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Background: Near-universal pediatric use of pneumococcal conjugate vaccines in the United States (US) has yielded substantive reductions childhood invasive pneumococcal disease (IPD), pneumonia (PNE), and otitis media (OM), especially among at-risk populations. We evaluated residual disparities in disease burden among US children by comorbidity profile and insurance type (as a proxy for socioeconomic status) during the post-PCV13 era.

Methods: We conducted a retrospective observational cohort study using two US healthcare claims databases: Optum Clinformatics DataMart (commercial) and Merative MarketScan Medicaid Multi-State Database. The two study populations comprised children aged <18 years and were stratified by age and comorbidity profile. Study outcomes included IPD, PNE, OM, and tympanostomy tube (TT) insertion, and were ascertained monthly during the follow-up period. Disease rates were expressed per 100,000 person-years, and age-specific relative rates were calculated by insurance type and comorbidity profile.

Results: Children with comorbidities aged <2 years had the highest rates of IPD and PNE, regardless of insurance status. Rates of IPD and PNE were also higher in children with Medicaid (vs. commercial) insurance; differences generally decreased with increasing age. Differences in incidence of OM and TT insertions between children with (vs. without) comorbidities were absent in the first 2 years of life but became apparent with increasing age.

Conclusion: Children with comorbidities and those with Medicaid insurance have a higher burden of IPD, PNE, and OM. Researchers should assess the impact that preventative strategies have on pediatric populations with the highest rates of disease to identify progress in achieving equity in health.
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Introduction

The incidence of invasive pneumococcal disease (IPD), all-cause pneumonia (PNE), and all-cause otitis media (OM) declined in both fully immunized and under-immunized US children following initiation of universal childhood immunization with 7-valent pneumococcal conjugate vaccine (PCV) in 2000 and 13-valent PCV in 2010 (1–6). IPD rapidly declined from ≥79 cases per 100,000 in children aged <5 years in 1999, to 21 cases per 100,000 by 2009, to 7 cases per 100,000 by 2019 (1). Declines in invasive and non-invasive pneumococcal disease were also reported for high-risk subgroups, including children with specific comorbidities and those from certain socioeconomic backgrounds (3–5).

The burden of invasive and respiratory pneumococcal disease prior to the introduction of PCV was highest in infants, especially preterm and low birth weight infants, and in socioeconomically disadvantaged subgroups (7). While immunization with PCVs has reduced racial and socioeconomic disparities in vaccine-type IPD incidence, differences in disease rates persist presumably due in large part to non-vaccine serotypes (IPD) and/or other pathogens (PNE, OM) (8). A 2014 study of active surveillance data for IPD reported a higher incidence of disease following introduction of PCVs (2001–2009) among Black children versus White children (adjusted rate ratio = 1.6) (9). A 2010 literature review reported socioeconomic status (SES) as the most common identified risk factor for OM and that white children were more likely to undergo tympanostomy tube insertion compared to Black or Hispanic children (10). In the present study, we evaluated whether young children, those with comorbidities, and those who have insurance coverage through Medicaid (as a proxy for low SES) still suffer a disproportionate burden of pneumococcal disease in the late PCV13 era (2015–2019).



Materials and methods


Study design and data sources

We conducted a retrospective observational cohort study using data from two healthcare claims databases—the Optum Clinformatics DataMart and the Merative MarketScan Medicaid Multi-State Database. The Clinformatics DataMart captures healthcare claims and enrollment information for >12.5 million plan members annually, including enrollees, their spouses, and their dependents; older adults enrolled in a Medicare Advantage Plan are also included. The MarketScan Medicaid Multi-State Database includes healthcare claims and enrollment information for approximately ten million geographically dispersed enrollees in Medicaid managed care plans or Medicaid fee-for-service plans on an annual basis. For this study, data from each source spanned the period from January 2015 through December 2019. Enrollment in Medicaid was used as a proxy for lower SES status relative to those with commercial insurance since Medicaid eligibility is designated for low-income families and qualified pregnant women and children such as those with disabilities.

Each database comprises medical (i.e., facility and professional service) and outpatient pharmacy claims. Data available from each facility and professional-service claim include dates and places of service, diagnoses, procedures performed/services rendered, and quantity of services (professional-service claims only). Data available for each outpatient pharmacy claim include the drug (class) dispensed, dispensing date, quantity dispensed, and number of days supplied. Selected demographic and eligibility information (including age, sex, geographic region of residence, dates of plan eligibility) is available for all enrollees in the databases. All data can be arrayed to provide a detailed chronology of medical and pharmacy services used by each plan member over time.



Study population

From each of the two study databases, study populations comprised children who were aged <18 years at any time from January 2015 through December 2019, and were categorized into age-specific subgroups (<1, 1– < 2, 2– < 6, 6– < 12, and 12– < 18 years). For children aged <1 year on their first day of healthcare coverage during this period, the corresponding date was designated the “index date” (Appendix A). For children aged 1–17 years on their first day of healthcare coverage, attention was limited to those with continuous coverage during the subsequent 1-year period (which was employed to ascertain comorbidity profiles); the last date of this period was designated the index date. Because children aged 1– < 2 years were required to have at least 1 year of coverage following their enrollment date, and because this requirement meant that most of these children were aged ≥2 years after their first year of coverage, children in the 1– < 2 years age group at the beginning of follow-up were under-represented. From the Optum Clinformatics DataMart, qualifying children were limited to those with commercial insurance (i.e., those with other/unknown types of insurance were excluded from the commercial subset).



Study measures

IPD, all-cause PNE, all-cause OM, and TT insertions were ascertained during the follow-up period, which began on the index date and ended on the healthcare coverage end date, age 18 years, or the end of the study period, whichever occurred first. Follow-up was characterized on a monthly basis (i.e., in 30-day intervals), based on healthcare coverage at the beginning of the month.

Study measures were identified using diagnosis, procedure, and drug codes on healthcare claims for inpatient admissions and outpatient encounters (Appendix B,C). All qualifying encounters occurring within 30 days of each other were considered part of the same episode (i.e., qualifying encounters during a single episode may be separated by no more than 30 days). Multiple episodes per patient were thus identified.



Baseline characteristics

Baseline characteristics included age, sex, and comorbidity profile. Comorbidity profile was defined as “with comorbidities” versus “without comorbidities” based on the presence or absence of conditions that increase the risk of pneumococcal disease, as specified by the US CDC, including asplenia; asthma; cancer; cerebrospinal fluid leak; chronic lung, heart, liver, and kidney disease; diabetes; human immunodeficiency virus; prematurity; sickle cell disease; and use of medications that weaken the immune system (11). In addition, neuromuscular disorders and trisomy 21 were included based on recent publications (12, 13).

Congenital disorders were ascertained using all available healthcare claims data (i.e., before or after index date); chronic medical conditions were ascertained based on healthcare claims information at any time prior to the month of follow-up (i.e., they were defined as time-dependent variables). Operational algorithms (including diagnosis and procedure codes) for identifying comorbidity profiles are available from the authors upon request.



Statistical analyses

Rates of study measures were reported per 100,000 person-years and were adjusted for differential follow-up using a population-based approach (i.e., total number of episodes divided by total number of person-months of observation, multiplied by 12). Techniques of nonparametric bootstrapping (with replacement) were used to characterize 95% confidence intervals (CI) for rates and corresponding relative rates. Analyses were conducted separately for commercial-insured children and Medicaid-insured children (i.e., study populations were not combined into a single analytic file); for each study population, analyses were conducted by age, and within each age-specific subgroup, by comorbidity profile.



Data availability

Study data sources are proprietary, provided by a third-party vendor, and the authors do not have permission to disseminate the data without vendor approval.




Results


Baseline characteristics

From the Optum Clinformatics DataMart, a total of 4.9 million children aged <18 years qualified for inclusion in the “Commercial” study population (Supplementary Table 1). The percentage of children by age group was: <1 year, 21%; 1– < 2 years, <1% (low % due to study design; see Study Population); 2– < 6 years, 17%; 6– < 12 years, 30%; and 12– < 18 years, 31%. The prevalence of ≥1 comorbidity across age groups ranged from 2.8% (age <1 year) to 4.5% (age 6- < 12 years) (Table 1; Supplementary Table 2).


TABLE 1 Baseline characteristics of children aged <18 years in commercial and Medicaid study populations.


	
	Commercial study population, by age (years)
	Medicaid study population, by age (years)



	<1
	≥1 – < 2
	≥2 – < 6
	≥6 – < 12
	≥12 – < 18
	<1
	≥1 – < 2
	≥2 – < 6
	≥6 – < 12
	≥12 – < 18



	(N = 1,047,246)
	(N = 18,785)
	(N = 843,663)
	(N = 1,444,563)
	(N = 1,519,915)
	(N = 2,249,637)
	(N = 275,024)
	(N = 2,145,266)
	(N = 2,913,590)
	(N = 2,478,062)

 

 	Demographic profile


 	Age (years), mean (SD) 	0.0 (0.0) 	1.0 (0.0) 	3.6 (1.1) 	8.5 (1.7) 	14.5 (1.7) 	0.0 (0.0) 	1.0 (0.0) 	3.5 (1.1) 	8.4 (1.7) 	14.4 (1.7)


 	Sex


 	Male 	51.4 	50.5 	51.3 	51.1 	51.0 	51.2 	50.7 	51.4 	51.5 	51.2


 	Female 	48.6 	49.5 	48.7 	48.9 	49.0 	48.8 	49.3 	48.6 	48.5 	48.8


 	Comorbidity profile


 	Without comorbidities 	97.2 	96.4 	95.6 	95.5 	95.8 	93.9 	92.7 	93.4 	93.1 	93.9


 	With comorbidities 	2.8 	3.6 	4.4 	4.5 	4.2 	6.1 	7.3 	6.6 	6.9 	6.1


 	Year of follow-up start, %


 	2015 	27.1 	100.0 	39.4 	45.6 	46.3 	33.9 	100.0 	57.1 	60.2 	56.4


 	2016 	19.1 	0.0 	20.9 	19.2 	19.0 	17.2 	0.0 	15.0 	15.1 	18.1


 	2017 	18.8 	0.0 	10.7 	9.4 	9.2 	17.5 	0.0 	10.6 	9.7 	10.3


 	2018 	18.1 	0.0 	14.4 	12.9 	12.7 	14.6 	0.0 	8.5 	7.4 	7.3


 	2019 	17.0 	0.0 	14.6 	12.9 	12.9 	16.8 	0.0 	8.8 	7.7 	7.9





SD: standard deviation.
 

From the MarketScan Medicaid Multi-State Database, a total of 10.1 million children aged <18 years qualified for inclusion in the “Medicaid” study population. The percentage of children by age group was: <1 year, 22%; 1– < 2 years, 3%; 2– < 6 years, 21%; 6– < 12 years, 29%; and 12– < 18 years, 25%. The prevalence of ≥1 comorbidity across age groups ranged from 6.1% (age <1 year) to 7.3% (age 1– < 2 years). Asthma, prematurity, and cardiac disease were the most prevalent comorbidities in both commercial-insured and Medicaid-insured children; the prevalence of comorbidities was generally higher among children with Medicaid insurance across age groups.



Rates of pneumococcal disease

IPD rates were highest in the first year of life and declined with increasing age regardless of insurance coverage and comorbidity profile (Figure 1; Table 2). The greatest burden of IPD, PNE, and OM were found in children with comorbidities. Relative rates of IPD for Medicaid-insured versus commercial-insured children ranged from 1.3 (95% CI: 0.9–1.9; infants <1 year) to 3.4 (95% CI: 1.5–7.1; children 12– < 18 years). Relative rates of IPD were ~4-fold higher among infants aged <2 years with comorbidities versus those without comorbidities among both commercial- and Medicaid-insured populations. Relative rates (i.e., with vs. without comorbidities) increased to >10-fold higher in children aged >6 years. Although disease incidence declined rapidly with increasing age in both insured groups and among children with and without comorbid conditions, the excess burden of IPD in children with comorbid conditions was present throughout childhood.

[image: Four line graphs (A to D) show rate trends per 100,000 person-years for different conditions across age groups (<1, 1-<2, 2-<6, 6-<12, 12-<18) and insurance types (Commercial/Medicaid, CC+/CC-). A: IPD rates generally decline with age, B: Pneumonia rates peak <1 year for most subgroups, C: OM rates are highest at 1-<2 years and decrease thereafter, D: TT Insertion rates are generally highest at 1-<2 years then decrease thereafter.]

FIGURE 1
 Rates (per 100 K PY) of (A) IPD, (B) Pneumonia, (C) Otitis Media, and (D) Tympanostomy Tube Insertion in commercial and Medicaid study populations, by age and comorbidity profile. CC+, children with comorbid conditions; CC-, children without comorbid conditions; PY, person-years.



TABLE 2 Rates of invasive pneumococcal disease and pneumonia in commercial and Medicaid study populations, by age and comorbidity profile.


	Age/insurance type
	No. of child-years
	Invasive pneumococcal disease
	Pneumonia



	Rates (95% CI) per 100 K PY
	Rel. Rate (95% CI)
	Rates (95% CI) per 100 K PY
	Rel. Rate (95% CI)



	CC + vs. CC-
	MDCD vs. Comm*
	CC + vs. CC-
	MDCD vs. Comm*

 

 	<1 Year


 	Commercial 	630,761 	7.5 (5.6–9.9) 	 	 	1,881 (1,847–1,915) 	 	


 	CC+ 	17,980 	27.8 (11.6–66.8) 	4.1 (1.3–10.2) 	 	9,510 (9,070–9,972) 	5.7 (5.5–6.0) 	


 	CC- 	612,781 	6.9 (5.1–9.3) 	 	 	1,657 (1,625–1,689) 	 	


 	Medicaid 	1,652,964 	10.0 (8.6–11.6) 	 	1.3 (0.9–1.9) 	3,411 (3,383–3,440) 	 	1.8 (1.8–1.9)


 	CC+ 	95,301 	33.6 (23.7–47.5) 	3.9 (2.6–5.8) 	1.2 (0.3–4.0) 	6,768 (6,605–6,935) 	2.1 (2.1–2.2) 	0.7 (0.7–0.8)


 	CC- 	1,557,664 	8.5 (7.2–10.1) 	 	1.2 (0.8–1.8) 	3,206 (3,178–3,234) 	 	1.9 (1.9–2.0)


 	1– < 2 Years


 	Commercial 	522,177 	3.6 (2.3–5.7) 	 	 	1,846 (1,810–1,884) 	 	


 	CC+ 	14,001 	14.3 (3.6–57.1) 	4.3 (0.5–18.0) 	 	4,693 (4,347–5,065) 	2.7 (2.4–2.9) 	


 	CC- 	508,177 	3.3 (2.1–5.4) 	 	 	1,768 (1,732–1,805) 	 	


 	Medicaid 	1,317,478 	5.8 (4.6–7.2) 	 	1.6 (0.9–2.8) 	3,879 (3,846–3,913) 	 	2.1 (2.1–2.1)


 	CC+ 	79,832 	18.8 (11.3–31.2) 	3.8 (2.0–6.8) 	1.3 (0.1–11.9) 	7,805 (7,614–8,001) 	2.2 (2.1–2.2) 	1.7 (1.5–1.8)


 	CC- 	1,237,646 	4.9 (3.8–6.3) 	 	1.5 (0.8–2.7) 	3,626 (3,593–3,660) 	 	2.1 (2.0–2.1)


 	2– < 6 Years


 	Commercial 	1,727,581 	1.7 (1.2–2.4) 	 	 	1,166 (1,150–1,183) 	 	


 	CC+ 	64,568 	17.0 (9.4–30.8) 	15.7 (6.7–35.2) 	 	3,990 (3,838–4,147) 	3.8 (3.6–3.9) 	


 	CC- 	1,663,013 	1.1 (0.7–1.7) 	 	 	1,057 (1,041–1,073) 	 	


 	Medicaid 	4,810,524 	2.7 (2.3–3.3) 	 	1.6 (1.0–2.5) 	2,045 (2,032–2,058) 	 	1.8 (1.7–1.8)


 	CC+ 	337,916 	10.4 (7.4–14.4) 	4.8 (3.1–7.1) 	0.6 (0.3–1.3) 	5,568 (5,489–5,648) 	3.1 (3.1–3.2) 	1.4 (1.3–1.5)


 	CC- 	4,472,608 	2.2 (1.8–2.6) 	 	2.0 (1.1–3.5) 	1,779 (1,767–1,791) 	 	1.7 (1.7–1.7)


 	6– < 12 Years


 	Commercial 	3,326,947 	0.8 (0.5–1.1) 	 	 	616 (608–625) 	 	


 	CC+ 	153,214 	7.8 (4.4–13.8) 	17.8 (7.5–41.4) 	 	2,130 (2,059–2,205) 	3.9 (3.8–4.1) 	


 	CC- 	3,173,733 	0.4 (0.3–0.7) 	 	 	543 (535–551) 	 	


 	Medicaid 	7,389,426 	1.5 (1.2–1.8) 	 	1.9 (1.2–3.1) 	794 (788–801) 	 	1.3 (1.3–1.3)


 	CC+ 	592,519 	9.5 (7.3–12.3) 	11.7 (7.9–17.3) 	1.2 (0.6–2.5) 	2,741 (2,699–2,783) 	4.4 (4.3–4.5) 	1.3 (1.2–1.3)


 	CC- 	6,796,908 	0.8 (0.6–1.1) 	 	1.8 (0.9–3.6) 	624 (619–630) 	 	1.2 (1.1–1.2)


 	12– < 18 Years


 	Commercial 	3,783,914 	0.3 (0.2–0.5) 	 	 	381 (375–388) 	 	


 	CC+ 	164,676 	2.4 (0.9–6.5) 	12.6 (2.7–49.4) 	 	1,297 (1,243–1,353) 	3.8 (3.6–4.0) 	


 	CC- 	3,619,238 	0.2 (0.1–0.4) 	 	 	340 (334–346) 	 	


 	Medicaid 	6,430,442 	1.0 (0.8–1.3) 	 	3.4 (1.5–7.1) 	451 (446–456) 	 	1.2 (1.2–1.2)


 	CC+ 	464,070 	7.1 (5.1–10.0) 	14.1 (8.3–24.1) 	2.9 (0.6–11.4) 	1,701 (1,664–1,739) 	4.8 (4.7–4.9) 	1.3 (1.2–1.4)


 	CC- 	5,966,372 	0.5 (0.4–0.7) 	 	2.6 (0.9–7.0) 	354 (349–359) 	 	1.0 (1.0–1.1)





CC-: children without a comorbid condition; CC+: children with ≥1 comorbid condition; Comm: commercial; MDCD: Medicaid; PY: person-years.

*Relative rates for Medicaid vs. commercial, overall and within subgroups defined on comorbidity profile.
 

PNE incidence was highest during the first 2 years of life and declined monotonically thereafter among all subgroups defined on insurance type and comorbidity profile. The incidence of PNE ranged from 1,657 (95% CI: 1,625–1,689; commercial-insured without comorbidity) and 9,510 (95% CI: 9,070–9,972; commercial-insured with comorbidity) per 100,000 child-years in year 1 of life, and from 1,768 (95% CI: 1,732–1,805; commercial-insured without comorbidity) and 7,805 (95% CI: 7,614–8,001; Medicaid-insured with comorbidity) in the second year of life. Relative rates of PNE among commercial-insured infants aged <1 year and those aged 1– < 2 years with comorbidities versus those without comorbidity were 5.7 [95% CI: 5.5–6.0] and 2.7 [95% CI: 2.4–2.9], respectively, and those insured by Medicaid (vs. commercial-insured) had higher relative rates of PNE (1.8 [95% CI: 1.8–1.9] and 2.1 [95% CI: 2.1–2.1]), respectively. Relative rates for those with comorbidities were more modest compared with IPD.

Peak rates of OM occurred in year 2 of life and decreased progressively thereafter (Table 3). Approximately 50% of infants had an OM episode in year 1 of life, and nearly 75% of children between 1 and 2 years of age had an episode. Unlike IPD and PNE, differences in OM rates between children with comorbidities versus without comorbidities were minor in the first 2 years of life and progressively increased thereafter to nearly 2-fold higher by age 12– < 18 years. Minor differences in rates were also observed between commercial-insured and Medicaid-insured children within age cohorts.


TABLE 3 Rates of otitis media and tympanostomy tube insertion in commercial and Medicaid study populations, by age and comorbidity profile.


	Age/insurance type
	No. of child-years
	Otitis media
	Tympanostomy tube insertion



	Rates (95% CI) per 100 K PY
	Rel. Rate (95% CI)
	Rates (95% CI) per 100 K PY
	Rel. Rate (95% CI)



	CC + vs. CC-
	MDCD vs. Comm*
	CC + vs. CC-
	MDCD vs. Comm*

 

 	<1 Year


 	Commercial 	630,761 	56,311 (56,126–56,496) 	 	 	3,731 (3,683–3,779) 	 	


 	CC+ 	17,980 	48,308 (47,303–49,335) 	0.9 (0.8–0.9) 	 	4,049 (3,765–4,354) 	1.1 (1.0–1.2) 	


 	CC- 	612,781 	56,545 (56,357–56,734) 	 	 	3,721 (3,673–3,770) 	 	


 	Medicaid 	1,652,964 	57,115 (57,000–57,230) 	 	1.0 (1.0–1.0) 	2,657 (2,632–2,682) 	 	0.7 (0.7–0.7)


 	CC+ 	95,301 	51,328 (50,875–51,785) 	0.9 (0.9–0.9) 	1.1 (1.0–1.1) 	3,282 (3,169–3,399) 	1.3 (1.2–1.3) 	0.8 (0.7–0.9)


 	CC- 	1,557,664 	57,469 (57,350–57,588) 	 	1.0 (1.0–1.0) 	2,618 (2,593–2,644) 	 	0.7 (0.7–0.7)


 	1– < 2 Years


 	Commercial 	522,177 	66,807 (66,586–67,029) 	 	 	3,129 (3,081–3,177) 	 	


 	CC+ 	14,001 	74,738 (73,320–76,184) 	1.1 (1.1–1.1) 	 	4,821 (4,471–5,199) 	1.6 (1.4–1.7) 	


 	CC- 	508,177 	66,588 (66,364–66,813) 	 	 	3,082 (3,034–3,131) 	 	


 	Medicaid 	1,317,478 	75,916 (75,768–76,065) 	 	1.1 (1.1–1.1) 	3,751 (3,718–3,784) 	 	1.2 (1.2–1.2)


 	CC+ 	79,832 	83,920 (83,287–84,558) 	1.1 (1.1–1.1) 	1.1 (1.1–1.1) 	6,011 (5,844–6,184) 	1.7 (1.6–1.7) 	1.2 (1.1–1.4)


 	CC- 	1,237,646 	75,400 (75,247–75,553) 	 	1.1 (1.1–1.1) 	3,605 (3,572–3,639) 	 	1.2 (1.1–1.2)


 	2– < 6 Years


 	Commercial 	1,727,581 	33,885 (33,799–33,972) 	 	 	1,018 (1,003–1,033) 	 	


 	CC+ 	64,568 	50,784 (50,237–51,337) 	1.5 (1.5–1.5) 	 	2,535 (2,415–2,661) 	2.6 (2.5–2.8) 	


 	CC- 	1,663,013 	33,229 (33,142–33,317) 	 	 	959 (945–974) 	 	


 	Medicaid 	4,810,524 	36,475 (36,421–36,529) 	 	1.1 (1.1–1.1) 	1,393 (1,383–1,404) 	 	1.4 (1.3–1.4)


 	CC+ 	337,916 	48,453 (48,219–48,689) 	1.4 (1.4–1.4) 	1.0 (0.9–1.0) 	2,928 (2,871–2,986) 	2.3 (2.2–2.3) 	1.2 (1.1–1.2)


 	CC- 	4,472,608 	35,570 (35,515–35,626) 	 	1.1 (1.1–1.1) 	1,277 (1,267–1,288) 	 	1.3 (1.3–1.4)


 	6– < 12 Years


 	Commercial 	3,326,947 	12,939 (12,900–12,977) 	 	 	185 (181–190) 	 	


 	CC+ 	153,214 	22,587 (22,351–22,827) 	1.8 (1.8–1.8) 	 	565 (529–604) 	3.4 (3.2–3.6) 	


 	CC- 	3,173,733 	12,473 (12,434–12,512) 	 	 	167 (162–171) 	 	


 	Medicaid 	7,389,426 	14,810 (14,782–14,838) 	 	1.1 (1.1–1.1) 	333 (329–337) 	 	1.8 (1.7–1.9)


 	CC+ 	592,519 	23,505 (23,382–23,629) 	1.7 (1.7–1.7) 	1.0 (1.0–1.1) 	735 (713–757) 	2.5 (2.4–2.5) 	1.3 (1.2–1.4)


 	CC- 	6,796,908 	14,052 (14,024–14,080) 	 	1.1 (1.1–1.1) 	298 (294–302) 	 	1.8 (1.7–1.8)


 	12– < 18 Years


 	Commercial 	3,783,914 	6,305 (6,280–6,330) 	 	 	43 (41–45) 	 	


 	CC+ 	164,676 	11,331 (11,170–11,495) 	1.9 (1.8–1.9) 	 	156 (138–176) 	4.1 (3.6–4.7) 	


 	CC- 	3,619,238 	6,076 (6,051–6,102) 	 	 	38 (36–40) 	 	


 	Medicaid 	6,430,442 	7,713 (7,692–7,735) 	 	1.2 (1.2–1.2) 	81 (78–83) 	 	1.9 (1.8–2.0)


 	CC+ 	464,070 	14,269 (14,160–14,378) 	2.0 (2.0–2.0) 	1.3 (1.2–1.3) 	234 (221–248) 	3.4 (3.2–3.7) 	1.5 (1.3–1.7)


 	CC- 	5,966,372 	7,203 (7,182–7,225) 	 	1.2 (1.2–1.2) 	69 (66–71) 	 	1.8 (1.7–1.9)





CC-: children without a comorbid condition; CC+: children with ≥1 comorbid condition; Comm: commercial; MDCD: Medicaid; PY: person-years.

*Relative rates for Medicaid vs. commercial, overall and within subgroups defined on comorbidity profile.
 

TT insertions were most common in the first two years of life with rapid decline after age 6 years. Except for the first year of life, rates of TT insertion were modestly higher among children with Medicaid (vs. commercial) insurance. Infants and children with (vs. without) comorbidities had higher rates of TT insertion, with relative differences between these cohorts increasing with age.




Discussion

This study evaluated the incidence of IPD, PNE, and OM among children aged <18 years between 2015 and 2019, a time period following a 90% decline in childhood IPD and a shift from disease primarily due to PCV13 serotypes to non-PCV13 serotypes (8, 14, 15). We selected this time period, 2015–2019, as the impact of PCV13 on IPD appeared to stabilize based on data from the Active Bacterial Core surveillance system (1). We evaluated disease burden by age, comorbidity status and insurance status as a proxy for SES.

We found the greatest incidence of IPD in infants aged <1 year, regardless of insurance status, with progressive decline with increasing age. Using Medicaid insurance as a proxy for SES, IPD incidence was higher in Medicaid-insured children among cohorts with and without comorbidities, indicating that disparities based on SES persist in the PCV13 era. The relative rate of IPD for Medicaid-insured children increased with increasing age, reflecting a more rapid decline of IPD with age in children with commercial insurance. The observation that the burden of IPD is greater among persons living in higher-poverty census tracts is well described (16). The persistence of a greater IPD burden among children insured by Medicaid most likely reflects that although the disparity in incidence of vaccine serotype disease has narrowed, differences persist for non-vaccine serotype disease. This observation is consistent with Raman’s report that non-vaccine serotype IPD remained highest in neighborhoods that are most deprived (17, 18). However, disparities in immunization rates among children insured by Medicaid may also contribute to the observed increased disease burden (19–21).

Children and adults with asthma, chronic heart disease, or chronic lung disease are recognized to be at greater risk for pneumococcal disease (22, 23). Although these comorbidities are not linked to specific immune deficits, it has been hypothesized that chronic inflammation may compromise host defenses such as the respiratory barrier increasing susceptibility to pneumococcal disease (24). Our analyses also found that higher rates of IPD among infants and children with comorbidities have persisted despite high rates of completion of the primary PCV13 regimen (25).

Our analysis reveals that the burden of PNE and OM remains high, especially in children less than 2 years of age, and is not equally shared by all children. Children with, compared to without, comorbid conditions have a greater incidence of disease throughout childhood. We also found that IPD and PNE were more common among children with Medicaid insurance, while the difference in the incidence of OM was minimal between children with different insurance coverage.

For PNE, we observed that peak incidence occurred during the first two years of life, and that incidence was higher in children with (vs. without) comorbidities and those with Medicaid (vs. commercial) insurance. Differences in PNE rates by comorbidity profile persisted across age groups. The incidence of PNE in children insured by Medicaid was also greater for all age groups; however, unlike IPD, the difference diminished with increasing age.

For OM, incidence rates peaked in the second year of life. Unlike PNE and IPD, only minor differences were observed in the incidence of OM and TT insertion between children grouped by insurance or comorbidity status early in life. These findings vary from those of a 2010 literature review which reported SES as a common risk factor for OM (10). We hypothesize that this finding reflects Medicaid expansion among lower SES children (26), which likely improved access to care during our study period (i.e., compared with previously published studies) and could have changed healthcare seeking behavior among lower-income parents. Beginning after age 2 years, children with comorbidities had higher rates of OM and a progressive increase in relative risk. In children without comorbidities, OM rates declined rapidly after age 2 years; in children with comorbidities, the decrease was modest until age 6 years and thereafter the decay was slower than in healthy children. We demonstrate that the burden of OM remains high, specifically in the first two years of life, in both children with and without comorbidity. The data also identify older children with comorbidity as an at-risk group for OM.

The incidence of TT insertions reflected the burden of OM and the priority for restoration of hearing in children with comorbidities consistent with clinical practice guidelines (27). Both episodes of OM and TT insertion decline after 6 years of age (28, 29). The two broadest indications for TT insertion are recurrent acute OM (RAOM) and OM with persistent effusion (OME) (30). Published studies vary regarding the impact of race and socioeconomic status on RAOM and OME. A recent publication reports that social deprivation, characterized by the social deprivation index, was associated with lower likelihood of treatment for recurrent and suppurative OM and lower odds of TT placement (31). Our study did not find differential rates of TT insertion based on insurance status, which although not identical to social deprivation index, also reflects socioeconomic disadvantage. The aforementioned study covered 2003 to 2021 compared with our data set, which reflects 2015–2019. It is possible that the more recent data reflect progress in reducing disparity in access to TT insertion between children with divergent insurance status; however, our data does not permit assessment of change over an extended time period.

We note several limitations to the research described herein. Rates of PNE among children with asthma (included in the cohort with comorbidity) could be upwardly biased as atelectasis or clinical symptoms assigned could be misclassified as PNE in such children. However, IPD is known to be more frequent in children with asthma supporting the likelihood that pneumococcal pneumonia is also more likely in children with asthma, consistent with our findings for children with comorbid conditions (22). The same is true for children with prematurity; IPD is documented to have higher incidence, and other investigators have also reported increased rates of PNE (32). We are unaware if potential bias (e.g., over-diagnosis of atelectasis as PNE in children with asthma) would affect otitis media as well; asthma has been reported as risk factor for OM by other investigators (33, 34).

Algorithms for identifying study measures have not been formally evaluated against a “gold standard” and thus their accuracy is unknown. Similarly, use of operational algorithms to characterize comorbidity profiles undoubtedly resulted in misclassification of some children. Because children aged 1–17 years were required to have at least 1 year of continuous healthcare coverage for purposes of characterizing baseline comorbidity profiles, rates of study outcomes during this period were not considered. For this same reason (i.e., requiring 1 year of coverage before tracking outcomes), children aged 1– < 2 years at the beginning of their follow-up were under-represented in the study population.

In addition, because date of birth is not available in the study data source (except for the subset of children for whom their birth hospitalization is captured in the data source), age was determined using year of birth (and assuming a birth date of July 1) or the healthcare coverage effective date (i.e., if coverage effective date is during birth year). Accordingly, for some children, age may be mis-specified. While comparisons of study measures between commercial-insured and Medicaid-insured children were largely limited to subgroups defined on age and comorbidity profile, to the extent insurance-specific subgroups differ based on other risk factors, comparisons may be confounded. Because SES information is not available in the study data sources, type of insurance coverage (i.e., commercial vs. Medicaid) was used as a proxy. Immunization history could not be accurately ascertained as we suspect that many children received vaccines through the Vaccines for Children program, which is not reflected in the study databases. We note, however, that recent US CDC data (2019–2020 births) show that uptake of all recommended vaccines among children aged <24 months was 69.1% and uptake of PCVs (≥4 doses) was 82.7%, though there were statistically significant differences in vaccine uptake for commercial- and Medicaid-insured infants (19). Finally, while the study databases include information on many patients across demographic profiles and geographic regions, caution should be used in generalizing study results to other populations and settings.

In summary, despite declines in IPD, PNE, OM and TT insertion, the burden of these clinical syndromes remains high and not equally shared by all children. Two to 4 % of children are diagnosed with PNE by age 2 years. More than 50% are diagnosed with AOM, and 3–6% have TT insertion in each of the first two years of life. For IPD and PNE, children with comorbidities and those insured by Medicaid suffer a disproportional burden of disease. For OM and TT insertions, our analysis reveals that the usual pattern of declining incidence after age 2 years differs among children with comorbidities, in whom incidence decreases more slowly, and a disproportionate burden of disease persists. Researchers should assess the impact that preventative strategies have on pediatric populations with the highest rates of disease to identify progress in achieving equity in health.



Data availability statement

The data analyzed in this study is subject to the following licenses/restrictions: study data sources are proprietary, provided by a third-party vendor, and the authors do not have permission to disseminate the data without vendor approval. Requests to access these datasets should be directed to the data vendors Optum and Merative.



Ethics statement

The study database was de-identified prior to its release to study investigators, as set forth in the corresponding Data Use Agreement. Use of the study database for health services research was fully compliant with the Health Insurance Portability and Accountability Act Privacy Rule and federal guidance on Public Welfare and the Protection of Human Subjects (45 CFR 46 §46.101). Institutional Review Board approval was not required.



Author contributions

RL: Conceptualization, Formal analysis, Writing – original draft. AhA: Conceptualization, Formal analysis, Writing – original draft. DW: Conceptualization, Data curation, Formal analysis, Writing – original draft. LH: Conceptualization, Data curation, Formal analysis, Writing – review & editing. JV: Conceptualization, Formal analysis, Writing – review & editing. AdA: Conceptualization, Formal analysis, Writing – review & editing. AC: Conceptualization, Formal analysis, Writing – review & editing. AL: Formal analysis, Writing – review & editing. MR: Conceptualization, Formal analysis, Writing – review & editing. SP: Conceptualization, Formal analysis, Writing – original draft.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was sponsored by Pfizer.



Acknowledgments

Editorial support was provided by Mary Cecil at Avalere Health and was funded by Pfizer.



Conflict of interest

AC, LH, AdA, MR, and JV are employed by, and own stock in, Pfizer Inc. SP and RL received financial support from Pfizer Inc. for participation in study design, data analysis, and data interpretation. AhA, AL, and DW are employees of Avalere Health, which received funding from Pfizer in connection with this study and the development of this manuscript.

This study was sponsored by Pfizer. The funder was involved with study concept, analysis; critical review of the manuscript; and the decision to submit the manuscript for publication.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1558157/full#supplementary-material



References
	 1. Pneumococcal disease: surveillance and reporting Centers for Disease Control and Prevention (CDC) (2020). Available at: https://www.cdc.gov/pneumococcal/php/surveillance/index.html
	 2. Hu, T, Done, N, Petigara, T, Mohanty, S, Song, Y, Liu, Q , et al. Incidence of acute otitis media in children in the United States before and after the introduction of 7- and 13-valent pneumococcal conjugate vaccines during 1998-2018. BMC Infect Dis. (2022) 22. doi: 10.1186/s12879-022-07275-9 
	 3. Lee, YJ, Huang, YT, Kim, SJ, Kerpelev, M, Gonzalez, V, Kaltsas, A , et al. Trends in invasive pneumococcal disease in cancer patients after the introduction of 7-valent pneumococcal conjugate vaccine: a 20-year longitudinal study at a major urban cancer center. Clin Infect Dis. (2018) 66:244–253. doi: 10.1093/cid/cix739 
	 4. Payne, AB, Link-Gelles, R, Fau-Azonobi, I, Azonobi, F-HWC I, Hooper Wc Fau-Beall, BW, Beall Bw Fau-Jorgensen, JH , et al. Invasive pneumococcal disease among children with and without sickle cell disease in the United States, 1998 to 2009. Pediatr Infect Dis J. (2013) 32:1308. doi: 10.1097/INF.0b013e3182a11808
	 5. Thorrington, D, Andrews, N, Stowe, J, Miller, E, and van Hoek, AJ. Elucidating the impact of the pneumococcal conjugate vaccine programme on pneumonia, sepsis and otitis media hospital admissions in England using a composite control. BMC Med. (2018) 16:13. doi: 10.1186/s12916-018-1004-z
	 6. Wiese, AD, Grijalva, CG, Zhu, Y, Mitchel, EF Jr, and Griffin, MR. Changes in Childhood Pneumonia Hospitalizations by Race and Sex Associated with Pneumococcal Conjugate Vaccines. Emerg Infect Dis. (2016) 22:1109–12. doi: 10.3201/eid2206.152023
	 7. Fletcher, MA, Laufer, DS, McIntosh, ED, Cimino, C, and Malinoski, FJ. Controlling invasive pneumococcal disease: is vaccination of at-risk groups sufficient? Int J Clin Pract. (2006) 60:450–6. doi: 10.1111/j.1368-5031.2006.00858.x 
	 8. Kaplan, SL, Barson, WJ, Lin, PL, Romero, JR, Bradley, JS, Tan, TQ , et al. Invasive pneumococcal disease in children's hospitals: 2014-2017. Pediatrics. (2019) 144. doi: 10.1542/peds.2019-0567 
	 9. Spicer, JO, Thomas, S, Holst, A, Baughman, W, and Farley, MM. Socioeconomic and racial disparities of pediatric invasive pneumococcal disease after the introduction of the 7-valent pneumococcal conjugate vaccine. Pediatr Infect Dis J. (2014) 33:158–64. doi: 10.1097/inf.0000000000000025 
	 10. Smith, DF, and Boss, EF. Racial/ethnic and socioeconomic disparities in the prevalence and treatment of otitis Media in Children in the United States. Laryngoscope. (2010) 120:2306–12. doi: 10.1002/lary.21090 
	 11. Acip updates: recommendations for use of 20-valent pneumococcal conjugate vaccine in children - United States, 2023. MMWR Morb Mortal Wkly Rep. (2023) 72:1072. doi: 10.15585/mmwr.mm7239a5
	 12. Janoff, EN, Tseng, HF, Nguyen, JL, Alfred, T, Vietri, J, McDaniel, A , et al. Incidence and clinical outcomes of pneumonia in persons with down syndrome in the United States. Vaccine. (2023) 41:4571–8. doi: 10.1016/j.vaccine.2023.05.063 
	 13. Pelton, SI, Weycker, D, Farkouh, RA, Strutton, DR, Shea, KM, and Edelsberg, J. Risk of pneumococcal disease in children with chronic medical conditions in the era of pneumococcal conjugate vaccine. Clin Infect Dis. (2014) 59:615–23. doi: 10.1093/cid/ciu348 
	 14. Grant, LR, Slack, MPE, Theilacker, CA-O, Vojicic, J, Dion, S, Reinert, RR , et al. Distribution of serotypes causing invasive pneumococcal disease in children from high-income countries and the impact of pediatric pneumococcal vaccination. Clin Infect Dis. (2023) 76:e1062–e1070. doi: 10.1093/cid/ciac475 
	 15. Kaur, R, Fuji, N, and Pichichero, ME. Dynamic changes in otopathogens colonizing the nasopharynx and causing acute otitis media in children after 13-valent (Pcv13) pneumococcal conjugate vaccination during 2015-2019. Eur J Clin Microbiol Infect Dis. (2022) 41:37–44. doi: 10.1007/s10096-021-04324-0 
	 16. Soto, K, Petit, S, and Hadler, JL. Changing disparities in invasive pneumococcal disease by socioeconomic status and race/ ethnicity in Connecticut, 1998-2008. Public Health Rep. (2011) 126 Suppl 3:81–8. doi: 10.1177/00333549111260s313 
	 17. Raman, R, Brennan, J, Ndi, D, Sloan, C, Markus, TM, Schaffner, W , et al. Marked reduction of socioeconomic and racial disparities in invasive pneumococcal disease associated with conjugate pneumococcal vaccines. J Infect Dis. (2021) 223:1250–1259. doi: 10.1093/infdis/jiaa515 
	 18. McLaughlin, JM, Utt, EA, Hill, NM, Welch, VL, Power, E, and Sylvester, GC. A current and historical perspective on disparities in us childhood pneumococcal conjugate vaccine adherence and in rates of invasive pneumococcal disease: considerations for the routinely-recommended, pediatric Pcv dosing schedule in the United States. Hum Vaccin Immunother. (2016) 12:206–12. doi: 10.1080/21645515.2015.1069452 
	 19. Hill, HA, Yankey, D, Elam-Evans, LD, Chen, M, and Singleton, JA. Vaccination coverage by age 24 months among children born in 2019 and 2020 - National Immunization Survey-Child, United States, 2020-2022. MMWR Morb Mortal Wkly Rep. (2023) 72:1190–6. doi: 10.15585/mmwr.mm7244a3 
	 20. Kulkarni, AA, Desai, RP, Alcalá, HE, and Balkrishnan, R. Persistent disparities in immunization rates for the seven-vaccine series among infants 19-35 months in the United States. Health Equity. (2021) 5:135–9. doi: 10.1089/heq.2020.0127 
	 21. Valier, MR, Yankey, D, Elam-Evans, LD, Chen, M, Hill, HA, Mu, Y , et al. Vital signs: trends and disparities in childhood vaccination coverage by vaccines for children program eligibility - National Immunization Survey-Child, United States, 2012-2022. MMWR Morb Mortal Wkly Rep. (2024) 73:722–30. doi: 10.15585/mmwr.mm7333e1 
	 22. Castro-Rodriguez, JA, Abarca, K, and Forno, E. Asthma and the risk of invasive pneumococcal disease: a Meta-analysis. Pediatrics. (2020) 145:e20191200. doi: 10.1542/peds.2019-1200 
	 23. Talbot, TR, Hartert, T, Hartert, TV, Mitchel, E, Halasa, NB, Arbogast, PG , et al. Asthma as a risk factor for invasive pneumococcal disease. N Engl J Med. (2005) 352:2082–2090. doi: 10.1056/NEJMoa044113 
	 24. Sohail, I, Ghosh, S, Mukundan, S, Zelewski, S, and Khan, MN. Role of Inflammatory Risk Factors in the Pathogenesis of Streptococcus pneumoniae. Front Immunol. (2018) 2:2275. doi: 10.3389/fimmu.2018.02275
	 25. Vaccination coverage among young children (0–35 months). (2024). Available online at:https://data.cdc.gov/Child-Vaccinations/Vaccination-Coverage-among-Young-Children-0-35-Mon/fhky-rtsk/about_data.
	 26. [Dataset] Health insurance coverage of low income children 0–18 (under 200% Fpl). (2025). Available online at:https://www.kff.org/other/state-indicator/health-insurance-coverage-of-low-income-children-0-18-under-200-fpl/?activeTab=graph&currentTimeframe=0&startTimeframe=14&selectedDistributions=uninsured&selectedRows=%7B%22wrapups%22:%7B%22united-states%22:%7B%7D%7D%7D&sortModel=%7B%22colId%22:%22Location%22,%22sort%22:%22asc%22%7D.
	 27. Rosenfeld, RM, Tunkel, DE, Schwartz, SR, Anne, S, Bishop, CE, Chelius, DC , et al. Clinical practice guideline: Tympanostomy tubes in children (update). Otolaryngol Head Neck Surg. (2022) 166:S1–S55. doi: 10.1177/01945998211065662 
	 28. Palmu, AA, Verho, J, Jokinen, J, Karma, P, and Kilpi, TM. The seven-valent pneumococcal conjugate vaccine reduces tympanostomy tube placement in children. Pediatr Infect Dis J. (2004) 23:732–8. doi: 10.1097/01.inf.0000133049.30299.5d 
	 29. Sarasoja, I, Jokinen, J, Lahdenkari, M, Kilpi, T, and Palmu, AA. Long-term effect of pneumococcal conjugate vaccines on Tympanostomy tube placements. Pediatr Infect Dis J. (2013) 32:517–20. doi: 10.1097/INF.0b013e31827c9bcc 
	 30. Nieman, CL, Tunkel, DE, and Boss, EF. Do race/ethnicity or socioeconomic status affect why we place ear tubes in children? Int J Pediatr Otorhinolaryngol. (2016) 88:98–103. doi: 10.1016/j.ijporl.2016.06.029 
	 31. Qian, ZJ, and Rehkopf, DH. Association between social disadvantage and otitis media treatment in us children with commercial insurance. JAMA Otolaryngol Head Neck Surg. (2022) 149:7–14. doi: 10.1001/jamaoto.2022.3560 
	 32. Kent, A, Makwana, A, Sheppard, CL, Collins, S, Fry, NK, Heath, PT , et al. Invasive pneumococcal disease in Uk children <1 year of age in the Post-13-valent pneumococcal conjugate vaccine era: what are the risks now? Clin Infect Dis. (2019) 69:84–90. doi: 10.1093/cid/ciy842 
	 33. Kim, SY, Kim, HR, Min, C, and Choi, HG. Bidirectional association between asthma and otitis Media in Children. Allergy Asthma Clin Immunol. (2021) 17:7. doi: 10.1186/s13223-020-00500-7 
	 34. Yiengprugsawan, V, and Hogan, A. Ear infection and its associated risk factors, comorbidity, and health service use in Australian children. Int J Pediatr. (2013) 2013:963132:1–7. doi: 10.1155/2013/963132 


Copyright
 © 2025 Lapidot, Averin, Weycker, Huang, Vietri, Arguedas, Cane, Lonshteyn, Rozenbaum and Pelton. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Disparities in invasive pneumococcal disease, pneumonia, and otitis media among US children by comorbidity profile and insurance status



		Introduction



		Materials and methods



		Study design and data sources



		Study population



		Study measures



		Baseline characteristics



		Statistical analyses



		Data availability









		Results



		Baseline characteristics



		Rates of pneumococcal disease









		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		References



















OPS/images/fpubh-13-1558157-g001.jpg
A TPD

Fatesper 100K PY

Fates per 100K Y

100000

25000

soa00

25000

>

Commerica/ et

Commerica/ et
Commerial/ CC-

1a

2.6
Ao tyeary)

Y

B Preumonia

D. TTinsertion

8000

- Commerial/
ommercal / C-

-
— o Medicaid/ o
— - Medicaid/ -

rrs—

— - Mediaid/ -






OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Disparities in invasive pneumococcal
disease, pneumonia, and otitis media
among US children by comorbidity
profile and insurance status












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






