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Health care resource use and
costs associated with adult
pneumococcal disease in the
United States from 2017 to 2019,
stratified by age and health risk: a
retrospective cohort study

Nicole Cossrow*, M. Doyinsola Bailey, Yi-Ling Huang, Lei Ai,
Salini Mohanty, Valina C. McGuinn and Kelly D. Johnson

Merck & Co., Inc., Rahway, NJ, United States

Background: Adult pneumococcal disease (PD) represents a significant clinical
andeconomicburdeninthe United States. Individuals withimmunocompromising
conditions and other chronic medical conditions, as well as those >65 years
of age, have an increased risk of acute PD and its long-term complications.
The aim of the current study was to describe the health care resource use and
direct health care costs associated with invasive PD (IPD) and non-bacteremic
pneumococcal pneumonia (NBPP) among adults in the United States, stratified
by age group and health-based risk level.

Methods: This was a retrospective study of administrative claims from the
Merative™ MarketScan® Commercial Database from 2017 to 2019. The study
population comprised individuals >18 years of age with >1 episode of IPD (with
hospitalization) or NBPP (with or without hospitalization) during the study
period. The study outcomes were the PD-associated health care resource use
(outpatient visits and length of any hospitalizations, in days) and direct health
care costs per episode.

Results: The average health care resource use and direct costs associated
with PD were significantly higher for IPD (mean [95% CI] overall cost $49,481
[$45,803-53,159] per episode; N =949 affected individuals) than for NBPP
with hospitalization ($27,330 [$23,807-30,852] per episode; N = 389) and
NBPP without hospitalization ($1,090 [$927-1,252] per episode; N = 1,951). For
IPD and for NBPP without hospitalization, the direct costs of treatment were
significantly higher among groups with immunocompromising or other relevant
comorbidities. The costs associated with NBPP without hospitalization were
also significantly higher in the oldest age group (>65 years).

Conclusion: Targeting PD prevention efforts to high-risk groups based on age
and/or health risk level could decrease the clinical and economic burden of
adult PD in the US.
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1 Introduction

Pneumococcal disease (PD) is caused by the bacterium
Streptococcus pneumoniae (1, 2). The most common form of adult
invasive PD (IPD)—an infection in a sterile anatomical site—is
bacteremic pneumococcal pneumonia, while non-invasive forms
include non-bacteremic pneumococcal pneumonia (NBPP) (1, 2).
Severe PD, and especially severe IPD, is associated with a high risk of
hospitalization, death, and complications such as new or exacerbated
chronic medical conditions (CMCs) affecting various organs (1-3).
Adults adults
immunocompromising conditions (ICs) or certain other CMCs, are

>65years of age, and of any age with
at particularly high risk of acute PD and its long-term
complications (4-12).

Effective pneumococcal vaccines are available in the United States
(US) and recommended by the Centers for Disease Control and
Prevention’s Advisory Committee on Immunization Practices (ACIP)
for high-risk adults: i.e., those >19 years of age with an IC or CMC,
and all older adults (the prior recommendation for adults >65 years
of age was updated in October 2024 to include all adults >50 years of
age) (13-17). However, vaccine uptake among these vulnerable
sub-populations remains low (14-21) and PD is still responsible for a
substantial disease burden among US adults (2, 6, 7, 9-12, 22-27).

Despite this substantial burden, there is limited information on
how known age- and health-based risk factors for PD affect health
care resource use (HCRU) and costs. The available evidence generally
suggests that age- and comorbidity-related risk factors for PD also
increase the levels of HCRU and the costs associated with the
treatment of PD, but these relationships are not consistent across
studies and disease types (7, 9-12, 25, 28). In addition, many of these
studies did not distinguish between inpatient and outpatient care,
while many studies assessed broad diagnoses such as ‘all-cause
pneumonia or ‘community-acquired pneumonia that are not
necessarily specific to pneumococcal forms of the disease.

Comprehensive up-to-date information on the HCRU and costs
associated with different forms of adult PD among different age and
health risk groups would help inform future disease prevention and
treatment efforts. The objectives of the current study were therefore to
describe the HCRU and direct health care costs of IPD and NBPP
among US adults, overall and stratified by hospitalization status, age,
and health-based risk level.

2 Materials and methods
2.1 Study design and data source

This was a retrospective cohort study of US adults >18 years of
age who had a diagnosis of IPD or NBPP between January 1, 2017
and December 31, 2019. This study period reflects the most recent
available data from before the COVID-19 pandemic; the public
health measures enacted during the first phases of the pandemic
affected the incidence of PD and may also have affected the delivery
and costs of health care for PD. Data were obtained from the
Merative™ MarketScan® Commercial Database, which contains
de-identified administrative data on enrollee sociodemographic
characteristics, diagnoses, prescriptions, HCRU, and associated
direct health care costs in inpatient, outpatient, and pharmacy
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settings. As no identifiable data were included in the study, no

specific informed consent or ethics committee approval

was required.

2.2 Study population

Claims from individuals who were enrolled in a commercial
health insurance plan included in the study database during the study
period (January 1, 2015-December 31, 2019) and had >1 diagnosis of
PD between January 1, 2017 and December 31, 2019 were eligible for
inclusion. The index date was the first date of diagnosis with PD
within each study year (2017, 2018, or 2019). Pneumococcal disease
was identified using International Classification of Diseases, Tenth
Revision (ICD-10) codes with clinical modification in inpatient and/
or outpatient claims (Supplementary Table 1). Eligible PD episodes
were associated with a specific diagnosis of IPD (with hospitalization)
or NBPP (with or without hospitalization) on the index date. A single
episode was defined as including all uses of any PD code within a
90-day period beginning on the index date. Hospitalization was
identified by any evidence of an inpatient claim with IPD or NBPP as
the primary diagnosis within a calendar year following the index date.
Episodes with a diagnosis of IPD but no record of hospitalization were
excluded, as IPD is generally a very serious condition that requires
hospitalization, and outpatient-only episodes were likely associated
with misdiagnoses or miscoded claims. We also excluded episodes of
recurrent PD, defined as a diagnosis of any form of PD within 30 days
prior to the index date. Additional eligibility criteria were enrollee age
of >18 years on the index date, with continuous enrollment (i.e., no
insurance coverage gaps of >45days) for >2 years before and
>6 months after the index date.

Each individual was assigned to one or more annual cohorts based
on the calendar year(s) of their index date(s), as well as the relevant
age group (18-49, 50-64, or >65 years of age on index date) and
health risk category. Health risk was defined per ACIP’s current
pneumococcal vaccination recommendations (Supplementary Table 2)
and assigned based on evidence for the use of relevant ICD, National
Drug Code, and/or Healthcare Common Procedure Coding System/
Current Procedural Terminology (HCPCS/CPT-4) codes (available
upon request) during the 2-year period immediately preceding the
index date (15, 29). Individuals with the highest risk were those with
>11C, cochlear implant, or cerebrospinal fluid leak (‘IC’ group), while
the moderate risk group comprised individuals with no IC but >1
relevant CMC (‘CMC’ group). Individuals with >2 relevant conditions
from different risk categories were assigned to the higher-risk category.
All other individuals were assigned to the low-risk ‘Healthy’ group.

2.3 Variables

Health care resource use associated with PD was defined as any
inpatient or outpatient encounter that was associated with an
individual’s first eligible episode of PD in a given calendar year. The
total number of PD-related outpatient visits, and the length in days of
any PD-related hospitalizations, were recorded for each individual.
The unadjusted costs of all instances of PD-related HCRU were also
extracted from the database and classified as inpatient, outpatient, or
emergency department (ED) costs per episode.
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2.4 Statistical analysis

The PD-related HCRU and health care costs per episode were
analyzed using descriptive statistics (mean, standard deviation [SD],
and 95% confidence interval [CI]). Analyses were stratified by annual
cohort, diagnosis and associated hospitalization status, and age and/
or health risk group.

3 Results

3.1 Pneumococcal disease incidence
stratified by annual cohort, age group, and
health risk group

The annual number of individuals with >1 episode of each PD
decreased during the study period: in 2017 there were 342
individuals with >1 diagnosis of IPD, 159 of NBPP with
hospitalization, and 880 of NBPP with no hospitalization, compared
to 285, 117, and 490 individuals, respectively, in 2019 (Table 1). Most
affected individuals were in the 2 oldest age groups and/or 2 highest
health risk groups. For example, a combined 79.3% of all individuals
with >1 episode of IPD, 81.7% of those with NBPP with
hospitalization, and 73.4% of those with NBPP without
hospitalization were in the 50-64 or >65 years of age groups, while
the combined CMC and IC groups accounted for 91.6% of all
individuals with a diagnosis of IPD, 92.7% of those with NBPP with

10.3389/fpubh.2025.1575125

hospitalization, and 80.2% of those with NBPP

without hospitalization.

3.2 Invasive pneumococcal disease

Among the 3 annual cohorts, IPD was associated with an overall
average of 5.3-5.7 outpatient visits per episode and a hospital stay of
8.8-10.3 days (Table 2). Hospitalizations were generally longer for older
individuals, with a range among the 3 annual cohorts of 9.8-11.1 days
for those 50-64 years of age and 7.7-10.3 days for those >65 years of
age, compared to 7.9-8.6 days for those 19-49 years of age. Individuals
with a higher health risk status also had longer hospitalizations than
those in the Healthy group (8.9-12.8 days for the CMC group and
8.4-9.4 days for the IC group, compared to 6.3-8.3 days for the Healthy
group). This pattern was consistent across all age groups.

The overall average cost per episode of pneumococcal disease across
all 3 annual cohorts are summarized in Table 3, stratified by age and/or
health risk group; detailed breakdowns by annual cohort and cost type
(inpatient, outpatient, and ED) are presented in Figure 1A and
Supplementary Table 3. Inpatient costs contributed the bulk of the overall
costs ($43,888-49,266 per episode in the overall annual cohort groups,
compared to $2,401-3,359 for outpatient and $88-117 for ED costs).

The overall per episode cost of IPD was similar across all 3 age
groups, overall and within each health risk category. Costs were also
similar between the CMC and the IC health risk groups, but each of
these groups incurred significantly higher costs than the Healthy

TABLE 1 Number of individuals with >1 episode of pneumococcal disease, stratified by annual cohort, age, and risk group.

IPD NBPP (hospitalized) NBPP (non-hospitalized)

2017 2018 2019 2017 2018 2019 2017 2018 2019
Overall 342 322 285 159 123 117 880 581 490
Age (years)
18-49 64 64 68 26 26 21 214 162 142
50-64 157 166 134 63 48 59 337 252 226
>65 121 92 83 70 49 37 329 167 122
Health risk
Healthy 25 35 20 14 9 6 158 116 113
CMC 146 120 121 72 54 52 461 264 217
IC 171 167 144 73 60 59 261 201 160
Age/health risk
18-49, Healthy 12 15 8 5 4 4 77 61 55
18-49, CMC 21 21 27 6 12 12 103 71 58
18-49, IC 31 28 33 15 10 5 34 30 29
50-64, Healthy 10 16 11 8 4 0 64 46 52
50-64, CMC 76 59 55 32 20 27 190 119 100
50-64, IC 71 91 68 23 24 32 83 87 74
>65, Healthy 3 4 1 1 1 2 17 9 6
>65, CMC 49 40 39 34 22 13 168 74 59
>65,1C 69 48 43 35 26 22 144 84 57

CMC, chronic medical condition; IC, immunocompromising condition; IPD, invasive pneumococcal disease; NBPP, non-bacteremic pneumococcal pneumonia.

All individuals with invasive pneumococcal disease were hospitalized.
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TABLE 2 Per episode health care resource use associated with invasive pneumococcal disease, stratified by annual cohort, age, and risk group.

Length of hospital stay (days)

Number of outpatient visits

2017 2018 2019 2017 2018 2019
Overall 9.2 (8.1) 8.8 (7.4) 10.3 (14.0) 53(8.2) 5.3 (8.1) 5.7 (7.3)
Age (years)
18-49 8.2 (5.4) 7.9 (6.7) 8.6 (7.5) 5.5(8.9) 4.5 (4.8) 4.5(5.1)
50-64 9.8 (9.2) 9.8 (8.5) 11.1 (17.5) 5.4 (8.1) 6.1(8.8) 6.5 (8.6)
>65 9.0 (7.7) 7.7 (4.9) 10.3 (11.8) 5.0 (7.8) 4.5(8.6) 5.3 (6.4)
Health risk
Healthy 7.8 (4.8) 6.3 (4.2) 8.3 (8.4) 2.5(2.5) 5.7 (6.1) 4.5(4.3)
CMC 9.3 (8.0) 8.9 (7.7) 12.8 (19.9) 5.4 (8.8) 4.5(7.9) 4.9 (6.2)
IC 9.4 (8.5) 9.3 (7.6) 8.4 (6.4) 5.6 (8.1) 5.9 (8.6) 6.5(8.3)

CMC, chronic medical condition; IC, immunocompromising condition.

All values are represented as the mean (standard deviation). All individuals with invasive pneumococcal disease were hospitalized.

TABLE 3 Total cost per episode of pneumococcal disease 2017-2019, stratified by age and risk group.

Mean (SD) 95% ClI

NBPP (hospitalized)

Mean (SD)

NBPP (non-hospitalized)

95% CI Mean (SD) 95% CI

Overall 49,481 (57,734) 45,803, 53,159 27,330 (35,786) 23,807, 30,852 1,090 (3,672) 927, 1,252
Age (years)

18-49 47,606 (56,004) 39,717, 55,496 24,711 (21,591) 19,674, 29,749 756 (2,658) 527,985
50-64 52,958 (60,258) 47,419, 58,498 29,678 (42,804) 23,198, 36,159 945 (3,774) 686, 1,204
>65 45,353 (54,656) 39,101, 51,605 25,995 (32,605) 20,838, 31,152 1,559 (4,190) 1,230, 1,888
Health risk

Healthy 36,951 (31,519) 29,936, 43,965 28,213 (29,186) 17,112, 39,315 423 (1,157) 308, 538
CMC 51,685 (59,741) 45,714, 57,655 28,879 (44,141) 22,350, 35,409 1,029 (3,235) 823, 1,235
(¢ 49,791 (59,262) 44,487, 55,095 25,759 (27,079) 21,905, 29,614 1,598 (5,014) 1,204, 1,992

Age/health risk

18-49, Healthy 43,215 (36,469) 30,687, 55,742 30,523 (29,750) 12,545, 48,501 380 (1,063) 229,531
18-49, CMC 50,104 (54,739) 36,954, 63,254 23,666 (21,385) 15,681, 31,651 936 (3,543) 481, 1,392
18-49,1C 47,404 (63,029) 34,351, 60,457 23,238 (17,759) 16,607, 29,870 1,080 (2,276) 611, 1,548
50-64, Healthy 33,993 (28,264) 24,570, 43,417 18,532 (19,365) 6,229, 30,836 453 (1,276) 257, 649
50-64, CMC 56,387 (67,500) 46,727, 66,047 33,263 (57,923) 20,289, 46,237 757 (2,244) 539,975
50-64, IC 53,177 (57,241) 45,740, 60,614 27,787 (22,938) 22,649, 32,925 1,592 (6,139) 818, 2,367
>65, Healthy 23,221 (13,623) 11,832, 34,610 49,749 (44,929) 21,743, 121,240 530 (1,082) 140, 920
>65, CMC 45,556 (48,890) 37,005, 54,107 26,127 (31,404) 18,583, 33,672 1,468 (3,993) 1,017,1,918
>65,1C 46,297 (59,996) 36,929, 55,665 24,740 (32,995) 17,536, 31,945 1,770 (4,580) 1,239, 2,301

CI, confidence interval; CMC, chronic medical condition; IC, immunocompromising condition; IPD, invasive pneumococcal pneumonia; NBPP, non-bacteremic pneumococcal pneumonia;

SD, standard deviation.

All values are expressed in US dollars and represent average total (inpatient, outpatient, and emergency department) costs across all 3 annual cohorts (2017, 2018, and 2019). All individuals
with invasive pneumococcal disease were hospitalized. Detailed breakdowns by annual cohort and type of cost are available in Supplementary Tables 3-5.

group (Healthy, mean [SD] $36,951 [$31,519] per episode, 95% CI
$29,936-43,965; CMC, $51,685 [$59,741], $45,714-57,655; IC,
$49,791 [$59,262], $44,487-55,095). The relationship between health
risk and costs differed by age group: for individuals 18-49 years of
age, costs were similar across all 3 health risk subgroups, whereas
within the 50-64 and the >65 years of age groups, both the CMC and
the IC subgroups had significantly higher costs compared to the
respective Healthy subgroup.
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3.3 Non-bacteremic pneumococcal
pneumonia

Compared to IPD, NBPP with hospitalization was associated with
fewer outpatient visits (mean 3.4-4.0 per episode among the 3 overall
annual cohorts) and shorter hospital stays (6.3-6.5 days; Table 4).
NBPP with no hospitalization was associated with even lower HCRU
(2.7-2.9 outpatient visits per episode among the overall annual
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FIGURE 1
Cost per episode of (A) invasive pneumococcal disease, (B) non-bacteremic pneumococcal pneumonia with hospitalization, and (C) non-bacteremic
pneumococcal pneumonia with no hospitalization, stratified by annual cohort, age, and risk group. CMC, chronic medical condition; IC,
immunocompromising condition; IPD, invasive pneumococcal disease; NBPP, non-bacteremic pneumococcal pneumonia; USD, United States Dollar.
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TABLE 4 Per episode health care resource use associated with non-bacteremic pneumococcal pneumonia with hospitalization, stratified by annual

cohort, age, and risk group.

Hospitalized individuals

Length of hospital stay (days)

Number of outpatient visits

Non-hospitalized individuals

Number of outpatient visits

2017 2018 2019 2017 2018 2019 2017 2018 2019
Overall 6.4 (4.8) 6.3 (4.8) 6.5 (4.5) 3.7 (6.0) 3.4 (5.4) 4.0 (5.6) 2.7 (4.6) 2.7 (3.8) 2.9 (4.3)
Age (years)
18-49 55(2.4) 7.4(7.2) 47(22) 3.7 (47) 3.8(57) 5.0 (5.9) 1.8 (2.6) 23(3.6) 22(33)
50-64 6.1 (4.1) 6.5 (4.6) 6.9 (5.3) 2.6(33) 4.1(7.1) 3.9(5.8) 2.6 (5.1) 2.8(37) 2.6(3.4)
>65 6.9 (6.0) 5.6(3.3) 6.8(3.7) 4.8(8.0) 23(2.6) 3.6(53) 35(5.0) 3.1(4.0) 42(6.1)
Health risk
Healthy 5.4(2.7) 6.9(7.2) 5.0 (2.6) 28(32) 27 (24) 4.5 (4.9) 1.5 (1.0) 1.9 (3.4) 1.9 (1.9)
CMC 6.4(3.8) 6.0(52) 6.8(52) 29(33) 32(62) 42(5.9) 2.7 (4.9) 25(27) 2.8 (4.4)
IC 6.6 (6.0) 6.5 (4.1) 6.4 (4.0) 47(8.1) 3.6 (5.0) 3.9(5.6) 3.4(53) 3.5 (4.8) 37(5.1)

CMC, chronic medical condition; IC, immunocompromising condition.
All values are represented as the mean (standard deviation).

cohorts). The cost of NBPP with hospitalization was significantly
lower than that of IPD when assessed overall (NBPP, mean [SD]
$27,330 [$35,786] per episode, 95% CI $23,807-30,852 versus IPD,
$49,481 [$57,734], $45,803-53,159), among all 3 age groups, and
among the CMC and IC health risk groups, with and without further
stratification by age group (Table 3; Figure 1B; Supplementary Table 4).
The average cost of NBPP with no hospitalization was significantly
lower than that of both IPD and NBPP with hospitalization, overall
(mean [SD] $1,090 [$3,672] per episode, 95% CI $927-1,252) and
across all age and/or health risk groups and subgroups (Table 3;
Figure 1C; Supplementary Table 5).

There was no statistically significant association between health
risk or age group and the cost of NBPP with hospitalization (Table 3).
In contrast, for NBPP with no hospitalization, costs were significantly
higher among those >65 years of age compared to those 50-64 or
18-49 years of age, as well as among the CMC and IC groups
compared to the Healthy group.

4 Discussion

In this study, we determined that the HCRU associated with an
episode of IPD or NBPP was generally higher among older adults and
among individuals with >1 IC or >1 CMC. The costs of IPD and of
NBPP without hospitalization were significantly positively associated
with health risk level, and the costs of NBPP without hospitalization
were also significantly associated with age.

Across all age and risk groups and annual cohorts, the mean
hospitalization length ranged from 4.7 to 7.4 days per episode for
NBPP and from 6.3 to 12.8 days for IPD. These findings are generally
consistent with the existing US literature. For instance, previous
analyses reported average hospital stays per episode of IPD of 11.2 days
(among adults >18 years of age), 9.7-12.2 days (>18 years), or
6.1-8.4 days (19-64 years with >1 CMC or IC) (10, 12, 30). Studies of
pneumonia-related HCRU have reported mean hospital stays of
4.6-5.6 days per episode of inpatient pneumonia (>18 years), and a
mean hospitalization time of 6.0 days for NBPP (19-64 years with >1
CMC or IC) or 1.4-4.0 days for all-cause pneumonia (19-64 years with
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>1 CMC or IC) (7, 12, 30). In contrast, another study reported longer
average hospitalizations (11.0-23.4 days) for all-cause pneumonia
among adults >18 years of age (10).

We also found that IPD was associated with a mean of 2.5-6.5
outpatient visits per episode, compared to 2.3-5.0 visits for NBPP with
hospitalization and 1.6-4.2 visits for NBPP with no hospitalization.
These values were generally consistent with previous studies, which
observed ranges of 1.8-4.0 (>18 years) or 0.1-0.2 (19-64 years with
>1 CMC or IC) visits per episode of IPD (10, 12), 1.2-1.8 visits per
episode of inpatient pneumonia or 1.0-1.1 visits per episode of
outpatient pneumonia (>18 years) (7), and 1.4-2.3 (>18 years) or
0.2-0.6 (19-64 years with >1 CMC or IC) visits per episode of
all-cause pneumonia (10, 12).

Our estimated mean costs across all age and/or health risk groups
were $23,221-56,387 per episode for IPD, $18,532-49,749 for NBPP
with hospitalization, and $380-1,770 for NBPP with no
hospitalization. Previous analyses using the same database reported
generally similar ranges of $10,723-71,198 per episode of IPD
(19-64 years with >1 CMC or IC) (12), and $2,178-4,993 (>18 years)
or $4,725-11,847 (19-64 years with >1 CMC or IC) per episode of
all-cause pneumonia (9, 12). A study that used the same database in
combination with 2 others estimated overall per episode costs of
$20,897-43,349 for IPD and $4,247-16,775 for pneumonia
(>18 years) (10).

The costs associated with IPD and NBPP without hospitalization
were significantly higher among the IC and/or CMC groups compared
with healthy individuals; the cost of NBPP with no hospitalization was
also significantly higher among the oldest age group than among
younger adults. Several prior pneumonia studies identified similar
associations (7, 9-12, 25, 28). For example, a claims database study
found that the mean length of hospitalization for all-cause pneumonia
was 1.4 days for healthy individuals, 2.4 days for individuals with >1
CMC, and 3.5 days for those with >1 IC (12). In a previous database
study of the impact of age on PD-related costs, the mean cost per
episode of pneumonia was estimated to range from $2,178 among
adults 18-49 years of age to $4,993 among those >85 years of age (9,
25). In a similar analysis based on health risk rather than age group,
the estimated mean cost per episode of pneumonia was $4,725 among
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healthy adults, $6,534 among those with >1 CMC, and $9,168 among
those with >1 IC (12).

Fewer studies have assessed the HCRU and costs associated with
IPD. Two previous claims database studies identified a clear positive
association between both age and risk level and the HCRU associated
with pneumonia, but not with IPD (10, 12). One of these analyses
noted that the results for IPD were ‘not robust due to the relatively
small number of identified episodes, and also noted that the reduced
prevalence of ICs among older age groups may have affected the
results (10); a similar observation was included in the other study (12).
While one of these studies found that the costs per episode of IPD
were similar across all health risk levels (12), the other found that the
younger of the 2 age groups assessed (18-64 years of age) incurred
significantly higher costs per episode of IPD than did the older age
group (>65 years of age) (10). The current analysis stratified the study
population into 3 age groups rather than 2 and found that the
numerically highest costs of IPD were generally incurred by
individuals 50-64 years of age, which may be consistent with the
previous study (10). In addition, the database used in both analyses
may not capture all claims for individuals >65 years of age with partial
Medicare coverage, and thus the estimated HCRU and costs for this
oldest age group may have been underestimated in both studies
(10, 31).

The aging US population, as well as the increasing prevalence of
relevant CMCs and the spread of antimicrobial-resistant strains of
S. pneumoniae, are predicted to increase the clinical and economic
burden of PD in the US in the coming years (26, 32-34). These
threats necessitate robust surveillance programs to monitor the
spread of antimicrobial resistance and its impact on the economic
burden of PD, as well as improved and more equitable preventive
measures. Pneumococcal vaccination has consistently proven to be a
cost-effective intervention in the US that reduces PD-associated
HCRU and direct and indirect costs, especially among individuals
with age- or comorbidity-related risk factors for PD (35-39). As well
as preventing PD, there is some evidence that adult pneumococcal
vaccination can also improve clinical outcomes and reduce the
HCRU and costs associated with breakthrough infections compared
to similar episodes of PD among unvaccinated adults (40-44).
Increasing the uptake of adult pneumococcal vaccination may thus
be a cost-effective means to reduce the overall burden of PD and
decrease racial disparities in PD outcomes in the US (45, 46).

The large size of our study population allowed us to rigorously assess
the HCRU and costs associated with different specific PD diagnoses,
stratified by hospitalization status, age group, and health risk level. These
data are particularly valuable for IPD, for which small sample sizes have
hindered previous attempts to identify factors that affect these outcomes.

The study is also subject to some known limitations. As with any
claims database, diagnostic miscoding may occur, potentially
resulting in misclassification and measurement errors, which may
have affected the accuracy of our estimates. Our cost estimates
comprise only the direct insurer-paid costs of medical care and do
not reflect the true economic burden of PD (35). However, the direct
costs of PD-associated health care, especially inpatient care, are the
primary driver of the overall economic burden of adult PD (7, 9-12,
23-27), and our data thus capture a substantial portion of the overall
economic burden of disease. Further, although the study database is
considered representative of US individuals with commercial health
insurance obtained through large employers, it is not representative
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of the entire adult US population (31). The lack of representation of
adults without insurance (an estimated 8.0% of Americans in 2019
(47)), those with commercial insurance through smaller employers,
those covered under Medicaid (an estimated 18.1% of Americans in
2019 (47)), or adults >65 years of age who obtain their insurance
exclusively  through  Medicare may have introduced
sociodemographic, clinical, or other biases that may have affected the
study’s findings. For example, adults with Medicaid or Medicare
insurance are likely to be older and have a higher prevalence of ICs
and CMCs than commercially insured adults, which would
be expected to affect both the incidence and outcomes of PD (48, 49).
As a result, we likely underestimated the true incidence and cost of
PD among the oldest and most medically fragile groups. The
Merative™ MarketScan® Commercial Database does not include
individual-level socioeconomic data, such as income or race/
ethnicity. Consequently, differences in the incidence of PD risk
factors and outcomes, including HCRU and costs, across racial/
ethnic and socioeconomic groups may have affected the
generalizability of the study (50, 51).

In conclusion, PD is associated with substantial HCRU and health
care costs among US adults, particularly those with ICs or CMCs.
Preventing PD via pneumococcal vaccination offers a means to reduce

this clinical and economic burden of disease.
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