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Abstract

Background: There have been conflicting reports on the incidence of invasive pneumococcal 

diseases (IPD) after implementation of vaccination with 7- and 13-valent pneumococcal conjugate 

(PCV7 and PCV13) vaccinations. Some studies from different geographic locations observed a 

rebound increase in IPD incidence caused by non-PCV13 serotypes.

Objective: To estimate the incidence of IPD in pre-PCV13 (PCV7 era, 2002–2010) and post-

PCV13 (2011–2018) time periods.

Methods: We conducted a population-based, cohort study of all IPD cases in Olmsted County, 

Minnesota, USA, using the Rochester Epidemiology Project from January 1, 2002, to December 

31, 2018.

Results: Overall, 187 cases of IPD were identified. The incidence of IPD significantly decreased 

from 11.1 (95% CI 9.1, 13.2) to 5.6 (95% CI 4.3, 6.9) per 100,000 person-years when the pre-and 

post-PCV13 periods (2002–2010 vs. 2011–2018) were compared. Sixty percent (112/187) of IPD 

cases had previously received at least one dose of pneumococcal vaccine. Among the IPD cases in 
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the post-PCV13 period, there was an increase in non-PCV13 serotypes, mainly 11A: from 1.0% 

(1/105) to 6.2% (4/64) and 33F: from 2.9% (3/105) to 15.6% (10/64). While PCV13/non-PCV7 

serotypes declined from 38.1% (40/105) to 15.6% (10/64). At 30 days after an IPD diagnosis, the 

survival rate was 88.8% (95% CI 84.4, 93.4).

Conclusions: A marked decline in IPD incidence occurred during the post-PCV13 era. Due 

to an observed rise in non-PCV13 serotypes, coupled with multiple factors that impact the 

epidemiology of IPD, ongoing surveillance of IPD, particularly due to non-PCV13 serotypes, 

is warranted.

Introduction

Invasive pneumococcal disease (IPD) includes a variety of clinical syndromes caused 

by Streptococcus pneumoniae invasion of sterile body sites. The more common clinical 

syndromes are bloodstream infection, bacteremic pneumonia, and meningitis 1. IPD can be 

complicated by significant morbidity, mortality, with a substantial economic burden 2. While 

there are no contemporary data addressing the cost of IPD care in infants and children, 

especially in the conjugate vaccine era, an estimated cost of IPD care in adults in the United 

States from 2004 to 2040 was expected to increase by $2.5 billion annually 3.

Asymptomatic nasopharyngeal colonization of S. pneumoniae plays a critical role in the 

pathogenesis of IPD. Vaccination, however, reduces colonization of vaccine serotypes of S. 
pneumoniae, thus, decreasing the transmission from asymptomatic carriers to individuals in 

a high-risk population 4. A 23-valent pneumococcal polysaccharide vaccine (PPSV23) was 

first introduced in the United State in 1983 for high-risk group aged two years and older. 

However, its launch did not impact the highest IPD incidence in infant and children aged 

less than two years. Hence, a conjugate vaccine was developed for childhood vaccination 
5, 6. Implementing a 7-valent pneumococcal conjugate vaccine (PCV7) for infants and 

children up to 59-months of age in February 2000 impacted the incidence of IPD, which 

showed a significant decline 7, 8. The PCV7 was available in Minnesota after the Advisory 

Committee on Immunization Practices (ACIP) recommendation in October 2000. Children 

aged 2–23 months should receive three doses of PCV7 at two months interval with the 

fourth dose at age 12–15 months. High-risk children aged 24–59 months should receive a 

total of three doses at two months interval 9.

Our previous population-based study focusing on the incidence of IPD from 1995–2007 

in adults greater than 50 years and demonstrated an increase in the non-PCV7 serotypes. 

The incidence of IPD rose from 9.2 to 32.8 per 100,000 person-years when comparing 

2002–2004 to 2005–2007 10. In March 2010, a 13-valent pneumococcal conjugate vaccine 

(PCV13) was introduced as a replacement for PCV7 for infants and children using the 

same vaccination schedule. The ACIP recommended PCV13 in immunocompromised 

adults in 2012 followed by all adults aged 65 or older in 2014 11, 12. The coverage of 

PCV vaccination for children aged 24–35 months in Minnesota from 2010 to 2018 was 

around 75–82%. Based on findings from the Center of Diseases Control and Prevention 

Emerging Infections Program Network: Active Bacterial Core Surveillance (ABCs) Report, 

the incidence of IPD cases has gradually declined each year since introduction of PCV13 13. 
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The ABCs’ database demonstrated a longitudinal trend of IPD cases in select counties and 

states in the United States. However, this observation may not represent the actual incidence 

of a population of interest due to limited geographical surveillance 14. Additionally, it 

did not include demographic and other features of clinical syndromes, and IPD serotypes. 

Therefore, an updated epidemiologic investigation using comprehensive population-based 

data is warranted. We conducted a population-based investigation to profile the incidence 

trend and clinical characteristics of IPD cases in Olmsted County, Minnesota from 2002 to 

2018.

Methods

Study design and population

This study is a population-based, cohort study using the Rochester Epidemiology Project 

(REP) to identify all incident cases of IPD among residents of Olmsted County, Minnesota, 

USA, from January 1, 2002, to December 31, 2018. Patients who were initially diagnosed 

with IPD prior to 2002 or declined research authorization were excluded. Baseline 

demographics, comorbidities, clinical diagnoses, pneumococcal vaccination records, and 

microbiology data were collected. In addition, vital status, date of death, and date of most 

recent clinical contact through January 2021 were ascertained. All medical records were 

individually reviewed to confirm the accuracy of data. Both the Mayo Clinic and Olmsted 

Medical Center Institutional Review Boards approved the study.

The REP is a well-maintained medical record linkage infrastructure for patients residing in 

Olmsted County, Minnesota. It contains electronic indexes of demographic data, diagnostic 

codes, surgical procedure codes, drug prescriptions, and death records from providers 

affiliated with the Mayo Clinic, Olmsted Medical Center, and its branch offices, three 

affiliated hospitals, and additional local providers 15, 16. As compared with the US census 

estimates for July 2014, the REP captures approximately 99.9% of Olmsted County’s 

population 15, 16. Based on census information, age, sex, and racial/ethnic characteristics 

of people living in Olmsted County are comparable to the population of Minnesota and the 

Midwestern United States, but the population is less ethnically diverse than the rest of the 

United States. As of 2010, 86% of the Olmsted County population was white as compared to 

approximately 72% of that in the United States.

Case definitions, susceptibility testing and serotype

IPD was defined by clinical syndromes associated with a laboratory-confirmed isolation 

of S. pneumoniae from sterile body sites, including blood, cerebrospinal fluid (CSF), 

peritoneal fluid, pleural fluid, and synovial fluid. Agar dilution (Mayo Clinic) and broth 

microdilution (Olmsted Medical Center) methods were used for susceptibility testing of 

S. pneumoniae isolates. In vitro penicillin susceptibility determinations were based on 

2008 revised breakpoints for S. pneumoniae from the Clinical and Laboratory Standards 

Institute 17. For a non-meningitis syndrome, breakpoints for penicillin minimum inhibitory 

concentrations (MIC) were ≤ 2 μg/mL for susceptible; 4 μg/mL for intermediate; and ≥ 8 

μg/mL for resistant. For meningitis, ≤ 0.06 μg/mL and ≥ 0.12 μg/mL were susceptible and 

resistant, respectively.
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All S. pneumoniae isolates were sent to the Minnesota Department of Health for serotyping. 

Multiplex polymerase chain reaction and Quellung methods were used. The pneumococcal 

serotype were categorized into two main groups, vaccine, and non-vaccine serotypes, as 

described in previous studies 10, 18. Vaccine serotypes included 1) PCV7 serotypes (4, 6B, 

9V, 14, 18C, 19F, and 23F); 2) PCV13 serotypes (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C,19A, 

19F, and 23A); 3) PPSV23 serotypes (1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 

15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, and 33F). Since some serotypes overlapped among 

groups, we used the terms “PCV13/non-PCV7 (1, 3, 6A, 7F, and 19A)” and “PPSV23/non-

PCV13 (8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, and 33F)” for 

clarity. Non-vaccine serotypes included 6C, 7C, 15A, 16F, 35B, 35F, 21, 23A, 23B, 24A, 31, 

or 34.

Objective

The study’s primary objective was to estimate the incidence of IPD in a defined population, 

which was stratified into pre-PCV13 (2002–2010) and post-PCV13 (2011–2018) time 

periods. This was based on widespread vaccination with PCV13 after its approval in early 

2010 12. In addition, the prevalence of IPD serotypes was compared between the time 

periods.

Statistical analysis

Data were analyzed using SAS version 9.4 statistical software (SAS Institute, NC; Cary, 

NC). Age- and sex-specific incidence rates in Olmsted County during both periods (2002–

2010, 2011–2018) were calculated; the numerator was the number of persons with an 

incident IPD diagnosis, and the denominator was obtained from the REP census using 

persons of all ages 19. Rates were age- and sex-adjusted to the total population of the 

United States in 2010. The 95% confidence intervals (CI) for incidence rates were calculated 

assuming a Poisson error distribution. Incidence rates were compared between the pre- and 

post-PCV13 periods by fitting generalized linear regression models assuming a Poisson 

error structure. Observations used for the regression analysis were incidence counts, which 

were offset by the natural logarithm of the number of person-years. In addition, among those 

with IPD, the occurrence of specific pneumococcal serotypes was compared between the 

time periods using the chi-square test. All calculated p-values were two-sided, and p-values 

less than 0.05 were considered statistically significant.

Overall survival following the date of the IPD diagnosis was calculated using the Kaplan-

Meier method. Expected survival was derived using Hakulinen’s method 20 based on the age 

and sex specific mortality rates in Minnesota and compared with the observed survival using 

a one-sample logrank test.

Results

Baseline demographics

A total of 187 cases of IPD diagnosis were identified in Olmsted County from 2002 to 2018. 

Of them, 164 (88%) were white and 97 (52%) were male. At the time of diagnosis, mean 

age was 58.8 years (median 65.2 and range from 0.6 to 99.6 years). The median Charlson 
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Comorbidity index among cases was 4 [Interquartile range (IQR) 1–9]. Detailed baseline 

demographics and comorbidities by era of IPD diagnosis are included in Table 1.

Incidence rate

For the pre-PCV13 period, the overall age- and sex-adjusted incidence rate was 11.1 (95% 

CI 9.1, 13.2) per 100,000 person-years, with 10.1 (95% CI 7.4, 12.7) in females and 12.2 

(95% CI 9.1, 15.4) in males. When stratified by age, the highest incidence was observed in 

those greater than 65 years of age at 40.9 (95% CI 30.5, 53.6) per 100,000 person-years, 

while the age group of 5–18 years had the lowest incidence at 2.7 (95% CI 1.0, 6.0) 

per 100,000 person-years. The overall age- and sex-adjusted incidence rate significantly 

decreased to 5.6 (95% CI 4.3, 6.9) per 100,000 person-years in the post-PCV13 period, with 

4.9 (95% CI 3.2, 6.5) in females and 6.5 (95% CI 4.4, 8.6) in males. When stratified by 

age groups, a significant decrease in the IPD incidence rate was observed in the 19–65 years 

group (Table 2).

Pneumococcal isolates and susceptibility

Of 187 cases, 167 (89.3%) had S. pneumoniae exclusively isolated from blood cultures. Six 

additional cases had positive cultures from blood with another clinical specimen, including 3 

(1.6%) CSF and 1 (0.5%) each for abdominal fluid, synovial fluid, and pleural fluid. Among 

cases with negative blood cultures, 6 (3.2%) had pneumococci isolated from pleural fluid, 4 

(2.1%) from CSF, and 4 (2.2%) synovial fluid. Penicillin susceptibility data were available 

for 177 (94.6%) isolates; 162 (86.6%), 11 (5.9%) and 4 (2.1%) were fully susceptible, 

intermediate susceptible and resistant, respectively.

Pneumococcal serotypes

Pneumococcal serotypes were available in 169 (90.4%) cases. Serotypes 4, 6B, 9V, or 19F 

(part of PCV7, PCV13 and PPSV23 serotypes) were isolated from 13 (7.7%) patients. All 

of them were isolated during the pre-PCV13 period. The overall age- and sex- adjusted 

incidence of IPD with PCV13/non-PCV7 serotypes (as defined in the Methods section) had 

decreased from 3.7 (95% CI 2.6, 4.9) per 100,000 person-years in the pre-PCV13 period 

to 0.8 (95% CI 0.3, 1.2) in the post-PCV13 period (p<.001). The occurrence of PCV13/non-

PCV7 serotypes among the cases declined from 38.1% (40/105) in the pre-PCV13 period to 

15.6% (10/64) in the post-PCV13 period (p=.002). There was not a statistically significant 

difference in the overall age- and sex- adjusted incidence of IPD with PPSV23/non-PCV13 

serotypes with rates of 2.4 (95% CI 1.5, 3.4) and 2.7 (95% CI 1.8, 3.6) per 100,000 

person-years in the pre-PCV13 and post-PCV13 periods, respectively (p=.39). However, 

among the IPD cases, the occurrence of PPSV23/non-PCV13 serotypes had increased from 

24.8% (26/105) to 54.7% (35/64) (p<.001). Within this category, the proportion of patients 

with serotype 11A increased from 1.0% (1/105) to 6.2% (4/64) and the proportion of 

patients with serotype 33F increased from 2.9% (3/105) to 15.6% (10/64). The overall 

age- and sex- adjusted incidence of IPD with non-vaccine serotypes was not significantly 

different between the two periods with rates of 2.5 (95% CI 1.5, 3.5) and 1.5 (95% CI 

0.8, 2.2) per 100,000 person-years in the pre-PCV13 and post-PCV13 periods, respectively 

(p=.18). Non-vaccine serotypes were isolated from 24.8% (26/105) and 29.7% (19/64) in the 

pre-PCV13 and post-PCV13 periods, respectively. The number of cases and age- and sex- 
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adjusted incidence rates for these serotype categories by calender period are presented in 

Supplemental Table 1, along with the types of non-vaccine serotypes.

Pneumococcal vaccines

A total of 112 (59.9%) patients received at least one dose of pneumococcal vaccine prior to 

an IPD diagnosis. Among the 102 cases with identified pneumococcal serotypes who had 

received a prior relevant vaccine, 3 (2.9%) patients had received either PCV7 or PCV13 and 

developed IPD from PCV7 or PCV13 serotypes. Forty-six (45.1%) patients had received 

PPSV23 only and developed IPD from PPSV23 serotypes. Six (5.9%) cases had received 

either PCV7 or PCV13 along with PPSV23 and still developed IPD from vaccine serotype. 

Non-vaccine serotypes were recovered from 36 (35.3%) patients who received at least one 

dose of the pneumococcal vaccine. There were 11 (10.8%) patients who developed IPD 

from a different vaccine serotype (i.e., received the PPSV23 vaccine and the serotype was 

PCV7 or PCV13 or received the PCV7 or PCV13 vaccine and the serotype was PPSV23). A 

detailed summary of serotypes and vaccination status were included in Supplemental Table 

2.

Mortality

As of January 2021, 108 deaths have been documented among the 187 patients. Among 79 

patients not known to be deceased, the median duration of follow-up between IPD diagnosis 

and last clinical visit was 5.8 years [IQR, 2.6–12.9 years]. Twenty-one patients died within 

30 days of an IPD diagnosis yielding a 30-day survival rate of 88.8% (95% CI 84.4, 93.4) 

overall, with 86.7% (95% CI 79.9, 94.0) for females and 90.7% (95% CI 85.1, 96.7) for 

males. When categorized by age, the 30-day survival rates were 94.6% (95% CI 90.1, 99.3) 

and 83.0% (95% CI 75.7, 90.9) for patients diagnosed with IPD at <65 years of age and 

65 years of age or older, respectively. A total of 40 patients died within 1 year of an 

IPD diagnosis yielding a 1-year survival rate of 78.4% (95% CI 72.7, 84.6) overall, with 

78.6% (95% CI 70.5, 87.6) for females and 78.2% (95% CI 70.3, 86.9) for males. The 

1-year survival rates were 91.3% (95% CI 85.7, 97.2) and 66.0% (95% CI 57.0, 76.3) for 

patients diagnosed with IPD at <65 years of age and 65 years of age or older, respectively. 

The observed survival of patients in this cohort was significantly less than what would be 

expected based on age- and sex-specific mortality rates in Minnesota (p<.001, Figure 1).

Discussion

Our study examined incidence rates of IPD in Olmsted County during 2002–2010 (pre-

PCV13 period) and 2011–2018 (post-PCV13 period). The incidence rate had significantly 

decreased from 11.1 per 100,000 person-year in the pre-PCV13 period to 5.6 per 100,000 

person-year in the post-PCV13 period. As compared to the pre-PCV13 period, the number 

of IPD cases due to PCV13/non-PCV7 serotypes had remarkably decreased while PPSV23/

non-PCV13 serotypes had slightly increased. This demonstrated additional benefits of 

PCV13 to that of PCV7 in the prior era. The large majority of IPD cases in our population 

had bloodstream infections, with only a small number of cases presented with meningitis. 

Notably, the penicillin susceptibility pattern was comparable to that described in previous 

studies 10, 21. In addition, our 30-day mortality of 11% was lower than that (15%−20%) 

Chesdachai et al. Page 6

Mayo Clin Proc. Author manuscript; available in PMC 2023 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



described in previous studies 22–24. This observation could be due to differences in time 

points, population age, comorbidities, socioeconomic status, and access to care.

Based on recent ABCs data, an estimated incidence rate of IPD in the United States 

was 9.2 per 100,000 person-years in 2019 25. The low incidence rate in our population 

compared to surveillance data from select states and counties within could be explained by 

a difference in baseline demographics, surveillance limitation, and geographical variation of 

serotype distributions 14, 26, 27. When focusing on the incidence rate after implementation of 

PCV13, a significant reduction has been consistently demonstrated in several studies. One 

US population-based study showed that the overall IPD incidence declined by 64% from 

July 2012 to June 2013, primarily due to a reduction in PCV13/non-PCV7 serotypes 14. A 

similar trend of sustained reduction was observed in other studies from different countries 
28–31. Interestingly, a recent population-based study in France illustrated an initial decrease 

in cases from 2010 to 2014, followed by an incidence increase after 2015 32. The authors 

postulated that non-PCV13 serotypes were responsible for the more recent upward trend. 

This incidence rebound, however, was not detected in our study.

An inverse trend of specific serotypes, PCV13/non-PCV7 reduction, and minimal PPSV23/

non-PCV13 expansion observed in our study could be explained by a serotype replacement 

effect. The serotype replacement is caused by an increase in asymptomatic carriers of 

non-vaccine serotypes leading to an uptick in IPD cases 33, 34; a PCV7-driven serotype 

replacement was seen in our prior study 10. A similar phenomenon was observed with 

PCV13 serotypes in several studies from Europe 32, 35–37. Surprisingly, the serotype 

replacement effect has not been prominent in the United States after PCV13 implementation 
13, 38, 39 and factors responsible for this have yet to be defined. Some hypotheses include 

differences in surveillance technique, transmission dynamics, risk factors, and pathogen 

evolution 38.

Our study demonstrated that more PPSV23/non-PCV13 IPD cases in the post-PCV13 period 

were driven by serotype 11A and 33F. This finding was recently described in the global 

pneumococcal sequence clusters whole-genome sequencing study 39. The authors found 

that common serotypes in the post-PCV13 era included serotypes 5, 12F, 15B/C, 19A, 

33F, and 35B/D, but the most common cause of IPD in the United States was serotype 

33F. A substantial increase in other PPSV23/non-PCV13 or non-vaccine serotypes was not 

observed in our investigation. When vaccination status is considered, the proportion of 

individuals who developed IPD from vaccine serotypes despite receiving vaccine were not 

different between pre- and post-PCV13 period. We noted the number of IPD patients who 

developed PCV serotypes after PCV vaccine was lower than that of patients who developed 

non-PCV/PPSV23 or non-vaccine serotype related IPD.

Our study provides important insights regarding the contemporary incidence and 

characteristics of IPD, serotypes, clinical presentation, and mortality. Our study has several 

strengths. First, the temporal incidence rate of IPD was calculated from an extensive 

database that captured more than 99% of all outpatient and inpatient medical records for 

the Olmsted County population over the 17 years of the study period. Therefore, we can 

ascertain that our longitudinal data are valid, accurate, and complete. Second, clinical data, 

Chesdachai et al. Page 7

Mayo Clin Proc. Author manuscript; available in PMC 2023 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



serotypes, and vaccine records were robust, with minimal missing data. Third, our findings 

have aligned with data of the ABCs report. The generalizability to an external population is 

therefore possible.

There are several limitations of our work. First, the overall number of IPD cases was 

relatively small, especially post-PCV13. This limited our ability to draw conclusions 

about serotypes’ distribution between pre- and post-PCV13 periods. Additionally, we 

could not confirm vaccine effectiveness amongst the cases. Second, some meningitis cases 

did not have positive CSF cultures, which potentially impacted penicillin susceptibility 

interpretation. However, we overcame this by manually reviewing all possible meningitis 

cases to ensure the accuracy of penicillin susceptibility interpretation. Third, the population 

included an unusually high percentage of health care professionals and their families. 

Therefore, health care access may be more easily obtainable than that for the general 

population. Given the high percentage of Caucasians in Olmsted County, this may limit 

the generalizability of our study. However, studies comparing various chronic diseases in 

Olmsted County with those in other communities in the United States indicate that data from 

this population can be extrapolated to a large part of this country’s 16. Finally, the use of a 

retrospective study design is subject to several biases, including reviewer bias.

Conclusion

We demonstrated an approximate ~50% decline in the incidence rate of IPD during the 

post-PCV13 period in Olmsted County, Minnesota. In contrast, a minimal uptick in IPD 

cases caused by PPSV23/non-PCV13 serotypes was seen, but the overall number of cases 

for this group was small. The complexities of the epidemiology of IPD dictate that ongoing 

surveillance is warranted.
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Figure 1 - 
The observed survival after IPD diagnosis of 187 patients between 2002 and 2018 compared 

to the expected survival based on age- and sex-specific mortality rates in Minnesota 

(p<.001).
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Table 1:

Baseline characteristic of all IPD cases, by era of IPD diagnosis.

Characteristic Pre-PCV13 (2002–2010, N=115) Post-PCV13 (2011–2018, N=72) Total (N=187)

Sex

 Female 56 (48.7%) 34 (47.2%) 90 (48.1%)

 Male 59 (51.3%) 38 (52.8%) 97 (51.9%)

Age at IPD diagnosis (years)

 Mean (SD) 56.3 (26.6) 62.8 (27.1) 58.8 (26.9)

 Median (IQR) 62.2 (46.9, 76.2) 70.4 (49.5, 84.0) 65.2 (46.9, 79.9)

 Range (0.6–97.7) (1.0–99.6) (0.6–99.6)

Race

 White 99 (86.1%) 65 (90.3%) 164 (87.7%)

 Black or African American 6 (5.2%) 3 (4.2%) 9 (4.8%)

 Asian 2 (1.7%) 1 (1.4%) 3 (1.6%)

 American Indian/Alaskan Native 1 (0.9%) 0 (0.0%) 1 (0.5%)

 Other 4 (3.5%) 3 (4.2%) 7 (3.7%)

 Unknown/Not disclosed 3 (2.6%) 0 (0.0%) 3 (1.6%)

Ethnicity

 Hispanic or Latino 5 (4.3%) 3 (4.2%) 8 (4.3%)

 Not Hispanic or Latino 86 (74.8%) 67 (93.1%) 153 (81.8%)

 Unknown/Not disclosed 24 (20.9%) 2 (2.8%) 26 (13.9%)

Comorbidities

 Weighted CCI, median (IQR) 3 (1, 9) 6 (2, 10.5) 4 (1, 9)

 Myocardial infarction 23 (20.0%) 10 (13.9%) 33 (17.6%)

 Congestive heart failure 39 (33.9%) 31 (43.1%) 70 (37.4%)

 Peripheral vascular disease 23 (20.0%) 33 (45.8%) 56 (29.9%)

 Cerebrovascular disease 30 (26.1%) 18 (25.0%) 48 (25.7%)

 Dementia 10 (8.7%) 12 (16.7%) 22 (11.8%)

 Chronic pulmonary disease 69 (60.0%) 44 (61.1%) 113 (60.4%)

 Ulcer 17 (14.8%) 6 (8.3%) 23 (12.3%)

 Mild liver disease 17 (14.8%) 20 (27.8%) 37 (19.8%)

 Diabetes mellitus 25 (21.7%) 27 (37.5%) 52 (27.8%)

 Diabetes with organ damage 12 (10.4%) 15 (20.8%) 27 (14.4%)

 Hemiplegia 8 (7.0%) 6 (8.3%) 14 (7.5%)

 Moderate/severe renal disease 32 (27.8%) 20 (27.8%) 52 (27.8%)

 Moderate/severe liver disease 2 (1.7%) 6 (8.3%) 8 (4.3%)

 HIV or AIDS 0 (0.0%) 2 (2.8%) 2 (1.1%)

 Rheumatologic disease 10 (8.7%) 11 (15.3%) 21 (11.2%)

 Metastatic solid tumor 16 (13.9%) 11 (15.3%) 27 (14.4%)

 Other cancer 43 (37.4%) 31 (43.1%) 74 (39.6%)

Body mass index (kg/m2)b N=98 N=63 N=161

 < 18.5 6 (6.1%) 4 (6.3%) 10 (6.2%)
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Characteristic Pre-PCV13 (2002–2010, N=115) Post-PCV13 (2011–2018, N=72) Total (N=187)

 18.5- <25 29 (29.6%) 20 (31.7%) 49 (30.4%)

 25 - <30 19 (19.4%) 13 (20.6%) 32 (19.9%)

 30+ 33 (33.7%) 24 (38.1%) 57 (35.4%)

 Not documented 11 (11.2%) 2 (3.2%) 13 (8.1%)

 Mean (SD) 28.3 (8.5) 28.6 (8.0) 28.4 (8.3)

a
Abbreviation: AIDS, acquired immunodeficiency disease syndrome; CCI, Charlson comorbidity index; HIV, human immunodeficiency virus; 

IQR, interquartile range; IPD, invasive pneumococcal disease; N, number; SD, standard deviation

b
Among patients diagnosed with IPD at age 18 years or greater
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Table 2:

Incidence rate (per 100,000 person-years) of IPD stratified by years and age groups.

Pre-PCV13, 2002–2010 Post-PCV13, 2011–2018 p-value compared the 
two time periods

Number of cases Rate (95% CI) Number of cases Rate (95% CI)

Overall, rates are age- and sex-

adjusted b
115 11.1 (9.1, 13.2) 72 5.6 (4.3, 6.9) <.001

By gender, rates are age-adjusted 
b

 Female 56 10.1 (7.4, 12.7) 34 4.9 (3.2, 6.5) .01

 Male 59 12.2 (9.1, 15.4) 38 6.5 (4.4, 8.6) .01

By age group (years)

 <5 11 12.3 (6.2, 22.1) 6 6.6 (2.4, 14.3) .21

 5–18 6 2.7 (1.0, 6.0) 3 1.3 (0.3, 3.8) .30

 19–50 20 3.7 (2.3, 5.7) 9 1.7 (0.8, 3.2) .04

 51–64 26 15.9 (10.4, 23.3) 12 5.5 (2.8, 9.5) .01

 65+ 52 40.9 (30.5, 53.6) 42 24.6 (17.7, 33.2) .10

a
Abbreviation: CI, confidence interval; IPD, invasive pneumococcal disease; PCV-13, 13-valent pneumococcal conjugate vaccine

b
Adjusted to the population structure of the U.S. total population in 2010.
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