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Introduction

Influenza-related illnesses are a common cause of visits to medical clinics and emergency 

rooms as well as hospitalizations. It is estimated that 10% of all U.S. children <18 years 

seek outpatient care each year for respiratory illness attributable to influenza[1] During the 

2017–18 influenza season, 185 lab-confirmed pediatric influenza deaths were reported[2]; 

most pediatric influenza deaths occur among children who did not received seasonal 

influenza vaccine.[3] Influenza vaccination is the most effective way to prevent influenza 

and its complications, and is 65% effective against pediatric influenza deaths.[4] Influenza 

vaccination for all persons aged 6 months and older has been recommended by the Advisory 

Committee on Immunization Practices (ACIP) since 2010.[5]

In spite of an increased focus on childhood influenza vaccination, pediatric influenza 

vaccination coverage remains low. Only 57.9% of U.S. children aged 6 months-17 years 

received one or more doses of influenza vaccine during the 2017–18 influenza season; 

coverage was highest among children 6 months-4 years (67.8%) and lowest among 

adolescents 13–17 years old (47.4%).[6] Even though this was the eighth season since ACIP 

recommended universal influenza vaccination, fewer than three in five children had received 

an influenza vaccine and pediatric influenza vaccination coverage has remained flat for the 

past five seasons.

Influenza vaccination presents unique challenges because the vaccine is administered during 

only a portion of the year, highlighting the need to identify how missed opportunities 

for vaccination and healthcare visit patterns during the influenza season affect influenza 

vaccination coverage. This study seeks to determine influenza vaccination coverage, 

vaccination opportunities, and missed opportunities among children whose parents were 

enrolled in private employer-sponsored health insurance plans during the 2016–2017 

influenza season. Child, parent, and provider-related variables associated with vaccination 

opportunities, vaccine receipt, and missed opportunities for vaccination were examined. 

The findings of this study could help inform development of targeted strategies to improve 

childhood influenza vaccination coverage in children with private insurance.
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Methods

We analyzed the 2016–2017 MarketScan Commercial Claims and Encounters (CCAE) 

databases from Truven Health Analytics to conduct this study. CCAE data contain a 

convenience sample of insurance claims from persons with employer-sponsored insurance 

and their dependents, including 43.6 million person-years of data in 2016. These data are 

collected from more than 300 contributing employers and 25 different health plans and 

cover more than 245 million unique de-identified patients since 1995. Although the database 

disproportionately draws from the South, it includes claims from many insurers, has very 

wide overall geographic coverage, and has been frequently used in other health services and 

policy research.[7] All states and Washington DC were represented in the database during 

the time of this study. These databases link detailed patient information across provider sites 

and over time using enrollee identification numbers. Although the MarketScan® CCAE is 

very large convenience sample, it is not designed to be nationally representative.

Children born in calendar years 1999 – 2015 (aged 1–17 years by the end of 2016) and 

continuously enrolled in the same insurance plan during the 2016–2017 influenza season 

were included in the analysis. Influenza season was defined as August 1, 2016 through 

May 31, 2017. We categorized included children into four age groups: infants (born 2015, 

1 year old by the end of 2016), toddlers (born 2012–2014, 2–4 years old), school-aged 

children (born 2004–2011, 5–12 years old), and teenagers (born 1999–2003, 13–17 years 

old). Children from 12 states with universal vaccination programs that included influenza 

vaccine (Alaska, Connecticut, Idaho, Maine, Massachusetts, New Hampshire, New Mexico, 

Rhode Island, South Dakota, Vermont, Washington, and Wyoming) were excluded from 

the analyses because vaccinations in these states were not likely to have been billed to 

third-party payers and thus would probably not be recorded in this database (~9% children 

were excluded).

All children were enrolled in one of the following types of health insurance plans: basic/

major medical, comprehensive, exclusive provider organization (EPO), health maintenance 

organization (HMO), non-capitated point-of-service (POS), preferred provider organization 

(PPO), capitated or partially-capitated POS, consumer driven health plan (CDHP), or high 

deductible health plan (HDHP). Basic/major medical and comprehensive plans are fee-for-

service (FFS) plans; EPO, HMO, POS (capitated and non-capitated), and PPO are managed 

care plans.

Current Procedural Terminology (CPT) codes (90630, 90653, 90654, 90655, 90656, 90657, 

90658, 90659, 90660, 90661, 90662, 90663, 90664, 90666, 90668, 90672, 90673, 90674, 

90685, 90686, 90687, 90688, 90724, and 90756) and the Healthcare Common Procedure 

Coding System (HCPCS) codes (Q2033, Q2034, Q2035, Q2036, Q2037, Q2038, Q2039 

and G0008) from outpatient claims files were used to identify in-plan influenza vaccination. 

The MarketScan commercial insurance weights were used to calculate in-plan influenza 

vaccination coverage as the proportion of children receiving at least one influenza vaccine 

dose between August 1, 2016 - May 31, 2017. These weights were constructed using 

the Household Component of the Medical Expenditures Panel Survey and American 

Community Survey,[8] and reflect the distribution of the privately insured U.S. population 
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by age, sex, geographic region, residence in a metropolitan statistical area, and insurance 

policy holder status (policy holder or spouse/dependent). Although two doses of influenza 

vaccine are recommended the first season a child under 9 years is fully vaccinated, we could 

not assess compliance with this recommendation because children may have received two 

doses of vaccine prior to enrollment in, or from providers outside of, their current health 

plan.

To measure opportunities for influenza vaccination, we describe the proportion of eligible 

children with any health care visit between September 1, 2016 – May 31, 2017. (Our 

analytic period begins with September as most vaccination providers have some influenza 

vaccine in stock by then; only ~1% of influenza vaccinations were given in August.) Health 

visits were classified as influenza vaccination only, preventive, or sick/other visits. No 

influenza vaccine shortage occurred during the 2016–2017 influenza season; ~145.9 million 

doses of influenza vaccine were distributed in the United States. ACIP recommends that 

people get an influenza vaccine by the end of October; however, later vaccination can still 

be beneficial and influenza vaccine should continue to be offered throughout influenza 

season, even into February or later.[5] Children with a vaccination opportunity who were not 

vaccinated by May 31, 2017 were considered to have a missed opportunity for vaccination. 

We calculated missed opportunities for children with any type of health care visit, including 

sick visits, because vaccination during sick visits is an important strategy to reduce missed 

opportunities for vaccination.[9]

We conducted log-binomial regression analyses to identify factors that might be associated 

with pediatric influenza vaccination. Vaccination coverage, opportunities, and missed 

opportunities were estimated overall and stratified by age group (infants, toddlers, school-

aged children and teenagers), region of child residence (Northeast, North Central, South, 

and West), residence in a metropolitan statistical area (MSA vs. non-MSA), health plan type 

(HDHP, CDHP, FFS, or managed care), number of family members insured in the plan (2, 

3–5, ≥6), and parents’ job classification (salaried vs. hourly wage). In addition, we stratified 

the analysis by provider type (children who received care at least once from a pediatrician 

vs. those receiving care at least once from a family physician and never from a pediatrician). 

We also examined opportunities for influenza vaccination by visit type and the provider and 

visit types during which influenza vaccination occurred.

Analyses were performed with SAS 9.4 (SAS Institute Inc., Cary, NC). As a secondary 

analysis of de-identified data, this study did not require Institutional Review Board approval.

Results

Our sample included 2,768,799 eligible children age 1–17 years. Overall in-plan influenza 

vaccination coverage with at least one dose of influenza vaccine was 34.2%. Vaccination 

coverage was highest for infants (67.7%) and lowest for teenagers (22.3%, Table 1).

In-plan influenza vaccination coverage varied by policyholder characteristics. A higher 

proportion of children living in the Northeast were vaccinated than children living in other 

regions of the United States. A higher proportion of children residing in an MSA were 
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vaccinated than those living outside an MSA. A higher proportion of children whose parents 

had salaried jobs were vaccinated than children whose parents had hourly jobs. When 

examining vaccination coverage by insurance type, coverage was highest among children 

enrolled in HDHPs. Children enrolled in health plans covering 3–5 family members were 

more likely to be vaccinated than those in plans covering 2 or ≥6 family members.

Of those children who visited their providers at least once during August 2016 - May 2017 

(2,379,636), 65.7% received care at least once from a pediatrician, 13.8% received care at 

least once from a family physician and never from a pediatrician, and 20.5% received care 

only from other or unknown provider types. Children in all age groups had higher (>10 

percentage points) influenza vaccination coverage if they received care at least once from a 

pediatrician (Table 2).

Most vaccinated children received influenza vaccine during preventive (44.2%) and 

influenza vaccination-only visits (47.9%), with 7.9% of influenza vaccinations given during 

sick visits. Vaccination at influenza vaccine-only visits was more common among older 

children than among infants (Figure 1). By provider type, most influenza vaccinations were 

given by pediatricians (72.1%), although this proportion decreased as children aged (Figure 

2).

Most children (97.7% of infants, 91.9% of toddlers, 82.6% of school-aged children and 

79.3% of teenagers) had at least one vaccination opportunity during the 2016–17 season, 

although opportunities decreased with age (Table 1). Children living in the Northeast had 

more opportunities for vaccination in all age groups compared to children living in other 

regions, as did children living in a MSA and children covered by managed care plans. 

Children whose parents had hourly jobs had fewer opportunities compared to children whose 

parents had salaried jobs. Multivariable analysis corroborated these observed associations 

(Table 3). When examining visit patterns from September 2016 – May 2017, we found that 

the majority (96.0%) of infants had a preventive visit as compared to 69.2% of toddlers, 

50.0% of school-aged children and 42.5% of teenagers. More than half of children in all age 

groups save teenagers (69.8%, 59.8%, 53.5%, 42.0%) who had at least one preventive visit 

were vaccinated during this time period (Table 4). Almost two-thirds of missed opportunities 

for teenagers and 61% of missed opportunities for school-aged children happened during 

sick visits, whereas most missed opportunities (89%) for infants were during preventive 

visits. Teenagers were the only group where more than half of children had a sick visit 

during the study period.

Most unvaccinated children in all age groups had missed opportunities for vaccination: 

93.1% of infants, 84.1 of toddlers, 73.6% of school-aged children, and 73.6% of teenagers. 

Patterns of differences in missed opportunities by demographic characteristics were similar 

to those for vaccination opportunities except that higher rates of missed opportunities were 

observed for children living in non-MSAs vs. MSAs, despite the fact that children in 

non-MSAs had fewer opportunities for vaccination overall.
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Discussion

This study documented in-plan influenza vaccination coverage, opportunities and missed 

opportunities for vaccination for children in privately insured health plans. In addition 

to corroborating the previously observed finding that influenza vaccination coverage is 

lower among older children, our analysis examined patterns of opportunities for vaccination 

and how these opportunities affect vaccination coverage. We found notable variation in 

vaccination opportunities and vaccination coverage among demographic subgroups in our 

sample, showing that private health insurance is not a sufficient guarantee of access and 

utilization to influenza vaccination for children. Targeted efforts to bring older children 

to the doctor during influenza season and delivery of influenza vaccinations outside the 

traditional provider setting may be needed to optimize pediatric influenza vaccination 

coverage.

The overall in-plan influenza vaccination rate for children was 34.2%, much lower than the 

59.0% estimate for 2016–17 from the National Immunization Survey-Flu (NIS-Flu), which 

assesses influenza vaccination coverage annually for children aged 6 months-17 years.[10] 

Two possible explanations for this difference are high frequency of vaccination outside of 

insurance plans, including vaccination at public clinics or schools, or lower vaccination 

rate among children in self-insured health plans. Another possibility is that children may 

have been vaccinated in-plan but no claim was submitted. It is also possible that some 

claims may be missing due to coordintion of benefits cases. Finally, NIS-Flu estimates may 

be artificially inflated as the data are subject to non-response and recall bias and are not 

validated with medical records.[11, 12] A recent study found NIS-Flu vaccination estimates 

for children 6–23 months using parent-reported data were 12–17 percentage points higher 

than estimates using provider-reported data.[13] More research is needed to determine which 

of these possibilities explain the lower-than-expected vaccination rate found in this study.

As noted in previous research,[14] childhood influenza vaccination coverage decreases 

with increasing age. While infants and toddlers routinely see healthcare providers for 

well-child visits multiple times annually, older children have fewer scheduled doctor 

visits and therefore fewer opportunities for influenza vaccination. Efforts need to be 

placed on encouraging visits to children’s health care providers, including influenza 

vaccination-only visits, during the influenza season; nearly half of immunized toddlers and 

school-aged children in our sample were vaccinated at influenza vaccination-only visits. 

Missed opportunities at eligible sick visits might reflect providers’ reluctance to provide 

immunization when another chief complaint is the focus of the visit or a conservative or 

inaccurate understanding of true contraindications to vaccination.[15] Since more teenagers 

than young children had missed opportunities during sick visits, efforts to increase 

influenza vaccination coverage among older children need to target vaccination offers 

during these visits.[9] Pediatric providers could leverage advances in real-time electronic 

health record (EHR)-immunization information systems (IIS) interoperability to improve 

influenza vaccination rates.[16–23] Another potential strategy is to administer influenza 

vaccination during school hours (school-located influenza vaccination), removing the need 

for a healthcare visit to receive vaccination.[24, 25]
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Prior research is conflicting on whether influenza vaccination coverage is higher among 

privately insured children versus those with public health insurance.[26–29] Our analysis 

further examines variations in in-plan vaccination coverage by private insurance plan 

type and finds both vaccination coverage and vaccination opportunities are lower in FFS 

plans compared to other health plan types. This suggests that FFS plans may include 

structural barriers that decrease the likelihood of getting vaccinated in-plan. This finding 

is consistent with a study by Fairbrother et al[30] suggests that compared with enrollees 

in managed care plans, those in FFS plans were less likely to use preventive services. 

In our sample, children enrolled in managed care plans had the highest proportions of 

influenza vaccination opportunities and lowest proportions of missed opportunities within 

every age group, although this did not always translate to the highest vaccination coverage. 

Interestingly, our analysis found the highest influenza vaccination coverage in all age 

groups was among children enrolled in HDHPs, in contrast to the conventional wisdom 

that cost-sharing like deductibles is a barrier to preventive services use. Most HDHPs 

have carve-outs to cover preventive services like vaccination with no cost-sharing – a 

feature that is likely common to most private health plans due to health reform. Even 

prior to implementation of the Affordable Care Act, most private insurance plans covered 

recommended childhood vaccines without cost-sharing.[31] A better understanding of how 

beneficiary care is coordinated in managed care plans and HDHPs may highlight strategies 

that could be implemented to improve vaccination coverage among children covered by 

FFS plans. Additional research is needed to determine the reasons for higher observed 

vaccination coverage in these types of plan.

Two of our findings in particular suggest that logistical barriers to vaccination, rather than 

attitudinal or financial barriers, are responsible for a notable portion of the deficits in 

childhood influenza vaccination coverage. First, children who had 2 or ≥6 family members 

enrolled in the same insurance plan were less likely to receive influenza vaccine than 

children in plans covering 3–5 family members. Only 2 enrolled family members in the 

plan suggests a single parent family, while 6 or more is consistent with a larger family, 

both of which may present logistical barriers to obtaining vaccination and other preventive 

services. This finding is consistent with a study by Schaffer et al,[32] and suggests that as 

they have more children, families may find it difficult to travel to physician’s offices or 

clinics to obtain influenza vaccination. Second, children of employees with hourly wage 

jobs had fewer vaccination opportunities and correspondingly far lower vaccination coverage 

(12 percentage points overall) than children of salaried employees. Full-time employees 

are more likely than part-time employees to have paid vacation or sick days that can be 

used to take children to doctor visits; while these categories do not correspond precisely to 

salaried versus hourly wage, it is likely hourly employees in this sample have less access 

to paid sick time. Children whose parents have paid sick leave are more likely to receive 

preventive health services, including influenza vaccination.[33, 34] Notably, the difference 

in vaccination coverage by wage type was lowest in the oldest age group (8 percentage 

points for teenagers vs. 12–15 for other age groups), some of whom may be able to visit 

a doctor without parental assistance. Efforts to connect hourly employees with influenza 

vaccination opportunities for their children outside traditional work hours – for example, 
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pharmacy-based or school-located vaccination – could decrease this disparity and increase 

overall vaccination coverage.

Children receiving care from a pediatrician at least once during influenza season had 

higher influenza vaccination coverage compared to those receiving care from only family 

physicians or other physician types. This finding is unsurprising given that vaccination 

is at the heart of pediatric practice due to the high number of vaccines recommended 

in early childhood. Research consistently shows that family physicians are less likely 

than pediatricians to recommend or administer childhood vaccines,[35–38] although most 

family physicians do vaccinate.[39] Family physicians are more likely to work in rural 

or underserved communities where access to health care is limited, so it is important for 

these physicians to make every effort to provide influenza vaccination to their pediatric 

patients[40]. Professional organizations supporting family physicians should consider 

increasing their educational efforts on best practices related to influenza vaccination and 

identifying ways to support their members in providing in-office influenza vaccination or 

establishing effective referral networks.

In general, we found that variations in influenza vaccination coverage followed a similar 

pattern to variations in vaccination opportunities, highlighting the importance of expanding 

vaccine availability to increase pediatric influenza vaccination rates. However, it is 

clear that vaccination opportunities are not the only driver of variations in influenza 

vaccination coverage. For example, residence in a MSA was associated with slightly greater 

opportunities for influenza vaccination – about 0–2 percentage points – overall and in each 

age group. However, differences in influenza vaccination coverage by MSA residency were 

dramatic, with vaccination of children living in MSAs being 9–15 percentage points higher 

by age group than those living in non-MSAs. Conversely, vaccination opportunities in the 

West were 5 percentage points lower than among children living in the South, while there 

was almost no difference in influenza vaccination coverage. It is important to understand the 

relative effect of patient demographic factors on vaccination coverage in addition to absolute 

differences in influenza vaccination.

These findings are subject to limitations. Our study data represented a convenience 

sample of paid insurance claims reported for reimbursement purposes and might not be 

representative of U.S. privately insured children. Because of its large sample size, results 

from the MarketScan® CCAE are likely similar to what would be found in the entire 

privately insured population. Vaccination opportunities and vaccination coverage might be 

underestimated – and missed opportunities overestimated – if a claim was not submitted, not 

successfully submitted using a vaccination-specific code, not reimbursed by the insurance 

plan, or a child was vaccinated outside of his/her insurance plan; the database may not 

capture all vaccinations for children in families covered by multiple insurance plans. The 

data also do not capture vaccinations given outside of the normal clinic setting such 

as health departments, school clinics or retail pharmacies for which an insurance claim 

was not submitted; this may disproportionately affect observed coverage in older children. 

Conversely, because we could not assess influenza vaccination history in children <9 years 

old (who require two doses of influenza vaccine in the first season they are vaccinated), our 

findings may overestimate the proportion of these children who are fully vaccinated against 
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influenza. This study was unable to account for vaccine supply in specific provider offices, 

so missed opportunities may be overestimated if vaccine was not offered due to lack of 

availability.

Conclusion

In sum, our findings show that even among privately insured children, influenza vaccination 

coverage is highly variable and well below desired levels. Failure of providers to 

take advantage of all opportunities for influenza vaccination clearly impacts influenza 

vaccination coverage, as missed opportunities for influenza vaccination occurred for over 

half of unvaccinated children. If providers utilize all clinical encounters to screen and, 

when indicated, vaccinate children, influenza vaccination coverage could be increased 

significantly and reach the Healthy People 2020 target of 70% level.[41] Evidence-based 

interventions including EHR-based prompts for providers to recommend the vaccine, 

assessment and feedback for providers on their vaccination rates, and standing orders should 

be used to ensure every provider offers influenza vaccine to their pediatric patients during 

influenza season.[18, 42–46] Continued availability of pediatric influenza vaccination in 

non-traditional locations like pharmacies and schools can support vaccination opportunities 

for children whose parents may be unable to schedule in-season healthcare visits. Finally, 

physician practices should consider utilizing reminder-recall and intensive communications 

efforts where feasible to bring their pediatric patients in for influenza vaccination-focused 

visits.

Reference List

[1]. Matias G, Haguinet F, Lustig RL, Edelman L, Chowell G, Taylor RJ. Model estimates of the 
burden of outpatient visits attributable to influenza in the United States. BMC Infect Dis. 
2016;16:641. [PubMed: 27821091] 

[2]. CDC. Influenza-associated pediatric mortality. Available at: https://gis.cdc.gov/GRASP/Fluview/
PedFluDeath.html. Accessed 3-11-2019.

[3]. Shang M, Chung JR, Jackson ML, Jackson LA, Monto AS, Martin ET, et al. Influenza vaccine 
effectiveness among patients with high-risk medical conditions in the United States, 2012–2016. 
Vaccine. 2018;36:8047–53. [PubMed: 30420119] 

[4]. Flannery B, Reynolds SB, Blanton L, Santibanez TA, O’Halloran A, Lu PJ, et al. Influenza 
Vaccine Effectiveness Against Pediatric Deaths: 2010–2014. Pediatrics. 2017;139.

[5]. Grohskopf LA, Sokolow LZ, Broder KR, Walter EB, Fry AM, Jernigan DB. Prevention and 
Control of Seasonal Influenza with Vaccines: Recommendations of the Advisory Committee 
on Immunization Practices-United States, 2018–19 Influenza Season. MMWR Recomm Rep. 
2018;67:1–20.

[6]. CDC. Estimates of Flu Vaccination Coverage among Children — United States, 2017–18 Flu 
Season. Available at: https://www.cdc.gov/flu/fluvaxview/coverage-1718estimates-children.htm. 
Accessed 3–11-2019.

[7]. Blewett LA, Call KT, Turner J, Hest R. Data Resources for Conducting Health Services and Policy 
Research. Annu Rev Public Health. 2018;39:437–52. [PubMed: 29272166] 

[8]. Truven Health Marketscan(R) Research Databases. Ann Arbor, MI. 2016.

[9]. Committee NVA. Standards for child and adolescent immunization practices. Pediatrics. 
2003;112:958–63. [PubMed: 14523192] 

[10]. CDC. Flu Vaccination Coverage, United States, 2016–17 Influenza Season. Available at: https://
www.cdc.gov/flu/fluvaxview/coverage-1617estimates.htm. Accessed 3–11-2019.

Zhou and Lindley Page 8

Vaccine. Author manuscript; available in PMC 2024 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://gis.cdc.gov/GRASP/Fluview/PedFluDeath.html.
https://gis.cdc.gov/GRASP/Fluview/PedFluDeath.html.
https://www.cdc.gov/flu/fluvaxview/coverage-1718estimates-children.htm
https://www.cdc.gov/flu/fluvaxview/coverage-1617estimates.htm
https://www.cdc.gov/flu/fluvaxview/coverage-1617estimates.htm


[11]. Mac DR, Baken L, Nelson A, Nichol KL. Validation of self-report of influenza and 
pneumococcal vaccination status in elderly outpatients. Am J Prev Med. 1999;16:173–7. 
[PubMed: 10198654] 

[12]. Brown C, Clayton-Boswell H, Chaves SS, Prill MM, Iwane MK, Szilagyi PG, et al. Validity 
of parental report of influenza vaccination in young children seeking medical care. Vaccine. 
2011;29:9488–92. [PubMed: 22015394] 

[13]. Santibanez TA, Grohskopf LA, Zhai Y, Kahn KE. Complete Influenza Vaccination Trends for 
Children Six to Twenty-Three Months. Pediatrics. 2016;137:e20153280.

[14]. Santibanez TA, Lu PJ, O’Halloran A, Meghani A, Grabowsky M, Singleton JA. Trends in 
childhood influenza vaccination coverage--U.S., 2004–2012. Public Health Rep. 2014;129:417–
27. [PubMed: 25177053] 

[15]. Holt E, Guyer B, Hughart N, Keane V, Vivier P, Ross A, et al. The contribution of 
missed opportunities to childhood underimmunization in Baltimore. Pediatrics. 1996;97:474–80. 
[PubMed: 8632931] 

[16]. Kempe A, Saville A, Dickinson LM, Eisert S, Reynolds J, Herrero D, et al. Population-based 
versus practice-based recall for childhood immunizations: a randomized controlled comparative 
effectiveness trial. Am J Public Health. 2013;103:1116–23. [PubMed: 23237154] 

[17]. Kempe A, Saville AW, Dickinson LM, Beaty B, Eisert S, Gurfinkel D, et al. Collaborative 
centralized reminder/recall notification to increase immunization rates among young children: a 
comparative effectiveness trial. JAMA Pediatr. 2015;169:365–73. [PubMed: 25706340] 

[18]. Kempe A, Saville AW, Beaty B, Dickinson LM, Gurfinkel D, Eisert S, et al. Centralized 
Reminder/Recall to Increase Immunization Rates in Young Children: How Much Bang for the 
Buck? Acad Pediatr. 2017;17:330–8. [PubMed: 27913163] 

[19]. Szilagyi PG, Schaffer S, Barth R, Shone LP, Humiston SG, Ambrose S, et al. Effect of telephone 
reminder/recall on adolescent immunization and preventive visits: results from a randomized 
clinical trial. Arch Pediatr Adolesc Med. 2006;160:157–63. [PubMed: 16461871] 

[20]. Szilagyi PG, Humiston SG, Gallivan S, Albertin C, Sandler M, Blumkin A. Effectiveness of a 
citywide patient immunization navigator program on improving adolescent immunizations and 
preventive care visit rates. Arch Pediatr Adolesc Med. 2011;165:547–53. [PubMed: 21646588] 

[21]. Szilagyi PG, Albertin C, Humiston SG, Rand CM, Schaffer S, Brill H, et al. A randomized 
trial of the effect of centralized reminder/recall on immunizations and preventive care visits for 
adolescents. Acad Pediatr. 2013;13:204–13. [PubMed: 23510607] 

[22]. Jacobson Vann JC, Jacobson RM, Coyne-Beasley T, Asafu-Adjei JK, Szilagyi PG. Patient 
reminder and recall interventions to improve immunization rates. Cochrane Database Syst Rev. 
2018;1:CD003941.

[23]. Bryant A. Electronic Health Records and Immunization Information Systems Interoperability: 
Measuring Impact on Immunization Outcomes: Georgia State University; 2016.

[24]. Szilagyi PG, Schaffer S, Rand CM, Vincelli P, Eagan A, Goldstein NP, et al. School-Located 
Influenza Vaccinations: A Randomized Trial. Pediatrics. 2016;138. [PubMed: 27544347] 

[25]. Szilagyi PG, Schaffer S, Rand CM, Goldstein NPN, Vincelli P, Hightower AD, et al. School-
located Influenza Vaccinations for Adolescents: A Randomized Controlled Trial. J Adolesc 
Health. 2018;62:157–63. [PubMed: 29248390] 

[26]. Nowalk MP, Lin CJ, Hannibal K, Reis EC, Gallik G, Moehling KK, et al. Increasing childhood 
influenza vaccination: a cluster randomized trial. Am J Prev Med. 2014;47:435–43. [PubMed: 
25113138] 

[27]. Schuller KA, Probst JC. Factors associated with influenza vaccination among US children in 
2008. J Infect Public Health. 2013;6:80–8. [PubMed: 23537820] 

[28]. Imburgia TM, Hendrix KS, Donahue KL, Sturm LA, Zimet GD. Predictors of influenza 
vaccination in the U.S. among children 9–13years of age. Vaccine. 2017;35:2338–42. [PubMed: 
28359619] 

[29]. Srivastav A, Zhai Y, Santibanez TA, Kahn KE, Smith PJ, Singleton JA. Influenza vaccination 
coverage of Vaccine for Children (VFC)-entitled versus privately insured children, United States, 
2011–2013. Vaccine. 2015;33:3114–21. [PubMed: 25979804] 

Zhou and Lindley Page 9

Vaccine. Author manuscript; available in PMC 2024 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[30]. Fairbrother G, Hanson KL, Butts GC, Friedman S. Comparison of preventive care in Medicaid 
managed care and Medicaid fee for service in institutions and private practices. Ambul Pediatr. 
2001;1:294–301. [PubMed: 11888418] 

[31]. Hunsaker J, Veselovskiy G, Gazmararian JA. Health insurance plans and immunization: 
assessment of practices and policies, 2005–2008. Pediatrics. 2009;124 Suppl 5:S532–S9. 
[PubMed: 19948585] 

[32]. Schaffer SJ, Szilagyi PG. Immunization status and birth order. Arch Pediatr Adolesc Med. 
1995;149:792–7. [PubMed: 7795771] 

[33]. Shepherd-Banigan M, Bell JF, Basu A, Booth-LaForce C, Harris JR. Mothers’ Employment 
Attributes and Use of Preventive Child Health Services. Med Care Res Rev. 2017;74:208–26. 
[PubMed: 26928958] 

[34]. Asfaw A, Colopy M. Association between parental access to paid sick leave and children’s access 
to and use of healthcare services. Am J Ind Med. 2017;60:276–84. [PubMed: 28169438] 

[35]. O’Leary ST, Parashar UD, Crane LA, Allison MA, Stokley S, Beaty BL, et al. Adoption of 
rotavirus vaccine by U.S. physicians: progress and challenges. Am J Prev Med. 2013;44:56–62. 
[PubMed: 23253650] 

[36]. O’Leary ST, Crane LA, Wortley P, Daley MF, Hurley LP, Dong F, et al. Adherence to 
expanded influenza immunization recommendations among primary care providers. J Pediatr. 
2012;160:480–6. [PubMed: 22019072] 

[37]. Nelson NP, Allison MA, Lindley MC, Brtnikova M, Crane LA, Beaty BL, et al. Physician 
Knowledge and Attitudes About Hepatitis A and Current Practices Regarding Hepatitis A 
Vaccination Delivery. Acad Pediatr. 2017;17:562–70. [PubMed: 28089593] 

[38]. Kempe A, Allison MA, MacNeil JR, O’Leary ST, Crane LA, Beaty BL, et al. Adoption of 
Serogroup B Meningococcal Vaccine Recommendations. Pediatrics. 2018;142.

[39]. Campos-Outcalt D, Jeffcott-Pera M, Carter-Smith P, Schoof BK, Young HF. Vaccines provided 
by family physicians. Ann Fam Med. 2010;8:507–10. [PubMed: 21060120] 

[40]. Phillips RL Jr., Bazemore AW, Dodoo MS, Shipman SA, Green LA. Family physicians in the 
child health care workforce: opportunities for collaboration in improving the health of children. 
Pediatrics. 2006;118:1200–6. [PubMed: 16951016] 

[41]. U.S.Department of Health and Human Services OoDPaHP. Healthy People 2020: Immunization 
and Infectious Diseases Washington, DC. 2019.

[42]. Shefer A, Briss P, Rodewald L, Bernier R, Strikas R, Yusuf H, et al. Improving immunization 
coverage rates: an evidence-based review of the literature. Epidemiol Rev. 1999;21:96–142. 
[PubMed: 10520476] 

[43]. Briss PA, Rodewald LE, Hinman AR, Shefer AM, Strikas RA, Bernier RR, et al. Reviews of 
evidence regarding interventions to improve vaccination coverage in children, adolescents, and 
adults. The Task Force on Community Preventive Services. Am J Prev Med. 2000;18:97–140.

[44]. Recommendations regarding interventions to improve vaccination coverage in children, 
adolescents, and adults. Task Force on Community Preventive Services. Am J Prev Med. 
2000;18:92–6. [PubMed: 10806981] 

[45]. CDC. Vaccination Programs: Provider Assessment and Feedback. Available at: https://
www.thecommunityguide.org/findings/vaccination-programs-provider-assessment-and-feedback. 
Accessed 3-11-2019.

[46]. Szilagyi PG, Serwint JR, Humiston SG, Rand CM, Schaffer S, Vincelli P, et al. Effect of provider 
prompts on adolescent immunization rates: a randomized trial. Acad Pediatr. 2015;15:149–57. 
[PubMed: 25748976] 

Zhou and Lindley Page 10

Vaccine. Author manuscript; available in PMC 2024 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.thecommunityguide.org/findings/vaccination-programs-provider-assessment-and-feedback.
https://www.thecommunityguide.org/findings/vaccination-programs-provider-assessment-and-feedback.


Figure 1. 
Visit Type for Influenza Vaccination

Other visits were defined as all clinician visits that were not preventive care or vaccination-

only visits.
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Figure 2. 
Provider Type for Influenza Vaccination

Others included Internal Medicine, Pediatric Specialist, Acute Care Hospital, etc.
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Table 2.

In-plan Influenza Vaccination Coverage (%) by Provider Type, 20016–2017 Influenza Season

Age Group

Uptake among children visiting a 
pediatrician at least once (N=1,563,148, 

65.7%)

Uptake among children visiting a 
family practitioner and no pediatricians 

(N=327,574, 13.8%)
Uptake among others/

unknown (N=488,914, 20.5%)

Infants 71.7 51.3 59.3

Toddlers 57.7 37.9 39.1

School-aged 48.8 30.0 25.8

Teenagers 38.5 20.5 14.7
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Table 3.

Log-Binomial regression analysis of factors associated with coverage and opportunity for influenza 

vaccination, 2016–2017 influenza season.

Independent variable Adjusted Risk Ratio with 95% confidence 
interval for coverage

Adjusted Risk Ratio with 95% confidence 
interval for opportunity

Age Group

 Young 2.81 (2.81, 2.82) 1.17 (1.17, 1.17)

 Toddler 2.16 (2.16, 2.16) 1.14 (1.14, 1.14)

 School-aged 1.55 (1.55, 1.56) 1.04 (1.04, 1.04)

 Teenager Referent Referent

Region

 Northeast 1.31 (1.30, 1.31) 1.10 (1.10, 1.10)

 North Central 1.15 (1.15, 1.15) 1.07 (1.07, 1.07)

 South 1.05 (1.05, 1.05) 1.07 (1.07, 1.07)

 West Referent Referent

Reside in MSA

 Yes 1.42 (1.42, 1.42) 1.01 (1.01, 1.01)

 No Referent Referent

Insurance Type

HDHP 1.24 (1.23, 1.24) 1.02 (1.02, 1.02)

CDHP 1.15 (1.15, 1.16) 1.02 (1.02, 1.02)

Managed 1.20 (1.20, 1.21) 1.03 (1.03, 1.03)

FFS Referent Referent

Number of Members in the Family

 2 0.88 (0.88, 0.89) 0.98 (0.98, 0.98)

 3–5 Referent Referent

 6+ 0.74 (0.74, 0.74) 0.92 (0.92, 0.92)

Employee Classification

 Salary Referent Referent

 Hourly 0.76 (0.75, 0.76) 0.95 (0.95, 0.95)
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