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Abstract

Objectives: In the U.S., vaccination coverage is lower in rural versus urban areas. Spatial 

accessibility to immunization services has been a suspected risk factor for undervaccination 

in rural children. Our objective was to identify whether geographic factors, including driving 

distance to immunization providers, were associated with completion of recommended childhood 

vaccinations.

Methods: We analyzed records from Montana’s immunization information system for children 

born 2015–2017. Using geolocated address data, we calculated distance in road miles from 

children’s residences to the nearest immunization provider. A multivariable log-linked binomial 

mixed model was used to identify factors associated with completion of the combined 7-vaccine 

series by age 24 months.

Results: Among 26,085 children, 16,503 (63.3%) completed the combined 7-vaccine series 

by age 24 months. Distance to the nearest immunization provider ranged from 0 to 81.0 miles 
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(median=1.7; IQR=3.2), with the majority (92.1%) of children living within 10 miles of a 

provider. Long distances (>10 miles) to providers had modest associations with not completing 

the combined 7-vaccine series (adjusted prevalence ratio [aPR]: 0.97, 95% confidence interval 

[CI]: 0.96–0.99). After adjustment for other factors, children living in rural areas (measured 

by rural-urban commuting area) were significantly less likely to have completed the combined 

7-vaccine series than children in metropolitan areas (aPR: 0.88, 95% CI: 0.85–0.92).

Conclusions: Long travel distances do not appear to be a major barrier to childhood vaccination 

in Montana. Other challenges, including limited resources for clinic-based strategies to promote 

timely vaccination and parental vaccine hesitancy, may have greater influence on rural childhood 

vaccination.
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rural health; childhood immunisations; vaccination barriers; distance to care; immunisation 
services

INTRODUCTION

Early childhood immunization, a key public health achievement of the past century, is 

responsible for preventing millions of illnesses, hospitalizations, and deaths in the U.S.1–3 

Currently, the Centers for Disease Control and Prevention’s (CDC) Advisory Committee on 

Immunization Practices (ACIP) recommends that children complete 11 vaccine series within 

the first two years of life to protect against 15 diseases, including the COVID-19 vaccine 

series recently recommended for children 6 months and older.3, 4

Childhood vaccination rates lag in rural areas of the U.S. compared to urban and suburban 

areas.5–9 In rural areas, barriers related to accessing preventive health care may play 

a prominent role in lower childhood vaccination coverage.10–13 Moreover, disparities in 

childhood vaccination coverage by other sociodemographic characteristics such as living 

below the poverty level or being insured by Medicaid, are also more prevalent in rural areas, 

suggesting barriers to health care access due to financial constraints might be heightened 

in certain rural communities.5–8, 14–17 Vaccines for Children (VFC), a federal program 

that provides free vaccines to children who are uninsured or face financial barriers to 

vaccination, has helped to close much of the historical gap in vaccination coverage among 

children with lower socioeconomic status.2 In rural areas, VFC providers and public health 

clinics play a large role in childhood and adolescent immunization services.8, 11, 18 Despite 

VFC and public health clinics, rural-urban vaccination disparities still persist.5–9

One suspected vaccination barrier for rural families is lack of geographically accessible 

immunization providers, as families in rural areas may have to travel farther for primary 

care and vaccination services.7 Geographic proximity to providers has been previously 

investigated as an important indicator of health care access and health outcomes.19–23 

Greater travel burden to access primary and specialist care is associated with later-stage 

diagnosis and time-to-treatment after diagnosis for certain cancers.21, 24 Increased travel 

burden and distance for perinatal and obstetric care have been negatively associated 

with adequate care access and positive health outcomes in urban and rural areas, with 

Freeman et al. Page 2

Vaccine. Author manuscript; available in PMC 2024 April 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



distinct racial and ethnic disparities.25, 26 However, few studies have investigated proximity 

to providers as a predictor of childhood immunization, with mixed results across both 

urban27–29 and rural11, 30 settings. Of these studies, physical distance was not associated 

with childhood immunization rates in an urban setting29 or delayed infant vaccinations in 

a metropolitan area.27 However, a 2002 study in rural Colorado did find that living within 

10 miles of a clinic was positively associated with vaccination coverage among low-income, 

Latino children.30

To date, focused investigation of barriers to and facilitators of early childhood immunization 

in rural areas has been limited, largely due to a lack of data. Recent advances in state 

immunization information systems (IIS) are allowing rural populations to be more robustly 

included in immunization services delivery research.31 IIS are confidential, centralized 

systems that consolidate vaccination records across providers in a geographic area. These 

systems are used at point of care to identify which vaccinations children are due for; 

however, IIS are also valuable tools for investigating gaps in vaccination uptake and 

identifying strategies to address immunization inequities.32

Montana is the 4th largest U.S. state by physical size and the 8th least populous state.33 The 

majority of the population lives in micropolitan, small town, or rural areas, based on grouped 

delineations of rural-urban commuting area (RUCA) codes.34, 35 Our primary objective was 

to examine the association between proximity to immunization providers and completion of 

recommended childhood vaccine series by age 24 months in Montana. Our main analysis 

focused on distance in road miles to the nearest immunization provider; however, we also 

conducted secondary analyses examining distance to nearest VFC provider and distance to 

nearest public health clinic.

METHODS

Data source

Our study relied on vaccination records from Montana’s immunization information system 

(IIS), imMTrax, which is operated by the Montana Department of Public Health and 

Human Services (MT DPHHS). State birth records are imported from vital statistics 

into imMTrax and linked with immunization data. This IIS does not routinely capture 

children who receive no vaccines, as it only tracks vaccinations reported to imMTrax by 

providers who have obtained parental consent to do so.10 Many clinics have bidirectional 

interoperability between their electronic health record systems and imMTrax.10 Over 90% 

of clinics providing early childhood vaccinations in Montana (including private facilities, 

public health departments, Indian Health Service sites, tribal clinics, and other types of 

facilities providing immunizations) routinely report all vaccination records to imMTrax.10 

When compared to National Immunization Survey-Child (NIS-Child) vaccination coverage 

estimates, per CDC and National Vaccine Advisory Committee (NVAC) recommendations 

for evaluating IIS data quality, imMTrax vaccination coverage metrics among children born 

in Montana between 2015–2017 are very similar to corresponding NIS-Child survey year 

reports.10, 36
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Study population

The study cohort included children born in Montana in 2015–2017 who had at least one 

vaccination recorded in imMTrax after their first birthday. As imMTrax does not routinely 

track children who move out of state, this inclusion criterion was applied to ensure all 

children in the study cohort had the opportunity to receive MMR and varicella vaccines, 

which are recommended at ages 12–15 months. Children with only influenza vaccines were 

excluded due to potential issues with data quality. Children with other data anomalies, 

such as records of vaccines not approved for children, were also excluded. Children with 

out-of-state addresses or missing residential address data were excluded. Children with only 

P.O. box addresses recorded were also excluded, as these addresses may not accurately 

reflect the actual distance children must travel to access providers. Children with residential 

addresses within Malmstrom Air Force Base in Great Falls, Montana were considered a 

dynamic population with a higher likelihood of moving out-of-state between their first and 

second birthdays. Due to concerns regarding incomplete imMTrax vaccination records in 

this population, children living on Malmstrom Air Force Base were excluded.

Proximity to immunization providers

In 2020, we acquired and merged three lists of Montana primary care facilities to 

quantify accessibility to immunization services. The lists included facilities providing 

childhood immunizations identified through imMTrax, primary care providers identified 

by WIM (Wyoming Idaho Montana) Health Workforce Information Services, and facilities 

participating in VFC (obtained via MT DPHHS). The imMTrax and VFC lists identified 

the majority of primary care facilities and WIM facilitated the creation of a more complete 

list. By linking with the WIM list, we were able to identify whether clinics had primary 

care providers who specialized in family medicine, pediatrics, or both. From descriptions 

in imMTrax, we were able to identify which facilities were public health clinics. For a 

subset of facilities from our combined list (n=50), we could not confirm they provided early 

childhood vaccinations, participated in the VFC program, or utilized imMTrax. To collect 

this missing information, we consulted with MT DPHHS, reviewed facility websites, and 

called 44 individual facilities. Our final list included 246 primary care facilities providing 

early childhood vaccinations; of these, 223 clinics participated in the VFC program and 58 

were public health clinics.

To protect individuals’ anonymity, MT DPHHS provided children’s addresses from 

imMTrax via a dataset that was not linked to vaccination records or any other identifying 

information, with randomly generated study IDs. We used address data to create proximity 

to provider variables and then MT DPHHS deleted address data and linked new variables 

back to vaccination data. To assess proximity to immunization providers, we used the 

Google Distance Matrix application programming interface in conjunction with R statistical 

computing language to calculate driving distances from child’s residence to nearest 

primary care provider. Upon a review of previous research using distance variables and 

operationalization in the literature, we categorized distance to nearest immunization provider 

into three categories: 1) short (≤2 miles), 2) medium (>2–10 miles), and 3) long (>10 miles) 

distances.30 Using these methods, we also calculated distance to nearest VFC provider and 

distance to nearest public health clinic.
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To display proximity to immunization providers visually, we created three maps of Montana 

(ArcGIS, version 10.8.1, ESRI)37 depicting density of children in each distance category 

(short [Figure 1a], medium [Figure 1b], and long [Figure 1c]). Addresses were geocoded 

as (latitude, longitude) and geomasked using the random perturbation method (and 2010 

Census Bureau census block-level population density estimates) making each address 

indistinguishable from the nearest 100 individuals.38 Geomasked addresses were then linked 

with vaccination data for analyses, as described above. To ensure anonymity, we created 

heat maps using kernel density estimation in ArcMap with an output cell size of 1 kilometer 

and a search radius of 100 kilometers for each map. We used equivalent density scales to 

produce maps with comparable density delineations. Additionally, each map shows Montana 

county delineations39 and Montana health planning regions.40

Vaccine series completion by age 24 months

Using imMTrax records, we identified series completion as receipt of all vaccines in the 

combined 7-vaccine series by age 24 months. This metric is routinely tracked by the 

CDC to measure progress toward vaccination goals and includes seven vaccine series: 

diphtheria-tetanus-acellular pertussis (DTaP; four doses), poliovirus (three doses), measles-

mumps-rubella (MMR; one dose), hepatitis B (three doses), Haemophilus influenzae type 

b (Hib; three or four doses depending on brand), varicella (one dose), and pneumococcal 

conjugate vaccines (four doses).3–6 Previous work using Montana IIS data has found lower 

completion and on-time receipt of the combined 7-vaccine series by age 24 months in rural 

areas.10

Demographic, geographic and health care access characteristics

Other variables obtained via imMTrax included child’s year of birth, sex, race, ethnicity, 

and facility where each vaccination was provided. Due to missing race and ethnicity data 

and small numbers among certain racial and ethnic groups, the two variables were combined 

and collapsed into four groups: 1) American Indian/Alaska Native, all ethnicities, 2) non-

Hispanic White, 3) other known race/ethnicity (which includes children who identified as 

Black, Asian, Native Hawaiian or Pacific Islander, or Hispanic ethnicity), and 4) missing 

race/ethnicity. Using immunization facility data from imMTrax and relevant WIM Tracking 

data, we identified whether children 1) only visited clinics with providers certified in 

pediatrics, 2) sometimes visited clinics with pediatric providers, or 3) never visited clinics 

with pediatric providers. Montana is divided into five regions by MT DPHHS for health 

planning and public health purposes.10, 41 We used address data to identify a child’s 

location by Montana health planning region and primary RUCA codes, since disparities 

in vaccination coverage have been previously observed across health region and rurality 

in Montana.10 RUCA codes are a measure of rurality and were calculated using Census 

commuting data at the tract level.34, 35 For the purposes of our study, RUCA codes were 

used to classify children into four groups: 1) metropolitan areas with primary commuting 

flow to an urbanized area (UA) (>50,000 people), 2) micropolitan areas with primary 

commuting flow to a large urban cluster (UC) (10,000–49,999 people), 3) small towns that 

primarily commute to small UCs (2,500–9,999 people), and 4) rural areas with a primary 

flow to tracts outside of UAs or UCs (<2,499 people).35
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To capture other socioeconomic factors, we used a neighborhood deprivation index (NDI) 

at Census tract level. An NDI is a measure of socioeconomic status extracted using 

the Social Explorer Tool from 2014–2018 American Community Surveys, with higher 

values indicating more socioeconomically deprived areas.42 Through an existing principal 

components analysis starting with 21 variables, the NDI was constructed from a weighted 

linear combination of the most informative seven variables: percent with Bachelor degree; 

percent in managerial occupations; median home value; percent with at least a high school 

education; percent interest, dividend, or rental income; median household income; and 

percent with annual household income greater than $50,000. A provider density variable, the 

number of pediatric and family medicine providers per 1,000 children aged 0–5 years for 

each county, was created to capture spatial accessibility to care as a covariate using WIM 

provider data and 2010 Census Bureau population estimates.

Statistical analyses

We described population demographics and immunization provider characteristics as well 

as distance to provider measures and vaccine series completion by age 24 months. We 

conducted bivariate and multivariable log-linked binomial mixed models to identify factors 

associated with combined 7-vaccine series completion by age 24 months, with year of 

birth included as a random effect. The primary independent variable of interest was 

distance to nearest immunization provider. Other fixed effect covariates included in the 

final multivariable model were identified a priori based on literature review and included 

child sex, race/ethnicity, type of immunization providers available at clinics accessed, 

health region, RUCA, NDI, and provider density.8, 10, 11, 27, 28 Tests for interaction 

between distance to immunization provider and health region and distance to immunization 

provider and RUCA were performed in multivariable analyses. We conducted tests for 

multicollinearity in the final multivariable model.43 Secondary analyses were conducted 

using two alternative distance (in road miles) measures: distance to nearest VFC provider 

and distance to nearest public health clinic. Unadjusted and adjusted prevalence ratios (PRs) 

and 95% confidence intervals (CIs) were reported. All study analyses were conducted using 

SAS 9.4 (Cary, NC). This study was approved by the University of Montana Institutional 

Review Board under the exempt category of review.

RESULTS

Sample size

Vaccination records were available for 36,505 children, of which 32,656 (89.5%) children 

had one or more vaccinations after their first birthday. We excluded children with only 

influenza vaccination records (n=326), vaccine data errors (n=908), addresses that were 

in error, or unable to be geolocated, or were for PO boxes (n=5,260), and children with 

addresses on Malmstrom Air Force base (n=77). Our final analytic cohort consisted of 

26,085 children, which represents 71.2% of 36,654 children born in Montana from 2015 to 

2017.10 Compared to the final analytic cohort (Table 1), children excluded due to addresses 

that were in error, or unable to be geolocated, or were for PO boxes (n=5,260) were 

disproportionately American Indian/Alaska Native (35.0% versus 7.0%) and more likely to 
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live in rural areas (49.2% versus 12.0%) with lower provider density (Supplemental Table 

1).

Summary statistics

More than half (59.8%) of children were non-Hispanic White, followed by 29.4% of 

children who had missing race/ethnicity data and 1,790 (7.0%) who were American Indian/

Alaska Native (Table 1). While 19.7% of children only visited clinics with pediatric 

providers, about 30.5% of children only visited clinics without pediatric providers and 

49.8% of children visited multiple clinics with and without pediatric providers. The majority 

(60.1%) of children lived in a county with 10–14.99 primary care providers per 1,000 

children aged 0–5 years, followed by 23.9% of children with 15–19.99 providers per 1,000 

children aged 0–5 years. Most children lived in non-metropolitan areas, with 29.1% living 

in micropolitan areas, 17.7% living in small towns, and 12.0% living in rural areas. About 

63.3% of children completed the combined 7-vaccine series by 24 months of age.

Proximity to immunization providers

Distance from a child’s residence to the nearest immunization provider ranged from 0 

to 81.0 road miles. On average, children were located 3.7 road miles (standard deviation 

[SD]=5.7, median=1.7, interquartile range [IQR]=3.2) from the nearest immunization 

provider. Among children in rural areas, the mean distance was 9.0 road miles (SD=10.2, 

median=5.8, IQR=10.7). The mean driving distance to immunization provider was highest 

in health regions 1 (mean=5.5, SD=9.9, median=1.2, IQR=3.9) and 2 (mean=4.5, SD=7.5, 

median=1.4, IQR=2.7). When mapping distance categories, 14,577 (55.9%) children fell 

into the short (≤2 miles) group (Figure 1a), 9,453 (36.2%) fell into the medium (>2–10 

miles) group (Figure 1b), and 2,055 (7.9%) fell into the long (>10 miles) group (Figure 1c). 

As depicted in Figure 1, children with short distances to providers largely live close to one 

another and along city and town centers; as distance to providers increases, children become 

more and more dispersed across the state (Figure 1a-c).

Distance in road miles to VFC clinics was very similar to the above results, with children 

located, on average, 3.9 road miles (SD=6.1, median=1.7, IQR=3.3) from the nearest VFC 

provider. Over 91% of children lived ≤10 miles from a VFC clinic. Children were located a 

bit farther from public health clinics at an average of 8.6 road miles (SD=10.6, median=4.4, 

IQR=9.2) to the nearest site, with about 72% of children located ≤10 miles from a clinic.

Factors associated with vaccine series completion by age 24 months

In adjusted analyses, there was a modest association between long distances to nearest 

immunization provider and decreased likelihood of vaccine series completion by age 24 

months (aPR: 0.97, 95% CI: 0.96–0.99), compared to children with short distances to 

nearest immunization provider (Table 2). In secondary analyses, we saw similar results, with 

an attenuated association between medium/long distances to both VFC providers and public 

health clinics and series completion by age 24 months (Supplemental Table 2).

In our main multivariable model (Table 2), living in a rural area (compared to metropolitan) 

was associated with lower series completion by age 24 months (aPR: 0.88, 95% CI: 
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0.85–0.92). There was no evidence of interaction between distance to provider and 

RUCA (interaction p-value=0.15) or distance to provider and health region (interaction 

p-value=0.51). Compared to non-Hispanic White children, American Indian/Alaska Native 

children (aPR: 0.92, 95% CI: 0.88–0.95) were less likely to complete the vaccine series by 

age 24 months. Children who only accessed clinics with pediatric providers (aPR: 1.04, 95% 

CI: 1.01–1.07) or sometimes accessed clinics with pediatric providers (aPR: 1.19, 95% CI: 

1.16–1.22) had increased likelihood of series completion by age 24 months, compared to 

children who did not visit clinics with pediatric providers. Compared to children in counties 

with ≥20 family medicine and pediatric providers per 1,000 children ages 0–5 years, 

children in counties with 10–14.99 providers per 1,000 children had a lower likelihood 

of series completion by age 24 months (aPR: 0.91, 95% CI: 0.88–0.95), whereas lower 

provider density (<10 providers per 1,000 children) was slightly associated with increased 

likelihood of series completion by age 24 months (aPR: 1.06, 95% CI: 1.01–1.11).

DISCUSSION

The current study investigated physical distance to immunization providers as a potential 

barrier to completing recommended childhood vaccine series in Montana by age 24 months. 

While distance to immunization services was higher in rural areas and certain health regions 

(1 and 2), most (>90%) children in our study lived within 10 miles to immunization 

providers. In multivariable analyses, long distances to providers (>10 miles) were only 

modestly associated with not completing the combined 7-vaccine series by 24 months. Other 

important factors associated with not completing the series by age 24 months included 

being American Indian/Alaska Native or any other known race and ethnicity other than 

non-Hispanic White, as well as living in rural and other non-metropolitan areas. Factors 

associated with increased likelihood of completing recommended childhood vaccinations 

included a history of visiting clinics with pediatric providers.

The high proportion of Montana children living near immunization providers and VFC-

participating clinics reflects initiatives by state health officials to ensure widespread access 

to immunization services across this large state. Priorities related to such access have been 

recently elevated nationwide due to the COVID-19 pandemic, bringing more investigations 

into local availability of immunization providers and COVID-19 vaccines.44–46 However, 

there are few studies on spatial accessibility and little to no recent studies on physical 

distance to immunization providers as a potential factor associated with completing routine 

childhood vaccinations. Among low-income, Latino children in rural Colorado in 2002, 

researchers found living near a clinic (0–10 miles) versus far from a clinic (>10 miles) 

was associated with being up-to-date on early childhood vaccinations.30 A study using IIS 

data from 2002–2004 found direct measurement of distance to immunization providers was 

not a factor associated with late initiation of childhood vaccinations (>3 months of age) 

in metropolitan Philadelphia.27 In our current study, long distances to providers (>10 road 

miles) were modestly associated with combined 7-vaccine series completion by age 24 

months.

Our study also found an association between children who lived in counties with medium 

provider density levels (10–14.99 providers per 1,000 children) and not completing the 
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combined 7-vaccine series by age 24 months, compared to higher provider density (≥20 

providers). Additionally, we found modest associations between children in counties with 

low provider density (<10 providers) and series completion by age 24 months. The latter 

finding was unexpected given existing literature suggesting higher pediatric and family 

medicine provider density is related to greater vaccination coverage.28, 47 A potential 

limitation of our county-level density measure is it combines pediatric and family medicine 

providers. While a majority of children in Montana see family medicine providers, it is 

possible some family medicine providers do not routinely see very young children as part of 

their practice.10 Another study, using IIS data, found individual-level provider-to-population 

density was positively associated with pediatric vaccination coverage among low-income 

children in Washington, D.C.28 However, this measure weighted providers to adjust for 

training type, level, and provider type (e.g., pediatrics vs. family medicine; attendings 

vs. residents; physician vs. nurse practitioner). Further work is needed to identify more 

appropriate measures of provider density and spatial accessibility for rural children’s health 

outcomes.

Although research on this topic is limited, there is evidence to suggest multiple concurrent 

barriers to early childhood vaccination access and timely vaccination in rural areas.8, 10, 31 

While results from the current study suggest distance to care is perhaps not a primary 

explanation of why children do not complete early childhood vaccinations, transportation 

barriers not reflected in distance to care measures may still play a role. Lack of access to 

a vehicle or public transportation may hinder access to care, regardless of distance.48, 49 

Alternatively, it is unclear how frequently evidence-based, health systems-level approaches 

for promoting vaccination uptake are used in rural areas.8, 30, 50 These approaches include 

electronic provider prompts that populate within EHR systems indicating which vaccinations 

are due and reminder-recall initiatives that involve reaching out to parents with reminders 

of recommended vaccinations and upcoming well-child visits.8, 30, 50, 51 Many rural areas 

of the U.S., especially in Montana, rely heavily on small, private clinics and public health 

departments for immunization services.8, 10, 18 Such facilities may have limited funds and 

capabilities for implementing these strategies as compared to larger health systems providing 

immunization services in more urban areas.8, 52, 53

It is also possible that refusal of vaccines due to parental hesitancy occurs more often in 

rural areas. A recent analysis of 2018 and 2019 National Immunization Survey-Child data 

found parents in non-metropolitan statistical areas reported more concern about long-term 

serious side effects from vaccines and were more likely to report personally knowing 

someone with serious long-term side effects from a vaccine.54 As the COVID-19 pandemic 

has progressed, research and surveillance efforts have indicated increased COVID-19 

vaccine hesitancy in rural versus urban areas.55 However, more work is needed to 

further understand the role vaccine hesitancy plays in urban-rural childhood vaccination 

disparities. State-level IIS provide a unique opportunity to monitor vaccination coverage and 

undervaccination patterns consistent with vaccine hesitancy and to identify other potential 

barriers to childhood vaccination.10, 36, 56
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Limitations

Our study has several limitations to consider. First, this study may not be representative 

of rural populations outside of Montana. Rural areas across the nation are diverse and 

vary widely; thus, vaccination barriers in early childhood may be different for rural 

areas in Montana than other places. Second, completely unvaccinated children are not 

consistently captured in imMTrax. According to NIS-Child data for children born 2017–

2018, approximately 1.0% (95% CI: 0.8%−1.1%) of U.S. children had received zero 

vaccinations by their 2nd birthday.7 Since completely unvaccinated children and children 

without vaccinations after their first birthday were not included in this study, vaccine series 

completion by age 24 months may be slightly overestimated in our study. Third, as is 

common with some IIS, race and ethnicity data was limited in imMTrax with 29.4% of 

our analytic cohort missing race and ethnicity data. Rather than exclude this large group 

from analyses, we chose to include these children in their own “missing race and ethnicity” 

category. Previous analyses using these data found children with missing race and ethnicity 

data had immunization characteristics similar to non-Hispanic White children in Montana.31 

Fourth, in this study, we focused on the outcome of combined 7-vaccine series completion 

by age 24 months, since this is a standard metric for monitoring vaccination coverage 

across multiple vaccine series.5–7 However, other outcomes, such as timeliness of vaccine 

receipt, may also be important with regard to geographic barriers and should be considered 

in future work. Finally, children who were excluded due to having PO Box addresses 

(or addresses that could not be geolocated) in imMTrax instead of residential addresses 

were disproportionately rural and American Indian/Alaska Native. This may lead to a bias 

towards the null and an underestimate of the true association between distance to providers 

and vaccine series completion by age 24 months, as children in these groups had lower 

series completion rates and may live further from town, thus requiring PO Boxes. However, 

since PO Box locations do not reflect the actual distance children must travel to access 

providers, it was not appropriate to include them in this analysis.

CONCLUSION

Research on barriers to and facilitators of childhood immunization in rural areas is limited.8 

We used state IIS data to investigate proximity to immunization providers as a potential 

barrier to combined 7-vaccine series completion by age 24 months and found that the 

majority of children live close to an immunization provider and long distances (>10 miles) 

were only modestly associated with higher likelihood of not completing the combined 

7-vaccine series by age 24 months. In rural areas, proximity to immunization providers must 

be considered in context with other known barriers to vaccination, such as transportation 

challenges and vaccine hesitancy, as well as facilitators of vaccination uptake, such as 

reminder/recall programs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Article Highlights

• Over 90% of children in Montana live within 10 miles of an immunization 

provider

• Long distances had modest associations with not completing childhood 

vaccinations

• Immunization information systems provide opportunities to identify 

vaccination barriers
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Figure 1. 
Density of geomasked locations of children born between 2015–2017 in Montana by 

distance to immunization provider

Each heat map represents the density of geomasked location of children born 2015–2017 

in Montana is presented by driving distance to immunization provider. Maps were created 

using kernel density estimation (100km search radius). Figure 1a depicts density of children 

who live short distance (<2 road miles) from the nearest immunization provider. Figure 1b 

depicts density of children who live medium distances (>2–10 road miles) from the nearest 
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provider. Figure 1c depicts density of children who live long distances (>10 road miles) 

from the nearest provider. Colors represent equal parameters across maps. County borders 

are outlined and “region” indicates the different Montana Health Planning Regions.
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Table 2.

Factors associated with completion of the combined 7-vaccine series by age 24 months among children born in 

Montana 2015–2017, n=26,085*

Completion of the combined 7-vaccine series

Distance (miles) to nearest immunization provider Unadjusted PR (95% CI) Adjusted PR (95% CI)

Short (≤2 mi) Reference Reference

Medium (2.01–10 mi) 0.99 (0.96–1.03) 0.99 (0.95–1.02)

Long (>10 mi) 0.98 (0.96–1.00) 0.97 (0.96–0.99)

Sex*

Female 0.98 (0.96–1.00) 0.99 (0.97–1.00)

Male Reference Reference

Race and ethnicity

American Indian/Alaska Native, all ethnicities 0.90 (0.87–0.94) 0.92 (0.88–0.95)

Other known race/ethnicity 0.92 (0.87–0.97) 0.93 (0.88–0.97)

Missing race/ethnicity data 0.95 (0.93–0.97) 0.99 (0.97–1.01)

Non-Hispanic White Reference Reference

Categories based on rural-urban commuting area (RUCA) codes

Rural areas 0.88 (0.86–0.91) 0.88 (0.85–0.92)

Small towns 0.94 (0.92–0.97) 0.96 (0.92–1.00)

Micropolitan areas 0.98 (0.96–1.00) 0.98 (0.94–1.02)

Metropolitan areas Reference Reference

Availability of pediatric providers at clinics accessed

Only accessed clinics with pediatric providers 1.08 (1.05–1.11) 1.04 (1.01–1.07)

Sometimes accessed clinics with pediatric providers 1.21 (1.19–1.24) 1.19 (1.16–1.22)

Never accessed clinics with pediatric providers Reference Reference

Health Region

1 0.99 (0.95–1.04) 0.89 (0.84–0.94)

2 1.22 (1.19–1.26) 1.10 (1.06–1.15)

3 Reference Reference

4 1.13 (1.10–1.16) 0.89 (0.86–0.93)

5 0.88 (0.86–0.91) 1.05 (1.01–1.09)

Tract-level neighborhood deprivation index (NDI) 0.99 (0.98–0.99) 0.99 (0.98–0.99)

County-level family medicine and pediatric provider density per 1,000 children 
ages 0–5 years

<10 providers 1.12 (1.07–1.18) 1.06 (1.01–1.11)

10–14.99 providers 1.06 (1.03–1.10) 0.91 (0.88–0.95)

15–19.99 providers 1.03 (0.99–1.07) 0.97 (0.93–1.01)

≥20 providers Reference Reference

*
Adjusting for year of birth as a random effect, with 234 observations excluded due to missing sex data
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