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Children and Adolescents Unvaccinated
Against Measles: Geographic Clustering,
Parents’ Beliefs, and Missed Opportunities
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EpcaAr K. MArRCUSE, MD, MPHP . .

Jant F. SEwarD, MBBS, MPH* Objective. We evaluated the extent to which children and adolescents were
ZHEN ZHAO, PHD? not vaccinated against measles (“unvaccinated”), clustering within U.S. coun-
WALTER A. ORENSTEIN, MD¢ ties, and factors associated with unvaccination, including parents’ vaccine-

related beliefs and missed opportunities.

Methods. We analyzed data from the 2010-2013 National Immunization Sur-
vey (NIS) and NIS-Teen Survey of households with 19- to 35-month-old children
and 13- to 17-year-old adolescents, respectively. We used provider-reported
vaccination histories to assess measles vaccination status.

Results. In 2013, 7.5% of children and 4.5% of adolescents were unvaccinated
against measles. Four-fifths (80.0%) of unvaccinated children lived in counties
containing 41.9% of the nation’s children, and 80.0% of unvaccinated adoles-
cents lived in counties containing 30.4% of the nation’s adolescents. Multivari-
able statistical analyses found that 74.6% of children who were unvaccinated
against measles missed being vaccinated for reasons other than parents’
negative vaccine-related beliefs, and 89.6% could be deemed as having at
least one missed opportunity for being vaccinated against measles because
they were administered at least one dose of other recommended vaccines after
12 months of age. Among adolescents, multivariable analyses found that only
demographic factors, not vaccine-related parental beliefs, were independently
associated with being unvaccinated.

Conclusions. Reasons other than negative vaccine-related beliefs, including
missed opportunities, accounted for the vast majority of unvaccinated children
and adolescents.
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In 2000, the Centers for Disease Control and Preven-
tion (CDC) declared measles to be eliminated in the
United States,' an accomplishment achieved because
of the high levels of population immunity resulting
from high measles vaccination coverage levels across
the United States.? Despite the elimination of endemic
measles in the United States, sporadic outbreaks have
continued as a consequence of importations from
countries where measles is endemic.*"’

High national and state measles vaccination cover-
age rates may mask considerable variability in vac-
cination rates at the county or community level.'®
Geographic clustering of susceptible children and ado-
lescents increases the risk of outbreaks and could lead
to reestablishment of endemic measles transmission. '

In this article, we evaluate the extent to which chil-
dren and adolescents who are unvaccinated against
measles cluster within U.S. counties. Also, although
the popular media®**! and scientific literature®*" have
reported an association between lower vaccination
coverage and negative vaccine-related parental beliefs,
some literature suggests that under-immunization may
result primarily from missed opportunities to vaccinate
rather than from negative vaccine-related beliefs.” We
assessed the associations among not being vaccinated
against measles, parents’ vaccine-related beliefs, and
missed opportunities, and evaluated the extent to which
not being vaccinated against measles is attributable
to factors other than negative vaccine-related beliefs.

METHODS

Our analyses used the most recent data from the
National Immunization Survey (NIS)* and NIS-Teen®
to address our scientific objectives that provide statisti-
cally reliable estimates. The target populations of the
two surveys were 19- to 35-month-old children (herein-
after referred to as children) (NIS) and 13- to 17-year-
old adolescents (hereinafter referred to as adolescents)
(NIS-Teen). Both surveys included a random-digit-dial
survey of households with landline telephone numbers;
in 2011-2013, both surveys included a random-digit-
dial survey of cell phone numbers. We analyzed data
from sampled children and adolescents who had
adequate providerreported vaccination histories to
assess their vaccination status. We defined children and
adolescents as being unvaccinated if their providers
reported that no doses of measles-containing vaccine
were administered. For this article, children not vac-
cinated against measles were deemed and defined as
having a missed opportunity to be vaccinated against
measles if, after 12 months of age (when eligibility for
the recommendation for routine administration of the

measles vaccine begins), vaccination provider records
confirmed that they were administered doses of other
recommended childhood vaccines but remained unvac-
cinated against measles. Detailed descriptions of the
NIS and NIS-Teen have been published elsewhere.?'=%

The national number and percentage of unvacci-
nated children and adolescents were estimated using
data from 13,611 children sampled by the 2013 NIS and
18,264 adolescents sampled by the 2013 NIS-Teen. To
obtain statistically reliable county-level estimates of the
percentage and number of children and adolescents
not vaccinated against measles, we used three con-
secutive years of NIS and NIS-Teen data, required the
sample sizes for counties to be =35 for the three years
combined, and used James-Stein statistical estimation
methodology.®™ Because of reduced national sample
sizes for both the 2013 NIS and NIS-Teen, county-
level sample sizes for that survey year were smaller
than for previous years, resulting in fewer counties
achieving the sample size requirement. Among coun-
ties that achieved the sample size requirement, many
county-level estimates had low precision. Because of
that imprecision, we used data from 31,176 children
and 38,749 adolescents sampled from the 2010-2012
NIS and NIS-Teen, respectively, to obtain county-level
estimates.

Vaccine-related parental beliefs were collected in the
2011 NIS and the 2010 NIS-Teen and organized using
the Health Belief Model.?** Multivariable recursive
partitioning (i.e., a multivariable statistical method
that creates a decision tree that attempts to classify
members of the population based on several indepen-
dent variables) analyses*** were used (I) to identify
independent predictors of being unvaccinated against
measles, (2) to segment the populations of children
and adolescents into groups characterized by increasing
risk of not being vaccinated against measles, and (3)
to derive the percentages of children and adolescents
who were unvaccinated against measles that could be
attributed® to reasons other than parents’ negative
vaccine-related beliefs. All analyses accounted for
the surveys’ sampling weights and sampling design.*
Estimated percentages and numbers are reported
along with their 95% confidence intervals (Cls). Dif-
ferences between estimates were statistically significant
at $p<<0.05.

RESULTS

Children unvaccinated against measles

(unvaccinated children)

In 2013, the estimated number and percentage of
unvaccinated 19- to 35-month-old children in the
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United States were 429,915 (95% CI 376,857, 482,973)
and 7.5% (95% CI 6.6, 8.4), respectively. Among all
counties in the United States in 2013, approximately
80.0% of the unvaccinated children lived in counties
containing 41.9% of the national population of 19- to
35-month-old children (data not shown in tables or
figures).

A total of 210 counties had combined sample sizes
=35 across 2010-2012 for both the NIS and NIS-Teen.
In 2013, children living in the 210 counties comprised
50.7% of all children nationally. Among the 210 coun-
ties, the highest decile of estimated number of unvac-
cinated children ranged from 18,610 in Los Angeles
County, California, to 2,135 in Wake County, North
Carolina, and the highest decile of the estimated per-
centage of unvaccinated children ranged from 18.0%
in Boulder County, Colorado, to 10.3% in Allen County,
Indiana, and Clackamas County, Oregon (Table 1).

Bivariable analyses found that compared with vac-
cinated children, unvaccinated children were signifi-
cantly more likely to lack health insurance coverage and
to have other statistically significant differences with
respect to maternal and household characteristics that
are generally associated with lower socioeconomic sta-
tus (Table 2). Also, unvaccinated children were found
to have parents with significantly lower assessments of
(1) their child’s risk of getting a vaccine-preventable
disease (VPD), (2) VPDs as a concern that makes vac-
cinations relevant, and (3) vaccines’ efficacy to reduce
the threat of a VPD. Compared with parents of vacci-
nated children, parents of unvaccinated children were
also significantly less likely to report that their decision
to vaccinate their child was favorably influenced by a
health-care provider (HCP) and significantly more
likely to report concerns about vaccine safety (Table 3).

Multivariable recursive partitioning analyses (Fig-
ure 1) found that none of the 19 demographic factors
and only two of the 20 vaccine-related parental belief
factors (Table 3) were independently associated with a
child being unvaccinated against measles. Specifically,
the multivariable analysis found that the independent
predictors of an unvaccinated child were (1) parents’
belief about the necessity of vaccines to protect the
health of children and (2) among parents who believed
in the necessity of vaccines, whether or not parents
reported refusing vaccine dose administration for their
child (Figure 1).

The multivariable analysis segmented the U.S.
population of children into three groups (Figure 1).
Group 1 included children whose parents believe that
vaccines are necessary to protect their children’s health
and did not report vaccine refusal. Group 2 included
children whose parents believe that vaccines are nec-

essary to protect their children’s health and reported
refusing =1 vaccine dose of any type. Group 3 included
children whose parents do not believe that vaccines
are necessary to protect their children’s health. In the
continuum from group 1 to group 3, there was (1) a
statistically significant decrease in the percentages of
children belonging to the groups as a percentage of
the population of 19- to 35-month-old children (80.9%
in group 1, to 13.6% in group 2, and to 5.5% in group
3, p<<0.05) and (2) a statistically significant increase
in the percentage of children unvaccinated against
measles (from 6.6% in group 1, to 12.3% in group 2,
and to 33.6% in group 3, p<<0.05).

The percentage of children with parents who had
negative vaccine-related beliefs also increased across
the three groups. Compared with parents of children
in group 1, parents of children in group 2 differed
significantly on 10 of 20 vaccine-related belief factors.
Parents of children in group 2 were significantly less
likely than parents of children in group 1 to report
that their child’s HCP encouraged them to vaccinate
their child, to have been satisfied with information
received from their child’s HCP about vaccines, and to
think that vaccines are safe. Also, parents of children
in group 2 were significantly more likely than parents
of children in group 1 to believe that children receive
too many vaccines, that their children may get autism
if they vaccinate, that their children may have serious
side effects if they vaccinate, that too many vaccines
can overwhelm a child’s immune system, and that
vaccinations should be delayed if a child has a minor
illness (Table 4).

Compared with parents of children in group 1,
parents of children in group 3 differed on 17 of 20
vaccine-related belief factors (Table 4). In addition to
differing from group 1 concerning the same vaccine-
related belief factors about which group 2 differed, par-
ents of children in group 3 were significantly less likely
to believe that diseases such as measles are serious and
can hurt children; that if they do not vaccinate their
child, the child may get a disease such as measles; that
vaccines do a good job of preventing diseases; and that
medical professionals in charge of vaccinations have
their child’s best interest at heart. They were also less
likely to report that they were given enough time with
their child’s doctor to discuss issues that concerned
them about vaccinations and to report that they have a
good relationship with their child’s HCP. Also, parents
of children in group 3 were significantly more likely
than parents of children in group 1 to report that their
decision of whether or not to vaccinate their child
was influenced by a practitioner of complementary or
alternative medicine (Table 4). Among unvaccinated
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Table 1. Estimated number and percentage of unvaccinated® children and adolescents in selected counties in the
United States,® 2010-2012 NIS and 2010-2012 NIS-Teen

U.S. counties

19- to 35-month-old children
unvaccinated against measles

13- to 17-year-old adolescents
unvaccinated against measles

Estimated percentage

Estimated number

Estimated percentage

unvaccinated against unvaccinated against unvaccinated against

measles (95% Cl)

measles (95% CI)

measles (95% Cl)

Estimated number
unvaccinated against
measles (95% Cl)

United States®

Range across the 210 counties (from

highest to lowest)?

Range across deciles
1st (highest) decile
2nd decile
3rd decile
4th decile
5th decile
6th decile
7th decile
8th decile
9th decile
10th (lowest) decile

Selected counties®f
Los Angeles, CA (1, 1)
Maricopa, AZ (4, 4)
Cook, IL (2, 2)
Harris, TX (3, 3)
Dallas, TX (7, 9)
Kings, NY (8, 7)

San Diego, CA (5, 6)

Clark, NV (13, 15)

San Bernardino, CA (10, 8)

Tarrant, TX (12, 14)
Broward, FL (19, 17)
Dade, FL (11, 11)
Bronx, NY (20, 19)
King, WA (18, 20)
Wayne, Ml (15, 12)
Suffolk, NY (25, 22)

Salt Lake, UT (26, 33)
Shelby, TN (45, 39)
Bexar, TX (16, 16)
Wake, NC (49, 64)

El Paso, TX (41, 55)
Philadelphia, PA (21, 21)
Queens, NY (14, 13)
Cuyahoga, OH (32, 27)
Essex, NJ (63, 70)

Utah, UT (65, 99)
Snohomish, WA (92, 80)
Bernalillo, NM (86, 101)
Sedgwick, KS (111, 129)
Hudson, NJ (108, 117)
Boulder, CO (242, 223)
Kane, IL (97, 105)
Allen, IN (170, 177)

Anchorage, AK (196, 211)

Larimer, CO (239, 226)

7.5% (£0.9%)

18.0-3.6
18.0-10.3
10.1-9.1
9.0-8.4
8.4-7.8
7.8-7.4
7.4-7.1
7.0-6.7
6.7-6.2
6.2-5.8
5.8-3.6
9.0 (+3.3)
10.9 (+3.3)
8.0 (+2.0)
6.7 (+2.2)
9.0 (+2.3)
9.4 (£3.1)
7.4 (+3.9)
10.9 (+2.9)
9.4 (=4.6)
8.6 (+3.9)
10.1 (£5.1)
6.9 (+3.6)
9.6 (+4.6)
9.0 (+3.5)
7.7 (+4.0)
9.6 (+4.5)
9.5 (+3.6)
10.6 (+4.2)
5.5 (+1.6)
111 (£4.8)
10.0 (+2.4)
6.6 (+2.0)
5.0 (+2.4)
8.2 (+4.2)
115 (£5.4)
10.5 (+3.8)
10.5 (+4.9)
9.9 (+3.2)
10.5 (+4.4)
8.0 (+4.1)
18.0 (£7.1)
6.8 (+3.7)
10.3 (£4.9)
12.1 (+3.7)
14.0 (+6.2)

429,915 (+50,058)

18,610-29

18,610-2,135
2,090-1,358
1,354-1,048
1,040-864
858-681
678-584
556-406
399-288
284-164
144-29

18,610 (+6,824)
10,263 (+3,107)
8,834 (+2,209)
6,744 (+2,215)
5,491 (x1,403)
5,177 (x1,707)
4,764 (£2,511)
4,627 (£1,231)
4,506 (+2,205)
3,675 (£1,667)
3,341 )
3,155 )
3,050 )

)
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2,135 (+923
2,090 (+502
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4.5% (£0.7%)
9.1-2.8

9.1-6.4
6.3-5.5
5.5-5.0
5.0-4.6
4.6-4.4
4.4-4.2
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3.4-2.8

NP ONA NGO
NN ooo

WA N o
orNwo

L
LN oo N

w on W
o N o

o TS
NS O N

o 1N os O
MO Wwo ko
e o o o o~ o~ o o o o

L L L L A o L L S R L A o L L L L L A R L L S S
MRONW=WNNMRONONON= === =2 RN NONMWNRNW=NN=NDN
EhdgohNdEshicXINosORReIERENNEENNES 2

&
o~

941,134 (+288,604)
37,612-89

37,612-4,135
4,059-2,682
2,679-2,080
2,067-1,742
1,716-1,486
1,475-1,206
1,192-828
824-577
573-369
357-89

37,612 (+15,797)
18,904 (+5,671)
18,039 (+5,154)
22,264 (£6,361)
15,188 (+4,506)
7,425 (+2,828)
14,999 (=6,760)
9,658 )
9,103 )
9,459 )
5,083 )
4,766 (+318)
6,353 (+3,121)
5,104 (+2,219)
7,093 (+3,547)
4,442 (+2,221)

)

)

)
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+4,638
+4,054
+2,773
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2,696 (=1,313
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+1,514)
+1,617)
+2,599)
4,135 (+1,888)
2,247 (x1,151)
2,378 (x918)
2,156 (=1,054)
2,682 (x990)
2,067 (=930)
2,292 (x1,146)
736 (+368)
2,764 (+1,325)
1,270 (=686)
1,268 (£450)
877 (+457)

continued on p. 489
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Table 1 (continued). Estimated number and percentage of unvaccinated? children and adolescents in selected
counties in the United States,®? 2010-2012 NIS and 2010-2012 NIS-Teen

19- to 35-month-old children
unvaccinated against measles

13- to 17-year-old adolescents
unvaccinated against measles

Estimated percentage Estimated number Estimated percentage  Estimated number
unvaccinated against unvaccinated against unvaccinated against unvaccinated against

U.S. counties measles (95% Cl) measles (95% Cl) measles (95% Cl) measles (95% Cl)

Montgomery, OH (124, 114) 6.7 (x4.0) 678 (+404) 7.3 (+3.4) 2,639 (+1,229)
Polk, IA (131, 161) 6.7 (+3.5) 649 (+339) 6.4 (+2.8) 1,793 (£785)
Clackamas, OR (205, 176) 10.3 (£5.1) 614 (=304) 3.8 (x1.7) 970 (£434)
Hinds, MS (213, 222) 10.5 (£5.4) 613 (=315) 4.0 (+2.0) 783 (*+391)
Clark, WA (155, 152) 7.2 (+3.9) 605 (+328) 7.4 (+3.3) 2,200 (+=981)
Weber, UT (216, 258) 8.1 (+4.3) 466 (+247) 6.6 (+3.2) 1,110 (£538)
Dona Ana, NM (248, 274) 8.4 (+4.3) 413 (£211) 6.6 (+3.3) 1,027 (+513)
Kanawha, WV (347, 376) 12.1 (£5.6) 406 (+=188) 6.6 (+2.8) 728 (=309)
Fairbanks North Star, AK (479, 548) 13.5 (£5.3) 318 (+125) 5.3 (*x2.4) 385 (=174)
Sarpy, NE (319, 381) 6.1 (£3.3) 222 (£120) 6.3 (£2.8) 691 (=307)
Matanuska-Susitna, AK (616, 621) 11.9 (x4.7) 205 (+81) 7.3 (+2.9) 449 (£178)
Flathead, MT (631, 669) 12.1 (+5.4) 199 (+89) 7.7 (£3.2) 430 (£179)
Missoula, MT (605, 570) 11.0 (=4.7) 192 (=82) 4.1(+2.0) 284 (=138)
Kenai Peninsula, AK (963, 873) 9.2 (x4.6) 5 (x42) 8.1 (*+3.4) 314 (£132)
Sweetwater, WY (957, 1,109) 8.7 (+4.4) 1(*+41) 7.2 (*+3.4) 203 (*=96)
Addison, VT (1,452, 1,092) 10.8 (=5.0) 8 (*+27) 3.3(*+1.5) 96 (+43)

2Unvaccinated against measles refers to those administered no doses of measles-containing vaccine.

bAmong the 210 counties for which county-level estimates were obtained, selected counties included those that were at least one of the
following: (1) in the highest decile of the estimated percentage of children unvaccinated against measles, (2) in the highest decile of the
estimated number of children unvaccinated against measles, (3) in the highest decile of the estimated percentage of adolescents who were
unvaccinated against measles, or (4) in the highest decile of the estimated number of adolescents who were unvaccinated against measles.

“National estimates are based on 2013 data from the NIS and NIS-Teen.

“Two hundred ten counties had combined sample sizes of =35 across 2010-2012 for both the NIS and NIS-Teen.

*County population rank of 19- to 35-month-old children among 3,141 counties comprising the United States

fCounty population rank of 13- to 17-year-old adolescents among 3,141 counties comprising the United States

NIS = National Immunization Survey
Cl = confidence interval

children in group 3, 77.6% (95% CI 65.6, 89.6) had
parents who reported refusing the administration of
vaccine doses for their child (data not shown).

For children in group 1, the multivariable analysis
found that the independent factors associated with not
being vaccinated against measles did not include nega-
tive parental beliefs measured by the NIS (Figure 1).

Children in group 2 were 1.9 times more likely (95%
CI 1.4, 2.5) to be unvaccinated against measles than
children in group 1. Additionally, children in group
2 were 5.7 percentage points (12.3% minus 6.6%)
more likely to not be vaccinated against measles than
children in group 1. Among children unvaccinated
against measles in group 2, the percentage unvacci-
nated that was attributable to factors other than the
negative parental belief factors associated with group
2 was 53.8% (95% CI 40.6, 71.4) (data not shown).

Children in group 3 were 5.1 times more likely
(95% CI 3.8, 6.7) to be unvaccinated against measles

than children in group 1 (data not shown). Also, chil-
dren in group 3 were 27.0 percentage points (33.6%
minus 6.6%) more likely to not be vaccinated against
measles than children in group 1 (Figure 1). Among
children unvaccinated against measles in group 3,
the percentage unvaccinated that was attributable to
factors other than the negative parental belief factors
that were associated with group 3 was 19.7% (95% CI
14.9, 26.1) (data not shown).

Among all children unvaccinated against measles
in the U.S. population, the percentage unvaccinated
that was attributable to factors other than parents’
negative beliefs about the necessity of vaccines or vac-
cine refusal was 74.6% (95% CI 71.3, 77.9). Among
children who were unvaccinated against measles, the
percentages across the three groups of children who
had missed opportunities were 97.3% (95% CI 93.5,
100.0) in group 1, 98.2% (95% CI1 96.5, 100.0) in group
2, and 59.6% (95% CI 48.0, 71.2) in group 3. The
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CHILDREN AND ADOLESCENTS UNVACCINATED AGAINST MEASLES

<& 495

Figure 1. Percentage of 19- to 35-month-old children unvaccinated against measles, by vaccine-related
parental beliefs found to be the independent factors associated with being unvaccinated,
2011 National Immunization Survey

Vaccines necessary

to protect the helalth of children?

8.9% (+1.2%)
unvaccinated
n=12,259°

Yes |
Any vaccines
refused?
No 7.4% (+1.2%) Yes
unvaccinated
n=11,516
6.6% (+1.3%) 12.3% (+2.8%)
unvaccinated unvaccinated
n=9,726 n=1,771
GROUP 1° GROUP 2¢

Population Percentage Population Percentage

80.9% (+1.3%)

13.6% (+1.2%)

No

33.6% (+6.8%)
unvaccinated
n=725

GROUP 3°
Population Percentage
5.5% (+0.8%)

°n = unweighted sample size associated with the listed percentage. Sample sizes at daughter nodes may not add to the sample size at the

parent node because of missing values in the variable defining splits at the daughter node.

°Group 1 consists of children whose parents believed that vaccines are necessary to protect the health of children and did not report refusing

the administration of any vaccines.

Group 2 consists of children whose parents believed that vaccines are necessary to protect the health of children and reported refusing the
administration of =1 vaccine dose of any vaccine type.

4Group 3 consists of children whose parents did not believe that vaccines are necessary to protect the health of children.
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overall percentage was 89.6% (95% CI 86.1, 93.1). Also,
among all 19- to 35-month-old children unvaccinated
against measles, only 34.6% (95% CI 28.5, 40.7) had
a parent who reported refusing the administration of
any vaccine doses (data not shown).

Adolescents unvaccinated against measles
(unvaccinated adolescents)

In 2013, the estimated number and percentage of
unvaccinated 13- to 17-year-old adolescents was 941,134
(95% CI 796,832, 1,085,436) and 4.5% (95% CI 3.8,
5.2) (Table 1). The number and percentage of adoles-
cents not administered two doses of measles-containing
vaccine were 1,642,293 (95% CI 1,472,783, 1,811,803)
and 7.9% (95% CI 7.1, 8.7). Among the 3,141 counties
that the United States comprised in 2013, approxi-
mately 80.0% of unvaccinated adolescents lived in
counties containing 30.4% of the national population
of adolescents (data not shown).

In 2013, children living in the 210 counties com-
prised 53.5% of all adolescents nationally. The upper
decile of the number of adolescents unvaccinated
against measles ranged from 37,612 in Los Angeles
County, California, to 4,135 in Cuyahoga County, Ohio.
The upper decile of the percentage of unvaccinated
adolescents ranged from 9.1% in Dallas County, Texas,
to 6.4% in Hudson County, New Jersey, and Polk
County, Iowa (Table 1).

Bivariable analyses found that compared with
adolescents vaccinated against measles, unvaccinated
adolescents (I) were significantly more likely to be
Hispanic, non-Hispanic American Indian/Alaska
Native, or non-Hispanic Asian; (2) were more likely
to have other statistically significant differences with
respect to maternal characteristics, insurance status,
and the likelihood of having a parent who reported
ever refusing vaccines (Table 2); but (3) were not
statistically significantly different with respect to any
of the 10 vaccine-related factors measured (Table 3).

Multivariable analyses found that among the 19
demographic and 10 vaccine-related belief factors
measured on parents of adolescents, no vaccine-related
parental belief factors and only two demographic
factors (i.e., race/ethnicity and household income)
were independently associated with vaccination of
adolescents (Figure 2). In particular, compared with
non-Hispanic white, American Indian/Alaska Native,
and non-Hispanic Asian adolescents, Hispanic and
non-Hispanic black adolescents were significantly less
likely to be vaccinated against measles by 2.9 (95% CI
1.1, 4.7) percentage points. The multivariable analysis
segmented the population of adolescents into three
groups. However, few significant differences in vaccine-

related parental beliefs and no increasing pattern
of negative parental beliefs were found across these
groups (Table 4).

DISCUSSION

In the United States in 2013, 7.5% of 19- to 35-month-
old children and 4.5% of 13- to 17-year-old adolescents
were unvaccinated against measles. Our analyses found
that unvaccinated children and adolescents clustered
within certain U.S. counties disproportionately with
respect to the fraction of the national populations of
children and adolescents that those counties represent.
Among 210 selected counties representing more than
a majority of the U.S. population of children and ado-
lescents, the percentage of children and adolescents
unvaccinated against measles was as high as 18.0% and
9.1%, respectively. Additionally, the upper decile of
the number of children and adolescents unvaccinated
against measles ranged from several tens of thousands
to several thousands. Our data and other data® high-
light appreciable levels of measles susceptibility despite
high levels of population immunity to measles nation-
ally,*”% and suggest a substantial risk of large measles
outbreaks with the potential for reestablishment of
sustained measles transmission in these communities
if measles is introduced.

Although the popular media***! have suggested that
parents’ decision not to vaccinate their children against
measles is a manifestation of the influence from the
anti-vaccine movement, our analyses found that (1)
the percentage of children who were unvaccinated that
was attributable to factors other than parents’ negative
beliefs about the necessity of vaccines or vaccine refusal
was 74.6% and (2) among all children unvaccinated
against measles, 89.6% were deemed to have had
missed opportunities because they were administered
at least one dose of another recommended childhood
vaccine after 12 months of age. Also, our study found
that among all 19- to 35-month-old children unvacci-
nated against measles, only 34.6% had a parent who
reported refusing vaccine doses. These findings suggest
that missed opportunities to vaccinate are the main
factor associated with not being vaccinated against
measles and support the use of standards of care for
pediatric immunization practices recommending that
providers review children’s vaccination records at every
visit to assess the need for catch-up doses of measles and
other vaccines.® Client reminder and recall systems*”*
have been shown to be effective as part of a strategy to
administer missed doses of all recommended vaccines.

Children affected by the measles resurgence of the
late 1980s and early 1990s were often unvaccinated
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against measles because of financial or other barri-
ers.* Similarly, our data suggest that compared with
children who are vaccinated against measles, children
who are unvaccinated against measles are significantly
less likely to be covered by health insurance. Although
children who are not covered by health insurance are
entitled to publicly purchased vaccines at no cost from
providers enrolled in their state’s Vaccines for Children
Program (VFC), VFC-entitled children and adolescents
are known to live in lower socioeconomic conditions**®!
and other barriers to vaccination may remain.”

Also, we found that a relatively small percentage
(5.5%) of children had parents who believed that
vaccines are not necessary to protect the health of
children. Among those children, a relatively high per-
centage (33.6%) were unvaccinated against measles,
and more than a majority (77.6%) had parents who
deliberately refused the administration of vaccine doses
for their children and held many unfavorable vaccine-
related beliefs. Special advice is available to vaccination
providers for communicating with parents who have
unfavorable vaccine-related beliefs.”*** That advice

Figure 2. Percentage of 13- to 17-year-old unvaccinated adolescents, by independent factors associated with
being unvaccinated determined from the multivariable recursive partitioning® analysis, 2010 NIS-Teen

Adolescent
Race/Ethnicity
White Non-Hispanic o i 0 Hispanic
American Indian/Alaska Native 4.6% (1.0.8 %) Black non-Hispanic
Asian Non-Hispanic unvaccinated Other
n=8,652°
Quintile of Household Income
as Measured by Percentage of
The Federal Poverty Level (FPL)
3.4% (io's(%)) st (IOWest FPL) 6.3% (i1 -60/0) 2nd and
unvaccinated . 4", and unvaccinated 3" Quintile
n=6,000 5t (highest FPL) Quintile n=2,652
_GROUPT°
Population Percentage
o) 0,
60.1% (+1.9%) 4.4% (+1.3%) 9.0% (+3.3%)
unvaccinated unvaccinated
n=1,735 n=917
GROUP 2° GROUP 3¢

Population Percentage

Population Percentage

23.7% (+1.7%) 16.2% (+1.7%)

*Recursive partitioning is a multivariable statistical method that creates a decision tree that attempts to classify members of the population based

on several independent variables.
°n = unweighted sample size associated with the listed percentage

Group 1 consists of adolescents who were either non-Hispanic white, American Indian/Alaska Native, or non-Hispanic Asian.

9Group 2 consists of adolescents who were either Hispanic, non-Hispanic black, or of another race/ethnicity and lived in a household with an

annual income in the first, fourth, or fifth income quintile.

°Group 3 consists of adolescents who were either Hispanic, non-Hispanic black, or of another race/ethnicity and lived in a household with an

annual income in the second or third income quintile.
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includes listening to parents to understand and address
their concerns and making a clear, strong, and unam-
biguous recommendation to vaccinate. It is especially
important to keep the lines of communication open
with those parents and to revisit the conversation on
subsequent visits, because the majority of children who
acquire measles in the United States have parents with
unfavorable vaccine-related beliefs.*'*!? The higher
risk may be due to (I) their traveling internationally
or having international visitors from countries where
measles continues to be endemic and/or (2) their clus-
tering to a greater degree because of shared interests
that may include participating in educational, social,
and religious events with other children whose parents
are like-minded.

Among adolescents, multivariable analysis found
that vaccine-related parental beliefs were not indepen-
dently associated with being unvaccinated, but that
being Hispanic or non-Hispanic black was associated
with a higher rate of being unvaccinated. These find-
ings support the use of standards of care for pediatric
immunization practices* recommending that providers
review vaccination records at every adolescent visit and
provide catch-up doses of measles and other vaccines
for the purposes of increasing measles vaccination
coverage among adolescents and for decreasing the
racial/ethnic disparity our analysis identified.

Limitations

This study was subject to several limitations. First, while
all of the annual surveys of the NIS and NIS-Teen used
in our study collected data from households with a land-
line telephone, the 2011-2013 surveys also collected
data from households with cell phones. Although the
response rates of the telephone portions of the NIS
and NIS-Teen can be low, the analysis described in
the Appendix shows that NIS and NIS-Teen estimates
compare favorably with vaccination coverage estimates
from the National Health Interview Survey, which has
a response rate of approximately 90%.” A further
limitation was that some states with large populations
(e.g., California) were allocated a disproportionately
small percentage of the national NIS and NIS-Teen
sample, thereby limiting our ability to obtain precise
estimates among some counties where the population
is large. A final limitation was that the NIS and NIS-
Teen record dates on visits to primary HCPs only for
dates on which vaccinations are administered. Other
visit dates may have existed for a purpose other than
vaccine administration. Because children and adoles-
cents may have been eligible but were not administered
routinely recommended vaccine doses at those visits,

our estimates of the percentage who had a missed
opportunity may be underestimated. However, as our
point estimate for that percentage (89.6%) and the
upper bound of its 95% CI (93.1%) were very high,
the degree to which our statistics underestimated the
percentage of children who had a missed opportunity
could not be appreciable.

CONCLUSION

Through a successful measles vaccination program,
the United States has eliminated year-round endemic
measles transmission and the accompanying heavy
annual health burden from measles and its compli-
cations.”® However, sustaining elimination requires
maintaining high measles vaccine coverage rates,
particularly among preschool and school-aged chil-
dren and among adolescents, to provide sufficiently
high population immunity (>93%) to result in herd
imlrnunity,‘“”57 which would decrease the risk of measles
exposure and afford protection to those who cannot be
vaccinated. In 2013, 17 states had <90% coverage for
=1 measles-mumps-rubella dose for 19- to 35-month-
old children.*” Achieving and maintaining very high
vaccination coverage for measles in all communities
is the most effective strategy to reduce the risk of
measles outbreaks and reestablish endemic disease
transmission. Approaches to achieving higher vaccine
coverage should account for our findings that ()
unvaccinated children and adolescents cluster within
certain counties, (2) reasons other than parents’ nega-
tive vaccine-related beliefs account for the majority of
children and adolescents unvaccinated against measles,
and (3) most children unvaccinated against measles
have been administered doses of other recommended
vaccines after 12 months of age. Strategies to address
missed opportunities should be addressed.

The authors have written permission to thank and acknowledge
Drs. Alan B. Bloch and Holly A. Hill for their careful reading
and editing of the manuscript. Also, the authors have written
permission to thank and acknowledge Dr. Kennon Copeland, Ms.
Wei Zeng, and Ms. Michele Koppelman at the National Center
for Opinion Research for providing estimates of differences in
vaccination coverage obtained between the National Health
Interview Survey and the National Immunization Survey (NIS)
and NIS-Teen.

The NIS and NIS-Teen have been approved annually by the
Ethics and Research Review Board of the National Center for
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The findings and conclusions in this article are those of the
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the Centers for Disease Control and Prevention.
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Appendix. Comparisons of vaccination coverage estimates from the NIS and NIS-Teen with
estimates from the National Health Interview Survey, 2012

From 2010 to 2013, ranges of response rates of the National Immunization Survey (NIS)* and NIS-Teen® landline telephone
surveys were 62%-65% and 51%-58%, respectively, and 25%-31% and 22%-24%, respectively, for the 2011-2013 NIS and
NIS-Teen cell phone surveys. The ranges of the percentages of interviews providing consent and adequate provider-reported
vaccination histories were 63%-72% and 55%-59%, respectively, for the NIS and NIS-Teen landline surveys, and 60%-66% and

54%-56%, respectively, for the NIS and NIS-Teen cell phone surveys.

In 2012 and 2013, approximately 80% of the NIS and NIS-Teen samples were obtained from a sampling frame of cell phone
numbers, and approximately 20% of the samples were obtained from a sampling frame of landline telephone numbers. Because
of the lower response rate that was anticipated for the portion of the samples obtained from the cell phone sampling frame,

in 2012, the Centers for Disease Control and Prevention (CDC) conducted a study to compare vaccination coverage rates
estimated from the 2012 NIS with vaccination coverage rates estimated from the National Health Interview Survey (NHIS),

which was augmented to obtain provider-reported vaccination coverage of 19- to 35-month-old children and 13- to 17-year-old
adolescents sampled by the NHIS in 2012. The response rate for the NHIS is typically about 90%.¢

Results from the study showed that among 19- to 35-month-old children in 2012, the estimated percentage of children
administered zero doses of the measles-mumps-rubella (MMR) vaccine was 1.6 (?5% CI 0.0, 3.9) percentage points higher (9.2%
vs. 7.6%) as estimated by the NIS, but that difference was not significantly different from zero (p=0.42). Also, among 13- to
17-year-old adolescents in 2012, the estimated percentage of teens administered zero doses of the MMR vaccine was 2.6 (95%
Cl 1.4, 3.8) percentage points lower (4.7% vs. 7.3%) as estimated by the NIS-Teen, and it was statistically significant (p<0.05)
primarily because of the large sample sizes of both the NIS-Teen (n=19,199) and NHIS (n=3,070) samples. These results were
typical of the results observed in the CDC study and suggest that although the response rates of the NIS and NIS-Teen may
seem low, national estimates of vaccination coverage are very comparable with those obtained from the NHIS, a survey based

on sampling households that has a very high response rate.
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NIS = National Immunization Survey
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