


Appendix

Appendix Table 1: ACIP-recommended Vaccines Assessed among Privately Insured Children, NIS-Child, MarketScan CCAE and HEDIS
	Vaccine or seriesa
	NIS-Child
	MarketScan CCAE
	HEDIS

	DTaP
	
	
	

	    ≥3 doses
	
	
	

	    ≥4 doses
	
	
	

	IPV (≥3 doses)
	
	
	

	MMR (≥1 dose)
	
	
	

	Hib
	
	
	

	    Primary seriesb
	
	
	

	    Full seriesc
	
	
	

	    ≥3 doses any vaccine
	
	
	

	VAR (≥1 dose)
	
	
	

	PCV
	
	
	

	    ≥3 doses
	
	
	

	    ≥4 doses
	
	
	

	HepA (≥1 dose)
	
	
	

	HepB (≥3 doses)d
	
	
	

	RV (≥2 or ≥3 doses)e
	
	
	

	Influenza (≥2 doses)f
	
	
	

	No vaccinations
	
	g
	


ACIP, Advisory Committee on Immunization Practices; DTaP, diphtheria, tetanus toxoids, and acellular pertussis vaccine; HEDIS, Healthcare Effectiveness Data and Information Set; HepA, hepatitis A vaccine; HepB, hepatitis B vaccine;  Hib, Haemophilus influenzae type b conjugate vaccine; MarketScan CCAE, MarketScan Commercial Claims and Encounters; MMR, measles, mumps, and rubella vaccine; NIS-Child, National Immunization Survey-Child; PCV, pneumococcal conjugate vaccine; RV, rotavirus vaccine; VAR, varicella vaccine. 
Note:
a Vaccines received by age 24 months, except for RV in NIS-Child and MarketScan CCAE data, which needed to be received by age 8 months.
b ≥2 doses of PedvaxHib or COMVAX, or ≥3 doses of other Hib vaccines. 
c ≥3 doses of PedvaxHib or COMVAX, or ≥4 doses of other Hib vaccines.
d Not assessed using MarketScan CCAE data because the birth dose of HepB was largely missing.
e ≥2 doses of Rotarix monovalent rotavirus vaccine or ≥3 doses of RotaTeq pentavalent rotavirus vaccine, received by age 8 months in the NIS-Child and MarketScan CCAE data.
f Might be received over two influenza seasons. In NIS-Child and MarketScan CCAE data doses must be at least 24 days apart.
g Children receiving ≥1 dose of HepB were counted as receiving vaccinations.





A MarketScan CCAE Data Inclusion/Exclusion Criteria and Sample Characteristics
        
        Because birthdate information is not available in MarketScan data, the earliest service date related to newborns was used, identified using major diagnostic category (15 – Newborn), as a proxy for birthdate. The study sequentially excluded children who had a missing value for newborn service date (n = 5,425) or place of birth (n = 2,452), or were not continuously enrolled in the data from birth through age 24 months (n = 187,594). Children who did not have any outpatient visits by age 12 months (n = 123) were also excluded because they were likely to be covered by insurance plans not included in the data. The state of Hawaii was excluded due to the small number of enrollees (n = 3). Appendix Table 2 below summarizes some characteristics of the included children.
        Hawaii was excluded to avoid giving the audience the impression that MarketScan CCAE data were meaningfully distributed across all 50 states. Moreover, among three children from Hawaii, two had missing information on vaccine products. Imputing vaccination information for them would not make much sense. Nevertheless, due to the small sample size, including Hawaii would lead to very similar vaccination coverage estimates (results not shown). 


















Appendix Table 2: Descriptive Statistics of Characteristics at Birth of the Included Children, MarketScan Database
	
	2015 (n=70,543)
	2016 (n=65,178)

	Characteristics
	n
	%
	n
	%

	Gender
	
	
	
	

	Male
	36,769
	52.1
	33,776
	51.8

	Female
	33,774
	47.9
	31,402
	48.2

	Residence in metropolitan statistical area
	
	
	
	

	No
	6,108
	8.7
	5,691
	8.7

	Yes
	64,435
	91.3
	59,487
	91.3

	Region of policyholder residence
	
	
	
	

	Northeast
	15,780
	22.4
	15,115
	23.2

	North Central
	17,566
	24.9
	16,544
	25.4

	South
	26,842
	38.1
	24,210
	37.1

	West
	10,355
	14.7
	9,309
	14.3

	Type of benefit plan
	
	
	
	

	FFS
	1,007
	1.4
	1,765
	2.7

	Managed care
	54,456
	77.2
	48,494
	74.4

	CDHP
	8,035
	11.4
	7,347
	11.3

	HDHP
	6,590
	9.3
	6,304
	9.7

	Unknown
	455
	0.6
	1,268
	1.9


Note: FFS: fee-for-service plans; CDHP: consumer-driven health plans; HDHP: high-deductible health plan. 






















Appendix Table 3: Missing Vaccination Information by Children Characteristics at Birth, MarketScan Database
	
	2015
	2016

	Characteristics
	n
	%
	n
	%

	Gender
	
	
	
	

	Male
	5,084
	13.8
	4,345
	12.9

	Female
	4,668
	13.8
	3,919
	12.5

	Residence in metropolitan statistical area
	
	
	
	

	No
	855
	14.0
	753
	13.2

	Yes
	8,897
	13.8
	7,511
	12.6

	Region of policyholder residence
	
	
	
	

	Northeast
	4,394
	27.9
	3,617
	23.9

	North Central
	1,432
	8.2
	1,184
	7.2

	South
	2,436
	9.1
	2,187
	9.0

	West
	1,490
	14.4
	1,276
	13.7

	Type of benefit plan
	
	
	
	

	FFS
	114
	11.3
	174
	9.9

	Managed care
	7,830
	14.4
	6,549
	13.5

	CDHP
	827
	10.3
	691
	9.4

	HDHP
	935
	14.2
	699
	11.1

	Unknown
	46
	10.1
	151
	11.9

	State/Washington D.C.
	
	
	
	

	Connecticut
	614
	76.4
	447
	70.4

	Maine
	127
	71.4
	132
	76.7

	Massachusetts
	1,991
	87.2
	1,658
	83.8

	New Hampshire
	239
	80.5
	74
	58.7

	Rhode Island
	72
	33.0
	69
	27.5

	Vermont
	27
	67.5
	14
	38.9

	New Jersey
	229
	9.8
	231
	10.6

	New York
	927
	12.9
	839
	11.6

	Pennsylvania
	168
	7.0
	153
	6.1

	Illinois
	291
	9.8
	245
	8.5

	Indiana
	100
	7.5
	81
	7.8

	Michigan
	248
	7.2
	229
	6.5

	Ohio
	365
	9.5
	301
	8.4

	Wisconsin
	38
	5.4
	27
	4.7

	Iowa
	81
	10.6
	64
	7.8

	Kansas
	55
	6.7
	29
	4.4

	Minnesota
	65
	5.2
	63
	5.1

	Missouri
	116
	6.2
	121
	7.0

	Nebraska
	20
	5.3
	18
	5.8

	North Dakota
	10
	13.9
	2
	3.7

	South Dakota
	43
	32.8
	4
	3.3

	Washington, D.C.
	9
	20.0
	4
	11.1

	Delaware
	22
	2.8
	31
	3.9

	Florida
	468
	10.0
	544
	11.5

	Georgia
	164
	12.1
	116
	9.1

	Maryland
	60
	9.1
	55
	9.3

	North Carolina
	186
	9.2
	162
	8.1

	South Carolina
	406
	12.5
	362
	10.6

	Virginia
	86
	7.1
	84
	9.0

	West Virginia
	8
	14.6
	7
	14.9

	Alabama
	21
	7.5
	22
	8.2

	Kentucky
	116
	6.6
	102
	6.4

	Mississippi
	87
	8.0
	67
	6.4

	Tennessee
	101
	6.9
	57
	9.7

	Arkansas
	17
	6.6
	9
	4.1

	Louisiana
	95
	10.1
	22
	6.5

	Oklahoma
	72
	19.0
	69
	19.1

	Texas
	518
	7.8
	473
	8.0

	Arizona
	150
	9.4
	151
	11.9

	Colorado
	75
	7.5
	65
	8.1

	Idaho
	400
	26.4
	300
	20.4

	Montana
	9
	11.8
	5
	7.9

	Nevada
	31
	9.4
	37
	11.3

	New Mexico
	35
	31.3
	60
	46.5

	Utah
	53
	6.7
	41
	6.8

	Wyoming
	37
	52.1
	39
	55.7

	Alaska
	44
	71.0
	25
	80.7

	California
	268
	12.9
	220
	10.5

	Oregon
	84
	6.4
	93
	7.7

	Washington
	304
	21.8
	240
	19.4


Note: FFS: fee-for-service plans; CDHP: consumer-driven health plans; HDHP: high-deductible health plan. Hawaii was excluded due to the small sample size (n=3).













B. Current Procedural Terminology codes and Healthcare Common Procedure Coding System codes for the Assessed Vaccines

Vaccine Administration:
90460 – Immunization administration through 18 years of age via any route of administration, with counseling by physician or other qualified health care professional; first or only component of each vaccine or toxoid administered
90461 – Immunization administration through 18 years of age via any route of administration, with counseling by physician or other qualified health care professional; each additional vaccine or toxoid component administered (List separately in addition to code for primary procedure)
90471 – Immunization administration (includes percutaneous, intradermal, subcutaneous, or intramuscular injections); 1 vaccine (single or combination vaccine/toxoid)
90472 – Immunization administration (includes percutaneous, intradermal, subcutaneous, or intramuscular injections); each additional vaccine (single or combination vaccine/toxoid) (List separately in addition to code for primary procedure)
90473 – Immunization administration by intranasal or oral route; 1 vaccine (single or combination vaccine/toxoid)
90474 – Immunization administration by intranasal or oral route; each additional vaccine (single or combination vaccine/toxoid) (List separately in addition to code for primary procedure)
DTaP:
90696 – Diphtheria, tetanus toxoids, acellular pertussis vaccine and inactivated poliovirus vaccine (DTaP-IPV), for IM use 
90697 – Diphtheria, tetanus toxoids, acellular pertussis vaccine, inactivated poliovirus vaccine, Haemophilus influenzae type b PRP-OMP conjugate vaccine, and hepatitis B vaccine (DTaP-IPV-Hib-HepB), for intramuscular use
90698 – Diphtheria, tetanus toxoids, acellular pertussis vaccine, Haemophilus influenza type b, and poliovirus vaccine, inactivated (DTaP-IPV/Hib), for IM use
90700 – Diphtheria, tetanus toxoids, and acellular pertussis vaccine (DTaP), for IM use
90701 – Diphtheria, tetanus toxoids, and whole cell pertussis vaccine (DTP), for intramuscular use
90702 – Diphtheria and tetanus toxoids (DT) adsorbed when administered to individuals younger than 7 years, for intramuscular use
90720 – Diphtheria, tetanus toxoids, and whole cell pertussis vaccine and Hemophilus influenza B vaccine (DTP-Hib), for intramuscular use
90721 – Diphtheria, tetanus toxoids, and acellular pertussis vaccine and Hemophilus influenza B vaccine (DtaP-Hib), for intramuscular use
90723 – Diphtheria, tetanus toxoids, acellular pertussis vaccine, Hepatitis B, and poliovirus vaccine, inactivated (DtaP-HepB-IPV), for intramuscular use
IPV: 
90696 – Diphtheria, tetanus toxoids, acellular pertussis vaccine and inactivated poliovirus vaccine (DTaP-IPV), for IM use
90697 – Diphtheria, tetanus toxoids, acellular pertussis vaccine, inactivated poliovirus vaccine, Haemophilus influenzae type b PRP-OMP conjugate vaccine, and hepatitis B vaccine (DTaP-IPV-Hib-HepB), for intramuscular use
90698 – Diphtheria, tetanus toxoids, acellular pertussis vaccine, Haemophilus influenza type b, and poliovirus vaccine, inactivated (DTaP-IPV/Hib), for IM use
90712 – Poliovirus vaccine, (any type[s]) (OPV), live, for oral use
90713 – Poliovirus vaccine, inactivated (IPV), for subcutaneous or intramuscular use
90723 – Diphtheria, tetanus toxoids, acellular pertussis vaccine, Hepatitis B, and poliovirus vaccine, inactivated (DtaP-HepB-IPV), for intramuscular use
MMR:
90704 – Mumps virus vaccine, live, for subcutaneous use
90705 – Measles virus vaccine, live, for subcutaneous use 
90706 – Rubella virus vaccine, live, for subcutaneous use 
90707 – Measles, mumps and rubella virus vaccine (MMR), live, for subcutaneous use 
90708 – Measles and rubella virus vaccine, live, for subcutaneous use 
90710 – Measles, mumps, rubella, and varicella vaccine (MMRV), live, for subcutaneous use
Hib:
90644 – Meningococcal conjugate vaccine, serogroups C & Y and Haemophilus influenzae type b vaccine (Hib-MenCY), 4 dose schedule, when administered to children 6 weeks-18 months of age, for intramuscular use
90645 – Hemophilus influenza b vaccine (Hib), HbOC conjugate (4 dose schedule), for intramuscular use
90646 – Hemophilus influenza b vaccine (Hib), PRP-D conjugate, for booster use only, intramuscular use
90647 – Hemophilus influenza b vaccine (Hib), PRP-OMP conjugate (3 dose schedule), for intramuscular use
90648 – Hemophilus influenza b vaccine (Hib), PRP-T conjugate (4 dose schedule), for intramuscular use
90697 – Diphtheria, tetanus toxoids, acellular pertussis vaccine, inactivated poliovirus vaccine, Haemophilus influenzae type b PRP-OMP conjugate vaccine, and hepatitis B vaccine (DTaP-IPV-Hib-HepB), for intramuscular use
90698 – Diphtheria, tetanus toxoids, acellular pertussis vaccine, haemophilus influenza Type B, and poliovirus vaccine, inactivated (DTaP - Hib - IPV), for intramuscular use
90720 – Diphtheria, tetanus toxoids, and whole cell pertussis vaccine and Hemophilus influenza B vaccine (DTP-Hib), for intramuscular use
90721 – Diphtheria, tetanus toxoids, and acellular pertussis vaccine and Hemophilus influenza B vaccine (DTaP-Hib), for intramuscular use
90737 – Haemophilus influenzae type b vaccine (Hib), PRP-OMP conjugate, 3 dose schedule, for intramuscular use
90748 – Hepatitis B and Hemophilus influenza b vaccine (HepB-Hib), for intramuscular use
VAR:
90710 – Measles, mumps, rubella, and varicella vaccine (MMRV), live, for subcutaneous use
90716 – Varicella virus vaccine, live, for subcutaneous use
PCV:
90669 – Pneumococcal conjugate vaccine, polyvalent, when administered to children younger than 5 years, for intramuscular use
90670 – Pneumococcal conjugate vaccine, 13 valent, for IM use
90732 – Pneumococcal polysaccharide vaccine, 23-valent, (PPSV23) adult or immunosuppressed patient dosage, for SC or IM use
HepA:
90632 – Hepatitis A vaccine, adult dosage, for intramuscular use
90633 – Hepatitis A vaccine, pediatric/adolescent dosage – 2 dose schedule, for IM use
90634 – Hepatitis A vaccine, pediatric/adolescent dosage-3 dose schedule, for intramuscular use
90636 – Hepatitis A and B combination (HepA-HepB), adult dosage, for IM use
90730 – Hepatitis A vaccine
Rotavirus:
90680 – Rotavirus vaccine, pentavalent, 3 dose schedule, live, for oral use
90681– Rotavirus vaccine, human, attenuated (RV1), 2 dose schedule, live, for oral use
Influenza:
90630 – Influenza virus vaccine, quadrivalent (IIV4), split virus, preservative free, for intradermal use
90653 – Influenza vaccine, inactivated (IIV), subunit, adjuvanted, for intramuscular use
90654 – Influenza virus vaccine, trivalent (IIV3), split virus, preservative-free, for intradermal use
90655 – Influenza virus vaccine, trivalent (IIV3), split virus, preservative free, 0.25 mL dosage, for intramuscular use
90656 – Influenza virus vaccine, trivalent (IIV3), split virus, preservative free, 0.5 mL dosage, for intramuscular use
90657 – Influenza virus vaccine, trivalent (IIV3), split virus, 0.25 mL dosage, for intramuscular use
90658 – Influenza virus vaccine, trivalent (IIV3), split virus, 0.5 mL dosage, for intramuscular use
90659 – Influenza virus vaccine, whole virus, for intramuscular or jet injection use
90660 – Influenza virus vaccine, trivalent, live (LAIV3), for intranasal use
90661 – Influenza virus vaccine, derived from cell cultures, subunit, preservative and antibiotic free, for intramuscular use
90662 – Influenza virus vaccine (IIV), split virus, preservative free, enhanced immunogenicity via increased antigen content, for intramuscular use
90663 – Influenza virus vaccine, pandemic formulation
90664 – Influenza virus vaccine, pandemic formulation, live, for intranasal use
90666 – Influenza virus vaccine, pandemic formulation, split virus, preservative free, for intramuscular use
90668 – Influenza virus vaccine, pandemic formulation, split-virus, for intramuscular use
90672 – Influenza virus vaccine, quadrivalent, live (LAIV4), for intranasal use
90673 – Influenza virus vaccine, trivalent (RIV3), derived from recombinant DNA, hemagglutinin (HA) protein only, preservative and antibiotic free, for intramuscular use
90674 – Influenza virus vaccine, quadrivalent (ccIIV4), derived from cell cultures, subunit, preservative and antibiotic free, 0.5 mL dosage, for intramuscular use
90682 – Influenza virus vaccine, quadrivalent (RIV4), derived from recombinant DNA, hemagglutinin (HA) protein only, preservative and antibiotic free, for intramuscular use
90685 – Influenza virus vaccine, quadrivalent (IIV4), split virus, preservative free, 0.25 mL dosage, for intramuscular use
90686 – Influenza virus vaccine, quadrivalent (IIV4), split virus, preservative free, 0.5 mL dosage, for intramuscular use
90687 – Influenza virus vaccine, quadrivalent (IIV4), split virus, 0.25 mL dosage, for intramuscular use
90688 – Influenza virus vaccine, quadrivalent (IIV4), split virus, 0.5 mL dosage, for intramuscular use
90724 – Influenza virus vaccine
90756 – Influenza virus vaccine, quadrivalent (ccIIV4), derived from cell cultures, subunit, antibiotic free, 0.5 mL dosage, for intramuscular use
Q2033 – Influenza Vaccine, Recombinant Hemagglutinin Antigens, For Intramuscular Use (Flublok)
Q2034 – Influenza virus vaccine, split virus, for intramuscular use (agriflu)
Q2035 – Influenza virus vaccine, split virus, when administered to individuals 3 years of age and older, for intramuscular use (afluria)
Q2036 – Influenza virus vaccine, split virus, when administered to individuals 3 years of age and older, for intramuscular use (flulaval)
Q2037 – Influenza virus vaccine, split virus, when administered to individuals 3 years of age and older, for intramuscular use (fluvirin)
Q2038 – Influenza virus vaccine, split virus, when administered to individuals 3 years of age and older, for intramuscular use (fluzone)
Q2039 – Influenza virus vaccine, not otherwise specified
G0008 – Administration of influenza virus vaccine

C HEDIS Data Coverage Collection and Inclusion/Exclusion Criteria

        Plans may collect childhood vaccination coverage data by either an administrative method or a hybrid method. By the administrative method, plans identify the eligible denominator population and numerator vaccination using data in the administrative system, such as claims data. By the hybrid method, plans identify the denominator population using a systematic sampling based on the administrative data, and then look for numerator vaccinations in both administrative and medical record data. Vaccination coverage is collected as the rate of vaccination among the denominator population. For both the administrative method and the hybrid method, supplemental data such as electrotonically generated files that come from vaccination providers may also be used to determine numerator vaccinations, given that certain audits requirements are satisfied. 
        Health plans (2018: n = 22; 5.9%. 2019: n = 15; 4.0%) with missing information on total enrollment or vaccination coverage were excluded. In total the analytical sample included 442,774 2-year-old children from Washington D.C. and 50 states, from 348 plans for 2018 and 363 plans for 2019. 
























Appendix Table 4: Characteristics of the Populations Covered by the Included Health Insurance Plans, HEDIS Database
	
	2018 (n=348)
	2019 (n=363)
	Total (n=711)

	Characteristics (Average %)
	
	
	

	Gender
	
	
	

	Male
	49.5
	49.5
	49.5

	Female
	50.5
	50.5
	50.5

	Age
	
	
	

	<1
	0.9
	0.9
	0.9

	1–4
	4.1
	4.1
	4.1

	5–17
	13.2
	13.0
	13.1

	18–64
	75.0
	74.8
	74.9

	≥65
	3.4
	3.9
	3.7

	Race/Ethnicity
	
	
	

	White
	22.2
	21.5
	21.9

	    White, Not Hispanic or Latino
	6.0
	6.2
	6.1

	Black
	2.9
	2.8
	2.8

	    Black, Not Hispanic or Latino
	0.6
	0.5
	0.6

	Hispanic or Latino
	2.6
	2.5
	2.6

	Asian
	1.8
	1.7
	1.8

	    Asian, Not Hispanic or Latino
	0.5
	0.5
	0.5

	Other a
	2.1
	3.3
	2.7

	    Other, Not Hispanic or Latino
	0.5
	0.6
	0.5

	Unknown
	70.9
	70.7
	70.8

	    Unknown, Not Hispanic or Latino
	2.1
	1.6
	1.8


Note: a. Includes American-Indian and Alaska Native, Native Hawaiian and Other Pacific Islanders, Two or More Races, and Some Other Race that not listed. 














D Differences in Methodology of Coverage Measurement across the Assessed Vaccines/Doses or Data

        NIS-Child data is nationally representative survey data with provider validation. NIS-Child coverage estimates may be biased because of threats such as incomplete sample frame, non-response bias or errors in classification of vaccination status. MarketScan CCAE data include a segment of children covered by contributing private insurance plans. The vaccination information was submitted in claims mainly for reimbursement. MarketScan coverage estimates may be biased if vaccinations were not submitted in claims. HEDIS data include a segment of children covered by the managed care plans included in HEDIS. The vaccination information was collected from multiple sources by plans, including insurance claims, medical records, and surveys. The plans submitted the data for quality assessment. The potential bias in NIS-Child and MarketScan coverage estimates may also affect HEDIS estimates. 
        NIS-Child, MarketScan CCAE and HEDIS are different types of data. Therefore, their methodologies for childhood vaccination coverage assessment differ and their vaccination coverage estimates have potential biases from different sources:
1. In NIS-Child data, coverage was estimated using Kaplan-Meier analysis for children who were aged <24 months on the date vaccination status was assessed. In MarketScan CCAE and HEDIS data, coverage was assessed after the children turned 24 months. 
2. For rotavirus vaccine, coverage by age 8 months was estimated in NIS-Child and MarketScan CCAE data. In HEDIS data, rotavirus vaccine coverage by age 24 months was estimated.
3. In NIS-Child and MarketScan CCAE data two influenza vaccine doses must be at least 24 days apart. In HEDIS data, influenza vaccine doses received on any two different dates by age 24 months counted.
        NIS-Child data is nationally representative and publicly available (with a two-year lag), whereas MarketScan CCAE and HEDIS data are not nationally representative by design and require permissions for data access. While NIS-Child is widely used for childhood vaccination coverage assessment, MarketScan CCAE and HEDIS data could be alternative or even preferred data sources, especially when the focused vaccine is not likely to be missing in claims or medical records (e.g., vaccines other than HepB) or the objective is a more rapid vaccination coverage assessment. 




Appendix Table 5: MarketScan CCAE Sensitivity Analyses, 2015–2018
	Vaccinea
	Main Estimates
(n=135,721)
	Children without Missing Vaccine Information (n=117,705)
	Children in Managed Care Plans (n=102,950)

	DTaP
	
	
	

	    ≥3 doses
	95.0 (94.9, 95.2)
	 94.9 (94.8, 95.0)
	95.0 (94.8, 95.1)

	    ≥4 doses
	85.9 (85.7, 86.1)
	85.7 (85.5, 85.9)
	85.8 (85.5, 86.0)

	IPV (≥3 doses)
	91.8 (91.7, 92.0)
	91.7 (91.5, 91.8)
	91.7 (91.5, 91.9)

	MMR (≥1 dose)
	92.5 (92.3, 92.7)
	92.3 (92.2, 92.5)
	92.4 (92.2, 92.6)

	Hib
	
	
	

	    Primary seriesb
	94.6 (94.5, 94.8)
	94.5 (94.4, 94.6) 
	94.6 (94.4, 94.7)

	    Full seriesc
	83.4 (83.1, 83.6)
	83.1 (82.9, 83.3)
	83.2 (82.9, 83.5)

	    ≥3 doses
	93.3 (93.1, 93.4)
	93.1 (93.0, 93.2)
	93.2 (93.0, 93.4)

	VAR (≥1 dose)
	92.2 (92.1, 92.4)
	92.1 (92.0, 92.3)
	92.2 (92.0, 92.4)

	PCV
	
	
	

	    ≥3 doses
	94.4 (94.3, 94.6)
	94.2 (94.1, 94.4) 
	94.4 (94.2, 94.5)

	    ≥4 doses
	86.9 (86.7, 87.1)
	86.7 (86.5, 86.9)
	86.8 (86.5, 87.0)

	HepA (≥1 dose)
	87.6 (87.4, 87.8)
	 87.4 (87.2, 87.6)
	87.3 (87.0, 87.5)

	RV (≥2 or ≥3 doses)d
	84.7 (84.5, 84.9)
	84.6 (84.4, 84.8)
	84.6 (84.3, 84.8)

	Influenza (≥2 doses)e
	69.9 (69.7, 70.2)
	 69.4 (69.2, 69.7)
	69.8 (69.5, 70.1)

	No vaccinationsf
	1.7 (1.7, 1.8)
	2.0 (1.9, 2.1)
	1.7 (1.6, 1.8)


CI, confidence interval; DTaP, diphtheria, tetanus toxoids, and acellular pertussis vaccine; HEDIS, Healthcare Effectiveness Data and Information Set; HepA, hepatitis A vaccine; HepB, hepatitis B vaccine; Hib, Haemophilus influenzae type b conjugate vaccine; MarketScan CCAE, MarketScan Commercial Claims and Encounters; MMR, measles, mumps, and rubella vaccine; NIS-Child, National Immunization Survey-Child; PCV, pneumococcal conjugate vaccine; RV, rotavirus vaccine; VAR, varicella vaccine. 
Note:
a Vaccines received by age 24 months, except for RV in NIS-Child and MarketScan CCAE data, which needed to be received by age 8 months.
b ≥2 doses of PedvaxHib or COMVAX, or ≥3 doses of other Hib vaccines. 
c ≥3 doses of PedvaxHib or COMVAX, or ≥4 doses of other Hib vaccines.
d ≥2 doses of Rotarix monovalent rotavirus vaccine or ≥3 doses of RotaTeq pentavalent rotavirus vaccine, received by age 8 months.
e Might be received over two influenza seasons. Doses must be at least 24 days apart.
f Children receiving ≥1 dose of HepB were counted as receiving vaccinations.







Appendix Figure 1: Childhood Vaccination Coverage among Privately Insured Children by Age 24 months
[image: ]
CI, confidence interval, DTaP: diphtheria, tetanus toxoids, and acellular pertussis vaccine; HEDIS, Healthcare Effectiveness Data and Information Set; HepA, hepatitis A vaccine; HepB, hepatitis B vaccine; Hib, Haemophilus influenzae type b conjugate vaccine; MarketScan CCAE, MarketScan Commercial Claims and Encounters; MMR, measles, mumps, and rubella vaccine; NIS-Child, National Immunization Survey-Child; PCV, pneumococcal conjugate vaccine; RV, rotavirus vaccine; VAR, varicella vaccine. 
Note: In NIS-Child data, overage was estimated using Kaplan-Meier analysis for children who were aged <24 months on the date vaccination status was assessed. In MarketScan CCAE and HEDIS data, coverage was assessed after the children turned 24 months. Source for NIS-Child estimates: https://www.cdc.gov/mmwr/volumes/68/wr/mm6841e2.htm.
a HEDIS data were not available for ≥3 doses of DTaP.
[bookmark: _Hlk88663324]b ≥2 doses of PedvaxHib or COMVAX, or ≥3 doses of other Hib vaccines. HEDIS data were not available for the primary series of Hib. 
[bookmark: _Hlk67301655]c ≥3 doses of PedvaxHib or COMVAX, or ≥4 doses of other Hib vaccines. HEDIS data were not available for the full series of Hib.
d ≥3 doses of any Hib vaccines. 
e HEDIS data were not available for ≥3 doses of PCV.
f Not assessed using MarketScan CCAE data because the birth dose of HepB was largely missing.
g ≥2 doses of Rotarix monovalent rotavirus vaccine or ≥3 doses of RotaTeq pentavalent rotavirus vaccine, received by age 8 months in NIS-Child and MarketScan CCAE data.
h Might be received over two influenza seasons. In NIS-Child and MarketScan CCAE data doses must be at least 24 days apart.
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