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OBJECTIVE: To examine the effect of the 7-valent pneumococcal 
conjugate vaccine in a well-characterized population in Olmsted 
County, Minnesota, with a combination of urban and rural resi-
dents likely to have a relatively low risk of invasive pneumococcal 
disease (IPD).

PATIENTS AND METHODS: This population-based study analyzed 
data from children younger than 5 years to determine the inci-
dence of IPD from January 1, 1995, to December 31, 2007.

RESULTS: From 1995 through 2007, 29 cases of IPD were identi-
fied in the study population, but 2 patients denied research autho-
rization; thus, 27 cases were available for review. From 1995-1999 
to 2001-2003, the incidence of IPD decreased from 33.5 (95% 
confidence interval [CI], 16.6-50.5) to 10.8 (95% CI, 0.0-23.0) 
cases per 100,000 person-years (68% decrease; P=.046). The in-
cidence subsequently increased to 15.2 (95% CI, 3.0-27.4) cases 
per 100,000 person-years from 2004 through 2007; however this 
change was not significant (P=.62). All cases of IPD with available 
serotype data from 2002 through 2007 (n=5) were due to non–7-
valent conjugate vaccine serotypes.

CONCLUSION: Although the baseline incidence of IPD was much 
lower than that reported in other populations, the overall inci-
dence of IPD decreased significantly in children younger than 5 
years after introduction of a 7-valent conjugate vaccine.
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CDC = Centers for Disease Control and Prevention; CI = confidence in-
terval; IPD = invasive pneumococcal disease; MIC = minimum inhibitory 
concentration; PCV-7 = 7-valent pneumococcal conjugate vaccine
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After the introduction of a 7-valent pneumococcal con-
jugate vaccine (PCV-7) for children in early 2000 in 

the United States, the incidence of invasive pneumococcal 
disease (IPD) decreased substantially in several popula-
tions in the United States.1-7 These populations included 
metropolitan areas throughout the United States (Active 
Bacterial Core Surveillance),1 a health care system in 
Northern California (Kaiser Permanente),2 8 children’s 
hospitals in the United States (US Pediatric Multicenter 
Pneumococcal Surveillance Group),3 the state of Alaska 
(Arctic Investigations Program),4 the metropolitan Atlanta 
area (Georgia Emerging Infections Program),5 and a White 
Mountain Apache tribe in northern Arizona.7 The baseline 
incidence of IPD among children younger than 5 years 
in these populations ranged from 62.5 cases per 100,000 
in the Kaiser Permanente population,2 to 96.4 cases per 
100,000 in the metropolitan areas of the Active Bacterial 

Core Surveillance population,1 to 139.7 cases per 100,000 
in metropolitan Atlanta,5 to 473 cases per 100,000 in the 
White Mountain Apache tribe.7

	 To examine the effect of PCV-7 in a well-characterized 
population in the midwestern United States with a com-
bination of urban and rural residents likely to have a rela-
tively low risk of IPD,8 we conducted a population-based 
incidence study of IPD in Olmsted County, Minnesota, 
from 1995 through 2007.

PATIENTS AND METHODS

Population 
Olmsted County (total population, 124,277; population <5 
years, 8890; 2000 census data) is located in southeastern 
Minnesota and includes the central city of Rochester (total 
population, 85,806; population <5 years, 6401; 2000 cen-
sus data) and the surrounding area. Most of the population 
is white (90.3% white; 2000 census data) and of North-
ern European ancestry. One unique feature of the Olmsted 
County population is that medical care is mainly self-con-
tained within the community.8 This is due to the relative 
geographic isolation of Olmsted County from other urban 
centers; the closest competing medical centers are located 
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in Minneapolis, MN (87 miles to the north), LaCrosse, 
WI (71 miles to the east), Iowa City, IA (198 miles to the 
south), and Sioux Falls, SD (235 miles to the west). An-
other unique feature is that essentially all original medical 
records from the providers in Olmsted County, including 
the Mayo Clinic and Olmsted Medical Center health care 
systems, are available for review through the Rochester 
Epidemiology Project, a medical records-linkage system 
that has received federal funding since 1966.8 These fea-
tures allow for essentially complete ascertainment of all 
cases of a specific disease in residents of Olmsted County 
and thus comprise an ideal environment for population-
based studies.

Case Ascertainment and Definitions

Invasive pneumococcal disease was defined as the isola-
tion of Streptococcus pneumoniae from a normally ster-
ile site,1 from an Olmsted County resident younger than 5 
years. Cases of IPD were identified from January 1, 1995, 
through December 31, 2007, from the only 2 microbiology 
laboratories in Olmsted County: Mayo Clinic and Olmsted 
Medical Center. No distantly located reference laboratories 
were used by practitioners of Olmsted County. The institu-
tional review boards at Mayo Clinic and Olmsted Medical 
Center approved the study and waived the requirement for 
informed consent.
	 Pneumococcal susceptibility testing was performed 
by agar dilution (1995-2007) at Mayo Clinic and by agar 
dilution (1995-1998) and Microstrep plus panel (Dade 
Behring, Brooksfield, CT; 1999-2007) at Olmsted Medi-
cal Center. Invasive pneumococcal disease isolates were 
defined as penicillin susceptible or nonsusceptible (ie, of 
intermediate susceptibility or resistant) on the basis of 
Clinical and Laboratory Standards Institute guidelines ac-
cording to the current breakpoint for oral penicillin dos-
ing and the previous breakpoint for parenteral penicillin 
dosing.
	 Pneumococcal serotypes were defined as follows: (1) 
PCV-7 serotype (serotypes 4, 6B, 9V, 14, 18C, 19F, and 
23F); (2) PCV-7 related serotype (serotypes 6A, 9A, 9L, 
9N, 18A, 18B, 18F, 19A, 19B, 19C, 23A, and 23B); (3) 
23-valent pneumococcal polysaccharide vaccine (PPV-23) 
serotype (serotypes 1, 2, 3, 5, 7F, 8, 10A, 11A, 12F, 15B, 
20, 22F, and 33F); and (4) nonvaccine serotype (all other 
serotypes).1

	 Pneumococcal serotyping was performed at the Min-
nesota Department of Health with type-specific antisera 
(Quellung reaction). Pneumococcal clinical syndromes 
have been previously defined.9

	 Vaccination with PCV-7 began in Olmsted County in 
July 2000. Because pneumococcal vaccination rates were 
not available for Olmsted County, survey data from the 

Centers for Disease Control and Prevention (CDC) were 
used to estimate vaccination rates. For PCV-7 vaccination 
coverage among children 19 to 35 months of age in Min-
nesota, the National Immunization Survey data of the CDC 
were used.10

Statistical Analyses

For calculating the incidence of IPD, the entire Olmsted 
County population younger than 5 years was considered 
at risk of infection. The denominator age- and sex-specific 
person-years were derived from decennial census figures. 
For the years after the last decennial census in 2000, a 
population growth rate of 1.9% was used to project these 
numbers. Incidence rates were age- and sex-adjusted to 
the US white population in 2000. Only initial episodes of 
IPD were included as incident cases. Poisson regression 
was used to examine the temporal and sex effects on the 
incidence of IPD. The time covariate was categorized into 
pre-PCV-7 (January 1, 1995, to December, 31, 1999), im-
mediate post-PCV-7 (December 1, 2001, to December 
31, 2003), and distant post-PCV-7 (December 1, 2004, to 
December 31, 2007) periods.4 A transition period was de-
fined as December 1, 2000, to December 31, 2000, to allow 
for PCV-7 uptake, from which data were excluded in the 
analysis. If there were no incident IPD cases in males or 
females within a subgroup in at least 1 of the 3 periods, a 
correction factor of 0.5 was applied to each stratum count 
so that regression estimates could be calculated. The level 
of significance for statistical testing was defined as P<.05 
(2-sided). All analyses were performed using SAS version 
8 software (SAS Institute, Cary, NC).

RESULTS

Twenty-nine cases of IPD were identified in children 
younger than 5 years. For 2 children with IPD, research 
authorization was refused, and their records were not used 
for research purposes in accordance with the Minnesota 
Research Authorization Statute. Therefore, 27 (93%) of the 
29 IPD cases were available for review.

Demographic Characteristics

Of the 27 patients, 20 (74%) were white, 3 (11%) were 
African American, 2 (7%) were Asian, and 2 (7%) were of 
unknown race; 15 (56%) were male. The median age of the 
study patients was 1 year (range, 3 months to 4 years). 

Incidence

From 1995-1999 (pre PCV-7 period) to 2001-2003 (imme-
diate post PCV-7 period), the incidence of IPD decreased 
68%, from 33.5 (95% confidence interval [CI], 16.6-50.5) 
to 10.8 (95% CI, 0.0-23.0) cases per 100,000 person-years 
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(P=.046) (Table). This was mainly a result of a decrease 
in the incidence of IPD in males (from 48.1 [95% CI, 
19.7-76.5] cases per 100,000 person-years in 1995-1999 
to 0.0 cases in 2001-2003; P=.005). During the same pe-
riods, the incidence of IPD did not change significantly in 
females (from 18.2 [95% CI, 0.4-36.0] cases per 100,000 
person-years in 1995-1999 to 22.2 [95% CI, 0.0-47.2] cas-
es in 2001-2003; P=.80).  The incidence of IPD increased 
29%, from 10.8 (95% CI, 0.0-23.0) cases per 100,000 per-
son-years in 2001 through 2003 to 15.2 (95% CI, 3.0-27.4) 
cases per 100,000 person-years in 2004 through 2007 (dis-
tant post PCV-7 period), but this change was not significant 
(P=.62) (Table).

Vaccination Data

On the basis of the National Immunization Survey of 
the CDC,10 the estimated coverage with 3 or more dos-
es of PCV-7 among children 19 to 35 months of age in 
the state of Minnesota was (yearly point estimate [%] ± 
95% CI): 48.2±6.8 (2002), 72.9±6.7 (2003), 77.3±6.5 
(2004), 86.6±5.3 (2005), 92.5±3.6 (2006), and 95.7±2.8 
(2007).
	 Of 10 children younger than 5 years who developed IPD 
after July 2000, 7 received at least 3 doses of PCV-7 before 

the diagnosis of IPD, 2 received no doses of PCV-7 (cases 
occurred in 2000 and 2001), and 1 had no available vac-
cination data.

Serotype Data 
Pneumococcal serotype data were available for 5 (63%) of 
the 8 IPD cases from 2002 through 2007; serotype data be-
fore 2002 were not available. The serotypes of the 3 cases 
of IPD from 2002 through 2004 in children younger than 5 
years were as follows (serotypes are listed in parentheses): 
nonvaccine serotype, 1 case (35F); unknown serotype, 
2 cases. The serotypes of the 5 cases of IPD from 2005 
through 2007 in children were as follows: PCV-7 related 
serotype, 1 case (19A); PPV-23 serotype, 2 cases (15B, 
22F); nonvaccine serotype, 1 case (34); and unknown se-
rotype, 1 case. For the period 2002 through 2007, no cases 
of IPD were due to PCV-7 serotypes. Serotype data were 
available for 5 of the 7 children who received at least 3 
doses of PCV-7 before the diagnosis of IPD, and none were 
due to PCV-7 serotypes.

Clinical Syndromes and Penicillin Susceptibility

Of 27 IPD cases from 1995 through 2007, 11 (41%) pre-
sented as bacteremia without a focus, 9 (33%) as pneumo-

TABLE. Temporal Trends in Incidence of IPD in Children Younger Than 5 Years  
Residing in Olmsted County, Minnesotaa

	 	
	
		  P value	

					     1995-1999	 2001-2003	 1995-1999
		  1995-1999	 2001-2003	 2004-2007	 vs	 vs	 vs
	 IPD incidence	 (n=15)	 (n=3)	 (n=6)	 2001-2003	 2004-2007	 2004-2007
	
Overall	 33.5	 10.8	 15.2	 .046	 .62	 .09
				    (16.6-50.5)	 (0.0-23.0)	 (3.0-27.4)
By sex						    
		  Male	 48.1	 0.0	 19.8	 .005	 .12	 .13
				    (19.7-76.5)	 (0.0-0.0)	 (0.4-39.3)
		  Female	 18.2	 22.2	 10.4	 .80	 .40	 .51
				    (0.4-36.0)	 (0.0-47.2)	 (0.0-24.7)
By clinical syndrome						    
		  Pneumonia	 9.0	 3.6	 7.6	 .38	 .50	 .84
				    (0.2-17.8)	 (0.0-10.6)	 (0.0-16.3)
		  Bacteremia without a focus	 17.8	 0.0	 5.1	 .04	 .50	 .12
				    (5.5-30.2)	 (0.0-0.0)	 (0.0-12.1)	
		  Meningitis	 4.5	 3.6	 2.5	 .86	 .81	 .64
				    (0.0-10.7)	 (0.0-10.6)	 (0.0-7.5)			 
		  Purulent otitis media	 2.2	 3.6	 0.0	 .63	 .38	 .64
				    (0.0-6.6)	 (0.0-10.6)	 (0.0-0.0)		
By penicillin susceptibility
		  Susceptible	 29.0	 7.2	 15.2	 .03	 .33	 .18
				    (13.3-44.8)	 (0.0-17.2)	 (3.0-27.4)		
		  N	onsusceptible	 4.5	 3.6	 0.0	 .86	 >.99	 >.99
				    (0.0-10.7)	 (0.0-10.6)	 (0.0-0.0)		

a CI = confidence interval; IPD = invasive pneumococcal disease.
b Incidence rates were sex-adjusted to the US 2000 white population. A transition period was defined as January 1, 2000, 

to December 31, 2000, to allow for PCV-7 uptake, from which data were excluded in the analysis.

IPD incidenceb

(cases per 100,000 person-years)
(95% CI)
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nia, 5 (19%) as meningitis, and 2 (7%) as purulent otitis 
media with pneumococcal bacteremia. Of 27 IPD isolates 
from 1995 through 2007, 24 (89%) were penicillin suscep-
tible, and 3 (11%) were penicillin nonsusceptible. Of 19 
IPD isolates before 2002, 16 had a penicillin minimum in-
hibitory concentration (MIC) of less than or equal to 0.06 
µg/mL (susceptible), 2 had a penicillin MIC of 2 µg/mL 
(nonsusceptible), and 1 had a penicillin MIC of 1 µg/mL 
(nonsusceptible). Of 8 IPD isolates from 2002 through 
2007, all 8 isolates had penicillin MIC values less than or 
equal to 0.06 µg/mL (susceptible). Trends in IPD incidence 
stratified by clinical syndrome and penicillin susceptibility 
are listed in the Table.

DISCUSSION

In the population of Olmsted County, where the pre-PCV-7 
incidence of IPD in children younger than 5 years (33.5 
cases per 100,000 person-years) was much lower than the 
pre-PCV-7 incidence of IPD in other populations (ranging 
from 62.5 to 473 cases per 100,000 person-years),1,2,5,7 we 
observed a similar substantial decrease (68%) in the inci-
dence of IPD after introduction of PCV-7. The decrease in 
IPD incidence in children in Olmsted County was likely 
related to the introduction of PCV-7 in July 2000; however, 
we cannot definitively make this claim given our descrip-
tive study design and inability to causally link changes in 
IPD incidence with the introduction of PCV-7. The increas-
ing PCV-7 vaccine coverage in the state of Minnesota over 
time and the relatively high coverage (1 of 7 states to have 
≥95% coverage in 2007)10 provide some support for this 
hypothesis.
	 The substantial decrease in the incidence of IPD in 
male children younger than 5 years from 1995-1999 to 
2001-2003 but not in female children younger than 5 
years is unusual. Temporal trends in sex-specific inci-
dence of IPD in children have not been reported in pre-
viously published studies1-7; thus, we cannot compare 
our findings with other populations. The reason for this 
finding is unclear but could be related at least in part to 
the relatively low number of cases in 2001 through 2003, 
which may have contributed to instability in the incidence 
figures for that period.
	 Although the incidence of IPD increased 29% from 
2001-2003 to 2004-2007, our study was underpowered 
to detect a statistically significant difference. Although 
the numbers were small and the increase was not statisti-
cally significant, the increase in IPD incidence in chil-
dren younger than 5 years correlates with a statistically 
significant increase in the incidence of IPD in adults  
aged 50 years and older from 2001-2003 to 2004- 
2007.11 

	 Potential explanations for the possible increase in IPD 
incidence from 2001-2003 to 2004-2007 in children young-
er than 5 years include the following: (1) natural fluctua-
tions in IPD incidence related to factors such as seasonal 
respiratory virus activity, antibiotic use, and clonal strains 
moving in and out of the community; (2) “replacement 
disease” resulting from nasopharyngeal colonization with 
non–PCV-7 type pneumococci among both vaccinees (a di-
rect effect of PCV-7) and among unvaccinated children (an 
indirect effect of PCV-7)4; or (3) changes in demographics 
of the Olmsted County population, leading to an influx of 
persons with a higher risk of IPD. Although data regarding 
PCV-7 coverage among children younger than 5 years in 
Olmsted County were not available, statewide data indicate 
that the vaccine coverage of PCV-7 is high. Consequently, 
a decrease in vaccine coverage is an unlikely explanation 
for this observation.
	 Our study has several key strengths. First, we report 
IPD data from a well-characterized population with a pre-
PCV-7 incidence of IPD that is much lower than in other 
populations. This allows for extrapolation of our findings 
to other similar populations. Second, our study was per-
formed in a geographically isolated population, allowing 
for essentially complete ascertainment of all IPD cases and 
accurate incidence calculations. Third, our study was per-
formed during a 13-year period and used consistent data 
abstraction methods.
	 Our study has some limitations. First, the relatively 
small population in Olmsted County limited the num-
ber of IPD cases, especially in the post-PCV-7 periods 
and restricted calculation of serotype specific incidence. 
Second, pneumococcal serotype data were available only 
from 2002-2007, which did not allow us to make con-
clusions about changes in serotype distributions before 
the introduction of PCV-7 in 2000. Third, the Olmsted 
County population differs from metropolitan popula-
tions, and our findings should be generalized to similar 
populations.

CONCLUSION

A significant decrease was noted in the incidence of IPD 
in children younger than 5 years in Olmsted County, Min-
nesota, after the introduction of PCV-7 in 2000. Further 
surveillance is needed in the upcoming years to monitor for 
increasing IPD incidence in young children.

We thank Mary Ann Butler at the Olmsted Medical Center Hospi-
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Barbara Yawn, MD, at the Olmsted Medical Center for her assis-
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her work on this study.
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