S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Vaccine 41 (2023) 68-75

Contents lists available at ScienceDirect
accine

Vaccine

journal homepage: www.elsevier.com/locate/vaccine N

COVID-19 vaccine coverage disparities in rural and farm children e

Jeffrey J. VanWormer **, Gabriella Alicea?, Bryan P. Weichelt”, Richard L. Berg¢, Maria E. Sundaram ®

2 Marshfield Clinic Research Institute, Center for Clinical Epidemiology & Population Health, Marshfield, WI, USA
> Marshfield Clinic Research Institute, National Farm Medicine Center, Marshfield, WI, USA
€ Marshfield Clinic Research Institute, Office of Research Support Services, Marshfield, WI, USA

ARTICLE INFO

Article history:

Received 12 September 2022

Received in revised form 7 November 2022
Accepted 9 November 2022

Available online 14 November 2022

Keywords:
Rural

Farm
COVID-19
Vaccination
Children

ABSTRACT

Background: The risks of severe outcomes associated with SARS-CoV-2 (COVID-19) are elevated in unvac-
cinated individuals. It remains crucial to understand patterns of COVID-19 vaccination, particularly in
younger and remote populations where coverage often lags. This study examined disparities in COVID-
19 vaccine coverage in farm children and adolescents.
Methods: A cross-sectional analysis was conducted in patients of the Marshfield Clinic Health System
(MCHS) in Wisconsin. The sample included children/adolescents age 5-17 years who were eligible for
COVID-19 vaccine initiation for > 90 days (as of September 30, 2022), stratified by those who lived vs
did not live on a farm. Outcomes included COVID-19 vaccine initiation, series completion, and booster
receipt. Multivariable regression was used to examine associations between COVID-19 vaccination and
farm, as well as rural and non-rural, residence.
Results: There were 47,104 individuals (5% farm residents) in the sample. Overall, 33% of participants ini-
tiated and 31% completed the COVID-19 vaccine series. After adjustment, farm residence was associated
with significantly lower odds of COVID-19 vaccine initiation (aOR [95% CI] = 0.68 [0.61, 0.75], p < 0.001),
series completion (aOR = 0.67 [0.60, 0.75], p < 0.001), and booster receipt (aOR = 0.73 [0.61, 0.88],
p =0.001). Secondary analyses found COVID-19 vaccine coverage was lowest in young children who lived
on dairy farms.
Conclusions: COVID-19 vaccine coverage is low in north-central Wisconsin children and adolescents.
Those who live on farms have significantly lower likelihood of COVID-19 vaccine initiation, series com-
pletion, and booster receipt compared to non-farm counterparts. Farm families are an underserved group
and require more effective public health interventions designed to prevent COVID-19.

© 2022 Elsevier Ltd. All rights reserved.

1. Introduction

ageusia, neurodevelopmental impediments, and respiratory condi-
tions [8]. In addition to these direct medical effects, children suffer

Since identification in late 2019, infection from the SARS-CoV-2
virus (COVID-19) has resulted in millions of deaths worldwide
[1,2], with a disproportionate share of the disease burden in the
U.S. [3]. Within the U.S,, socially disadvantaged groups have been
particularly hard hit by COVID-19 [4], including those who live in
rural areas [5]. Millions of children have tested positive for
COVID-19 since the onset of the pandemic [6], representing
approximately-one of every-five cases. COVID-19 infections in chil-
dren, especially those who were unvaccinated, increased dramati-
cally with the Omicron variant [7]. COVID-19 causes
hospitalization and other severe outcomes in children, including
post-COVID-19 conditions such as increased fatigue, anosmia/
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substantial indirect consequences of the disease as members of
affected families/households. These consequences include the loss
of caregivers, financial hardships, and missed school [9-11].
Fortunately, safe and effective vaccines were rapidly developed
to protect against COVID-19 and related outcomes [12]. COVID-19
vaccine uptake was rapid across the U.S. in 2021, but has now pla-
teaued [13]. In Wisconsin, vaccine series completion rates vary
widely by age, from a high of 82% in adults age > 65 years, to lows
of 27% in young children age 5-11 years and 2% in very young chil-
dren age 0-4 years [14]. COVID-19 vaccine completion rates are
also very low in certain geographic parts of the U.S., with some
rural counties in the Midwest and South lingering below 20%
[15]. Relative to older adults and more urbanized settings, lower
COVID-19 vaccine uptake has been observed in both children and
rural residents, respectively [16]. High vaccination coverage is
among the most critical strategies to minimize excess hospitaliza-
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tions and deaths in underserved communities, including rural
communities [17,18].

Rural areas typically have lower average income, less available
health insurance, and other access barriers to healthcare [19], as
well as higher vaccine hesitancy sentiments [20]. There are also
differences in COVID-19 vaccination rates within rural counties
that are partially explained by socioeconomic and political factors.
For example, unadjusted analyses recently found that rural coun-
ties most heavily dependent on farming- and mining-related occu-
pations had significantly lower COVID-19 vaccination rates as
compared to rural counties with more diverse economic specializa-
tions [21]. Accordingly, rural counties most heavily dependent on
farming were also found to have the highest COVID-19 mortality
rates [22].

It is crucial to understand community-level patterns of vaccina-
tion in rural areas of the U.S. where uptake of the COVID-19 vac-
cine has lagged [16]. These areas tend to have a higher
concentration of farm families, for whom the burden of COVID-
19 may be more severe [22-24]. In addition, rural and remote areas
have limited healthcare capacity to vaccinate, manage COVID-19
surges, and provide emergency medical services and complex inpa-
tient care for severe COVID-19 cases [25-27]. COVID-19 vaccine
disparities research is still emerging, particularly in children, and
no studies have yet examined disparities in COVID-19 vaccine cov-
erage in farmers. The purpose of this study was to examine COVID-
19 vaccine coverage in children and adolescents who live on farms,
including comparisons between farm types and those who live in
rural and non-rural areas.

2. Methods
2.1. Design and setting

A cross-sectional analysis was used with sociodemographic and
clinical data from Marshfield Clinic Health System’s (MCHS)
research data warehouse, which is sourced by electronic health
records (EHR), as well as linked data on farm and rural residence
from a surveillance system of agricultural injuries and a regional
vaccine registry. The source population included children and ado-
lescents who lived in a 20-county region of north-central Wiscon-
sin, and who had reasonably complete capture of their medical
care and vaccination status within MCHS data systems, as outlined
further below.

2.2. Participants

Participant eligibility criteria were, as of 09/30/2022: (1) age-
eligible for a U.S. Food and Drug Administration (FDA) authorized
or approved COVID-19 vaccine for > 90 days (i.e., age 5-11 years
between November 2021 and September 2022, or age 12-15 years
between May 2021 and September 2022, or age 16-17 years
between December 2020 and September 2022), (2) > 1 encounter
with an MCHS medical provider over the previous three years, (3) a
vaccine registry record (described further below), and (4) capture
of medical care within MCHS data systems as evidenced by: (a)
‘medically homed’ to an MCHS medical center (i.e., >2 qualifying
ambulatory visits over the previous three years or an assigned
MCHS primary care provider), (b) member of the MCHS-affiliated
health insurance plan, Security Health Plan of Wisconsin, or (c) res-
ident of the Marshfield Epidemiologic Study Area (MESA) [28]. The
requirement of having at least one medical encounter, regardless of
how their medical care information is captured (as described in
participant eligibility criterion 4 above), helped ensure reasonably
current study information. Being age-eligible for an FDA-
authorized COVID-19 vaccine for > 90 days also ensured a reason-
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able minimum time/opportunity for participants to have consid-
ered and initiated vaccination. All study-eligible individuals were
included in the analytic dataset. Study procedures were approved
in advance by the MCHS Institutional Review Board, including an
approval to waive documentation of informed consent and HIPAA
authorization.

2.3. COVID-19 vaccination

The primary outcomes were COVID-19 vaccine primary series
initiation, primary series completion, and/or booster vaccination
(age > 12 years). Information on all vaccination dates and vaccine
products received by study participants were obtained through the
Registry for Effectively Communicating Immunization Needs
(RECIN) [29], a regional population-based immunization registry
used by public and private immunization providers across Wiscon-
sin. RECIN is sourced by vaccine information from MCHS and the
Wisconsin Immunization Registry. We were unable to account
for the very small fraction of children and adolescents contraindi-
cated for the COVID-19 vaccine (e.g., history of severe allergic reac-
tions). Operational definitions for each outcome were:

1) Initiated - At least one mRNA COVID-19 vaccine received on
or before 09/30/2022. Note that the Pfizer-BioNTech vaccine
was the only vaccine authorized/approved by FDA for chil-
dren and adolescents during the study timeframe.

2) Completed - Two mRNA COVID-19 vaccines > 17 days apart.

3) Boosted - Participants aged 12-17 years with a follow-up
mRNA vaccine at least five months after their second pri-
mary COVID-19 vaccine dose. Second boosters were not con-
sidered, as they were only recommended for a very small
subset of adolescents who are severely
immunocompromised.

2.4. Farm and rural residence

The primary exposure was farm residence, per linked data from
the Wisconsin National Children’s Center for Rural and Agricultural
Health and Safety surveillance system (WINS). WINS methodology
is described in more detail elsewhere [30], but briefly, children and
adolescents in the target population with a residential address that
had evidence of agricultural production were categorized in the
farm group. This included a registry of licensed dairy producers
from Wisconsin’s Department of Agriculture, Trade and Consumer
Protection, or a commercially-available listing of area farm produc-
ers, that were matched to MCHS patient records. Children and ado-
lescents who did not have evidence of farm residence were
categorized in the non-farm comparison group. Secondary analyses
also subcategorized the farm group into dairy vs non-dairy farms,
and the non-farm comparison group was subcategorized into those
who lived in a rural vs non-rural residence. Rurality was based on
each participant’s residential ZIP code and associated population
density and commuter volume/flow to adjacent metropolitan areas
[31].

2.5. Covariates

Several sociodemographic and clinical covariates were
extracted from the EHR. Sociodemographic measures included
age, seX, race/ethnicity, health insurance status, and residential
ZIP code. Clinical data included body mass index (BMI - modeled
as age/sex percentile categories for children and adolescents),
number of ambulatory visits in prior three years, chronic medical
condition indicator of pulmonary disease, diabetes, or cardiovascu-
lar disease (diagnostic codes available upon request), a record of
prior Tdap (tetanus, diphtheria, and pertussis) vaccination for indi-
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viduals 13 years and older or prior MMR (measles, mumps, and
rubella [and varicella]) vaccination for individuals under age 13,
prior history of COVID-19 testing and results, and number of days
eligible for the COVID-19 vaccine (reported in 30-day increments).
Due to skewness, the number of ambulatory visits over the prior
three years was modeled as quartiles (<2, 3-4, 5-7, and > 8). Prior
COVID-19 vaccine testing and results were categorized as the
cross-product of: (1) having received an EHR-documented test
for COVID-19 prior to the date of COVID-19 vaccine initiation (if
vaccinated) or end of follow-up on 09/30/2022 (if not vaccinated),
and (2) > 1 COVID-19 positive test finding, all negative COVID-19
test findings, or undeterminable COVID-19 test findings. The
absence of a record of prior Tdap (adolescents age > 13 years) or
MMR (children age < 13 years) vaccination was used as a proxy
measure of vaccine hesitancy, as the state of Wisconsin requires
Tdap vaccine for all students by 6th grade and two MMR vaccine
doses by kindergarten [32].

2.6. Analyses

Descriptive characteristics were reported by farm/non-farm
status, including summaries of COVID-19 vaccination coverage
during the study timeframe. Multivariable logistic regression was
used to examine associations between farm residence and
COVID-19 vaccination in the primary analysis. Separate analyses
were conducted for COVID-19 vaccine initiation, primary series
completion, and booster receipt (limited to individuals
aged > 12 years). Univariate models were first created and multi-
variable models simultaneously included all a priori specified
covariates. Secondary analyses used similar analytic procedures,
but disaggregated the farm group by dairy and non-dairy farm res-
idents, as well as the non-farm group by rural and non-rural resi-
dents. In addition, to better detail age-related impacts, these
secondary analyses were further age-stratified by the three groups
that were authorized for the COVID-19 vaccine at different times
(i.e., 5-11 years, 12-15 years, 16-17 years). All analyses were con-
ducted using SAS Version 9.4 (Cary, NC).

3. Results

There were 47,104 children and adolescents in the sample, with
2,132 (5%) in the farm and 44,972 (95%) in the non-farm group. As
outlined in Table 1, the two groups were relatively similar across
most sociodemographic characteristics, but the farm group had
more White, non-Hispanic children/adolescents and fewer with
public-assisted health insurance. Overall, 33% of participants initi-
ated the COVID-19 vaccine, 31% completed the primary vaccine
series, and 14% (of those aged > 12 years) received a booster. These
values are broken down by age in Fig. 1, where COVID-19 vaccina-
tion coverage is clearly lower in younger age groups. A vaccine ini-
tiation curve is outlined in Fig. 2, reflecting fairly rapid initial
uptake of the COVID-19 vaccine upon release, followed by a pla-
teau in all age groups.

In the initial univariate models, farm status was significantly
associated with COVID-19 vaccine initiation (26% farm vs 33%
non-farm, p < 0.001), primary series completion (25% farm vs
31% non-farm, p < 0.001), and booster receipt (11% farm vs 15%
non-farm, p = 0.002). As outlined in Table 2, these associations
were similar in the multivariable models after adjustment for
age, sex, race/ethnicity, health insurance, BMI, recent ambulatory
visits, chronic medical condition, prior Tdap or MMR vaccination,
prior history of COVID-19 testing and results, and days eligible
for the COVID-19 vaccine. Relative to the non-farm group, children
and adolescents who lived on a farm had 32% lower odds of COVID-
19 vaccine initiation (adjusted odds ratio [aOR] = 0.68 [95% confi-

70

Vaccine 41 (2023) 68-75

Table 1
Characteristics of north-central Wisconsin children and adolescents who do and do
not live on a farm, 2022.

Farm Non-farm
n=2132 n = 44,972
Age (y) 12.7 £ 4.1 12.1 4.1
Gender
Female 993 (47%) 22,111 (49%)
Male 1,139 (53%) 22,861 (51%)

Race/Ethnicity

White, non-Hispanic 1,922 (90%) 35,893 (80%)

Non-White or Hispanic 133 (6%) 7,088 (16%)

Unknown 77 (4%) 1,991 (4%)
Health insurance

Private 1,171 (55%) 22,249 (49%)

Public-assisted 926 (43%) 22,406 (50%)

None 35 (2%) 317 (1%)
Number of ambulatory visits (prior 3 years) 7.0+ 8.3 73183
Body mass index (kg/m?) 214+59 214 +63

Chronic medical condition

Prior Tdap (>13 years old) or MMR
(<13 years old) vaccination
Received
Not received

Prior COVID-19 testing and results

463 (22%) 11,092 (25%)

2,012 (94%)
120 (6%)

43,053 (96%)
1,919 (4%)

Tested, >1 positive result 247 (12%) 5,270 (12%)
Tested, only negative result(s) 569 (27%) 14,355 (32%)
Tested, unknown result(s) 37 (2%) 819 (2%)

Not tested 1,279 (60%) 24,528 (55%)
Days eligible for COVID-19 vaccine 396.6 £+ 117.0 384.1 +118.3

Values are reported as mean * SD or frequency (% of total).

dence interval {CI}: 0.61, 0.75], p < 0.001), 33% lower odds of pri-
mary series completion (aOR = 0.67 [CI: 0.60, 0.75], p < 0.001),
and 27% lower odds of booster receipt (aOR = 0.73 [CI: 0.61,
0.88], p = 0.001). With the exception of overweight/obesity, nearly
all covariates were significant predictors of COVID-19 vaccine ini-
tiation, primary series completion, and booster receipt. None, how-
ever, appreciably shifted the univariate odds ratios for farm status
(indicating little to no confounding after covariate adjustment).

In the secondary analyses of farm type (dairy and non-dairy)
and rural and non-rural residence, stratified by age groups, multi-
variable models indicated the farm, dairy; farm, non-dairy; and
non-farm, rural groups had significantly lower odds of COVID-19
initiation, primary series completion, and booster receipt relative
to the non-farm, non-rural group, across all examined age groups
(full models not shown). To better illustrate the complex associa-
tions between these groups, model-based estimates of COVID-19
vaccine initiation, primary series completion, and booster receipt
are summarized in Fig. 3. In general, older adolescents who lived
in non-rural areas had the highest COVID-19 vaccine coverage.
The greatest differences were observed for COVID-19 vaccine initi-
ation where, for example, an estimated 11% (SE = 2.7%) of dairy
farm children aged 5-11 years initiated the COVID-19 vaccine vs
46% (SE * 0.8%) of non-rural adolescents aged 16-17 years.

4. Discussion

COVID-19 vaccine coverage is low in children and adolescents
in this predominantly rural region of north-central Wisconsin. Just
one-third of our study sample initiated the COVID-19 vaccine ser-
ies, whereas 47% of those age 5-17 years initiated the COVID-19
vaccine across Wisconsin during the same timeframe [14]. Similar
to the general U.S population [13], our sample showed fairly rapid
initial uptake upon release of the vaccine, followed by a plateau of
COVID-19 vaccine initiation, with the plateau occurring more
quickly in younger age groups.
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Fig. 1. COVID-19 vaccine coverage in north-central Wisconsin children and adolescents, overall and by age groups.
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Fig. 2. Cumulative COVID-19 vaccine initiation in north-central Wisconsin children and adolescents, by age groups and calendar.

Compared to those who do not live on a farm, farm children/
adolescents have ~ 25% lower estimated likelihood of initiating
the COVID-19 vaccine, completing the series, or receiving a boos-
ter. This pattern was stable under adjustment for age, time of
COVID-19 vaccine availability, and prior COVID-19 infection
(among other covariates), and appeared more pronounced in the
secondary analysis looking at farm type and rural/non-rural com-
parison groups, by age. For example, over four times more adoles-
cents (age 16-17) who lived in non-rural areas initiated the
COVID-19 vaccine series relative to younger children (age 5-11)
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who lived on a dairy farm. This underscores the gradation of
COVID-19 vaccine disparities, typified by lower vaccine coverage
in younger individuals who live in more isolated areas, such as
those reliant on agricultural production. This finding was consis-
tent with previous ecological observations where rural counties
in the U.S. that were heavily dependent on farming also had among
the lowest COVID-19 vaccination rates [21].

Reasons for the low COVID-19 vaccine coverage in farm chil-
dren are not well understood. Vaccination decisions in minors
are primarily made by parents [33], and living on a farm is perhaps
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Table 2
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Multivariable model of farm residence and COVID-19 vaccine initiation, series completion, and booster receipt in north-central Wisconsin children and adolescents.

COVID-19 vaccination (yes vs no)

Multivariable adjusted odds ratio (95% CI), p

Initiated

Completed

Boosted
(age > 12 yrs)

Residence
Farm vs Non-farm

Age (yrs)

Sex
Female vs Male

Race/Ethnicity
Non-White or Hispanic vs White, non-Hispanic

Unknown vs White, non-Hispanic

Health insurance
Private vs Public-assisted

None vs Public-assisted

Number of ambulatory visits (prior 3 years; quartiles)
3-4vs <2

5-7vs <2
>8vs <2

Body mass index (percentile categories)
Underweight vs Normal weight

Overweight vs Normal weight
Obese vs Normal weight
Unknown vs Normal weight

Chronic medical condition
Yes vs no

Prior Tdap (>13 years old) or MMR (<13 years old) vaccination
Not received vs Received

Prior COVID-19 testing and results
Tested, >1 positive result vs Not tested

Tested, only negative result(s) vs Not tested
Tested, unknown result(s) vs Not tested

Days eligible for COVID-19 vaccine *

0.68 (0.61, 0.75)
p <.001
1.12 (1.10, 1.12)
p <.001

1.11 (1.06, 1.15)
p <.001

228 (2.15, 2.41)
p <.001
1.74 (1.57, 1.93)
p <.001

2.12 (2.03, 2.21)
p <.001
0.96 (0.72, 1.27)
p =752

1.24 (1.16, 1.32)
p <.001
1.74 (1.63, 1.86)
p <.001
2.90 (2.72, 3.09)
p <.001

1.25(1.11, 1.41)
p <.001
0.97 (0.92, 1.03)
p =359
0.98 (0.93, 1.04)
p =531
1.94 (1.68, 2.25)
p <.001

1.09 (1.04, 1.15)
p <.001

0.27 (0.23, 0.32)
p <001

0.38 (0.35, 0.41)
p <001
0.84 (0.80, 0.88)
p <.001
0.45 (0.37, 0.54)
p <.001
1.02 (1.01, 1.03)
p <.001

0.67 (0.60, 0.75)
p <.001
1.12 (1.11, 1.13)
p <.001

1.10 (1.06, 1.15)
p <001

2.19 (2.06, 2.32)
p <.001
1.74 (1.57, 1.94)
p <.001

2.24 (2.13, 2.25)
p <.001
0.95 (0.70, 1.27)
p =705

1.25(1.17, 1.34)
p <.001
1.84 (1.72, 1.97)
p <.001
3.12(2.92, 3.33)
p <.001

1.28 (1.13, 1.44)
p <.001
0.97 (0.92, 1.03)
p =335
0.97 (0.92, 1.02)
p =242
2.04 (1.76, 2.37)
p <.001

1.09 (1.03, 1.15)
p =001

0.26 (0.22, 0.31)
p <.001

0.37 (0.34, 0.39)
p <.001
0.83 (0.79, 0.87)
p <.001
0.41 (0.34, 0.51)
p <.001
1.03 (1.02, 1.04)
p <.001

0.73 (0.61, 0.88)
p =.001
1.15(1.13, 1.17)
p <.001

1.16 (1.08, 1.25)
p <001

1.62 (1.47, 1.80)
p <.001
1.67 (1.38, 2.02)
p <.001

2.27 (2.10, 2.46)
p <.001
0.53 (0.25, 1.48)
p =108

1.18 (1.03, 1.36)
p =019
1.89 (1.67, 2.15)
p <.001
3.55(3.16, 3.98)
p <.001

1.24 (1.02, 1.51)
p=.033
0.95 (0.86, 1.06)
p =367
0.93 (0.85, 1.02)
p=.143
2.45(1.87,3.22)
p <.001

1.15 (1.06, 1.25)
p =001

0.25 (0.17, 0.36)
p <.001

0.30 (0.26, 0.34)
p <.001
0.65 (0.60, 0.71)
p <.001
0.25 (0.16, 0.41)
p <.001
1.01 (1.00, 1.02)
p =030

*The adjusted odds ratio and 95% CI were reported in 30-day (vs 1 day) increments of time eligible for the COVID-19 vaccine.

a surrogate marker of greater COVID-19 vaccine hesitancy in par-
ents, particularly those on dairy farms. A recent nationwide survey
found COVID-19 vaccine skepticism was indeed highest in rural
residents and among those with more conservative political and
religious views [34]. That study was not specific to farm families,
but general sentiments are that farmers, while not monolithic, tend
to be reliable conservative voters in Wisconsin [35] and across the
U.S. [36], and generally harbor less trust in and alignment with the
views of academic and government institutions [37,38]. Govern-
ment distrust was among the strongest predictors of COVID-19
vaccine hesitancy in underserved areas of North Carolina, including
rural communities [39]. Structural barriers may also be more com-
mon in farm families, such as less flexible work schedules during
certain seasons (e.g., planting, harvest) and living further away
from vaccination centers.
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Strengths of this study included the large sample size and com-
plete capture of medical information and vaccination outcomes
that did not rely on self-report. The main study limitation was
the cross-sectional design conducted over the limited timeframe
that COVID-19 vaccines have been available to children and ado-
lescents. COVID-19 vaccine coverage may increase as safety data
accrues and these analyses should be replicated in the future as eli-
gibility for other COVID-19 vaccines change. For example,
expanded analyses could soon examine differential COVID-19 vac-
cine coverage in children under age 5, as well as booster coverage
in children age 5-11. In addition, the precision of COVID-19 vac-
cine coverage estimates could be improved by accounting for more
specialized subgroups such as immunocompromised and con-
traindicated children/adolescents that require modified COVID-19
vaccine schedules. More proximal mediating factors that may
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Fig. 3 (continued)

explain low COVID-19 vaccine coverage trends in the farm group
(e.g., hesitancy attitudes, structural barriers) were unavailable in
medical records and should be considered in future prospective
vaccine disparity studies. Finally, our source population was regio-
nal in scope and lacked racial/ethnic diversity, which may limit
generalizability to other parts of the U.S.

5. Conclusions

Farm children/adolescents are an underserved population sub-
group and likely require more intense and effective public health
interventions to better control COVID-19. Although severe
COVID-19 outcomes are less common in younger age groups [40]
and vaccine-mediated protection against COVID-19 transmission
has generally waned [41,42], ‘pockets’ of very low COVID-19 vac-
cine coverage still put more children and adolescents at risk of sev-
ere COVID-19 associated conditions such as hospitalization,
multisystem inflammatory syndrome in children (MIS-C), and lin-
gering post-acute sequelae of COVID-19 (i.e., long COVID). Low
vaccine coverage also amplifies strain on local healthcare resources
in medically underserved rural areas during COVID-19 surges. To
improve the relevance and effectiveness of COVID-19 vaccine pro-
motions and communications, future research should investigate
more proximal, causal mechanisms of COVID-19 vaccination deci-
sions in farm parents (e.g., vaccine skepticism, fears of harm, dis-
tance to clinic). Addressing such impediments to high quality
preventive healthcare in rural areas is crucial to increasing
COVID-19 protection in children and adolescents over time.
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