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Abstract

School and daycare entry requirements have been credited with increasing immunization rates among school-age children, but no prior study
has assessed the nationwide effects of entry requirements while controlling for individual, family, and household characteristics. The 2002
National Immunization Survey (NIS) is a nationally representative annual survey that includes provider record-verified immunization dates
for 20,546 children aged 19—-35 months without prior history of varicella. In weighted bivariate and multivariate logistic regression models,
we examined the association of state entry mandate implementation with children’s up-to-date (UTD) status for varicella vaccine, adjusted for
sociodemographic characteristics of children, mothers, and household income and for children’s UTD status for other recommended vaccines.
In this national sample representative of 5.6 million children, 83.2% (95% CI: 82.3%—-84.1%) were UTD for varicella vaccine. Between
1997 and 2002 inclusive, 33 states and the District of Columbia had implemented school and/or daycare entry immunization mandates for
varicella. In bivariate analyses, 84.9% (83.9%-85.9%) of children in states with varicella entry mandates were UTD, compared to 76.8%
(75.3%—78.4%) of children in states without such mandates. In multivariate analyses controlling for child and family characteristics, children
living in states with varicella entry mandates remained significantly more likely to be UTD for varicella than children in states without
mandates. These findings indicate that immunization entry requirements are associated with higher immunization rates among preschool-age
children, and suggest that the effects of entry requirements are independent of other individual and household factors associated with childhood
immunization.
© 2004 Published by Elsevier Ltd.
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1. Introduction Published studies of school entry mandates, however, have

several limitations. The effects of entry mandates have not

State mandates requiring childhood immunization for previously been compared to the effects of other established

school entry in the United States date back nearly 200 years todeterminants of childhood immunization such as child age
1809, when Massachusetts made smallpox vaccination com-and race/ethnicity, maternal age and education, maternal mar-
pulsory[1]. Entry mandates have since been recognized asital status, and household incorfte-7]. Moreover, school
keys to past childhood immunization succesfes3] and entry mandates have been associated with higher immuniza-
have been lauded as a way “to harness the resources of othetion rates among children of kindergarten age, but not among
programs such as education to the immunization effait” younger children who benefit from timely administration of

vaccines within the first 2—3 years of lifg,3]. In arecent sin-

gle city sample, daycare entry requirements targeting young
* + Corresponding author. Tel.: +1 734 615 3508; fax: +1 734 764 2590, Children were not associated with higher immunization rates
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Live attenuated varicella vaccine was first recommended by taking the earlier of the daycare or school entry mandate
for universal administration to children aged 12-18 months years.
in 1995[9,10]. Subsequently, 33 states and the District of
Columbia implemented school and/or daycare entry man- 2.3. Outcome variables
dates regarding the vaccine from 1997 to 2Q02]. We
viewed the gradual implementation of varicella entry man-  The principal outcome variable was the weighted pro-
dates over time as an opportunity to examine possible effectsportion of 19-35-month-old children up-to-date (UTD) for
of such requirements on varicella immunization rates on the varicella vaccination (one dose). Children in NIS whose
national level, using the annual National Immunization Sur- immunization dates were confirmed with record checks
vey (NIS) of 19-35-month-old children that has been fielded were initially eligible for analysis (unweighted=21,410).
annually since 199f2]. Our study hypothesis was that state Children ineligible to receive the vaccine because they had
school and/or daycare entry requirements are associated wittvaricella illness by 12 months of age and children whose
higher varicella immunization rates among preschool-aged varicella vaccine doses were inappropriately administered
children, controlling for child, maternal, and household char- before 12 months of age were excluded from analyses
acteristics and for receipt of other recommended early child- (combined unweightedN=884), leaving 20,526 children

hood vaccinations. (95.9%) with record-verified vaccination data eligible for this
analysis.

2. Methods 2.4. Independent variables

2.1. Sample The independent variable of chief interest was the pres-

ence of any state entry mandate regarding varicella vaccine.

The NIS is a federally funded, nationally representative We also conducted separate analyses using the presence of
survey that yields weighted immunization rate estimates for school entry mandates and the presence of daycare entry man-
19-35-month-old children at the national and state levels dates.
[13]. To obtain vaccination information, the NIS uses a In addition, the NIS collects information regarding several
two-phase sampling method in which a random-digit-dialing child, maternal, and household characteristics that served as
survey that identifies households with eligible children is other independent variables in our analysis. Younger child
followed by a provider record check survey. In the latter age, younger maternal age, and unmarried maternal marital
phase, vaccination histories are obtained from medical status have all been associated with underimmunization in
records with the cooperation of children’s health care prioranalyses, while firstborn children have been found to be
providers. Weighting adjustments are made to NIS estimatesbetter immunized than their later born siblings-7]. Chil-
to account for households without telephones and for dren living in poverty and those of minority race/ethnicity

non-response from health care providers. are at increased risk of underimmunization, as reported by
National and state-specific estimates for varicella immu- the Centers for Disease Control and Prevention in the 2002
nization rates were included in NIS beginning in 1928]. NIS [16,17] Variables available in the 2002 NIS regarding

NIS 2002 is the most recent dataset publicly available at these child, maternal, and household income characteristics
this writing. NIS measures vaccination rates among 19-35- were included in our analyses.

month-old children, and therefore children in the NIS 2002  We also included each child’s medical record-verified im-
were born in the months February 1999 to May 2004]. munization status regarding vaccination with the 4:3:1:3:3
Varicella immunization is recommended beginning at 12 series £4 doses of diphtheria and tetanus toxoids and per-
months of age, so children represented in NIS 2002 receivedtussis vaccine>3 doses of poliovirus vaccinex1 dose
vaccine beginning in February 2000 and continuing through of measles-containing vaccing,3 doses ofHaemophilus

the time of their survey in 2002. influenzaetype b vaccine, and>3 doses of hepatitis

B vaccine) as an indicator of each child’s timely re-
2.2. Daycare and school entry mandates regarding ceipt of recommended immunizations aside from varicella
varicella vaccine vaccine.

In order to determine whether states with higher or lower

Data regarding years of implementation for entry varicella immunization rates (e.g., more or less effective

mandates regarding varicella vaccine were obtained fromimmunization efforts) were likely to introduce entry require-
the Immunization Action Coalition, a widely recognized ments, we compared the prior year varicella immunization
vaccine information resource in the United Stafési]. rates for states that implemented entry requirements versus
Years of school entry requirements and daycare entrythose that did not, in each calendar year. For example,
requirements were tracked separately. In states with bothwe compared the mean 1996 varicella immunization rates
daycare and school entry mandates, the earliest year offor states that implemented entry requirements in 1997
implementation for any entry requirement was also noted to the mean 1996 rates for states that did not. States that
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implemented requirements were excluded from later-year Table 1
comparisons. Data for these comparisons were drawnCharacteristicsofNational Immunization Survey Sample, 2002

from the National Immunization Survey published by the Characteristics Weighted proportion (%)
CDC|18]. Child age
19-23 months 30
2.5. Statistical analyses 24-29 months 35
30-35 months 33
Our cross-sectional analyses were designed to examinechild race/ethnicity
the hypothesis that state school and/or daycare entry require- sgzg:ngz:g ‘l’)vlzgi i?
ments are associated with higher varicellaimmunization rates Hispanicp 244
among preschool-aged children, controlling for child, mater-  non-Hispanic other 3
nal, and household characteristics and for receipt of other ., . . . . )
. L Child firstborn in family
recommended immunizations. No 626
We conducted bivariate stratified analyses to examine the ves 374
up-to-date status of chlldrer_l living in stat_es without yancella Child up-to-date for 4:3:1:33
entry mandates versus children living in states with entry g 252
mandates, for children in strata defined by their own and Yes 748
t_heir ma_ternal_ and househol_d _s.ociodemographic gharacterisMatemm age
tics. To investigate the possibility of confounding in the ob- <19 years <)
served bivariate associations of personal characteristics with 20-29 years 48
varicella UTD status, we conducted multivariate weighted =30 years 5B
logistic regressions with all candidate independent variables Maternal marital status
including entry mandates (operationalized as indicator vari- Never married 2B
ables) Married 707
’ Separated/divorced/widowed .87

We conducted separate regressions regarding daycare en- _
try mandates and school entry mandates and did not findMaternal education

substantively different results. Therefore, only the analyses Eig:zs g

of any entry mandate are reported. >12 years, some college/vocational .as
All analyses were conducted using Stata SE, Version 8.0 College degree 3

(Stata Corp., College Station, TX, USA), suitable foranalysis |, sehold annual income

of data collected through complex survey sampling. All re-  <100% federal poverty level %

sults are presented using weighted data, based on observation 101%-200% federal poverty level 24

weights provided for the 2002 NIS. >200% federal poverty level 3

@ Children aged 19-35 months with medical record-verified vaccination
data, who did not have varicella illness and did not receive the varicella vac-
cine prior to 12 months of age. Unweightide: 20,526 except for household

. Resul
3 esults annual incomeN=18,642).

b Up-to-date for other universally recommended childhood vaccines. See
3.1. Sample text.

In the 2002 NIS, there were 20,526 eligible children type (Table 2. Most mandates were implemented in the year
aged 19-35 monthS W|th medical record-verified information 2000 and more recent'y_ Daycare entry mandates regarding
about varicella immunization. These NIS participants were yaricella were more common than school entry mandates, but

representative in aggregate of approximately 5.6 million chil- school mandates had been implemented by more than half of
dren in 2002 who had no history of chickenpox before age 12

months and who did not receive the varicella vaccine priorto |, »

their first birthday. Year of implementation of varicella daycare and school entry mandates

Descriptive information about the s_ample appears iIn Year of implementation Daycare entry School entry Any entry
Table 1 Among these preschool-aged children, 83.2% (95% of varicella entry mandatemandatel) ~mandatell) mandatel)

Cl: 82.3%—84.1%) were up-to-date for varicella vaccine in 7go7

3 2 3
2002. 1998 2 1 2
1999 2 2 2
3.2. State entry mandates and varicella immunization 2000 12 7 12
rates: bivariate analyses 2001 6 7 7
Y 2002 7 8 8
From 1997 to 2002, the majority of states and the District Tota! states with mandates 32 27 34
None by 2002 19 24 17

of Columbia implemented varicella entry mandates of some
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Table 3 3.3. Entry mandates and other determinants of varicella
Year of implementation of state varicella entry mandate and varicella up-to- jmmunization: stratified bivariate analyses
date status

Year of implementation of state varicella Proportion up-to-date for When stratifying our sample by child. maternal. and

entry mandaté X"’Eg}oc e[g‘;\)f ECI']?e household variables, we found that varicella entry mandates
, ’ were strongly associated with higher varicella UTD rates

No mandate implemented 1997-2002 76.8(75.3-78.4) for almost all of the variable strata examingéble 4. The
1997 89.1(85.8-92.3) strongest associations of UTD status and entry mandates, as
1222 2;'8 gi'g‘gg'g defined by>9% absolute difference in UTD rates for children
2000 86.4 (84:7_88:0) residing in states with mandates versus childrenin states with-
2001 85.2 (83.3-87.2) outmandates, were observed for children aged 30—35 months,
2002 78.4 (75.9-81.0) Hispanic children, non-firstborn children, children not oth-

2 Year listed reflects year of implementation of school or daycare entry €rwise UTD for other recommended vaccines (4:3:1:3:3),
mandate for varicella, whichever came first. children of mothers aged 20-29 years, and children whose

b Among children residing in states with a daycare and/or school entry mothers had <12 years of education.
mandate for varicella in the year specified.

3.4. State entry mandates and varicella immunization
rates: multivariate analyses
the states by 2002. Based on this sample, by the end of 2002
approximately 4.42 million childrenaged 19-35 monthslived =~ When controlling for child, maternal, and household
in states with varicella entry mandates, versus 1.18 million characteristics, as well as for immunization status regarding
in states without such mandates. other vaccines, we found that the positive association
Among children residing in states with varicella entry persisted between any varicella entry mandates implemented
mandates, 84.9% (83.9%-85.9%) were UTD for varicella in 1997 through 2001 and varicella UTD status in 2002
vaccine. In contrast, among children in states without vari- (Table 5. As indicated by the positive regression coeffi-
cella entry mandates 76.8% (75.3%—78.4%) were UTD for cients, children living in states with varicella vaccine entry
varicella vaccine. mandates implemented in any of the years 1997 through
When we examined the UTD status of children in states 2001 were significantly more likely to be UTD for varicella
grouped by year of implementation of any entry mandate vaccine than children living in states without varicella entry
(Table 3, we found that children living in states with entry mandates. The UTD status of children living in states with
mandates implemented from 1997 to 2001 were significantly entry mandates implemented in 2002 were not significantly
more likely to be UTD for varicella than children living in  different from children in states without mandates.
states with no mandate by 2002. Children living in states  The only variable in the multivariate model with a stronger
that implemented entry mandates in 2002—the same year ineffect than entry mandate implementation in the years 1997
which their UTD status was measured in the 2002 NIS—were through 2001 was UTD status for other recommended child-
not significantly more likely to be up to date than children hood immunizations (4:3:1:3:3). Firstborn status and non-
residing in states without varicella entry mandates. Hispanic black race (compared to non-Hispanic white) were
Results were similar for children in states with only day- also positively associated with varicella UTD status. Multi-
care entry mandates (versus all mandate types combinedyariate models considering daycare and school entry man-
above). In seven states (Alaska, Delaware, Maine, Missouri, dates separately revealed no substantive differences in the
New York, North Carolina, West Virginia) with only day- findings (data not shown).
care entry mandates by 2002, the varicella vaccine coverage
rate was 82.2% (79.5%—84.9%), significantly higher than
the proportion UTD in states without varicella entry man- 4. Discussion
dates. In the small subsample of two states (South Dakota
and Utah) with only school entry mandates by 2002, the  This study of state immunization entry mandates related
varicella vaccine coverage rate was 80.1% (75.4%—-84.8%),to varicella lends strong support to the claim that school and
somewhat higher but not statistically significantly different daycare entry requirements are a powerful engine for child-
from children living in states without any varicella entry hood vaccine promotion. More specifically, this is the first
laws. study to suggest that school and daycare entry mandates are
Comparison of prior-year varicella UTD status in states associated with better vaccination rates among preschool-
with entry mandates versus states without revealed no sig-aged children, even while adjusting for sociodemographic
nificant differences in varicella rates, indicating that states factors such as child age and race/ethnicity, firstborn status,
with mandates were doing neither worse nor better than othermaternal age and education, and household income that are
states with regard to varicella immunization at the time man- known to influence childhood immunization patterns. This
dates were implemented. is also the first known analysis since evaluations of measles
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Table 4
Comparison of varicella up-to-date rates for children living in states with vs. without entry mandates, stratified by child, maternal, and bbasattelistics
Proportion UTD for varicella, Proportion UTD for varicella, Pvalue, with mandates
withoutentry mandates (%) with entry mandates (%) vs. without
Child age
19-23 months 73.9 82.5 <0.0001
24-29 months 79.3 86.1 <0.0001
30-35 months 76.8 85.8 <0.0001
Child race/ethnicity
Non-Hispanic white 76.1 84.5 <0.0001
Non-Hispanic black 81.3 85.9 NS
Hispanic 76.0 85.3 <0.0001
Non-Hispanic other 79.4 84.6 NS
Child firstborn in family
No 73.5 82.7 <0.0001
Yes 825 88.5 <0.0001
Child up-to-date for 4:3:1:3:3
No 53.8 64.0 <0.0001
Yes 85.1 91.8 <0.0001
Maternal age
<19 years 81.6 87.9 NS
20-29 years 74.1 83.3 <0.0001
>30 years 78.8 86.1 <0.0001
Maternal marital status
Never married 76.4 84.9 <0.0005
Married 76.9 85.3 <0.0001
Separated/divorced/widowed 77.5 815 NS
Maternal education
<12 years 74.3 83.4 <0.001
12 years 74.5 82.5 <0.0001
>12 years, some college/vocational 77.2 854 <0.0005
College degree 80.2 88.3 <0.0001
Household annual income
<100% federal poverty level 75.0 82.5 <0.001
101%—-200% federal poverty level 73.1 80.1 <0.005
>200% federal poverty level 79.5 88.0 <0.0001

a Reflects implementation of either school or daycare entry mandate or both for varicella in any year 1997-2002.

entry mandates over 3 decades §%20]to take a national  in states without such mandates. This difference may be ex-
perspective and examine entry mandates across multiplepected to translate into lower varicella incidence rg#§
states. and lower hospitalization ratg28] for young children and
older nonimmune individuals through reduction in the pool
4.1. Effects of entry requirements of susceptible children through whom varicella spreads. In

turn, reduced disease incidence may yield lower societal costs

Although varicella immunization rates have increased of varicella disease through decreased health care costs and
since the vaccine’s licensure in 1995, vaccination efforts fewer missed days of work for parents.
against varicella have faced several barriers including the Measuring these and other beneficial effects are critical
common perception that varicella is a uniformly mild dis- to future acceptance of daycare and school entry mandates,
ease and a lack of insurance coverage for the vaccinebecause if such mandates are perceived as promoting higher
[21]. As a result, providers’ adoption of varicella vac- immunization rates but do not necessarily translate into
cine into practice has been more hesitant and gradual tharhealth and economic benefits then mandates are likely to
for H. influenzaetype b (Hib) vaccine and pneumococ- lose support. Furthermore, economic benefits in partic-
cal conjugate vaccine, particularly among family physicians ular are worth measuring because enforcement of entry
[22—-26] requirements imposes administrative costs on the staff of

Nevertheless, we found an approximately 8% absolute dif- daycares, schools, and the state agencies that bear respon-
ference in varicella immunization rate for children living in  sibility for monitoring adherence to the statutory require-
states with varicella entry mandates versus children living ments.
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4.2. Entry mandates versus other determinants of UTD status, although this is the first study of which we
childhood immunization are aware that has documented this phenomenon for vari-

cella vaccination. In contrast to a black—white disparity in

Similar to other studies of childhood immunization, we vaccination status for the 4:3:1:3:3 series in 207, non-
found that firstborn status was positively associated with Hispanic black children were significantly more likely than
non-Hispanic white children to be UTD for varicella in our

Table 5
Multivariate analysis of factors associated with varicella up-to-date status, Multivariate analysis. We speculate that this latter finding may
United States, 2002 reflect less frequent exemptions for varicella immunization
vVariables B coefficient  95% confidence among non-Hispanic black versus non-Hispanic white chil-
interval dren, but this possibility merits further investigation of trends
Year of varicella entry mandate implementation in families’ vaccine exemption behavior.
No mandate by 2002 Ref - Another salient contribution of this study is the observa-
1997 0.99 ®3-1.35 tion that the associations of entry mandates with varicella
1998 0.51 (20-0.82 UTD status appear independent of child and family fac-
1999 0.48 aL2-0.83 tors. This suggests that implementation of entry mandates
2000 0.66 %8-0.84 99t X e §
2001 0.56 (B6-0.76 boosts vaccination for children living in a broad variety of
2002 —-0.20 —0.43100.03 circumstances, by holding all children—and the parents and
Child age guardians responsible for them—to a standard expectation in
19-23 months Ref - their communities. Varicella entry mandates may persuade
24-29 months 0.08 —0.0910 0.26 parents who would otherwise not vaccinate their children
30-35 months —0.04 -0.22100.13 against chickenpox to do so, and those are the parents for
Child race/ethnicity whose children we would expect to see the greatest incre-
Non-Hispanic white Ref - mental effect of entry requirements.
Non-Hispanic black 048 43-0.73 It is theoretically possible that states that implement
Hispanic 0.19 —003100.40 varicella entry mandates are more predisposed to immuniza-
Non-Hispanic other 0.22 —0.06t0 0.51

o _ . tion initiatives in general, and therefore would be expected
Chrll'd firstborn in family Ref to have higher varicella immunization rates independent

Y:s 025 }20_0.50 of entry mandates. Three of our findings argue against
this possibility. First, in multivariate analyses, children in

Child up-to-date for 4:3:1:3%3 states that implemented entry mandates in 2002 (i.e., most

No Ref - . . -

Yes 1.79 165-1.92 recently in the study period) were not significantly more
Maternal age likely than children in states without mandates to be UTD

<19 years Ref - for varicella. Second, in comparisons of varicella UTD

20-29 years 0.27 —021100.74 states for pre-mandate years, those states that implemented

>30 years —0.07 —0.23t0 0.09 P .

mandates were not significantly more likely to be UTD for

Maternal marital status varicella than other children. Third, effects of varicella entry

Never married Ref - mandates were independent of UTD status of children for

Married -0.01 —0.271t00.27 h ded Iv childhood .

Separated/divorced/widowed -0.01 ~0.22100.20 other recommended early childhood vaccines.

Maternal education 4.3. Study limitations

<12 years Ref -

12 years —0.08 —0.32t00.17

>12 years, some college/vocational ~ 0.07 —0.21100.35 The most important limitation of this study is that it relies

College degree 0.13 —0.131t00.40 upon the NIS, which is administered through a random-
Household poverty status digit-dialing algorithm and therefore depends on having

<100% federal poverty level Ref - households with telephones. The NIS sampling method does

101%-200% federal poverty level —0.12 —033100.09 include adjustments for households without teleph¢h8k

>200% federal poverty level 0.20 —0.01t00.42 but it is still possible that families without telephones—i.e.,

B coefficient interpretations coefficient=0 and/or 95% ClI includes-& typically disadvantaged families—are underrepresented in
there is no statistically significant association between the specified variable

and varicella UTD status, controlling for other model variabesoefficient this sample. L
>0 and 95% CI does NOT include-8 the specified variable is associated We were also limited by the nature of self-reported re-
with statistically significantljighervaricella UTD likelihood than children ~ sponses for the NIS participants regarding several of the
in the reference group, controlling for other model variabesoefficient variables we incorporated in our analyses. Self-reports of ed-
<0 and 95% CI does NOT include-6 the specified variable is associated ucation and income, in particular, may be subject to social
with statistically significantlyower varicella UTD likelihood than children . . . . .
in the reference group, controlling for other model variables. deswablllt_y_ biases and were not mdependently conflrm_ed.

a Up-to-date for other universally recommended childhood vaccines. See N addition, we used the most recent NIS data available

text. from 2002, which limited our ability to investigate the im-
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. . . . [7] Zimmerman RK, Ahwesh ER, Mieczkowski TA, Block B, Janosky
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. . . . to date for immunizations? Ambul Pediatr 2003;3:154—7.
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