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Abstract

Introduction: During the 2009-2010 H1N1 pandemic, children and high-risk adults had priority
for vaccination. Vaccine in short supply was allocated to states pro-rata by population, but
vaccination rates as of January 2010 varied among states from 21.3% to 84.7% for children and
10.4% to 47.2% for high-risk adults. States had different campaign processes and decisions.

Objective: To determine program and system factors associated with higher state pandemic
vaccination coverage for children and high-risk adults during an emergency response with short
supply of vaccine.

Methods: Regression analysis of factors predicting state-specific HLIN1 vaccination coverage in
children and high-risk adults, including state campaign information, demographics, preventive or
health-seeking behavior, preparedness funding, providers, state characteristics, and surveillance
data.

Results: Our modeling explained variation in state-specific vaccination coverage with an
adjusted R- squared of 0.82 for children and 0.78 for high-risk adults. We found that coverage of
children was positively associated with programs focusing on school clinics and with a larger
proportion of doses administered in public sites; negatively with the proportion of children in the
population, and the proportion not visiting a doctor because of cost. The coverage for high-risk
adults was positively associated with shipments of vaccine to “general access” locations, including
pharmacy and retail, with the percentage of women with a Pap smear within the past 3 years and
with past seasonal influenza vaccination. It was negatively associated with the expansion of
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vaccination to the general public by December 4, 2009. For children and high-risk adults, coverage
was positively associated with the maximum number of ship-to-sites and negatively associated
with the proportion of medically underserved population.

Conclusion: Findings suggest that distribution and system decisions such as vaccination venues
and providers targeted can positively impact vaccination rates for children and high-risk adults.
Additionally, existing health infrastructure, health-seeking behaviors, and access affected
coverage.
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1. Introduction

A national vaccination campaign was rolled out in fall of 2009 in response to the HIN1
influenza pandemic. Initially,the vaccine was in short supply, in some areas until early
December. The vaccine was purchased by the federal government and allo cated to states as
it became available, in proportion to population size. The flow of doses from the
manufacturers to the national distribution centers and then to final points of distribution built
on an existing contract for management and distribution of vaccines in the Vaccine for
Children (VFC) program. Depending on their internal structures, states or local authorities
decided how to distribute vaccine within their jurisdiction.

CDC'’s Advisory Committee on Immunization Practices (ACIP) issued recommendations for
the use of the vaccine [7]. The initial target groups were: pregnant women, household
contacts or caregivers for infants aged <6 months (e.g., parents, siblings, and daycare
providers), personnel who have direct contact with patients or infectious material at health-
care and emergency medical services, all people between 6 months and 24 years of age, and
persons 25 through 64 years old with health conditions associated with higher risks of
complications if infected (to whom we will refer as “high-risk adults™) [7]. The
recommendations further specified priority groups in the event of a vaccine shortage, giving
priority to the first three of the previous groups, and in addition children aged 6 months to 4
years, and children and adolescents aged 5-18 years who have a medical condition that
could cause them influenza-related complications. Finally, the ACIP recommenddations
stated that decisions about opening vaccination up beyond the target groups should be made
at the local level.

Despite the pro-rata allocation of vaccine to the states, by the end of January 2010 [2] state-
level vaccination coverage varied markedly across states, with rates for children aged 6
months to 17 years ranging from 21.3% to 84.7%, and for high-risk adults from 10.4% to
47.2%. This variation suggests that implementation strategies (e.g. location of vaccination or
types of providers receiving vaccine) may have affected state-level vaccination rates
achieved and that specific distribution strategies may be associated with reaching specific
groups. Fig. 1 summarizes coverage outcomes [2] for children and high-risk adults
compared to overall adults (18 and up, including those with high-risk conditions). Coverage
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rates were higher for more than one group in some states, pointing to the potential
contribution of state systems, processes, or underlying characteristics to coverage achieved.

In a previous study, we found that certain supply chain and system factors were associated
with state-level coverage of overall adults [12]. The purpose of this study was to extend that
analysis and focus on factors associated with coverage of children and high-risk adults, two
of the initial target groups for vaccination. Some of the characteristics of the state’s health
supply chain that we expected to relate with coverage of children and high-risk adults were
the number of locations where vaccine was available, type of providers that received doses,
focus on school vaccination, timing of opening of vaccine distribution to non-priority
groups, use of third parties for transfer and redistribution of vaccine, and use of retail and
pharmacy for vaccination. Fig. 2 presents an example of the supply chain of vaccine. We
considered health infrastructure characteristics for the states, and data about vaccine
shipments and distribution strategies during the primary shortage period. To account for
other factors that may affect vaccination coverage [13-18], we included factors pertaining to
the underlying characteristics of the state’s population such as demographics and utilization
of preventive health services.

Methods

Design

Data

We used linear regression models to perform an ecological analysis on the relationship
between state-level 2009 H1N1 vaccination rates in children 6 months to 17 years of age,
and high-risk adults 25-64 years old, and variables describing (1) the state’s supply chain
and process design for the vaccination campaign, and (2) general population and health
characteristics of the states.

We separately analyzed two outcomes, both related to the state- specific 2009 HIN1
vaccination coverage: (i) the estimation of children’s vaccination rate as a percentage (0—
100%) of the population, and (ii) the estimation for the percentage of high-risk adults
vaccinated, both of them calculated by the CDC [2,19].

2.2.1. Population and state characteristics—The data sources for the analysis were
varied including census [8,20], income inequalities [21], measures of segregation and
disparities [22], industry trade reports on number of cars [3], the 2008 National Profile of
Local Health Departments [23], the Bureau of Labor and Statistics [24], the American
Medical Association 2006 [25], State Health Facts [4], CDC’s Behavior Risk Factor
Surveillance System (BRFSS) [26], and CDC estimates on influenza coverage for previous
seasons [11]). The details on this data (and all others) are explained in the Supplemental
Material to Davila-Payan et al. [12].

For the analysis of children, we additionally considered several variables from the National
Survey of Children’s Health 2007 [27] that describe the children’s general health condition,
the prevalence of chronic health conditions among them, their private or public health
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insurance coverage, if they have preventive visits to the doctor in the past 12 months, and if
their home meets the medical home criteria.

2.2.2. State-specific vaccination program and surveillance information—The
analysis included information on emergency response funds provided to states [28,29];
reports from the Outpatient Influenzalike Illness Network (ILINet) [30]; information on the
amount of vaccine allocated to each state over time; detailed vaccine shipping information
including date, address, and number of doses shipped to each location, from the beginning of
the campaign through December 9 2009 [1] (which covers the major shortage period); the
maximum number of provider sites to which vaccine could be shipped through the
centralized distribution system; the number of vaccine doses received in each state through
the federal pharmacy vaccination initiative [10,31] in late 2009; and self-reported data from
states on doses distributed to or administered in public settings [9].

Information on state processes and decisions from surveys during the campaign [6]
contained several variables that we considered including: the percentage of VFC providers
who participated in the HIN1 campaign; whether or not vaccination had expanded beyond
the ACIP target groups by December 4 2009 (similarly, by December 18); whether school
clinics had been held by October 27 (or doses were being held for, or waiting to hold clinics
at schools) and whether school vaccination was a main focus; and if 3rd party distribution
was used to transfer or redistribute to small providers.

From the detailed shipping information we calculated the average number of shipments per
location (the total number of shipments divided by the total number of ship-to-sites per
state). Performing targeted queries, we also categorized shipments by type of provider,
showing types of destinations for the distribution of vaccine. We also combined some of
these categories in subgrouping to see which had a greater impact on these populations, For
example,a targeted access group for categories serving specific populations; and a general
access group, including categories available to all population sub-groups. Information was
adequate to categorize more than 75% of the overall shipments.

2.3. Analysis

We constructed separate models for children (6 months to 17 years) and high-risk adults
(25-64 year olds with a chronic condition) because we expected factors affecting coverage
to differ across groups, and to differ from factors associated with vaccination rates in overall
adults (18 and up, including those with high-risk conditions [12]).

The primary technique used for modeling was multivariate linear regression (ordinary least
squares). We used a logarithmic transformation of the vaccination rate for children, to better
approximate normality. We calculated simple descriptive statistics for all the analyzed
outcomes and factors (means, standard deviations, and proportions). Outliers were not
removed for the analysis. Data was linearly scaled to values in [0.1] before performing
regressions.

We selected a number of potential initial predictors for each of the dependent variables
based on their correlation with the outcomes. From these initial models we developed
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models by stepwise addition, elimination, or by interchange of factors. At each stage, we
chose variables to include or remove based on their statistical significance and their potential
to explain variability, while we examined correlations to avoid high collinearities in the
model. Models were evaluated on adjusted R-square values and the F- statistic, with
individual variables significant at p-value < 0.05. The regressions were performed with R
statistical software package version 2.11.1 [32]. Some descriptive statistics were calculated
in Microsoft Excel versions 11 and 12. A deeper explanation of the methodology can be
found on Davila-Payan et al. [12], and in the Supplemental Methods Section.

3. Results

Nine independent variables were significantly associated with vaccination coverage in
children and eight for high-risk adults (fifteen different independent variables in total, two of
which are shared by both models). A list of these variables can be found in Table 1. The
adjusted R-squared for the regression models is 0.82 for children (Table 2) and 0.78 for
high-risk adults (Table 3), and both of their p-values are close to 0.

For children, four factors related with supply chain and campaign processes contributed
positively to coverage: average ratio of the number of shipments per ship-to-sites, the state
focus on school vaccination, the use of third parties (i.e. state or locally hired distributors)
for further distribution to small providers, and the estimated proportion of doses that were
administered in public sites.

Two factors were related to existing health infrastructure: the maximum number of ship-to-
sites had a positive association with coverage, and the percentage of medically underserved
population a negative association. Coverage was also negatively associated with population
factors including the percentage of the population that will not visit a medical doctor
because of cost, the number of vehicles per capita, and the percentage of population under
18 years old.

For high-risk adults, two supply chain processes were positively associated with uptake: the
percentage of doses shipped to “general public” locations, and the use of pharmacy and
retail locations for vaccination; and one, the expansion of vaccination to the general public
by December 4th, was negatively associated.

Coverage was positively associated with population and health related factors: percentage of
women with a Pap smear, past seasonal influenza vaccination, and percentage of population
that is American Indian. Two infrastructure factors were associated: the proportion of the
population medically underserved (negatively) and the maximum number of ship-to-sites
(positively).

4. Discussion

We sought to identify factors related to vaccination program decisions and processes that
may have facilitated or hindered vaccine uptake for two target groups for vaccination:
children and high-risk adults. Several supply chain and system factors were associated with
vaccination coverage of children and of high-risk adults. With the exception of the
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maximum number of ship-to sites, a factor that was also associated with overall adult
coverage [3], factors associated with coverage of children and of high-risk adults did not
overlap. Additionally, factors not related to program decisions such as health-seeking
behaviors and population characteristics were also associated with state-to-state variation, as
would be expected given baseline variation in vaccination coverage for recommended
vaccines [4] and the variety of factors associated with vaccinations, both for high-risk
individuals [15,17,18,33] and children [13,14].

Several findings were related to the type of providers or locations to which vaccine was
directed. For children, having a focus on school vaccination was associated with higher
coverage (five of the six states that achieved the highest coverage in children implemented
statewide school vaccination programs [2,6]), as was distribution to public sites. Public sites
can include schools, but also locations such as mass clinics run by health departments. For
high-risk adults, more distribution to providers with a broad base of access (including
pharmacies, primary care providers, county health departments, etc.) was associated with
higher coverage. It is noteworthy that coverage for overall adults was negatively associated
with distribution to internists or specialists [3]. Taken together, the results for adults suggest
that vaccine that was broadly accessible may have facilitated higher coverage. This could be
because high-risk adults may not visit internists or specialists frequently enough to be
vaccinated in this time period; because specialists traditionally have had less focus on
vaccinating so patients may have looked elsewhere for vaccine, or because the cost in some
settings was lower. For high-risk adults, the percent medically underserved is also negatively
associated with coverage, which may also help explain the positive impact of open access
locations and pharmacies.

The number of shipments per ship-to site was positively associated with coverage for
children but not for high-risk adults. For children, this may reflect repeated shipments to
locations such as local health departments, mass clinics, or pediatricians who may have
offered repeated clinics. Some health departments monitored usage and distributed more
vaccine to providers who were depleting vaccine supply faster, which is another potential
hypothesis. The maximum number of sites to which vaccine could be directly shipped
through the centralized distribution system was positively associated with vaccination
coverage for both children and high- risk adults, a finding also observed for overall adults
[3]. Because the number of ship-to-sites allowed for each state was based on a formula that
included the population size as well as the number of existing VFC providers, this measure
may reflect a more robust healthcare infrastructure.

The expansion of vaccine availability to the general public by December 4th was associated
with lower coverage for high-risk adults. Early expansion could have resulted in less access
for high- risk adults, especially if a state had sequential priorities (e.g., children first, then
high-risk adults). However, because in most states, decisions about when to make vaccine
available beyond the initial target groups were based on perceived demand for vaccine, e.g.,
as ascertained from provider vaccine orders and attendance at public clinics, so the decision
to expand early could reflect lower demand in those states.
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Coverage for high-risk adults was positively associated with uptake of seasonal vaccine for
high-risk adults in 2007-2008, as it was for adults overall [12].This could be because the
administration sites for adults were similar to past seasonal influenza campaigns or it could
reflect use of preventative services. In contrast, the lack of association for children could
reflect the fact that vaccine administration sites differed from past seasons with school
vaccination playing an unprecedented role during this influenza vaccination campaign. A
second hypothesis for children is that the increased focus on them as a priority group served
to motivate their vaccination by caregivers or providers. The association between coverage
rates in high-risk adults and rates of receipt of Pap smear may be a reflection of utilization of
preventive care in a state, and could also reflect vaccination by Ob-Gyns [34].

For children, lower coverage was associated with a higher percent of the population
reporting they would not visit a medical provider because of cost; and coverage was
positively associated with the proportion of vaccine being directed to public sites. These
findings may relate to the relationship between cost and access (e.g., a mass clinic may have
been free to patients, while visiting a specialty physician may result in a fee), as we found
for high-risk adults. It is noteworthy that for both children and high-risk adults, the percent
uninsured was highly correlated with coverage (though it did not add to the model).

The negative association between coverage for children and the percentage of the population
under 18 could be a combination of the pro-rata allocation and prioritization policies. Given
the initial focus on vaccinating children, the amount of vaccine available per child was less
in states with proportionately more children. Additionally, the vaccine available per child
decreased since a second dose was recommended for children 6 months through 9 years of
age [35]. In the event of a vaccine shortage, deviating from an overall pro-rata allocation
may be justifiable, if a sub-population at higher risk is easy to identify, and the impact of
increased allocation to this sub-population is potentially large. This warrants further
examination given the complexity of recommendations with multiple target groups.

The use of third party distribution and number of cars per capita appeared in the model for
children. Both have small individual correlations with the dependent variable, so they
improve the overall model fit when controlling for other variables.

This study had several limitations. As explained more fully in the article by Davila-Payan et
al. [12] the shipment data ends December 9 2009, but we examine vaccination coverage at
the end of January 2010. We also do not know where the vaccine was actually administered;
this means for example, that we do not know whether repeated shipments to the same
location, i.e., a local health department, were being distributed through mass clinics, schools,
or other local providers. We were only able to determine provider type for 75% of
shipments, and the information on state and local decisions and processes was not always
complete. Modeling limitations include the fact that ecological approaches do not point to
individual characteristics of the population but to state-level conditions, leaving out
potentially relevant variations within states, and that that cross-sectional studies cannot
determine causality. Also related to the latter, it should be noted that there are multiple
potential explanations for findings. While we aimed to include the most likely ones, the
potential for bias should be recognized. Additionally, we are identifying associations with a
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relatively small number of dependent variables (51), across many independent variables that
have correlations, and confidence intervals of the coverage estimations were not considered
in the regression. We have kept the best models we found, however, other good models could
also exist. Supplementary Table 1 presents a summary of variables highly correlated with
those in the children and high- risk models. Our models provide a solid approach on the
analysis of factors related with coverage. However, care should be taken in relying too
heavily on any particular variable or finding without considering its interaction with other
variables in the model.

The distribution and administration of the HLN1 vaccine provided an opportunity to
understand how specific approaches may affect vaccine uptake in priority populations in an
emergency situation. Results from this analysis complement those examining factors
associated with vaccination of overall adults and suggests that supply chain factors may
affect vaccine uptake. The analysis also points to opportunities for future research such as
further analysis on uptake and the relationship with spatial access to vaccine or access by
provider type, and the role of urban or rural differences in vaccine uptake. These research
questions and others can be informed by more detailed mapping of the process and system to
show details of demand (e.g., by population or providers), supply (e.g. details on allocations
and shipments including the final point of distribution and the category of provider), lead-
times across the system, variations within and across states, where vaccine was
administered, when, by who and to what subpopulation. Such data would also allow for a
robust comparison of potential distribution systems and processes before they are
implemented.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Vaccination coverage by state and population
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2009 pandemic H1N1 vaccination coverage by state for 3 different populations [2], sorted by

decreasing order of adults coverage, October 2009-January 2010.

Fig. 1.
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Fig. 2.
Example supply chain for HLIN1 vaccine during the 2009-2010 pandemic vaccination

campaign, where states used different distribution processes and locations to serve several
populations, e.g., vaccine could be sent from distribution center to state or local health

Children

High-risk
adults

Other
populations
groups

departments (HDs) or other providers, and potentially from there to other locations. Dotted

lines represent possible combinations for some of the flows used.
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Table 1

List of variables appearing in both model, including the dependent variables at the top. Table shows the

variable’s name, description, reference for the data, average (Avg.), standard deviation (S.D.), maximum

(Max) and minimum (Min) values.

Page 13

Variable Description ofvariables Reference Avg. SD. Max Min

D-1 Coverage ofchildren 6 months to 17 years MMWR [2] 389 119 847 213

D-2 Coverage of persons aged 25-64 years at high-risk MMWR [2] 254 76 472 104

1-1 Percent of women age 18 and older who report having had a Pap State health facts [4] 827 29 889 741
Smear within the last three years, 2008

1-2 Maximum number of vaccination sites per state per thousand CDC report (calculation) 0.5 0.1 0.7 0.00%
population (2009) [5] '

1-3 Percentage reporting not seeing a doctor in the past 12 months State health facts [4] 13 34 205 6.2
because of cost

1-4 Underserved population living in primary care health professional State health facts [4] 126 76 344 17
shortage areas, as ofSeptember, 2008

1-5 Resident population under 18 years, percent (July 1 - estimate) 2008 Census [8] 24 1.9 31 18.9

1-6 Resident population: American Indian and Alaska native alone, Census [8] 1.8 29 153 0.2
percent (July 1 - estimate) 2008

1-7 Total public doses October-February divided by estimated people CDC report [9] 396 203 989 119
vaccinated

1-8 H1N1 Vaccine doses distributed oradministered to date from large CDC report [10] 10 66 301 0
pharmacy chains/retail-based clinics to states as of January 29 2010

1-9 Seasonal influenza coverage foradults 18-49 years on the 2007-2008 CDC influenza 554 115 805 273

season

vaccination coverage
[11]

aRoundedvalue forAlaska.
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Table 2

Page 14

Regression results for predicting the state level vaccination coverage for children 6 months-17years, United
States, end ofJanuary 2013.

Coefficients when predicting In (children cover age per centage)

Variable Short description Estimate Std.error t-Value Pr (>|t])
(Intercept) 0.01488 0.05956 0.25 0.804
Indepl5  (Re) Shipments 0.42308  0.07285 5.807  0.000
Indepl9  Focus on school 0.36769 0.07239 5.079  0.000
Indep6 Max # sites 0.29734  0.07016 4.238  0.000
Indep20  3rd Party dist’n 0.24461 0.06349 3.852  0.000
Indepl2 % Public doses 0.2125 0.06837 3.108  0.003
Indepl0 % Children -0.18817  0.07965 -2.362 0.023
Indepl7  Cars per capita -0.2843 0.07726 -3.68 0.001
Indep9 % Underserved population  —0.28992  0.07701 -3.765 0.001
Indep8 % Visit, cost -0.35139 0.08217 -4.276  0.000

Adjusted R-squared: 0.8291, regression’s p-value<0.001.
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Table 3

Page 15

Regression results for predicting the state level vaccination coverage forthe high-risk adult population, United
States, End ofJanuary 2010.

Coefficients when predicting cover age ofhigh-risk adults

Variable Short description Estimate Std.error t-Value Pr(>t])
(Intercept) -0.46318 0.09916 -4.671 3.51E-05
Indepl Women with Pap Smear 1.44641 0.38477 3.759  0.000559
Indep6 Max # sites 0.54139 0.09705 5579 1.99E-06
Indepl6 % Doses shipped to “general access locations”  0.38443 0.07088 5.424  3.26E-06
Indepl4  Previous seasonal influenza coverage adults 0.3603 0.08525 4.226  0.000138
Indepll  Pop. American Indian 0.20897 0.0777 2.69 0.010474
Indepl3  Pharmacy and retail 0.17915 0.05251 3.412  0.001515
Indepl8  Expanded by December 4th -0.11829 0.02398 -4.933  1.55E-05
Indep9 % Underserved population -0.37442  0.06081 -6.157  3.14E-07

Adjusted R-squared: 0.7823, Regression’s p-value< 0.001
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