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OBJECTIVE: To determine incidence rate, seasonal variation, and 
short- and long-term outcomes of Klebsiella species bloodstream 
infection (BSI) in a population-based setting.

PATIENTS AND METHODS: We identified 127 unique patients in 
Olmsted County, Minnesota, from January 1, 1998, to December 
31, 2007, who had Klebsiella spp BSI. Multivariable Poisson 
regression was used to examine temporal change and seasonal 
variation in incidence rate, and Cox proportional hazards regres-
sion was used to determine predictors of mortality.

RESULTS: The age-adjusted incidence rate of Klebsiella spp BSI 
per 100,000 person-years was 15.4 (95% confidence interval [CI], 
11.6-19.2) in men and 9.4 (95% CI, 7.0-11.8) in women. There 
was no linear increase in incidence rate of Klebsiella spp BSI dur-
ing the study period (P=.55). The incidence rate of Klebsiella spp 
BSI increased at quadratic rate with age (P=.005). No significant 
difference was noted in incidence rate of Klebsiella spp BSI during 
the warmest 4 months compared to the rest of the year (incidence 
rate ratio, 0.97; 95% CI, 0.66-1.38; P=.95). The overall 28-day 
and 1-year all-cause mortality rates of Klebsiella spp BSI were 
14% (95% CI, 9%-22%) and 35% (95% CI, 27%-44%), respectively. 
Respiratory source of BSI was associated with a higher 28-day 
mortality (hazard ratio, 4.90; 95% CI, 1.73-13.84; P=.003).

CONCLUSION: The incidence rate of Klebsiella spp BSI increased 
with age. There was no temporal change or seasonal variation in 
incidence rate of Klebsiella spp BSI during the past decade. The 
28-day all-cause mortality rate of Klebsiella spp BSI was relatively 
low; however, a respiratory source of BSI was associated with a 
poorer outcome.
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Klebsiella species are the second most common cause of 
gram-negative bloodstream infection (BSI).1-5 Popula-

tion-based studies that specifically address the epidemiology 
and outcome of Klebsiella spp BSI are lacking because most 
previous studies have been derived from referral tertiary care 
centers.6-8 Therefore, we performed a population-based study 
to determine the incidence rate of Klebsiella spp BSI and to 
investigate for temporal changes and seasonal variation in 
the incidence rate of Klebsiella spp BSI. We estimated the 
28-day and 1-year mortality rates and identified predictors of 
mortality of Klebsiella spp BSI among inhabitants of Olm
sted County, Minnesota, from 1998 through 2007.

PATIENTS AND METHODS

Olmsted County is located in southeastern Minnesota and 
has a population of 124,277 according to the 2000 US cen-

sus.9 With the exception of a lower prevalence of injection 
drug use, a higher prevalence of middle-class residents, 
and a higher proportion of residents being employed in 
the health care industry, the population characteristics of 
Olmsted County residents are similar to those of US non-
Hispanic white people.10,11 The Rochester Epidemiology 
Project (REP) is a unique medical records–linkage system 
that encompasses care delivered to residents of Olmsted 
County. The only 2 microbiology laboratories in Olmsted 
County are located at Mayo Clinic and Olmsted Medical 
Center. These 2 medical centers are geographically iso-
lated from other urban centers, as previously described11-13; 
therefore, local residents are able to obtain health care 
within the community rather than seeking it at a distant 
geographic location.

Case ascertainment

We used complete enumeration of Olmsted County from 
January 1, 1998, to December 31, 2007. Using the mi-
crobiology databases at Mayo Clinic and Olmsted Medi-
cal Center, the only 2 medical centers in Olmsted County, 
we identified 127 unique patients with first episodes of 
monomicrobial Klebsiella spp BSI. The primary investiga-
tor (M.N.A.-H.) reviewed medical records to confirm the 
diagnosis, determine patient residency status, and obtain 
baseline clinical features and outcome.
	 Blood cultures were identified using standard microbi-
ology techniques according to the Clinical and Laboratory 
Standards Institute. Both laboratories are certified by the 
College of American Pathologists. The study was approved 
by the institutional review boards of both institutions. The 
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detailed case ascertainment and blood culture methods 
used have been published previously.3,12

Case definition

Monomicrobial BSI was defined as growth of only 1 or-
ganism in a blood culture, excluding coagulase-negative 
staphylococci, Corynebacterium species, and Propioni-
bacterium species. Cases were classified according to the 
site of acquisition: nosocomial, health care–associated, and 
community-acquired.14 The primary source of BSI was de-
fined using the Centers for Disease Control and Prevention 
criteria.15

Statistical analyses

The incidence rate, expressed as the number of new cases 
of Klebsiella spp BSI per 100,000 person-years, was cal-
culated with the assumption that the entire population of 
Olmsted County was at risk of BSI. The 2000 Olmsted 
County census figures were used to compute the person-
years denominator specific for age, sex, and calendar year, 
and the population growth rate after 2000 was projected at 
1.9% per year. The 10-year study period was divided into 
five 2-year intervals (1998-1999, 2000-2001, 2002-2003, 
2004-2005, and 2006-2007), and age was divided into 5 
groups (0-18, 19-39, 40-59, 60-79, and ≥80 years). The in-
cidence rate was directly adjusted to the 2000 US white 
population.9 A 95% confidence interval (CI) for each inci-
dence rate was estimated using a Poisson distribution.
	 To evaluate the association between seasonal variation 
and incidence rate of Klebsiella spp BSI, the incidence rate 
for the 4 warmest months (June through September) and 
the incidence rate for the 8 remaining months were each 
calculated; the person-years denominator was multiplied 

by one-third and two-thirds, respectively. The incidence 
rate ratio is the ratio of the incidence rate for the 4 warm-
est months relative to the incidence rate for the remaining 
8 months. A 95% CI for the incidence rate ratio was con-
structed using bootstrap resampling.
	 To create an additional measure of seasonal variation, 
the average monthly temperatures for Rochester, MN, were 
obtained from historical city records.16 Incidence rates were 
calculated for each of the 12 months with the assumption 
that the population was fixed within a given year. To test 
for an association between average monthly temperatures 
and incidence of Klebsiella spp BSI, a multivariable Pois-
son regression model that adjusted for sex, age, and calen-
dar year was used. The functional form of the continuous 
variables age and calendar year was assessed. Incidence 
rate was plotted by age and by calendar year to evaluate 
linearity; a quadratic form of the continuous variable was 
formally tested in the multivariable Poisson model if the 
plot suggested a nonlinear relationship.
	 The Kaplan-Meier method was used to estimate the 
28-day and 1-year all-cause mortality rates. Patients were 
followed up from the date of first episode of Klebsiella spp 
BSI until death or last health care encounter; long-term fol-
low-up was available through the REP. Patients lost to fol-
low-up were censored on the date of their last health care 
encounter. Cox proportional hazards regression was used 
to determine factors associated with 28-day and 1-year all-
cause mortality. The following variables were each evalu-
ated in univariate models: age (as a continuous variable), 
sex, infection site of acquisition, primary source of infec-
tion, species, and year of diagnosis (continuous variable). 
To control for the potential confounding of cumulative life-
time comorbidity up until infection, each factor was also 
included in a model adjusting for Charlson comorbidity 
index.17 Hazard ratios (HRs) along with 95% CIs are pre-
sented to demonstrate the strength of association between 
each factor and all-cause mortality.
	 All analyses were performed using the SAS statistical 
software package (version 8.2, SAS Institute, Cary, NC). 
The level of significance for statistical testing was defined 
as P<.05 (2-sided).

RESULTS

We identified 127 unique patients with Klebsiella spp BSI 
during the study period; 105 patients had Klebsiella pneu-
moniae, 21 had Klebsiella oxytoca, and 1 had Klebsiella 
ornithinolytica BSI (Table 1). The median age of patients 
with Klebsiella spp BSI was 72 years (interquartile range, 
52-85 years), and 67 (52.8%) were men. Forty-seven percent 
of cases were community-acquired, 42% were health care–
associated, and 11% were nosocomial. The urinary tract 

TABLE 1. Clinical Characteristics of Patients With Klebsiella  
Species Bloodstream Infection

	 Klebsiella species (N=127)a

		  K pneumoniae	 K oxytoca
	 Variable	 (n=105)	 (n=21)

Age (y), median (interquartile range)	 73 (59-86)	 69 (50-82)
Male sex	 54 (51)	 13 (62)
Site of acquisition
	 Community-acquired	 50 (48)	   9 (43)
	 Health care–associated	 46 (44)	   7 (33)
	 Nosocomial	   9 (9)	   5 (24)
Primary source
	 Urinary tract	 43 (41)	 10 (48)
	 Gastrointestinal tract	 27 (26)	   4 (19)
	 Respiratory tract	 12 (11)	   1 (5)
	 Other	   2 (2)	   1 (5)
	 Unknown	 21 (20)	   5 (24)

a Values are number (percentage) unless indicated otherwise. One patient, 
an 87-year-old woman with community-acquired K ornithinolytica 
bloodstream infection of the urinary tract as the primary source, is not 
included in the table.
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was the most common primary source of infection (43%), 
followed by the gastrointestinal tract (24%), the respiratory 
tract (10%), and other (2%). Twenty-six patients (20%) had 
primary BSI of unknown source. Most patients with Kleb-
siella spp BSI had multiple chronic comorbid conditions, 
as reflected by a median Charlson comorbidity index of 4 
(interquartile range, 1-7).
	 The age- and sex-adjusted incidence rate of Klebsiella 
spp BSI per 100,000 person-years was 11.7 (95% CI, 
9.7-13.8). The age-adjusted incidence rate of Klebsiella spp 
BSI per 100,000 person-years was 15.4 (95% CI, 11.6-19.2) 
in men and 9.4 (95% CI, 7.0-11.8) in women. There was no 
linear temporal change in the incidence rate throughout the 
study period (P=.55 from multivariable Poisson model ad-
justing for age, sex, and average temperature; Figure 1), and 
a plot of the incidence rate by age (not shown) suggested an 
increasingly higher rate of incidence with older age. In the 
multivariable Poisson model, a quadratic term for age was 
included (P=.005).

	 The age- and sex-adjusted incidence rates of K pneumo-
niae and K oxytoca BSI per 100,000 person-years were 9.7 
(95% CI, 7.8-11.6) and 1.9 (95% CI, 1.1-2.7), respectively. 
The age-adjusted incidence rate of K pneumoniae BSI per 
100,000 person-years was 12.6 (95% CI, 9.1-16.0) in men 
and 8.0 (95% CI, 5.8-10.3) in women. The incidence rate of 
K pneumoniae BSI also increased at a quadratic rate with 
age (P=.008). The age-adjusted incidence rate of K oxytoca 
BSI per 100,000 person-years was 2.9 (95% CI, 1.3-4.5) in 
men and 1.2 (95% CI, 0.4-2.1) in women (Table 2).
	 The age- and sex-adjusted incidence rate of Klebsiel-
la spp BSI per 100,000 person-years was 11.5 (95% CI, 
8.0-15.0) during the warmest 4 months of the year (June 
through September) compared to 11.9 (95% CI, 9.3-14.4) 
during the rest of the year (incidence rate ratio, 0.97; 95% 
CI, 0.66-1.38; P=.95). Additionally, no association existed 
between the incidence rate of Klebsiella spp BSI and aver-
age temperature after adjustment for age and sex (P=.74; 
Figure 2).
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FIGURE 1. Age- and sex-adjusted incidence rates of Klebsiella species bloodstream infection 
by calendar year.

TABLE 2. Incidence Rates of Klebsiella Species Bloodstream Infection by Age Group and Sex, 1998-2007a

	 Age group (y)

	 Organism	 0-18	 19-39	 40-59	 60-79	 ≥80	 Age-adjustedb	 Age- and sex-adjustedb

Klebsiella species							       11.7 (9.7-13.8)
	 Women	 1 (0.6)	 5 (2.5)	   9 (5.1)	 21 (26.8)	 24 (83.0)	   9.4 (7.0-11.8)	
	 Men	 3 (1.6)	 4 (2.1)	 12 (7.2)	 24 (35.8)	 24 (185.7)	 15.4 (11.6-19.2)
	 Overall	 4 (1.1)	 9 (2.3)	 21 (6.1)	 45 (30.9)	 48 (114.7)	 11.6 (9.6-13.6)
K pneumoniae							         9.7 (7.8-11.6)
	 Women	 1 (0.6)	 5 (2.5)	   6 (3.4)	 19 (24.2)	 20 (69.2)	   8.0 (5.8-10.3)	
	 Men	 2 (1.1)	 4 (2.1)	   8 (4.8)	 20 (29.8)	 20 (154.8)	 12.6 (9.1-16.0)
	 Overall	 3 (0.8)	 9 (2.3)	 14 (4.1)	 39 (26.8)	 40 (95.6)	   9.6 (7.8-11.5)
K oxytoca							         1.9 (1.1-2.7)
	 Women	 0 (0)	 0 (0)	   3 (1.7)	   2 (2.5)	   3 (10.4)	   1.2 (0.4-2.1)	
	 Men	 1 (0.5)	 0 (0)	   4 (2.4)	   4 (6.0)	   4 (31.0)	   2.9 (1.3-4.5)
	 Overall	 1 (0.3)	 0 (0)	   7 (2.0)	   6 (4.1)	   7 (16.7)	   1.9 (1.1-2.7)

a Data are displayed as counts (incidence rates per 100,000 person-years).
b Incidence rates per 100,000 person-years (95% confidence intervals) are adjusted for 2000 US white population.
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	 For most of the cohort, patient follow-up was complete; 
no patient was lost to follow-up within 28 days, and only 
8 (6%) were lost to follow-up within 1 year of Klebsiella 
spp BSI. The overall 28-day and 1-year all-cause mortal-
ity rates of Klebsiella spp BSI were 14% (95% CI, 9%-
22%) and 35% (95% CI, 27%-44%), respectively. Factors 
associated with 28-day and 1-year all-cause mortality are 
shown in Tables 3 and 4, respectively. After adjustment 
for Charlson comorbidity index, respiratory source of BSI 
was associated with a higher 28-day all-cause mortality 
(HR, 4.90; 95% CI, 1.73-13.84; P=.003). Factors associ-
ated with 1-year all-cause mortality after adjustment for 
Charlson comorbidity index were age (HR, 1.26; 95% CI, 
1.02-1.54; P=.03) and respiratory source of BSI (HR, 3.62; 
95% CI, 1.75-7.51; P<.001).

DISCUSSION

To our knowledge, this is the first population-based study 
to describe the epidemiology and the short- and long-term 

TABLE 3. Factors Associated With 28-Day Mortality in Patients 
With Klebsiella Species Bloodstream Infectiona

	 Univariate model	 Adjusted modelb

	 Variable	 HR (95% CI)	 P value	 HR (95% CI)	 P value

Age (per 10 y)	 1.33 (0.98-1.82)	 .07	 1.32 (0.96-1.82)	 .09
Male sex	 1.13 (0.44-2.85)	 .80	 1.09 (0.43-2.77)	 .85
Site of acquisition
		  Community-acquired	   1.0 (reference)	 NA	   1.0 (reference)	 NA
		  Health care–associated	 1.92 (0.70-5.28)	 .21	 1.76 (0.63-4.93)	 .28
		  Nosocomial	 1.52 (0.31-7.52)	 .61	 1.41 (0.28-7.07)	 .67
Source of infection: 
	 respiratory vs other	 5.28 (1.98-14.11)	 <.001	 4.90 (1.73-13.84)	 .003
Species: Klebsiella 
	 pneumoniae vs other	 1.02 (0.29-3.52)	 .98	 1.02 (0.29-3.51)	 .98
Year of diagnosis (per year)	 0.96 (0.81-1.14)	 .68	 0.95 (0.80-1.13)	 .57

a CI = confidence interval; HR = hazard ratio; NA = not applicable.
b Results of this model are adjusted for Charlson comorbidity index.
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FIGURE 2. Monthly age- and sex-adjusted incidence rates of Klebsiella species bloodstream infec-
tion and average monthly temperatures, 1998-2007.

outcomes of Klebsiella spp BSI. The age- and sex-adjust-
ed incidence rates of Klebsiella spp BSI remained stable 
during the past decade and ranged from 10.1 to 13.8 per 
100,000 person-years.
	 On the basis of an age- and sex-adjusted incidence rate 
of 9.7 per 100,000 person-years (95% CI, 7.8-11.6), K 
pneumoniae was the second most common gram-negative 
organism to cause BSI in our population (after Escherichia 
coli, which had an incidence rate of 41.4 per 100,000 per-
son-years [95% CI, 37.6-45.3]).18 The incidence rate of BSI 
due to each of these organisms increased with age. Unlike E 
coli BSI, which was more common in women, K pneumo-
niae BSI was more common in men. Additionally, patients 
with E coli were more likely than those with K pneumoniae 
to have a community-acquired BSI (59% vs 48%) and a uri-
nary primary source of BSI (80% vs 41%).18

	 In contrast to a previous report from 4 tertiary care cen-
ters on 4 continents,19 we observed no seasonal variation 
in the incidence rate of Klebsiella spp BSI. One possible 
explanation for the difference in results is the settings in 
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TABLE 4. Factors Associated With 1-Year Mortality in Patients With 
Klebsiella Species Bloodstream Infectiona

		  Univariate model	 Adjusted modelb

	 Variable	 HR (95% CI)	 P value	 HR (95% CI)	 P value

Age (per 10 y)	 1.30 (1.07-1.57)	 .007	 1.26 (1.02-1.54)	 .03
Male sex	 0.98 (0.54-1.79)	 .95	 0.94 (0.51-1.70)	 .83
Site of acquisition
		  Community-acquired	   1.0 (reference)		 NA	 1.0 (reference)		 NA
		  Health care–associated	 2.05 (1.08-3.92)	 .03	 1.80 (0.93-3.46)	 .08
		  Nosocomial	 1.21 (0.40-3.66)	 .73	 1.10 (0.36-3.32)	 .87
Source of infection: 
	 respiratory vs other	 4.83 (2.42-9.65)	 <.001	 3.62 (1.75-7.51)	 <.001
Species: Klebsiella 
	 pneumoniae vs other	 0.83 (0.39-1.79)	 .64	 0.85 (0.39-1.84)	 .68
Year of diagnosis 
	 (per year)	 0.98 (0.88-1.10)	 .79	 0.95 (0.84-1.07)	 .37

a CI = confidence interval; HR = hazard ratio; NA = not applicable.
b Results of this model are adjusted for Charlson comorbidity index.

which the 2 studies were performed: the former study is 
hospital-based, whereas ours is population-based. It is con-
ceivable that factors within a hospital environment contrib-
uted to the seasonality of Klebsiella spp BSI; therefore, the 
results were not reproduced in a population-based setting. 
Another possible explanation is the difference in tempera-
ture between the geographic locations where the 2 studies 
were performed. In other words, the average monthly tem-
peratures in Minnesota were much lower than those in any 
of the 4 geographic locations where the other study was 
conducted (Australia, France, Taiwan, and North Caroli-
na). Such lower average temperatures might have masked a 
seasonal variation in Klebsiella spp BSI in our study.
	 The lack of seasonal variation in Klebsiella spp BSI in 
the current study is also contrary to what we have previ-
ously demonstrated in E coli BSI in our local population, in 
which the incidence rate was higher during the warmest 4 
months than the rest of the year.20 It is unclear why we ob-
served seasonal variation in E coli BSI but not in Klebsiella 
spp BSI. One notable difference between the 2 pathogens is 
the predominance of the urinary tract as the primary source 
of infection in patients with E coli BSI (80%) compared 
with patients with Klebsiella spp BSI (only 43%). We spec-
ulate that this difference likely accounts for the presence of 
seasonal variation in E coli BSI and its lack in Klebsiella 
spp BSI. The number of patients with Klebsiella spp BSI 
in the current study was too small to allow for stratifica-
tion by source of acquisition to examine this hypothesis. 
Further population-based studies are warranted to examine 
for a seasonal variation in the incidence rate of urinary tract 
infections.
	 The 28-day all-cause mortality rate of 14% in patients 
with Klebsiella spp BSI in the current study was notably 
lower than the short-term mortality rates reported in recent 
investigations from tertiary care centers, which ranged 

from 18% to 37%.8,21-24 This was most likely due, in part, to 
the lack of referral bias in this population-based study; re-
ferral patients characteristically have more complications 
that lead to worse outcomes.
	 To our knowledge, this is the first study to report the 
long-term outcome of Klebsiella spp BSI. More than one-
third of patients did not survive beyond 1 year after Kleb-
siella spp BSI, most likely because of advanced age and 
multiple comorbidities. Patients with a respiratory source 
of infection had a worse outcome than did those with other 
sources of infection. Comparing the results of our study 
with those of a prior survey of Pseudomonas aeruginosa 
BSI in Olmsted County residents,12 patients with Klebsiel-
la spp BSI had relatively lower 28-day and 1-year mortality 
rates than did patients with P aeruginosa BSI (14% vs 26% 
and 35% vs 48%, respectively).
	 The strength of our study is the population-based design 
and therefore lack of referral bias. Contrary to previous 
hospital-based studies that have estimated the incidence 
rate of Klebsiella spp BSI per the number of admissions to 
a particular hospital, we determined the incidence rate by 
100,000 person-years in a well-defined population. In ad-
dition, the availability of prolonged follow-up through the 
REP resources is a unique advantage of our work.
	 Our study has limitations. First, our data are derived 
from 1 geographic area. Studies from multiple geographic 
locations may provide a more comprehensive view. Second, 
because the number of patients with Klebsiella spp BSI was 
relatively small and their mortality rate was low, the model 
for predictors of mortality may have been underpowered. 
Third, we did not evaluate the appropriateness of antimicro-
bial therapy in this model. Finally, the population of Olm-
sted County consists mainly of middle-class white people; 
therefore, our study results may be generalized only to com-
munities with similar population characteristics.
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CONCLUSION

To our knowledge, this is the first population-based study 
that defined the epidemiology and short- and long-term 
outcomes of Klebsiella spp BSI in the United States. The 
incidence rate of Klebsiella spp BSI increased with age and 
was higher in men than in women. No seasonal variation 
or temporal change was observed in the incidence rate of 
Klebsiella spp BSI during the 10-year study period. The 
relatively low mortality rate after Klebsiella spp BSI in our 
population as compared with rates in previously reported 
investigations from tertiary care centers is likely due to re-
ferral bias, which may impact data generated from those 
types of centers. However, a respiratory source of BSI was 
associated with a worse outcome.

We thank Emily Vetter and Mary Ann Butler for providing vital 
data from the microbiology laboratory databases at Mayo Clin-
ic and Olmsted Medical Center. Additionally, we thank Susan 
Schrage, Susan Stotz, RN, and all the staff at the Rochester Epi-
demiology Project for their administrative help and support.

ADDENDUM

After this manuscript was accepted for publication, a pop-
ulation-based study that described the incidence rate and 
short-term outcome of Klebsiella pneumoniae bloodstream 
infection in Calgary, Canada, was published.25
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