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Introduction: COVID-19 vaccine inequities have been widespread across California, the United States, and globally. As COVID-19 vaccine inequities have not been fully understood in the youth population, it is vital to determine possible factors that drive inequities to enable actionable change that promotes vaccine equity among vulnerable minor populations.

Methods: The present study used the social vulnerability index (SVI) and daily vaccination numbers within the age groups of 12–17, 5–11, and under 5 years old across all 58 California counties to model the growth velocity and the anticipated maximum proportion of population vaccinated.

Results: Overall, highly vulnerable counties, when compared to low and moderately vulnerable counties, experienced a lower vaccination rate in the 12–17 and 5–11 year-old age groups. For age groups 5–11 and under 5 years old, highly vulnerable counties are expected to achieve a lower overall total proportion of residents vaccinated. In highly vulnerable counties in terms of socioeconomic status and household composition and disability, the 12–17 and 5–11 year-old age groups experienced lower vaccination rates. Additionally, in the 12–17 age group, high vulnerability counties are expected to achieve a higher proportion of residents vaccinated compared to less vulnerable counterparts.

Discussion: These findings elucidate shortcomings in vaccine uptake in certain pediatric populations across California and may help guide health policies and future allocation of vaccines, with special emphasis placed on vulnerable populations, especially with respect to socioeconomic status and household composition and disability.
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Introduction

Coronavirus disease 2019 (COVID-19) vaccination administration inequities have been widespread both across the United States (U.S.) as well as globally. While these inequities exist on a national and a global scale, they have also been found to exist within the state of California (1). However, the inequities within the minor population have not yet been fully understood. With children aged 12–15 years old only gaining access to the COVID-19 vaccine in May of 2021 and children under the age of 5 only gaining access in June of 2022 (see Figure 1), COVID-19 vaccine administration inequities must be investigated in order for there to be actionable and informed changes to improve such inequities before they fully manifest themselves (2, 3).
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FIGURE 1
 Chronological summary of major COVID-19 vaccination related events and policies nationwide and state-wide (California). Relative to pediatric population: On April 15, 2021, all Californians aged 16+ years became eligible for the COVID-19 vaccine (4). On May 12, 2021, all Californians aged 12+ years became eligible for the COVID-19 vaccine (2). On October 29, 2021, FDA approved Pfizer EUA for individuals aged 5–11 years old (5). On November 3, 2021, all Californians aged 5–11 years old became eligible for the COVID-19 vaccine (6). On December 9, 2021, Californians aged 16–17 years old became eligible for the COVID-19 booster shot (7). On January 3, 2022, Californians aged 12–15 years old became eligible for the COVID-19 booster shot (8). On January 7, 2023, FDA approved EUA for Moderna to shorten time between primary vaccination series and booster shot to at least 5 months (9). On Mach 29, 2022 FDA approved Pfizer and Moderna EUA second booster shot for individuals aged 50+, Pfizer EUA second booster shot for immunocompromised individuals aged 12+, and Moderna EUA second booster shot for immunocompromised individuals aged 18+ (10). On May 20, 2022, Californians aged 5–11 years old became eligible for the COVID-19 booster shot (11). On June 17, 2022, the FDA approved Pfizer and Moderna EUA for individuals aged 6 months and older (12). On June 19, 2022, Californians aged 6 months and older became eligible for the COVID-19 vaccine (3). CDC, Centers for Disease Control and Prevention; EUA, Emergency Use Authorization; FDA, Food and Drug Administration.


To quantify levels of vulnerability across California, the present study uses a metric called the Social Vulnerability Index (SVI), which is composed of four underlying themes (and an all-encompassing overall measure), which are (1) socioeconomic status, (2) household composition and disability, (3) minority status and language, and (4) housing type and transportation, as detailed in Figure 2 (1).
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FIGURE 2
 Social Vulnerability Index (SVI), underlying themes, and components. Reprinted by permission from Springer Nature (1).


Extending prior research where SVI was used as a metric to estimate coverage velocity and the maximum anticipated proportion of vaccinated individuals in California counties (1), we once again use California counties as our population of interest. Because of its stature as the highest populated state in the U.S. (13), along with its vast diversity and high minority population (40.2% Hispanic or Latinx, 35.2% White, 15.9% Asian, and 6.5% Black as of 2021 estimates) (14), analysis of the Californian population provides opportunities to investigate minority and highly heterogeneous populations.

While the CDC has used other indexes such as the US COVID-19 Community Vulnerability Index (CCVI) and the Pandemic Vulnerability Index (PVI) during the COVID-19 pandemic to conduct public health research, the SVI has consistently and recently been used as an index to quantify levels of vulnerability in the context of vaccine uptake, among the pediatric and adult population (15–19), rendering it a valuable and reliable index. Although other indexes like the CCVI and PVI build off of the SVI and provide utility to communities, the SVI has been used longer and has been cited as a reliable measure to provide local and state public health officials vital information to effectively allocate resources and take proper action to ameliorate vaccine inequities (20). Previous studies have successfully used the SVI to measure disparities in COVID-19 health outcomes, revealing inequities in vaccine uptake across the U.S. (1, 15, 19, 21). One study showed that vaccine disparities were most highly attributed to socioeconomic status (SVI Theme 1) and household composition and disability (SVI Theme 2) status (21). Of interest to our study, however, is how the relationship between SVI themes and vaccine administration unfolds in the pediatric population (age groups 12–17, 5–11, and under 5). Kim et al. (15) utilized the SVI to identify vaccine administration inequities borne by children aged 5–11 years old, and found the largest disparities in high vulnerability areas, which were attributed to racial, ethnic, and socioeconomic disparities. Although not a measure incorporated into the SVI, vaccine hesitancy is also a factor that cannot be discounted and has been shown to be intertwined with vaccine uptake and SVI (22). In particular, vaccine hesitancy among parents or primary caregivers has been shown to be associated with lower median household income (23). It has also been found that highly vulnerable populations tend to experience higher vaccine access over time, with the gap between low and highly vulnerable counties shrinking (1, 15). While we focus our analysis on all age groups of California children under 18 years old, we note that California has only recently begun to offer COVID-19 vaccines to children under 5 years of age. It is vital to monitor these age-specific trends to uncover patterns and address areas of concern in vaccine administration, as no known studies have been conducted using SVI for this age group at the time of the study. At the time of data collection for this study (July 9, 2022), we estimate that 3.73% (83,545 out of 2,239,667) of individuals in California aged under 5 have received the COVID-19 vaccine (at least one dose), 40.4% (1,417,100 out of 3,507,810) of individuals aged 5–11 have received the COVID-19 vaccine (at least one dose), and 72.96% (2,334,546 out of 3,199,686) of individuals aged 12–17 have received the COVID-19 vaccine (at least one dose). To date (March 25, 2023), we estimate that 12.95% (290,060 out of 2,239,667) of individuals aged under 5 have received the COVID-19 vaccine (at least one dose), 43.33% (1,520,209 out of 3,507,810) individuals aged 5–11 have received the COVID-19 vaccine (at least one dose), and 74.27% (2,376,641 out of 3,199,686) of individuals aged 12–17 have received the COVID-19 vaccine (at least one dose). All numerators were gathered from, while denominators were the sum of estimated populations from all 58 counties for each age group (24). Thus, it is vital to study trends within uptake among these populations to ensure equitable distribution of COVID-19 vaccines.

Therefore, in a similar fashion to Bruckhaus et al. (1), the present study aimed to determine whether the longitudinal trends in vaccination rates across California counties differ by SVI in the pediatric population. To achieve this goal, we modeled the growth rate in vaccination coverage and the anticipated maximum proportion of vaccinated individuals in relation to county-level rankings in overall SVI and its four underlying themes (1). To obtain a more granular understanding of the trends among the minor population, we separated children into three distinct age groups: Under five years old, 5–11 years old, and 12–17 years old.



Materials and methods


Data acquisition

The process of data acquisition for the current study is similar to that of our previous study (1). Namely, we acquired 2018 Social Vulnerability Index (SVI) data from the Agency for Toxic Substances and Disease Registry (ATSDR)'s Geospatial Research, Analysis & Services Program (GRASP) (25), while we acquired vaccination data (initial vaccination and booster data) from the California Health & Human Services Agency (CHHS) (24). Data were acquired for three different age groups, including 12–17 years of age, 5–11 years of age, and under 5 years of age.

Counties were classified as either low, moderate, or high vulnerability based on ranking all 58 California counties by vulnerability rating and splitting them into tertiles. Rankings were assigned to SVI Theme 1 (Socioeconomic Status), Theme 2 (Household Composition and Disability), Theme 3 (Minority Status and Language), Theme 4 (Housing Type & Transportation), and overall SVI. For a full breakdown of each theme, (see Figure 2). For more information on the SVI, visit the SVI documentation (25).



Data curation

Data curation was similar to our previous paper (1), except for the population segments studied and the time frame in which their data were analyzed. That is, the three age groups analyzed (12–17 years of age, 5–11 years of age, and under 5 years of age) had different initial vaccine eligibility dates, dependent on when the COVID-19 vaccine became available to these populations. In the 12–17 age group, the start date for individuals with at least 1 dose was May 12, 2021 while the start date for booster shots was January 3, 2022, which corresponds to about 6 months after the initial second dose eligibility. In the 5–11 age group, the start date for individuals with at least 1 dose was November 3, 2021, while the start date for booster shots was May 20, 2022, which corresponds to about 6 months after initial eligibility. In the under-five age group, the start date for individuals with at least 1 dose was June 19, 2022, while authorization for a booster shot for this age group only recently became available in December of 2022. R software version 4.1.1 and the tidyverse package were used to compile and clean the data. The proportion of residents with at least one vaccine dose contains a numerator of the cumulative count of residents with at least one dose of any authorized vaccine, while the denominator is the estimated total population of each age group in each county (1, 24). Proportion of residents with a booster shot was computed similarly.




Modeling strategy and statistical analysis

Initial plots of the longitudinal curves for each county of cumulative proportion of children with initial vaccination dose, and proportion of children with a booster, were created to determine the shape of the longitudinal growth curves. Because denominator data was only available for the entire 12–17 year age group, we treated the beginning of eligibility for this group as May 12, 2021, even though children age 16–17 had been eligible since April 15, 2021. Thus, the longitudinal curves for the 12–17 year age group begin at proportions >0.

The curves for proportion with initial vaccination dose and booster dose appeared to follow that of an exponential saturation model, in which the instantaneous change in the proportion of population vaccinated at time t is given as a function of the per capita growth rate r and the asymptotic maximum proportion K:
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And the proportion of individuals vaccinated at time t is given by:

[image: image]

We used a non-linear least-squares model fitting approach using the nls function in R (v4.1.1) to fit these equations. Of interest was whether the parameters r (coverage velocity) and K (anticipated maximum proportion of population vaccinated) (and for the 12–17 year group, P0) differed based on SVI group. To accomplish this, we included dummy variable interaction terms into the model to allow for differences in these parameters based on SVI category. Let i1 and i2 be indicators of a county having “moderate” and “high” SVI, respectively. The model equation can then be written as:

[image: image]

Where dK1 and dK2 represent the difference in asymptotic maxima, and dr1 and dr2 represent the difference in growth rate, for moderate and high SVI counties, respectively, compared to low SVI counties. SVI-specific estimated growth rates and asymptotic maxima parameters were computed using the lincom function in the biostat3 package. The performance of the exponential saturation model was compared to other similar models, such as logistic growth, non-linear splines, and polynomial terms, using R2.

To examine “snapshots” of how vaccination disparities by SVI status at the beginning of eligibility persisted through time, we fit a negative binomial regression model to examine the rate ratios of proportion vaccinated in each of the SVI groups. Time points of snapshots varied depending on the age group studied. In these models, the cumulative number of individuals vaccinated was used as the outcome, with an offset of the natural log of county population size. These models included an interaction term between SVI category and date to test whether the proportional differences in vaccination rates persisted through the study period.

We found that certain counties had data inconsistencies and were excluded from our analysis. Imperial county had reported values that gave a proportion of individuals with initial vaccination dose that exceeded 1.0. Alpine county did not have vaccination information for individuals aged 12–17 years. Alpine, Lassen, Modoc, Sierra, and Trinity counties had poor data for children under age 5 years.



Results


Initial vaccination


Model parameter values

Examining initial vaccination rates, the R2 for the exponential saturation model was the highest out of all the models across the three age groups. Model performance was the best when stratifying counties by SVI Theme 1 (R2 = 0.53, 0.54, 0.40 for the 12–17, 5–11, and Under 5 age groups, respectively) and Theme 2 (R2 = 0.57, 0.58, 0.51). For these themes, in the 12–17 age group, low vulnerability counties had the highest initial proportion of vaccinated children, followed by moderate vulnerability, then high vulnerability. For Theme 3 in the 12–17 age group, moderate vulnerability counties had the highest initial proportion of vaccinated children, followed by high vulnerability, then low vulnerability counties (see Figures 3, 4). The initial proportion vaccinated was trivial in the 5–11 and Under 5 age groups.


[image: Figure 3]
FIGURE 3
 p0 values. P0 was only different for Themes 1 & 2 for the 12–17 age group First Dose. Lower SVI had higher initial proportion vaccinated. In Theme 3, Moderate had the highest proportion vaccinated, followed by High, followed by Low SVI. The reason p0 was different for this category was because the 12–17 age group had eligibility for 16–17 year olds prior to the initial eligibility date modeled.



[image: Figure 4]
FIGURE 4
 Longitudinal trends of cumulative proportion of individuals with at least one vaccine dose, beginning at date of eligibility. Curves for each county are shown, with average trends in bold. Results are stratified by age category and SVI theme.


We saw similar trends regarding the growth parameter r (see Table 1; Figure 5). That is, for Themes 1 and 2, low vulnerability counties had the largest rate of growth during the study period, followed by moderate, then high vulnerability counties. This effect was seen in the 12–17 and 5–11 age groups, but there was not a statistically significant difference in r for the Under 5 age group. For Theme 3, the moderate vulnerability group had the highest growth rate in the 12–17 and 5–11 age groups.


TABLE 1 Parameter estimates of n, r, and K for all age groups within overall SVI and Themes 1–4 for at least one vaccine dose.

[image: Table 1]


[image: Figure 5]
FIGURE 5
 Growth parameter (r) of each age group for initial vaccine dose and booster shots by SVI category.




Snapshots analysis

We did not compute the snapshots analysis for the Under 5 age group due to unstable estimates caused by low vaccination rates. For Theme 1 in both the 12–17 and 5–11 age groups, the low SVI group consistently had higher rates of vaccination compared to the high SVI group through the entire period of observation. Additionally for Theme 2 in the 12–17 age group, moderate SVI counties also had consistently higher initial vaccination rates compared to high SVI counties. This trend was also observed in the 5–11 age group, but only beginning at 90 days after eligibility. For Theme 3, low SVI counties had lower initial vaccination rates in comparison to high SVI counties beginning 60 days after eligibility for the 12–17 age group and beginning 120 days after eligibility for the 5–11 age group. We observed no differentiation in vaccination rates among SVI categories for Theme 4 (see Supplementary Table 1; Figure 6).


[image: Figure 6]
FIGURE 6
 Vaccination rate ratios for low and moderate SVI vs. high SVI counties, by date and SVI category, for age groups of 12–17 and 5–11 years old. Presented are rate ratios with 95% confidence intervals. *Indicates a difference in the vaccination rate between SVI categories (baseline group = “High SVI”).





Booster vaccination


Model parameter values

We generally observed the same trends with the booster as we did with the initial vaccination dose. Regarding booster rates, the R2 for the exponential saturation model was again highest out of all the models across the three age groups. Model performance was the best when stratified by SVI Theme 1 (R2 = 0.52, 0.53 for the 12–17 and 5–11 age groups, respectively) and Theme 2 (R2 = 0.56, 0.54). Similar to the initial vaccine dose, there was a decreasing initial proportion of children vaccinated with increasing vulnerability category in Themes 1 and 2 in the 12–17 age group (see Figures 4, 7). Again, the initial proportion vaccinated was trivial in the 5–11 age group. Model parameters for the booster dose were not stable in the Under 5 age group due to the sparsity of data and are not reported here.


[image: Figure 7]
FIGURE 7
 Longitudinal trends of cumulative proportion of individuals with booster, beginning at date of eligibility. Curves for each county are shown, with average trends in bold. Results are stratified by age category and SVI theme.


The growth parameter r was less strongly differentiated among SVI categories for the booster dose than it was for the initial vaccination dose. However, for Themes 1 and 2 we again observed that the growth parameter r consistently decreased with increasing SVI vulnerability in both the 12–17 and 5–11 age groups (see Table 2; Figure 5).


TABLE 2 Parameter estimates of n, r, and K for age groups 12–17 and 5–11 years old within overall SVI and Themes 1–4 for booster shot.

[image: Table 2]



Snapshots analysis

For Theme 1 and 2 in the 12–17 age category, the low SVI group consistently had higher rates of vaccination compared to the high SVI group through the entire period of observation. For the 5–11 age category, the low SVI group had higher booster vaccination rates beginning at 90 days for Theme 1, and at 60 days for Theme 2. Booster vaccination doses did not vary significantly among county SVI groups when stratified by Themes 3 or 4 (see Supplementary Table 1; Figure 6).




Theme 2 analysis

After finding that Theme 2 most strongly differentiated county vaccination rates, we conducted additional exploratory analyses. We stratified counties based on the two components of Theme 2: Disability and Single-Parent Household. We found that disability most strongly differentiated rate of growth for the initial vaccination dose (R2 = 0.68) compared to the single-parent household variable (R2 = 0.35). That is, low SVI counties had the highest initial proportion vaccinated and the steepest rate of growth in comparison to moderate and high SVI counties. The effect was similar when examining the single-parent household variable, but the parameter estimates were not as strongly differentiated among SVI groups for this measure. See Supplementary Figures 1–3 and Supplementary Tables 2–4.




Discussion

The present study elucidated vaccine administration inequities across low, moderate, and highly vulnerable counties across the pediatric population (under age five, ages 5–11, and ages 12–17) in California. Overall SVI and SVI Themes 1–4, along with longitudinal vaccination data across all 58 California counties were analyzed to estimate the disparities in the maximum anticipated proportion of vaccinated individuals based on the current coverage velocity. Through our analysis, we demonstrated that, across the age groups of 12–17 and 5–11 years old, counties deemed highly vulnerable in regard to overall SVI, Theme 1 (socioeconomic status), and Theme 2 (household composition & disability) experienced lower coverage velocities when compared to moderate or low vulnerable counties. We also observed that in the age groups of under age 5 and 5–11 years of age, highly vulnerable counties with respect to overall SVI, Themes 1 and 2 have among the lowest anticipated maximum proportion of vaccinated individuals compared to low and moderately vulnerable counties. Interestingly, the opposite was seen for the age group of 12–17 year-olds, with Theme 1 and Theme 2 showing the highest anticipated maximum proportion of individuals vaccinated, relative to low and moderately vulnerable counties.

In terms of access to vaccination facilities, information regarding the location of vaccination for the population studied is not available in the dataset. However, individuals may receive a COVID-19 vaccination in a myriad of locations and facilities. According to County of Los Angeles, Public Health, common facilities in which children can receive a COVID-19 vaccine include clinics, hospitals, pharmacies, pop-up locations, drive-thru locations, schools, and public transit stations (26). However, the availability and presence of these facilities varies widely by county, so certain counties may have administered COVID-19 vaccinations more or less frequently among different facilities.

The present study demonstrates the importance and utility of the SVI and its application to elucidating COVID-19 vaccine disparities in communities. It has been previously applied to the California adult population to identify disparities in the initial COVID-19 vaccine rollout (1). By using the SVI, communities can better understand weaknesses and strengths in their communities so public health officials and emergency response planners can more efficiently allocate vital resources to their communities (25). The CDC and other peer-reviewed studies suggest that by utilizing the insights provided by the SVI to identify counties with low vaccination rates, state and local governments can prioritize their efforts and allocate funds toward regions that are most in need of the COVID-19 vaccine (15, 17–19). Within these studies, some specific actions that can be taken to address inequities revealed by the SVI are community outreach programs, transmitting culturally relevant information to communities, teaming up with trusted messengers to provide accurate and timely information to communities, and ensuring accurate and timely supply of COVID-19 vaccines to communities (15, 17–19). Furthermore, insights provided by the SVI can assist local officials and policymakers to help eliminate vaccine barriers by providing streamlined vaccine offers such as community vaccine clinics and mobile clinics, which could help eliminate the fear of taking time off work for many parents who wish to vaccinate their children. An example of how identification of vulnerable populations has helped ameliorate vaccine inequities comes from California's campaign to provide support to the hardest hit communities in March of 2021. Although the Healthy Places Index was used to identify vulnerability in these decisions, actions such as providing extra allotment of vaccines, public education programs, and culturally relevant information to vulnerable communities demonstrate that identifying vulnerable communities can lead to informed and impactful decision making (27).

Akin to several prior studies which analyzed disparities among vaccination uptake, our findings bolster the existing link between COVID-19 vaccine uptake and socioeconomic status and household composition & disability (21–23). Our study extends the findings of Barry et al., 2021 who reported disparities based on SVI Themes 1 and 2 (21), albeit their sample included adults too. Moreover, we found that these inequities were generally consistent through all three age groups in the present study. Although socioeconomic status and household composition & disability may broadly explain patterns of inequities, parental hesitancy can also not be discounted as an underlying contributor to the inequities we bear witness to. Yet, the two factors of socioeconomic status and parental hesitancy may be closely related, as one study found an inverse relationship between income and childhood vaccine hesitancy (23), while other studies also point to parental vaccine hesitancy as a barrier to childhood COVID-19 vaccination (15, 22). In what follows, we attempt to explore the underlying factors that may explain the inequities in vaccine administration for children in California, while identifying parallels between the present study and our previous study which used SVI to identify COVID-19 vaccine allocation disparities in the California adult population.

While Theme 3 and Theme 4 did not contain the level of stark disparities as we observed in Theme 1 and 2, as evidenced by the K and r parameters and the snapshot analysis, we see that Themes 3 and 4 continue the trend of our previous study of COVID-19 vaccine inequity in California (1). That is, in Theme 3 of our previous study, we observed that communities deemed highly vulnerable began with the lowest vaccination coverage velocity, but soon surpassed low vulnerable counties about 100 days after initial rollout, when California assisted these communities with public education and funding toward the COVID-19 vaccine. This change corresponds to about March of 2021. In the present study, we observe that highly vulnerable counties in all age groups (with the initial date of analysis for ages 12–17 on May 12, 2021) for Theme 3 have a higher coverage velocity than low vulnerable counties. In other words, our previous study indicates that policies and strategies to increase vaccine uptake among certain vulnerable subgroups may have been effective by the time vaccine rollout began for children. Therefore, our findings regarding Theme 3 may represent a continuation of the trends that we previously observed among the adult population (1), highlighting the importance of resource allocation and public education, which may ultimately improve vaccine uptake. Similarities in trends are also observed in Theme 4, although there were insignificant differences in vaccine uptake among vulnerability statuses.


Theme 1: socioeconomic status

Among the four SVI themes analyzed in the present study, we now explore differences in vaccination uptake relative to Theme 1 (socioeconomic status). Among age groups of 12–17 years old and 5–11 years old, highly vulnerable counties experienced a significantly lower vaccination rate than low and moderately vulnerable counties. As for the estimated maximum proportion of individuals vaccinated, we see a similar pattern for age groups under 5 years of age and 5–11 years of age, as highly vulnerable Theme 1 counties see a lower estimated maximum proportion of individuals vaccinated compared to low and moderately vulnerable counties. Interestingly, however, we observed that for the age group of 12–17, highly vulnerable counties relative to Theme 1 are estimated to achieve a higher proportion of vaccinated individuals.

Prior studies have suggested that lower income parents or guardians may face additional challenges in vaccinating their children. Although, overall, a significant proportion of children aged 5–11 in the U.S. live within 5 miles of a pediatric vaccine provider (92%) (15), factors within the SVI as well as parental hesitancy, may affect parents, guardians, and children's decisions to get vaccinated. Despite relative proximity to vaccine providers, parents may be less likely to take time away from work to get their child vaccinated (22), or still, more likely to face transportation challenges, which become exacerbated with a paucity of pediatric or family medicine facilities in these areas (22). Even when the COVID-19 vaccine is swiftly available for most communities in California, the dissemination of reliable and timely information is crucial for improving vaccine coverage in these areas, particularly by trusted community leaders (15). Trusted, accessible, and thorough information regarding the safety and efficacy of vaccines are especially vital in lower-income areas, as studies have shown an association between household income and vaccine hesitancy (23).

It has been observed in several studies, as mentioned above, that parental hesitancy may lead to lower vaccination rates in children. Expanding on this relationship, recent studies found that vaccination hesitancy was higher among low income, non-college graduate adults, and publicly insured parents (22, 23, 28, 29). According to prior studies, the majority of vaccine-hesitant adults are more concerned about vaccine safety than vaccine effectiveness, less knowledgeable about vaccines, and generally less disturbed about the health risks related to COVID-19 (28, 29). Lack of resources and misinformation about vaccines have greatly impacted vaccine hesitancy. A qualitative study on a highly vulnerable county in California reported that participants feared differential vaccine treatment (well-resourced communities presumed to fare better) and felt allocation ambiguity (uncertainties including requirements and insurance policies) and cost uncertainty (30). This historical fear of discrimination and mistrust in the healthcare system creates barriers to adequate health services for individuals in highly vulnerable counties, especially among lower income areas.

As for the estimated maximum proportion of individuals vaccinated in the 12–17 year old age group, previous literature appears to be aligned with our finding that highly vulnerable counties are on pace to achieve higher vaccination numbers than low and moderate vulnerable counties in Themes 1 and 2. A study conducted on vaccination coverage among adolescents from July to October 2021 reported a large increase in vaccination uptake when parents had an income of <$35,000 (31). While this study focuses on the U.S. population at large, we nonetheless observe a similar trend in the present study as our snapshot analysis reveals that the disparity between highly vulnerable counties and moderate and low vulnerable counties pertaining to socioeconomic status becomes ameliorated throughout July to October 2021. While COVID-19 vaccines are not mandated in schools yet (32), a study reported that parents of 12–17 year olds who were encouraged and informed by their child's school about COVID-19 vaccinations were more likely to get their children vaccinated (this response increased since July 2021) than those whose child's school did not encourage vaccination (33). This study also reported that parents without college degrees, compared to college graduates, are more likely to be concerned about their children getting seriously ill from COVID-19. Overall, schools' outreach efforts and parents' concerns about COVID-19 may help explain our findings pertaining to the higher anticipated proportion of individuals vaccinated in the 12–17 years old age group.



Theme 2: household composition and disability

Another prominent source of COVID-19 vaccine uptake inequity lies within Theme 2 (household composition & disability). Because Theme 2 consists of variables such as individuals aged 65 or older and 17 or younger, and the present study focuses on children under age 18, we further broke down this analysis for all age groups (except for the snapshot analysis of under age 5) to include parameter estimates for the variables of “Older than Age 5 with a Disability” and “Single-Parent Households” (see Supplementary material). Within this analysis, we discovered that coverage velocity among highly vulnerable counties was far lower than low and moderately vulnerable counties for the variables of disability and single-parent households, with disability showing slightly lower coverage velocity than single-parent households in the 12–17 year old age group. Our snapshot analysis reveals starker disparities over time between high and low vulnerable counties for the disability variable compared to the single-parent variable.

In terms of the disability variable, the SVI metric incorporates the number of civilians in a household with a disability. Therefore, it may be the case that either a child or a parent has a disability. Not surprisingly, highly vulnerable counties within this classification have a lower coverage velocity, as previous studies have shown significant barriers for vaccination in this population. A study by the CDC reported that adults with disabilities may experience challenges such as difficulty scheduling an appointment online, not knowing where to get vaccinated, going to vaccination sites, and vaccination sites not being open at convenient times (34). While the present study focuses on COVID-19 vaccine uptake in children, some of these difficulties directly affect children, while others may carry over to adults who are disabled, intending to vaccinate their children. If it were the case that minors had disabilities, actionable change to ensure caregivers are able to receive informative, trustworthy information about the COVID-19 vaccine should be considered (15). For example, trusted leaders or governments can distribute informative flyers and increase public education surrounding the COVID-19 vaccine and its associated safety details pertaining to the disabled population. With the proper safety and efficacy knowledge, caregivers can become more informed with their decision to vaccinate their children with disabilities. The concern that highly vulnerable counties—relative to the disability variable—have a lower coverage velocity is amplified as people with disabilities may be at a higher risk of infection and severe illness due to underlying medical conditions (35).

While the disparity between high and low and moderately vulnerable counties in terms of the single-parent household variable is not as pronounced as that of disability status, we offer possible explanations to the disparities observed within the single-parent household variable. While there is a paucity of literature surrounding the relationship between vaccination uptake in children and single-parent households, a 2022 study revealed that vaccine hesitancy was associated with single-parent households (36), which may help explain the disparities we observe between high and low and moderately vulnerable counties.



Limitations

The present study does not come without limitations. Firstly, while individuals aged 16+ were eligible for the COVID-19 vaccine beginning on April 15, 2021, children aged 12+ became eligible on May 12, 2021. Because the California COVID-19 vaccine data only had an age group of 12–17 years old (for individuals aged 12+), we set the initial eligibility date to May 12, 2021 to account for this limitation. Furthermore, in rare cases, data showed that individuals in certain age groups were being vaccinated before their eligibility date, which may be attributed to special populations such as the immunocompromised. Due to the nature of the analysis, it is unlikely that this limitation influenced the final findings. Second, within the 12–17 year old age group, certain counties had data inconsistencies and therefore were excluded. This included (1) Imperial county, which had reported numbers that provided a proportion of individuals with initial vaccination dose that exceeded 1.0, and (2) Alpine county, for which vaccination information for individuals aged 12–17 years was not reported. Third, within the 5–11 year old age group, Imperial county had data inconsistencies and was therefore excluded. Fourth, while the under age 5 population only recently became eligible (June 2022) for the COVID-19 vaccine, the data in this segment is not as robust as the other age groups. However, we do see similar trends in this age group (inequities regarding Theme 1 and Theme 2) relative to the other age groups. Furthermore, we excluded several counties in this age group due to data quality issues (Imperial and Alpine) or missing values (Lassen, Modoc, Sierra, and Trinity). Finally, although vaccinations were reported for each county, the specific location or facility in which individuals were vaccinated were not reported. These data may have provided more detailed insights into inequities brought upon by availability and access to vaccine locations.




Conclusion

The present study shines light on the scope of COVID-19 vaccine inequity in the pediatric population within California. We demonstrated the strengths and weaknesses of the current state of vaccine uptake while also drawing parallels to historic trends, current events, and future directions. By addressing COVID-19 vaccine inequities and their potential sources, interventions can more thoroughly be planned and implemented to improve public health across California, the U.S., and the world.
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