalizations
attributed to the 2009 influenza A (H1N1) pandemic in the autumn of 2009 using data from
selected states. They found rates of 0.47, 0.52, and 1.25 excess pneumococcal pneumonia
hospitalizations per 100,000 population in age groups 5-19 years old, 20-39 years old, and
40-64, respectively. No excess pneumococcal pneumonia hospitalizations were found in
children < 5 years old or adults > 65 years old. Similarly, Fleming-Dutra et al” analyzed
data from sites participating in the US Active Bacterial Core Surveillance system and found
increases in the rates of hospitalizations for invasive pneumococcal pneumonia (pneumonia
with S pneumoniae isolated from a normally sterile site) during months with peak pandemic
influenza activity for all age groups other than children < 5 years old. They reported excess
rates of invasive pneumococcal pneumonia hospitalizations from 0.21 cases per 100,000
population in the 25-49 year old group to 0.44 cases per 100,000 population in the 50-64
year old age group. Our study of nationwide data reveals that the pandemic’s impact on
pneumonia was not restricted to pneumonia identified as pneumococcal disease or
hospitalizations, but broadly increased the burden for all-cause pneumonia in both the
inpatient and outpatient settings. Rates of excess all-cause pneumonia ED visits attributed to
the 2009 influenza pandemic reported here are approximately 100-times larger than excess
pneumococcal pneumonia hospitalizations reported by Weinberger et al® and Fleming-
Dutra et al.1” Moreover, unlike these previous reports conducted in selected populations, our
national study, which used the largest available dataset for US ED visits, accrued enough
statistical power to show that the pandemic was also associated with increased pneumonia
incidence among young children < 5 years old.

We previously reported that incidence rates of ED visits attributable to influenza during the
2009 pandemic were approximately 10 per 1000 person-years.1> Similarly, our group and
others have estimated that the rate of influenza-related hospitalizations during the pandemic
to be approximately 1 per 1000 person-years.2%:26 Our current study complements these
previous estimations and suggests that sizable fractions of ED visits (approximately 3%) and
hospitalizations (approximately 25%) attributable to pandemic influenza were due to
influenza-associated pneumonia. Furthermore, the patterns of influenza activity and
pneumonia ED visits illustrate an important shift in the typical distribution of pneumonia
burden during the pandemic that matched influenza activity, with higher burden in the
autumn and lower burden in the winter.

Limitations to our study include reliance on ICD-9-CM codes to identify pneumonia cases
and the ecological study design. Our case definition captured ED visits with a primary
ICD-9 code for pneumonia and visits with a secondary code for pneumonia with an
accompanying primary code for selected signs, symptoms and other acute respiratory
diseases. The goal of using this case definition was to capture ED visits in which pneumonia
was the primary reason for ED evaluation. Nevertheless, this retrospective identification of
pneumonia ED visits may be subject to misclassification. Secondly, in this ecological study
design, patients who experienced a pneumonia ED visit during the pandemic period were
not proven to have a preceding or concurrent influenza infection. However, the specific
pattern of spikes in pneumonia ED visits during the months of peak influenza activity and in
age groups most severely affected by the pandemic strengthens our confidence in a causal
association between influenza infection and pneumonia ED visits. Furthermore, ED visits
for fractures, which are unlikely to increase with influenza activity, did not increase during
the pandemic period, suggesting our pneumonia findings were not the result of a generalized
increase in ED utilization. The use of weekly instead of monthly data would allow for more
precise characterization of influenza activity; however, weekly data are not available in
NEDS. The high burden of influenza during the pandemic year may have been associated
with a concomitant decrease in the activity of other respiratory viruses compared to previous
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years.2’-28 |f disease burden of non-influenza viruses during the pandemic were lower than
the historical baseline, our calculations would have underestimated the true burden of
influenza-associated disease. Such underestimation would be highest at the extremes of age,
when rates of non-influenza respiratory viral disease are greatest.2%-31 Finally, since our
baseline data consisted of time periods with seasonal influenza epidemics, we were able to
calculate the excess in pneumonia visits associated with the pandemic compared to years
with seasonal influenza, but could not determine the total burden of influenza-associated
pneumonia during the pandemic, which would require a baseline comparator period devoid
of all influenza.

In conclusion, the influenza A (H1IN1) pandemic in the US was associated with a large
increase in ED visits for pneumonia compared to the previous three years. Excess
pneumonia ED visits spiked during periods of greatest influenza activity in the autumn and
in age groups most commonly infected with the pandemic virus, suggesting a strong
association between influenza activity and pneumonia ED visits during the pandemic period.
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Figure 1.

Observed (solid line) and expected (dashed line with shaded 95% confidence interval)
incidence rates of pneumonia ED visits in the United States for all age groups combined (A)
and stratified by age group (B), during the 2009 Influenza A (H1N1) pandemic, April 2009
through March 2010. Influenza activity, measured by the percentage of outpatient visits for
influenza-like illness (ILI) reported by the Centers for Disease Control and Prevention
(CDC),24 is represented by the dotted line in (A). Area under the observed rates line and
above the expected rates line represents excess pneumonia ED visits.
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Figure 2.

Observed (solid line) and expected (dashed line with shaded 95% confidence interval)

Observed Rates

% of Outpatient Visits for Influenza-like lliness
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incidence rates of ED visits for fractures in the United States for all age groups combined
(A), and stratified by age group (B), during the 2009 Influenza A (H1N1) pandemic period,

April 2009 through March 2010. Influenza activity, measured by the percentage of

outpatient visits for influenza-like illness (ILI) reported by the Centers for Disease Control
and Prevention (CDC),24 is represented by the dotted line in (A). Area under the observed

rates line and above the expected rates line represents excess ED visits for fractures.
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Table 1

International Classification of Diseases, Ninth Revision Clinical Modification (ICD-9-CM) codes included in
the case definitions for pneumonia ED visit and fracture ED visit.

Category

ICD-9-CM Codes

Pneumonia

480.xx—486.xx; 487.0

Respiratory failure

518.81; 518.83; 518.84

Shock

785.50; 785.51; 785.52; 785.59

Septicemia

003.1; 022.3; 036.2; 038.x; 054.5; 790.7; 995.91,; 995.92

Signs and symptoms consistent with pneumonia

511.xx; 519.11; 780.3x; 780.6x; 780.97; 786.05; 786.06; 786.07; 786.2; 786.3X; 786.4;
786.5x; 786.7; 799.02; 799.1

Another acute respiratory Infection

381.0x; 382.0x; 382.9; 383.0x; 460.x-466.X; 487.x; 510.0; 510.9; 513.0

Acute exacerbation of a chronic pulmonary
disease

491.21; 491.22; 493.01; 493.02; 493.11; 493.12; 493.21; 493.22; 493.91, 493.92; 494.1

Fractures

800.xx—829.xx
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