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Because the epidemiology of pneumonia is changing, we
performed an updated, population-based analysis of hospitalization and case-fatality rates for pneumonia patients in
the United States. From 2002 to 2011, hospitalization rates
decreased significantly for pneumonia caused by pneumococcus and Haemophilus influenzae but increased significantly for Pseudomonas spp., Staphylococcus aureus, and
influenza virus.

P

neumonia is the leading cause of infection-related
deaths in the United States, with potential for severe
complications such as respiratory failure and sepsis (1). A
recent nationwide study noted that prior studies may have
overestimated a temporal reduction in mortality rate (2).
As pneumonia epidemiology has changed, interest in following epidemiologic trends continues, particularly for
the various etiologic organisms. Emergence of influenza
A(H1N1)pdm09 virus has highlighted the role of influenza
viruses as etiologic agents of pneumonia (3).
The epidemiology of pneumonia is constantly changing because of advances in preventive measures, diagnostic
testing, and novel therapies. Although the epidemiology,
by organism, of pneumonia in hospital patients was recently clarified (4), our study also considered the effects of influenza virus and included regional information. Our objective was to provide an updated population-based analysis
of hospitalized pneumonia patients to determine the major
etiologic agents and associated hospitalization rates, casefatality rates, and patient demographic differences (age,
sex, and region).
The Study
In a retrospective cohort study, we examined hospitalizations of pneumonia patients using discharge data from the
publicly available Nationwide Inpatient Sample (NIS) database (5). The University of Louisville Institutional Review Board did not require a review because the project did
not meet the common rule definition of human subjects’
research. We completed Healthcare Cost and Utilization
Project Data Use Agreement Training.
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The study included patients >18 years of age discharged
with a principal diagnosis of pneumonia according to standards of the International Classification of Disease, Ninth
Revision, Clinical Modification (ICD-9-CM). We also included those with a principal diagnosis of sepsis or respiratory failure and a secondary diagnosis of pneumonia. Only
ICD-9-CM codes for which the numbers of an organism
were substantial were analyzed: pneumococci, Klebsiella
spp., Pseudomonas spp., Haemophilus influenzae, Staphylococcus aureus, and influenza virus. We followed US Census Bureau definitions in classifying cases by US region (6).
The NIS database contains an ≈20% stratified sample
of US community hospitals. From that sample, the Agency
for Healthcare Research and Quality calculated national
estimates by weighting each discharge on the basis of hospital location, teaching status, bed number, and ownership
control, relative to all US hospitals, which permitted us to
estimate the number of US hospitalizations. For each patient discharged, we recorded age, sex, region, principal
and secondary diagnoses (up to 15), and whether patient
had died from any cause. Population estimates were obtained from the US Census Bureau (7).
Primary outcomes were temporal trends in hospitalization and case-fatality rates for pneumonia based on infecting organism as determined by ICD-9 coding. We then
calculated the rate for hospitalizations caused by each organism using the number of hospitalizations from the NIS
database as the numerator and US Census Bureau population estimates as the denominator. Discharge codes do not
specify where the pneumonia was acquired, and although
hospitalization rate was used, this does not necessarily indicate community-acquired cases. We calculated the allcause case-fatality rate for each organism similarly, using
the number of deaths.
We extracted data from the NIS using SAS version 9.3
(SAS Institute, Inc., Cary, NC, USA) and calculated adjusted odds ratios for age ranges, sex, and region using multivariate logistic regression. Study period differences were
determined with the online z test calculator of the Healthcare Cost and Utilization Project (p<0.05 was significant)
(8). Other descriptive statistics were completed with Excel
2013 (Microsoft Corp., Redmond, WA, USA).
This manuscript was presented in part at the Infectious Diseases
Society of America (IDWeek), October 2–5, 2013, San Francisco,
California, USA.
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Table 1. Hospitalization rates (hospitalization/100,000 population) for 6 causative agents, by sex and region, United States,
2002–2011
Rate (adjusted odds ratio)
Pneumococcus, Klebsiella spp.,
Pseudomonas
Haemophilus
Staphylococcus
Influenza virus,
Category
n = 379,400
n = 109,515
spp., n = 330,302 influenzae, n = 80,281 aureus, n = 575,573
n = 270,237
Overall
12.6
3.6
11.0
2.7
19.2
9.0
Sex
M
13.0 (1)
4.1 (1)
12.3 (1)
2.7 (1)
20.5 (1)
8.0 (1)
F
12.3 (0.68)
3.2 (0.57)
9.7 (0.57)
2.6 (0.72)
17.9 (0.64)
10.0 (0.90)
Region
Northeast
11.9 (1)
3.1 (1)
8.8 (1)
2.1 (1)
15.9 (1)
8.8 (1)
Midwest
15.1 (1.33)
3.1 (1.05)
11.5 (1.37)
3.3 (1.61)
17.7 (1.17)
12.8 (1.51)
South
12.8 (1.16)
4.6 (1.65)
13.0 (1.62)
2.8 (1.46)
22.5 (1.57)
9.0 (1.10)
West
10.7 (1.32)
3.0 (1.48)
9.1 (1.55)
2.3 (1.64)
17.9 (1.71)
5.5 (0.90)

S. aureus was the most commonly identified organism
that caused pneumonia, at 19.2 cases/100,000 population
(Table 1). Pneumococcus and influenza virus were more
frequent causes in the Midwest, Klebsiella and Pseudomonas spp. were more frequent causes in the South, and
H. influenzae and S. aureus were more frequent agents in
the West.
Hospitalization rates, based on etiologic agent,
changed during the study period (Figure 1). Overall, the
rate for pneumonia hospitalizations caused by pneumococcus decreased 23% (p<0.001) and for H. influenzae,
42% (p<0.001). For Klebsiella, the rate increased 35%
(p<0.001); for Pseudomonas, 23% (p<0.001); for S. aureus,
23% (p<0.001); and for influenza virus, 132% (p<0.001).
Case-fatality rate was highest for pneumonia caused
by S. aureus: 15.6 deaths/100 cases (Table 2). Pneumococcal pneumonia, Klebsiella, Pseudomonas, and S. aureus
were more frequent in the Northeast, whereas pneumonia
caused by H. influenzae and influenza virus was more frequent in the West.
Overall case-fatality rates, based on causal agent (Figure 2), decreased for pneumococcus by 18% (p = 0.01),
for Pseudomonas spp. by 8% (p = 0.29), for H. influenzae

Figure 1. Hospitalization rates (hospitalizations/100,000
population) for patients with pneumonia for 6 causative agents,  
United States, 2002–2011.

by 3% (p = 0.85), and for S. aureus by 32% (p<0.001).
Rates increased for Klebsiella spp. by 13% (p = 0.26);
and for influenza virus by 67% (p<0.001). Hospitalization
and case-fatality rates by age are shown in online Technical Appendix Tables 1, 2 (http://wwwnc.cdc.gov/EID/
article/22/9/15-0680-Techapp1.pdf).
Conclusions
We found that, from 2002 to 2011, the hospitalization rates
for pneumonia caused by Klebsiella spp., Pseudomonas
spp., S. aureus, and influenza virus increased, and those
caused by pneumococcus and H. influenzae decreased.
The case-fatality rate of influenza virus–caused pneumonia increased, while rates of pneumococcus-caused and S.
aureus–caused pneumonia decreased. Hospitalization and
case-fatality rates were higher for men (especially elderly)
than for women.
Our results coincide with those of previous studies,
which found that S. aureus, pneumococcus, and Pseudomonas spp. comprised a large percentage of all pneumonia
cases (9,10). Our results also coincide with those of a similar study which used the NIS database during 1993–2011:
a decrease in pneumonia caused by Streptococcus spp., H.
influenzae, and Pseudomonas spp. and an increase in pneumonia caused by Staphylococcus spp. (4). However, our
study also examined trends in pneumonia caused by Klebsiella spp. and influenza virus and regional variations. Another study that used similar methods found that adjusted
odds ratio of an inpatient death from pneumonia decreased
from 2002 to 2005 (11). Previous studies also found that
male patients >75 years old carried the greatest disease
prevalence and considerably greater hospitalization rates
(185/10,000 population in 2006) (12,13).
US regional data are limited, and comparable results,
based on clinical data, were not found. However, 2 sets of
data from the Centers for Disease Control and Prevention
(Atlanta, GA, USA) showed the highest incidence of pneumonia in the Midwest and the lowest in the West (12,14).
Drivers of geographic differences could include variations
in coding practices between regions and vaccination recommendation adherence (15).
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Table 2. All-cause case-fatality rate (deaths/100 cases for 6 causative agents, by sex and region, United States, 2002–2011
Rate (adjusted odds ratio)
Pneumococcus, Klebsiella spp.,
Pseudomonas
Haemophilus
Staphylococcus.
Influenza virus,
Category
n = 25,112
n = 15,687
spp., n = 39,975
influenzae, n = 3,935
aureus, n = 89,540
n = 9,417
Overall
6.6
14.3
12.1
4.9
15.6
3.5
Sex
M
6.8 (1)
15.4 (1)
12.6 (1)
5.1 (1)
16.6 (1)
3.8 (1)
F
6.5 (0.91)
12.9 (0.81)
11.5 (0.87)
4.7 (0.86)
14.4 (0.83)
3.3 (0.84)
Region
Northeast
8.1 (1)
20.5 (1)
15.3 (1)
5.8 (1)
18.9 (1)
3.9 (1)
Midwest
5.6 (0.67)
12.0 (0.53)
9.8 (0.62)
3.8 (0.64)
13.1 (0.67)
3.3 (0.83)
South
6.4 (0.82)
12.4 (0.56)
11.7 (0.75)
4.8 (0.86)
14.9 (0.78)
3.3 (0.92)
West
7.2 (0.91)
16.2 (0.76)
13.2 (0.85)
5.9 (1.06)
16.9 (0.89)
3.8 (1.07)

Known changes in the epidemiology of pneumonia
over the study period include the emergence of influenza
A(H1N1)pdm09 virus, which caused 60.8 million cases of
influenza and 12,469 deaths in 2009–2010 alone (3). We
found that patients with influenza virus infections had the
highest hospitalization rate during 2009. Many previous
studies excluded influenza because it likely represents a
separate clinical entity and the hospitalization rate can be
difficult to interpret using calendar years (because early or
late influenza seasons can skew yearly trends) (2,11).
Our study was limited by its reliance on ICD-9-CM
coding to identify cases, potentially allowing misclassification. ICD-9-CM coding is based on discharge data,
so determining whether the patient was diagnosed with
pneumonia at admission or during hospitalization is not
possible. Thus, we could not differentiate between community- or hospital-acquired cases. In addition, we did
not examine unspecified cases of pneumonia that did not
include an etiologic organism, the most commonly used
pneumonia code. Decreases in hospitalization rates and
case-fatality rates could be explained by improved outpatient management or increased rates of vaccination. Last,
case-fatality rates were calculated by using deaths during

the inpatient stay and not beyond, because coding did not
permit 30-day outcomes.
In conclusion, knowing which etiologic agents are
increasing or have the highest case-fatality rate is critical
because treatment options and prognosis vary by organism,
and resources must be allocated accordingly. Knowing patient demographic characteristics for each organism is also
essential, to clarify the populations at greatest risk.
Dr. Wuerth is currently a third-year internal medicine resident at
the Medical University of South Carolina in Charleston, South
Carolina. He plans to pursue a fellowship in gastroenterology
with a research interest in inflammatory bowel diseases.
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