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Abstract

Introduction: Financial concerns are frequently cited by providers as a barrier to adult
vaccination. This study assessed insurance reimbursements to providers for administering vaccines
to adults in the private sector.

Methods: This study, conducted in 2018, used the 2016 MarketScan Commercial Claims and
Encounters Database and included vaccination visits made by adults aged 19-64 years. Four
routinely recommended vaccines targeted at adults were included: tetanus toxoid, reduced
diphtheria toxoid, and acellular pertussis vaccine (Tdap); tetanus and diphtheria toxoids (Td);
zoster; and influenza. The mean reimbursements for vaccine purchase and administration were
reported and examined by state, metropolitan statistical area, provider type, and insurance plan
type. Using the private vaccine purchase price published by the Centers for Disease Control and
Prevention (CDC), the study reported the proportion of vaccination visits receiving
reimbursements above the CDC-published price.

Results: The mean vaccine administration reimbursement was $25.80 for the first dose and
$14.71 for additional doses in the same visit. The mean vaccine purchase reimbursement was
$44.15 for Tdap, $25.78 for Td, and $216.05 for the zoster vaccine; the unweighted mean for the
four examined influenza vaccines was $17.25. Reimbursements varied widely by state. Vaccine
reimbursements exceeded the CDC-published price for most visits where Tdap (71.4%), zoster
(87.8%), and three of four influenza (61.5%-88.5%) vaccines were administered but only for
25.8% of visits where Td was given.

Conclusions: On average, reimbursements for administering vaccines to privately insured adults
were adequate for most private practices. However, providers’ financial concerns may vary across
geographic locations.

INTRODUCTION

Receiving recommended vaccines reduces the risk of developing vaccine-preventable
diseases and their complications and lowers the likelihood of disease transmission because
of herd immunity benefits.1 In the 2000s, several vaccines targeted at adults aged 19-64
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years have been recommended by the Advisory Committee on Immunization Practices
(ACIP). In 2005, ACIP recommended one dose of tetanus toxoid, reduced diphtheria toxoid,
and acellular pertussis vaccine (Tdap), followed by a dose of tetanus and diphtheria toxoids
(Td) booster every 10 years?; in 2008, one dose of zoster vaccine was recommended for
adults aged =60 years,3 and in 2010, universal annual influenza vaccination was
recommended.* Although vaccines have been found to substantially reduce deaths and
disabilities, uptake of the recommended vaccines among adults is not optimal.> According to
the 2016 National Health Interview Survey, the coverage rate for Tdap vaccine among adults
aged 19-64 years in the past 10 years was 28%, the coverage rate for zoster vaccine among
adults aged 60-64 years was 23.9%, and the coverage rate for influenza vaccine in the 2015-
2016 season among adults aged >19 years was 43.5%.5

Provider recommendation is a leading factor affecting patients’ decision to receive vaccines.
-9 patients often report not receiving recommendations at provider visits.82 One common
barrier to adult vaccination reported by providers is the financial burden associated with
vaccination.19-14 A survey among general internists and family physicians indicated notable
proportions were dissatisfied with insurance reimbursements for vaccine purchase and
administration from both private and public payers.19 Few studies have attempted to assess
providers’ financial concerns about providing routinely recommended vaccines to adults.
Lindley et al.1> surveyed 104 general internal medicine and family medicine practices in
2014 and reported that payment levels and perceived profit on adult vaccination services
varied by payer type: A larger proportion of providers serving patients covered by preferred
provider organizations reported making profits on adult vaccination, whereas most providers
serving Medicaid patients reported losing money. Although focusing on vaccines
administered to children and adolescents, Freed and colleagues!® reported that the mean
purchase price per vaccine dose for Tdap was $34.52 (range, $29.20-$38.61), and the mean
insurance reimbursements for a dose of Tdap was $39.80 (range, $29.74-$50.84); the mean
vaccine administration reimbursement for the first dose was $16.62 (range, $3.87-$26.55)
and amounted to $11.63 (range, $3.36-$37.20) for subsequent doses in the same visit.
Though survey studies provide valuable insights into providers’ financial concerns, these
studies are limited in the number of included practices and geographic locations, and a
substantial proportion of providers reported limited knowledge about payments received for
vaccination services.10:13.14 To better characterize vaccine-financing issues among
providers, it is important to examine provider payment for adult vaccination on a broader
scope.

This study used an insurance claims database to examine reimbursements for vaccine
purchase and administration in the private sector. Although physician dissatisfaction on
reimbursements differs by payer type,10:15 this study focused on the private insurance
market as it is the most common insurance type among adults,1’ and information on
reimbursements to private providers for adult vaccination is very limited.

Am J Prev Med. Author manuscript; available in PMC 2019 September 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tsai et al.

METHODS
Study Sampl

Measures

Page 3

e

This study used the 2016 MarketScan Commercial Claims and Encounters (CCAE)
Database. The CCAE contains individual-level enrollment information and medical claims
for individuals aged <64 years and covered by large self-insured employers and health plans
for all U.S. states and DC. The CCAE represents a large proportion of the U.S. privately
insured population—about 28 million individuals (~13% of the privately insured population)
were included in 2016.

The analysis included insurance claims for vaccination visits made by privately insured
adults aged 19-64 years. A vaccination visit was defined as an outpatient visit with the
Current Procedural Terminology (CPT) codes related to a vaccine/vaccines and vaccine
administration (i.e., 90471, administration of the first vaccine dose in the visit). Visits at
which multiple vaccines were administered may have included CPT code 90472, indicating
administering an additional vaccine dose during the same visit; a visit was required for the
CPT code 90471 to be included in the analysis. The outcome variables included insurance
reimbursements for vaccine purchase and vaccine administration. Four ACIP routinely
recommended vaccines for adults aged 19-64 years were the focus of this study: Tdap
(90715), Td (90714), zoster live vaccine (90736), and influenza vaccine (90656, 90658,
90686, and 90688). Although there were other CPT codes associated with influenza
vaccines, this study focused on the four most common CPT codes, accounting for >95% of
the insurance claims for influenza vaccine in the CCAE. Vaccination visits with vaccine or
vaccine administration reimbursements <$2 were excluded (~4%) as the CCAE frequently
sets the reimbursement amount to $0 or $1 for services covered by capitated insurance plans
in which payments are made on a per-enrollee per-month basis. Administrative data are
subject to coding and data entry errors. Although MarketScan data processors adjust the
payment information to reflect the correct payment amount, some erroneous records may
remain unresolved. To exclude insurance claims with unusual reimbursement amounts, the
analysis dropped ~5% of the vaccination visits for which reimbursements for the first
administered vaccine dose were >$87.59 (2 SDs from the mean vaccine administration
reimbursement before this exclusion condition of $27.28—a method generally adopted by
researchers and the Centers for Medicare & Medicaid Services to identify outliers; this
approach eliminates values substantially inconsistent with most observations, while retaining
a large majority of observations)18-20 or for which vaccine reimbursements were more than
double the 2016 Centers for Disease Control and Prevention (CDC)—published private
vaccine purchase price.2! If a vaccine CPT code was associated with more than one
purchase price because of more than one manufacturer producing that type of vaccine, the
average purchase price of all vaccines billed with that CPT code was used as the CDC-
published price. Finally, four states were excluded (Alaska, Hawaii, Rhode Island, and
Vermont) because these states purchase all or selected routinely recommended vaccines for
adults and distributed them free of cost to participating providers (providers in these states
would not necessarily submit insurance claims to receive vaccine reimbursements).
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Statistical Analysis

RESULTS

The mean insurance reimbursement for the vaccine and vaccine administration was
compared by state, metropolitan statistical area (MSA; MSA versus non-MSA), insurance
plan type, and provider type. Insurance plans were categorized into four types: fee-for-
service plans, managed care plans (preferred provider organizations and point of service),
capitated plans (HMO and capitated or partially capitated point of service), and high
deductible plans (consumer-driven and high deductible health plans). The analysis
considered seven types of healthcare providers: family physicians, internists, obstetricians
and gynecologists, emergency physicians, nurse practitioners and physician assistants (NPs/
PAs), pharmacists, and others (e.g., pediatricians and providers in public health agencies).
The study reported the proportion of vaccination visits at which multiple vaccines were
administered and examined the distribution of the reimbursement amount for vaccine
purchase and vaccine administration. The proportion of vaccination visits with vaccine
reimbursements above the CDC-published price was reported. SAS version 9.3 was used to
clean the data and report the results.

As a secondary analysis of data without identifiers, the study did not require IRB review.

This study included 2,887,132 outpatient visits with insurance claims for vaccine
administration. Table 1 presents the mean vaccine administration reimbursement and
proportion of vaccination visits at which multiple vaccines were administered by the state.
The mean reimbursement amounts for the first dose and for vaccines administered after the
first dose were $25.80 and $14.71, respectively; most vaccination visits had vaccine
administration reimbursements around the mean (results not shown). There were large
variations in insurance reimbursements across states, ranging from <$14.99 (South Carolina;
Truven Analytics, which publishes MarketScan data, prohibits publication of estimates
generated from MarketScan databases for South Carolina) to $40.40 (Oregon); South
Carolina (<$11.22) and Oregon ($24.26) also had the lowest and highest reimbursement for
the CPT code 90472. Overall, 8.9% (7=256,955) of the vaccination visits had multiple
vaccines administered during the visit; at these visits, influenza (59.5%) was the most
prevalent vaccine administered. The proportion of visits with multiple vaccines administered
was highest in Oklahoma (13.5%) and lowest in Mississippi (5.4%). The findings did not
show noticeable differences in vaccine administration reimbursements by MSA and
insurance plan type (results not shown). Vaccine administration reimbursements to
pharmacists ($17.50) and NPs/PAs ($23.51) were lower than the reimbursements to
physicians (i.e., $27.87 for obstetricians and gynecologists, $27 for internists, $26.48 for
emergency physicians, and $25.84 for family physicians).

Tables 2 and 3 present the mean reimbursement amount per vaccine dose and the proportion
of vaccination visits receiving insurance reimbursements above the CDC-published private
sector vaccine purchase price for noninfluenza and influenza vaccines, respectively. For
Tdap, the mean vaccine dose reimbursement was $44.15; the 2016 average CDC-published
price was $40.49. For zoster, the mean vaccine dose reimbursement was $216.05, and the
CDC-published price was $187.89; the corresponding numbers for Td were $27.20 and
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$29.73, respectively. Vaccine dose reimbursements higher than the CDC-published purchase
price were received for 71.4% of Tdap vaccination visits and 87.7% of zoster vaccination
visits; the corresponding proportion for Td was 25.8%. Figure 1 displays the distribution of
the insurance reimbursements for the three vaccines. Although reimbursement amounts were
clustered around the CDC-published price, the peak of the distribution was above the CDC
price for Tdap and zoster. Reimbursement amounts varied by state, from $36.54 (Idaho) to
$50.56 (Wisconsin) for Tdap, from $20.31 (Michigan) to $35.47 (Montana) for Td, and from
$188.10 (Michigan) to $255.47 (Massachusetts) for zoster. The largest proportion of adult
vaccine doses was administered by family physicians (42.4%), followed by internists
(20.1%). For Tdap and Td, there was no significant difference in vaccine dose
reimbursements by MSA, provider type, or insurance plan type (results not shown). For
zoster, the mean vaccine dose reimbursement was lower for pharmacists ($206.26) and
NPs/PAs ($209.77) compared with other types of provider; vaccine reimbursements were
lower in non-MSAs ($213.56) than in MSAs ($216.30). By insurance plan type, fee-for-
service plans ($210.98) received the lowest, whereas managed care plans ($217.85) received
the highest vaccine dose reimbursements.

Table 3 presents the reimbursement amount for the four most commonly billed types of
influenza vaccines. CPT codes 90686 (/7=810,914) and 90688 (/7=347,719) were the most
prevalent influenza vaccine claim codes in the data, accounting for 75.8% of the adult
influenza vaccines; the mean reimbursement for CPT codes 90686 and 90688 was higher
($19.68 for the CPT code 90686 and $18.57 for the CPT code 90688) than that for the CPT
codes 90656 and 90658 ($16.66 for CPT code 90656 and $14.08 for CPT code 90658). The
unweighted average reimbursement for these vaccines was $17.25. Mean reimbursement for
three of the four influenza vaccines was above the CDC-published vaccine purchase price,
and >85% of visits at which either of the two most commonly administered influenza
vaccines were administered received vaccine reimbursements higher than the CDC-
published price. Figure 2 displays the distribution of insurance reimbursements for the four
influenza vaccines. Reimbursements for influenza vaccine purchase were clustered around
the price published by CDC, and the peak of the distribution for all four occurred at or above
the CDC price. Looking at the reimbursement amount by state, the unweighted mean
reimbursement for the four influenza vaccines ranged from $13.48 (Louisiana) to $20.23
(Wisconsin). For the most commonly billed influenza vaccine (90686), the range of
reimbursement was between $16.67 (Minnesota) and $23.35 (Massachusetts); Massachusetts
was also the highest reimbursement ($22.41) state for the vaccine with the CPT code 90688.
Reimbursement for CPT codes 90656 ($9.34) and 90658 ($9.10) was the lowest in
Louisiana; <6% of claims in Louisiana were above the CDC-published price for those two
influenza vaccines. The data did not show noticeable and consistent differences in influenza
vaccine reimbursements by MSA and insurance plan type across the four vaccines. By
provider type, reimbursements were lower for nonphysician providers: NPs/PAs received the
lowest reimbursements for CPT code 90686 ($18.62), and pharmacists received the lowest
reimbursements for CPT codes 90656 ($15.46), 90658 ($12.45), and 90688 ($17.82).
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DISCUSSION

This study used the 2016 MarketScan CCAE data to examine insurance reimbursements to
private providers for administering routinely recommended adult vaccines in 46 states and
DC. The mean reimbursement amount for five of seven vaccines included was above the
private purchase price published by the CDC, although payments varied widely by state.
When comparing vaccine dose and administration payments by provider type,
reimbursement was lower for nonphysician vaccine providers than physician vaccine
providers.

Insurance companies set their reimbursement rates for private providers based on Medicare
reimbursement rates, which are adjusted to account for geographic variations in medical
costs.22 This may contribute to the finding of a large variation in insurance reimbursements
by geographic location. Other factors, such as variations in population health, healthcare
utilization pattern, and the competition among insurance carriers within a state, are likely to
play a role in geographic differences in reimbursements for private providers.

The mean vaccine administration reimbursement ($25.80 for the first dose and $14.71 for
subsequent doses) and the mean reimbursement for Tdap vaccine purchase ($44.15) were
higher than the numbers reported by Freed et al.16 The differences are likely attributable to
differences in study methods (e.g., surveying providers versus insurance claims data), study
samples (e.g., 89% of the practices included by Freed and colleagues were pediatric offices),
and geographic variations (i.e., their survey covered only five states). In the report of Freed
et al., the mean purchase price per vaccine dose for Tdap was $34.52 ($39.96 in 2016 dollars
based on the Consumer Price Index). This number was still lower than the CDC-published
price, $40.49. Using $39.96 as the cut off, the proportion of Tdap vaccination visits
receiving reimbursements above the cut off increased to 74.3%.

The CDC private vaccine purchase prices are reported by vaccine manufacturers. It is
common for private providers to pay lower than the manufacturer-reported price as private
providers often receive discounts through participating in group purchasing, bulk ordering,
or prompt payment.116 Accordingly, the proportion of vaccination visits receiving
reimbursements above the actual vaccine purchase price is likely to be higher than what this
study reports. Moreover, the mean vaccine administration reimbursement ($25.80) was
substantially greater than the average total variable cost per vaccine injection ($11.51;
$13.32 in 2016 dollars) as reported in Glazner and colleagues.?3 These findings suggest that
many private providers are likely to receive adequate insurance reimbursements. Previous
research on payments for adult vaccination mostly comes from surveying providers, and
their results suggest that providers are generally dissatisfied with insurance reimbursements
for vaccination services.19-14 Using insurance claims data, this study suggests that many
providers may profit when administering vaccines to privately insured adults. The statement
is consistent with Lindley et al.1 that a greater proportion of private providers reported
profiting on adult vaccination services; this may also explain why many physician practices
reported that they rarely/never negotiated insurance payments with private insurers.
However, financial concerns among private providers are likely to vary by location, as the
findings showed large variations in insurance reimbursements by state. It would also vary by

Am J Prev Med. Author manuscript; available in PMC 2019 September 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tsai et al.

Limitations

Page 7

individual practices as costs to vaccinate also include labor, vaccine storage, recovery costs
attributable to wastage, and inventory shrinkage, among others.24

This study showed lower reimbursements for nonphysician providers, such as pharmacists
and NPs/PAs. The adult immunization standards recommend that all types of providers
recommend and administer vaccines to adult patients?®; having lower reimbursements for
nonphysician providers may be a disincentive to have vaccines recommended by every
provider at every visit. Moreover, pharmacies are often present when other vaccine providers
are scarce (i.e., rural or other provider shortage areas). Although low reimbursements do not
necessarily result in low profits or financial losses for pharmacies (the overhead costs of
administering vaccines in pharmacies are likely to be lower than the overhead costs in
physician’s offices, and individuals receiving vaccines at pharmacies often make retail
purchases that may offset the low vaccination reimbursements), increasing reimbursements
for nonphysician providers could still improve access to adult vaccines.

The data show that influenza vaccines were the most common vaccine types administered to
adults: About 1.5 million vaccination visits had influenza vaccine administered compared
with about 710,000 visits for Tdap. The results were consistent with the adult vaccine
coverage estimates generated from the 2016 National Health Interview Survey.® Public
campaign for influenza vaccines might increase adults’ awareness and demand for the
vaccine. In addition, studies have shown that physicians are more likely to assess patient
vaccination status for seasonal influenza and stock influenza vaccines.1! One reason may be
that influenza vaccines are relatively less expensive than other vaccines recommended for
adults, and a higher proportion of physicians report making profits on seasonal influenza
vaccination.1®

This study is subject to some limitations. First, it considered four ACIP routinely
recommended vaccines and was based on a convenience sample of patients aged 19-64
years residing in 46 states and DC covered by large self-insured employers or regional health
plans in the private insurance market. The results may not generalize to all providers
administering adult vaccines. However, more than 2.8 million vaccination claims were
included, with variations in geographic locations and health insurance plans. Second, the
authors used the CDC-published vaccine purchase prices as the basis to gain insights into the
financial well-being of private providers. Studies have shown large variations in vaccine
purchase prices among private pediatric practices,16:26 and vaccine purchase costs in
individual practices likely differed from the CDC price. However, no published data on
vaccine purchase costs are available. Accordingly, this study evaluated providers’ financial
concerns on adult vaccination at an average level rather than assessed the financial gains or
losses of individual practices on vaccinating adults. The financial well-being of an individual
practice would depend on practice-specific vaccine purchase costs and other related costs to
vaccinate, 1624 as well as the mix of payers billed by that practice.
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CONCLUSIONS

Although some private practices may profit from administering vaccines to adults,
providers’ financial well-being is likely to vary across states and individual practices. It is
important to understand profitability of adult vaccination services at the state and local
levels, as financial disincentives could reduce the number of providers offering adult
vaccines and hinder the ability to improve vaccination coverage in underserved areas.
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http://www.medicaid.gov/medicaid-chip-program-information/by-topics/prescription-drugs/ful-nadac-downloads/nadacmethodology.pdf
http://www.medicaid.gov/medicaid-chip-program-information/by-topics/prescription-drugs/ful-nadac-downloads/nadacmethodology.pdf
http://www.cms.gov/Research-Statistics-Data-and-Systems/Computer-Data-and-Systems/Medicaid-DataSourcesGenInfo/Downloads/MAX_IB21_MAX_Data_Guide.pdf
http://www.cms.gov/Research-Statistics-Data-and-Systems/Computer-Data-and-Systems/Medicaid-DataSourcesGenInfo/Downloads/MAX_IB21_MAX_Data_Guide.pdf
https://www.cdc.gov/vaccines/programs/vfc/awardees/vaccine-management/price-list/2016/2016-12-01.html#adult
https://www.cdc.gov/vaccines/programs/vfc/awardees/vaccine-management/price-list/2016/2016-12-01.html#adult
http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/PhysicianFeeSched/Locality.html
http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/PhysicianFeeSched/Locality.html
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Figure 1.

Digstribution of insurance reimbursements for selected routinely recommended adult
vaccines.

Note. Data from the 2016 MarketScan Commercial Claims and Encounters Database. The y-
AXIS presents the proportion of insurance claims with reimbursement amount in each price
category. The line presents the 2016 CDC-published vaccine purchase price in the private
sector; for Tdap, this price is the average of the two vaccines listed. CPT codes for Tdap, Td,
and zoster live vaccine are 90715, 90714, and 90736, respectively.

CDC, Centers for Disease Control and Prevention; CPT, current procedural terminology; Td,
tetanus and diphtheria toxoids; Tdap, tetanus toxoid, reduced diphtheria toxoid, and acellular
pertussis vaccine.
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Distribution of insurance reimbursements for adult influenza vaccines.

Note: Data from the 2016 MarketScan Commercial Claims and Encounters Database. The y-
axis presents the proportion of insurance claims with reimbursement amount in each price
category. The line presents the 2016 CDC-published vaccine purchase price in the private
sector; for CPT codes covering more than one influenza vaccine product, this is the average

price of the products listed.

CDC, Centers for Disease Control and Prevention; CPT, current procedural terminology.

Am J Prev Med. Author manuscript; available in PMC 2019 September 09.



Page 12

Tsai et al.

Author Manuscript

1L (e8'7T) L6S (e0'52) 6EY'8 aureiN
€6 (S5T) v1e (Trse) voe'e eIqUWN|0D 40 RLISIA
2’8 (¥0'ST) T20'E (¥1'5¢) 290'9€ 1N21328UU0D
L8 (rL'€T) TLG'S (L1'52) 1v8'29 elubnn
68 (¥0°ST) 95502 (62'52) 167'9¢€C YHOA MON
€8 (€T°€T) 8OS'TT (zv'sz) o1e'2ET epLIo|S
99 (to's1) v20'e (€9'5¢2) L26'62 ewege|y
8'8 (tovt) €282t (e€'92) €6v'SVT uebIyoIN
8'8 (SzvT) L60'T (ov'92) €5e'2T sesuexv
00T (zo's1) 2ee's (5e'8¢2) 9.8'15 0peJojo)
08 (89°G1) GL€ (rv'82) 665V 02IX3N MON
%€l (¥0'ST) 898'2 (95'8¢) SvS'6Y BWOYEMO
70T (ze'02) 90v's (T0'0¢) ¥€5'05 ©J0SBUUIIN
91T (05°02) 68¢ (eTTe) SLT'E BUEUOIA
'8 (91'21) 928'8 (e1'1€) 8€8'00T euljofed yloN
€T (So'LT) €TT'LT (89'1€) 8Y2'SST eluiojifed
6'8 (20°L1) €86 (8z'2€) 9eT'TT auysdureH moN
L'6 (e6'8T) TIT'T (59'2€) T90'TT exselgeN
L'6 (9e'67) €02'y (20'€€) 9ov'ey oyep|
€6 (e8'6T) 85 (L0°€€) L96'Y ©103Eq YINOS
68 (62'02) €19V (6e'€€) 852'05 UISUoISIM
88 (zz'61) 612 (¥S've) T6€'C el0eq YHUoN
[A03 (96'02) 8z€'C (6'9¢) 6€T'2C emo|
L'0T (To'Te) T9T'8 (90'6¢) 8T2'EL uoyBuIysem
06 (e8'22) sv0's (6€'6€) £85'SS spasnyoessely
0T (9zve) ver'y (0v°ov) 586'8E uoBaIo
68 (TL'vT) ¥82'%92 (08'S2) 2€T1°288'C 11e19A0
9% ‘USIA dWeS ayl ul ($) u _‘asop 1541y 3y} ($) u __‘asop auId2eA 15414 a1e1s
PaJalSIuIWIpe SBUIDJBA 22 1oye um._wuw_:_rcum T ®

‘Tal1qeL

Author Manuscript

2181S AQ UONERASIUILIPY BUIDJBA 10) SIUBLSSINGUIIDY Ues|A|

Author Manuscript

Author Manuscript

Am J Prev Med. Author manuscript; available in PMC 2019 September 09.



Page 13

Tsai et al.

‘ABojouiw.ay [eanpadoid JUaLINd ‘14D “BUIj0JeD YINOS JO 81BIS 8y} J0j Saseqerep UedSIax BN Woly paresausb sarewniss ayi Jo uoneatjgnd siqiyoid sonAfeuy yijesH Usans I

Author Manuscript

‘pajussald aJe eyep Yolym 1oy serels Buowe Junowe 1Semo|

o

‘pajussald aJe eyep Yyolym 1oy sarels Buowe Junowe Hmo;m__._u

'¢L1706 8P0J 1dD YHM JISIA UOHEUIDIBA

q

"TL¥06 3P03 1dD YHM USIA co:mc_oom\/m

‘gseqeleq S19UN0oUT pue SWIeD [e10J3WWOoD) UBISISNIRIN 9T0T 824105

(,22'TT>) 06€'8

(,66'%T>) 800'TZT

BUII0IED YINog

— P P
L9 (8L'€T) ¥1E'T (66'7T) 6€2'8T alemelaQ
56 (ceT1) L8T'6 (T5'6T) £29'26 stoulj|
vl (€€'TT) 99T'S (8L°02) TL£'29 Aspomusy
6'9 (08'11) S0t'9 (98'12) ¥15'S8 EESSEVIETR
6'8 (s9eT) est'e (¥6'12) 91222 sesue|
6'8 (¥2'TT) 22L'0T (T1'22) €9T'6TT EUBISINOT
€0T (y1°er) 6v. (8z'2e) z1e'e epersN
S (Seer) L8T'L (9%°22) ¥E5'v6 eluen|Asuuad
98 (8e€T) Sog'e (€9'22) ove'L€E puejAreN
v'8 (96°€T) 2€5'L (e8'22) L82'¥8 Kesiar MoN
L8 (tger) gee's (¥0'€2) G8¢'65 UNOoSSIA
10T (TT'€T) 65 (8z'€2) 69E'EY euoZLIY
pe (€8'21) 688'T (9e'€2) 018'2E 1ddississiN
7’8 (2921) 06€'S (L€°€2) 902'19 euelpu|
S (ov'eT) STV (zL'€2) 60E'S eIuIBIA 1S9
00T (98°€T) 06Y'E (T'v2) 0LY'vE yen
16 (orer) 18¢2°CT (Tz've) LG2'0€ET olyo
S8 (¥6°LT) 2vT (8e'72) 899'T BuioAm
98 (LT'€T) 02L'€T (89'v2) 588'%ST e1b1089
16 (¥6'€T) TVe'1C (L6'v2) L8T'6TC sexal
9% ‘MSIA dwes syl ul $)u m_wmou auld9eA 1s114 aye1s

paJdalsiulwipe saulddeA g<

($)u g.mmou ISR
J8)je padslsiulwpe auldden

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2019 September 09.

Am J Prev Med. Author manuscript



Page 14

Tsai et al.

Author Manuscript

‘¢ 9|qeL

Author Manuscript

(ovee) vosze  (ozte)6L2e  (65T6) 26°SH LINoSsIN
(v0'6%) G9°68T  (69°2T)66'Sc  (09'8E) GL'TY 1ddississiN
(sv'96) 6156 (88'08) LL°22  (¥O'TS) 8T'SY ©J0SBUUIIN
(r822) 01881 (62°0€) pYE0C  (co10) e60n UEBILOIN
(e6'48) Lv'55e (oz'vv) 6262  (L2'29) S8'1Y spasnyoessely
(c068) €c'z0c  (26T1) 909 (LE'GY) LG'6E puejAren
(sL28)ssT0z  (15°61) 989 (26'8L) ev'ey aure\
(99'86) vaeTe  (29v)Geez  (€T°0T) 299 BUEISINOT
(L6'18) 0560 (L€6)9v'9c  (65'8L) ¢S°EY Aomusy
(zo08) €8Tz (85%€) 152 (€9'88) 00°LY sesue|
(vS've) L6'8T  (09°€T)8L'S  (€L°09) €52y emoj
(or'v6) 8e'9Tz  (097z2) 2T'8c  (0€°€6) 299 euelpu|
(zz68) eveze  (e0oL)ozee  (1926) 9L'Ly stout||l
(T9v2)8ze6T  (28'8) €T°9C am_Nsuqm.@m oyep|
(G9'g6) 08’80 (G6°2T)96'2  (88'G6) ¢SV e161099
(09'28) L6°'20z  (S6'82) 26z (96'08) OE'EY epLIo|H
(G9°08)86'T0z  (e€'€2) G622 (89'S9) 0L'€Y elquinjod Jo 1ouisiIg
(8v'z6) 9080z (zs81)8v'9c  (0V'26) ve'8y aremejaq
(eT16) 2v'80z  (298)GG'sz  (€6'89) €20V N21398UU0D
(95'16) €6'8TC  (Gv'se) €8z (65'98) 00V 0peJojo)
(8sv8) 9teec  (8eew) 1608 (VE'T6) €T°0S eluIojeD
(wrel) LLeoz  (e€T2)8e'82  (20'29) TECY sesuexv
(sT's8)80eTe  (99¥S) 2L0e  (02'28) L8'9F euozuy
(sT'96) 80661 (1T°2S)Se'Le  (92°22) 10OV eweqgely
(wL28)G09Tc  (BLs2)elz (V1) ST 11e19A0

€65'T8 LE€'€S G2'60L N

681814 £1'62% L6V 0$ aoud paystignd-0ao
0 $uaIs0z (%) $'PL  ,(%)$ ‘depl alels

a1v1S AqQ 8seyaind aula0eA J0J SIUSLIASINQUIBY UBSIA

Author Manuscript

Author Manuscript

Am J Prev Med. Author manuscript; available in PMC 2019 September 09.



Page 15

Tsai et al.

Author Manuscript

"9T0z Ul (5'L€$) X111s00g pue (zi'€r$) 1998pY J0 011d 38| 10308s ajennd DD afesane L

WY TO-CT
—9T02/9T0Z/S!|-8011dAUsWaBRURLI-BUINIRA/SBBPIRME/DJA/SWRIB01d/S3UI28A/A0B 0PI MMM :811SqaM 181] 801id 8UIDOBA DD B} UO Passadde ag Ued 1030as aleALid 8y Ul asop aulddeA Jad soud 910z 8yL

q

*9011d aseyaund 10393s ajeAld paystignd DA 9T0Z dYl SAOGR SlusWdsINgIa) aseyaind aulddeA UM SHSIA UOITRUIZOeA Jo uolliodoid ay km

Author Manuscript

‘AjaA3oadsal ‘98206 PUB ‘YT.06 ‘STLOG 8Je J81s0z pue “pL ‘dep L 104 S3p0d 1dD SION

“aseqeleq SI3)UNodUT PUe SWIRD [RIAISLULLOD) UBISISNIBIN 9T0Z 94105

(evs8)ceotz  (00'Ge) 058z (0S9L) 9€°GY Burwoim
(6L'v8) zzvve  (¥9'6S) Gv'GE (tr'80) 9505 UISUODSIAA
(s6'e8) 1961 (28'2) 2592  (6Evv) ev'iv eIUIBIA 1S9
(8T96) 1591 (98'TT) 126 (2S°T2) 09°0F uolBuIysEM
(ev'1e) 96Tz (16'62) Ov'6C  (0E'T6) LT'LY eluIBIA
(tv'ze) L5vTe  (0002) ¥S'Ge  (T0°LE) GG'6E yen
(0508) Lr'vTz  (8z'8E) 990 (26'0L) vO'SY sexal
(es'68) vv'20z  (S6'0T) 0022 (L9'T6) ey 99ss8UUAL
(s6'v6) Lr'TTe  (9g'9g) 0862  (G2'99) SGvY ejoxeq YInos

_ _ _ h\mc__o\_mo yinos
(08'28)66'€z2  (96'VT) LG22 (S2'09) 612y elueA|jAsuuad
(rgsL)6Tcee  (1€¢9) 6562  (9T'LY) T8'TY uoBai0
(L'ge) 9z'0cz  (Lvee) 96’2z (ezwl) svey BWOYEMO
(6v'68) 09'62z  (88'v€) 296z  (€6'88) SL'8Y oo
(otoe) 055tz (Sz9)9sGe  (058€) LTey ejoxeq YMoN
(68'88) ¥.'8Tz  (00'6S) L6'0E  (25'68) 90'9F euljosed YyHoN
(Lr'gg) Te'90z  (Gv'9)99'cc  (92'08) 22y YIOA MON
(es1L)eosoz  (6S'se) ee6e  (€929) evey 02IX3IN| MON
(r'08) TO'0TZ  (€9'02) S22z (6E'68) 95 Y Kasiar MaN
(69'68)SL' T2z (ev'ov)9zte  (20'19) 0Z'vY alysdweH moN
(6z'08)sT¥Tz  (6L€T)¥L9z  (19LL) €81¥ epeAsN
(Lzog) vLveT  (FT'¥T) 6992 (TOEE) L8'6E exselgeN
ros eorze  OTAVE  (epge) 1guy eUBJUON
0 $ueIs0Z (%) $'PL  ,(%)$ ‘depL aws

Author Manuscript

Author Manuscript

; available in PMC 2019 September 09.

Am J Prev Med. Author manuscript


http://www.cdc.gov/vaccines/programs/vfc/awardees/vaccine-management/price-list/2016/2016–12-01.html
http://www.cdc.gov/vaccines/programs/vfc/awardees/vaccine-management/price-list/2016/2016–12-01.html

Page 16

Tsai et al.

"3UI208A 31| 19150Z sadJay '181S0Z
‘au100eA sissnpad Jejnjjsoe pue ‘pioxol eusyiydip psonpal ‘ploxol snuels) ‘dep | ‘spioxol eusyiydip pue snueis) ‘p. ‘ABojourwa) [einpsooad 1UsLIND 1 4O ‘UONUBABId PUe [01U0D 8sessiq 10} 118D ‘OaD

“2UIJ0JED UINOS JO 8181S B} 10} SSLCeIep UBISIOMIRIA WOy paresaush sarewnss Jo uonealjgnd snqiyold sonAjeuy yijeaH usani ._w

“pajussaid aJe 1ep Yolym 1oy serels BUoLE JUNOWe JUSLUSSINGLUIRS WNWIXew L

‘pajussaid aJe e1ep YyoIym Jo) sajels BuoLe JUNOWR JUBLSSINGUIA] WNWIUIW 8y ¢u

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Prev Med. Author manuscript; available in PMC 2019 September 09.



Page 17

Tsai et al.

Author Manuscript

69°LT (6v'se) 6581 (6v'16) ¥T'0Z  (c0'89) ¥O'ST  (L¥'v9) 66'9T LNossIN
LT (sv'88) 18'2T  (09'06) 500z (E€TL) 6T'ST  (¥9°0L) 6L°LT euljofed yloN
LT (v6'86) 6T'8T  (91'86) €€'6T  (88'€8) 28'ST  (69'98) 2G°LT ewege|y
vLIT (e626)68'8T  (ev'26) L06T  (68'S8) ¥2'9T  (66'28) 9L°9T uebIyoIN
8LLT (6z'eg) LL0c  (0ce8)e6'0c  (182G)8T'ST  (2€'8v) €T 02IX3N MBN
28LT (18'92) 09'8T  (96'G8) T6'6T  (v€'SL) LG9T  (€6°L€) BT'OT BUBJUON
v8'LT (2256)0c0z  (9,'88) 990z  (189v) vO'ST  (¥S'6€) GE'ST elueAjAsuuad
_ _ _ _ _ kmc__ohmo yinos
1181 (e tzoc  (1e18) 96T (05°2€) €'ST  (00'8Y) vT°LT ejoded ymnos
6T'8T (trog)cosT  (89'12) 2881 (28Tl S6vT  (€52L) 62°0C eIquNjod J0 1LIsIa
1281 (re'ze) 91'6T  (0598) 626T  (00°GL) 859T  (GT'99) €8°LT exselgeN
1281 (vLge)9r'0c  (vw28)1€Te  (L68v) Ge'ST  (08'Sh) GE'9T asysdweH maN
87'8T (r9e6) €T6T  (v506) 610z  (T2'89) TEST  (00'28) 67'8T sesue]
Le8T (92'88)69'6T  (z8'T2) 900z  (2e2L) 0SST  (25°0L) T2'8T euozuy
8£'81 (6z'96)ec'0c  (s626)€Lze  (9T62) 9T'ET  (91'69) 8Z'LT BWOYEO
98T (2278)88°2T  (05'62) L28T  (v¥'S59) €9'¥VT (0zz8) posze uoBa10
87'8T (05'16) L9°6T  (c918) 6502  (S2'ow) Tw'ST  (9L°2L) vZ'8T eILI0JIED
5581 (09z6)eseT  (6218)828T  (€0'€9) ET'ST  (Ev'28) LLT2 0pei0joD
G9'8T (9568) ¥8'6T  (€T'16) L€Te  (S8'S9) Gv'ST  (Svzl) €6LT oIyo
69'8T (orze)ee6T  (cg68) g0z (16'98) 92°ST  (92°T8) 0E'6T eluibiA
76T (€rz6) 16t (eg86)9z€c  (6v'28)89'ST  (S8'68) €T'6T alemelaq
€9°6T (Szo8) givee  (eeT6) pSeee (0s19)0L'ST  (LT¥S) 80'LT spasnyoesse
pEee ezeo)estz  Gwes oz LISPE%B (ogve)eoer UISUODSIM
Se'LT (6v'88) 1587 (v9'58)89'6T  (88'€¥) 80VT  (Lv'T9) 99°9T 110
— 6TL'LYE ¥16'0T8 8ET'2re 9.€'12T N
_ 502918 pOLLT$ LI YIS 19°6TS aoud paysgnd-0ad
obelane (%) $'88906 (%) $'98906 (%) $ ‘85906 (%) $ '95906 arels
payyBremun
3p0d 1dD 8p0d 1dD 8p02 1d0 8pod 1dD
31.1S AQ aseyaind aulddBA Bzusnjju| 10} SJUBWASINQWISY UBSIA
'€ 8|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Am J Prev Med. Author manuscript; available in PMC 2019 September 09.



Page 18

Tsai et al.

'9T0Z Ul (T'¥T$) ULIANIH pue (Ti'#T$) eUNY J0 891id 1s1] J0398s areAld D@D abielane mﬁg

WY TO-CT

—9T02/9T0Z/As1|-201id AusWabeURLI-aUIDoRA/SBaPIRME /A /SWRIB0Id/S8UID0RA/AOB 0PI MMM :33ISqam 1S1] 8011d BUI199BA DD 8y} U0 Passadde ag Ued 1019as ajeAlid ay ul asop au1adeA Jad aoud 910z 8yl

Author Manuscript

q

*9011d aseyaund 10398s areaud paysiignd D@D 9T0Z dU} dA0Je SlusWasINquIIal aseyaind suId9eA UMM SHSIA UOITeUIddRA Jo uoriodoid ay L,

"aseqeieq $481UN0dUT PUB SWIBD [BI2IBWWOD) UBISISYIBIN 9T0Z 994105

B Ggeorr (eueoysr  (99,0T0 (689),vE eueIsino]
zeeT (9598) 08'9T  (¥8¥6)99'8T  (L0°ST) L92T  (eSvT) vT'ET EESSIUIETE
8r'ST (€0'22) 82'8T G_\.oscz.oﬂ (79'81) 28T  (L¥'62) TT'VT BIOSBUUIIA
v.'ST (0z'2y) YOSt (eer)osor (89N TSTT  (€2'28) 9E'ST oyep|
9/'GT (9zze) vl (wree) veT  (L8L)eser (TT'T2) 2evt 1ddississil
98'GT (08zg)eT8T  (€928)008T  (69°9€) ve'vT  (vO'OT) 8O'ET auteiN
96'ST (toz)oest  (rve) TT8T  (PT'OV) LT'ET  (8Y'TY) 92T SexaL
€0'9T (te06) 098T  (£898) 66T  (€ET22) vETT  (29'GY) 06'4T yen
8291 (r6'98) ev'LT  (26'18)S6'8T  (87'62) 8€'€T  (TL'6E) GE'ST YIOA MON
9g'9T (t6'22) €891 (52'26)898T  (02°0S) 06'€T  (L6'8Y) €0°9T uoyBuIysem
ev'9T (82z6)6LLT  (90°06) 228T  (S0'GE) LE°€T  (BL'wh) LL'ST 1N0N9BUL0D
2991 (ov've) oe'8T  (67'96) 18T  (¥8%9)ST¥T  (90°€w) TE'ST sesuex Iy
1991 (e5'16) 2821  (90'18) 96T  (69%€) L9°€T  (v¥'Sh) ¥8'ST ©epLIo|S
GL'9T (tozg)eeLT  (9eT2) 9561  (S922)€0vT  (98°0€) EV'ST AKesiar MaN
06'9T (09'9v) 5521 (8sv8)0.8T  (08%L) 9SvT  (95°29) 62°9T pueAseN
L69T (z5'89) 69'8T  (95°09) 20T (8V'T8) 6¥°9T  (E€'€V) 89'ST BurwoAm
60'LT (et (eoze)sLoz  (ze9z)98er  (eL2)oTLT ejoxeq YMoN
oT'LT (6T'16) ET'6T  (SSv6)85°0c  (262E) €TVT  (16°2€) GSvT eIUIBIIA 1S9
vZ'LT (tovg) sesT  (s6'v9) €981 (1€€9) v6'vT  (66'99) GO'LT epensN
ST (9e28)908T  (GL26) T96T  (9529)eSvT  (6€729) T2'LT oMol
6E°LT (8z'86) Tv'sT  (02'G6)cT'0c  (08'8T) 9evT  (9L°26) L9°9T elfioa9
vyLT (0g'ge) 6T'8T  (¢1'86) 8v°0c  (859T) v2'€T  (v0'06) 8E'LT Aspomuay
§6'T (c916) 2e6T  (czeg) 2261  (TTS2)6TYT  (¥1'68) €6'9T euelpu|
L9°LT (Toee)86'8T  (10'16) 18'6T  (36'99) ¥8'¥T  (€6'GL) GO'LT stoul||l

cwwmmﬂwbw , (%) 688906 (%) $'98906 (%) $ ‘85906 (%) $ ‘95906 aels
: 3p0d 1dD 3p0d 140 3p0d 14D 3p02 140

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2019 September 09.

Am J Prev Med. Author manuscript


http://www.cdc.gov/vaccines/programs/vfc/awardees/vaccine-management/price-list/2016/2016–12-01.html
http://www.cdc.gov/vaccines/programs/vfc/awardees/vaccine-management/price-list/2016/2016–12-01.html

Page 19

Tsai et al.

‘ABojourLwa) [eanpaooid JUa1INd ‘1 4D ‘UOIUSA3I PUE [011U0D) aseasid 10 SIa1ua)) ‘Dd)d

‘pajussaid aJe BIep YoIym 10y Serels BUoLWe JUnowe JUSWSsINGLIIRS Wwnwiuiw m;._.c

‘pajussaid aJe BIep YoIym 10y serels Buowe Junowe sWssINGuIIal Wwnwixew UL,

"BUIJ0JRD) UINOS JO 81BIS 8U) J0J SBSeCeIep ULISIax BN WOy pajessusb sarewnss Jo uonealignd suqiyoid sonAjeuy yijesH usani ._u

"9T0Z Ul (LL'ST$) WsjeAtpend [eneTIn|4 pue (2z9°'9T$) Jus[eAtpend) suoznj4 Jo 8o1d 1si| 10308s areAlld DA dbesone L

‘9T0Z Ul (28°'9T$) 9914 aAIlRAISSald JudfeAlIpen) X1ien|q pue (26°/T$ pue /81°'8T$) dAIIRAIaSaId-0N JusjeAllpend) auozn|4 Jo aoud 1s1| 10398s arend D@D abesane ay Fb

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Am J Prev Med. Author manuscript; available in PMC 2019 September 09.



	Abstract
	INTRODUCTION
	METHODS
	Study Sample
	Measures
	Statistical Analysis

	RESULTS
	DISCUSSION
	Limitations

	CONCLUSIONS
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.

