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

Pneumonia 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 fol-
lowing 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 chang-
ing because of advances in preventive measures, diagnostic 
testing, and novel therapies. Although the epidemiology, 
by organism, of pneumonia in hospital patients was recent-
ly clarified (4), our study also considered the effects of in-
fluenza virus and included regional information. Our objec-
tive was to provide an updated population-based analysis 
of hospitalized pneumonia patients to determine the major 
etiologic agents and associated hospitalization rates, case-
fatality rates, and patient demographic differences (age, 
sex, and region).

The Study
In a retrospective cohort study, we examined hospitaliza-
tions of pneumonia patients using discharge data from the 
publicly available Nationwide Inpatient Sample (NIS) da-
tabase (5). The University of Louisville Institutional Re-
view 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. 

The study included patients >18 years of age discharged 
with a principal diagnosis of pneumonia according to stan-
dards of the International Classification of Disease, Ninth 
Revision, Clinical Modification (ICD-9-CM). We also in-
cluded those with a principal diagnosis of sepsis or respira-
tory 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, Staphy-
lococcus aureus, and influenza virus. We followed US Cen-
sus 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 hos-
pital 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 pa-
tient discharged, we recorded age, sex, region, principal 
and secondary diagnoses (up to 15), and whether patient 
had died from any cause. Population estimates were ob-
tained from the US Census Bureau (7).

Primary outcomes were temporal trends in hospital-
ization and case-fatality rates for pneumonia based on in-
fecting organism as determined by ICD-9 coding. We then 
calculated the rate for hospitalizations caused by each or-
ganism using the number of hospitalizations from the NIS 
database as the numerator and US Census Bureau popula-
tion estimates as the denominator. Discharge codes do not 
specify where the pneumonia was acquired, and although 
hospitalization rate was used, this does not necessarily in-
dicate community-acquired cases. We calculated the all-
cause 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 adjust-
ed odds ratios for age ranges, sex, and region using multi-
variate logistic regression. Study period differences were 
determined with the online z test calculator of the Health-
care Cost and Utilization Project (p<0.05 was significant) 
(8). Other descriptive statistics were completed with Excel 
2013 (Microsoft Corp., Redmond, WA, USA).
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Trends	in	Pneumonia	by	Organism,	United	States

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 Pseudo-
monas 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 pneumo-
coccus 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). Pneumococ-
cal pneumonia, Klebsiella, Pseudomonas, and S. aureus 
were more frequent in the Northeast, whereas pneumonia 
caused by H. influenzae and influenza virus was more fre-
quent in the West.

Overall case-fatality rates, based on causal agent (Fig-
ure 2), decreased for pneumococcus by 18% (p = 0.01), 
for Pseudomonas spp. by 8% (p = 0.29), for H. influenzae 

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 Tech-
nical 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 pneumo-
nia 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 Pseudo-
monas spp. comprised a large percentage of all pneumonia 
cases (9,10). Our results also coincide with those of a simi-
lar 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 pneu-
monia caused by Staphylococcus spp. (4). However, our 
study also examined trends in pneumonia caused by Kleb-
siella spp. and influenza virus and regional variations. An-
other 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 pneu-
monia 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 rec-
ommendation adherence (15).
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Table 1. Hospitalization	rates (hospitalization/100,000	population) for	6	causative	agents,	by	sex	and	region, United	States,	 
2002–2011 

Category 

Rate	(adjusted	odds	ratio) 
Pneumococcus,	
n	=	379,400 

Klebsiella spp., 
n	=	109,515 

Pseudomonas 
spp.,	n	=	330,302 

Haemophilus 
influenzae,	n	=	80,281 

Staphylococcus 
aureus,	n	=	575,573 

Influenza	virus,	
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) 

 

Figure 1.	Hospitalization	rates	(hospitalizations/100,000	
population)	for	patients	with	pneumonia	for	6	causative	agents,		
United	States,	2002–2011.
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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 misclassi-
fication. 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 com-
munity- 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 outpa-
tient 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 pa-
tient 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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Table 2. All-cause case-fatality rate (deaths/100	cases for	6	causative	agents,	by	sex	and	region,	United	States,	2002–2011 

Category 

Rate	(adjusted	odds	ratio) 
Pneumococcus,	

n	=	25,112 
Klebsiella spp.,	
n	=	15,687 

Pseudomonas 
spp.,	n	=	39,975 

Haemophilus 
influenzae,	n	=	3,935 

Staphylococcus. 
aureus,	n	=	89,540 

Influenza	virus,	
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) 

 

Figure 2.	All-cause	case-fatality	rate	(deaths/100	cases)	for	
patients	with	pneumonia	for	6	causative	agents,	United	States,	
2002–2011.



Trends	in	Pneumonia	by	Organism,	United	States

11. Ruhnke GW, Coca Perraillon M, Cutler DM. Mortality reduction 
among pneumonia patients still substantial despite the impact of 
coding changes. Ann J Med. 2013;126:266–9.

12. Jokinen C, Heiskanen L, Juvonen H, Kallinen S, Kleemola M, 
Koskela M, et al. Microbial etiology of community-acquired  
pneumonia in the adult population of 4 municipalities in  
eastern Finland. Clin Infect Dis. 2001;32:1141–54.  
http://dx.doi.org/10.1086/319746

13. Gutiérrez F, Masia M, Mirete C, Soldan B, Rodriguez JC,  
Padilla S, et al. The influence of age and gender on the population-
based incidence of community-acquired pneumonia caused  
by different microbial pathogens. J Infect. 2006;53:166–74.  
http://dx.doi.org/10.1016/j.jinf.2005.11.006

14. Song Y, Skinner J, Bynum J, Sutherland J, Wennberg JE,  
Fisher ES. Regional variations in diagnostic practices.  
N Engl J Med. 2010;363:45–53. http://dx.doi.org/10.1056/NEJM-
sa0910881

15. Aronsky D, Haug PJ, Lagor C, Dean NC. Accuracy of  
administrative data for identifying patients with pneu-
monia. Am J Med Qual. 2005;20:319–28. http://dx.doi.
org/10.1177/1062860605280358

Address for correspondence: Forest W. Arnold, University of Louisville, 
Division of Infectious Diseases, 501 E Broadway, Ste 140B, Louisville, 
KY 40202, USA; email: f.arnold@louisville.edu

	 Emerging	Infectious	Diseases	•	www.cdc.gov/eid	•	Vol.	22,	No.	9,	September	2016	 1627

• Debate Regarding Oseltamivir Use for Seasonal and Pandemic Influenza  
•  Human Infection with Influenza A(H7N9) Virus during 3 Major Epidemic Waves, China, 2013–2015 
•  Integration of Genomic and Other Epidemiologic Data to Investigate and Control a  

Cross-Institutional Outbreak of Streptococcus pyogenes 
•  Extended Human-to-Human Transmission during a Monkeypox Outbreak in the Democratic 

Republic of the Congo
•  Experimental Infection and Response to Rechallenge of Alpacas with Middle East Respiratory 

Syndrome Coronavirus 
•  Use of Population Genetics to Assess the Ecology, Evolution, and Population Structure  

of Coccidioides
•  Infection, Replication, and Transmission of Middle East Respiratory Syndrome Coronavirus  

in Alpacas
•  Rapid Detection of Polymyxin Resistance in Enterobacteriaceae
•  Human Adenovirus Associated with Severe Respiratory Infection, Oregon, 2013–2014
•  Heterogeneous and Dynamic Prevalence of Asymptomatic Influenza Virus Infections
• Improved Global Capacity for Influenza Surveillance
•  Prevalence of Nontuberculous Mycobacterial Pulmonary Disease, Germany, 2009–2014 
•  Antibody Response and Disease Severity in Healthcare Worker MERS Survivors 
•  Epidemiology of Pulmonary Nontuberculous Mycobacterial Disease, Japan 
•  Elevated Pertussis Reporting in Response to 2011–2012 Outbreak, New York City, New York, USA 
•  Hemophagocytic Lymphohistiocytosis and  Progressive Disseminated Histoplasmosis
•  Next-Generation Sequencing of Mycobacterium tuberculosis 
•  MERS-CoV Infection of Alpaca in a Region Where MERS-CoV is Endemic 

http://wwwnc.cdc.gov/eid/ 
articles/issue/22/06/ 

table-of-contents

Including:
June 2016: Respiratory Diseases


