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On-time Vaccine Receipt in the First Year Does Not
Adversely Affect Neuropsychological Outcomes

WHAT’S KNOWN ON THIS SUBJECT: An increasing number of
parents are concerned that children receive too many vaccines
too soon, and some are requesting alternative immunization
schedules. This practice is not evidence-based and may lead to
increased incidence of vaccine-preventable diseases.

WHAT THIS STUDY ADDS: This is the first study to compare long-
term neuropsychological outcomes between children with timely
vaccination and those with delayed or incomplete vaccination.
These data suggest that there is no benefit in delaying
immunizations during the first year of life.

abstract +

OBJECTIVES: To determine whether children who received recom-
mended vaccines on time during the first year of life had different
neuropsychological outcomes at 7 to 10 years of age as compared with
children with delayed receipt or nonreceipt of these vaccines.

METHODS: Publicly available data, including age at vaccination, from a
previous VaccineSafety Datalink study of thimerosal exposure and 42
neuropsychological outcomes were analyzed. Vaccine receipt was de-
fined as timely when each vaccine was received within 30 days of the
recommended age. Associations between timeliness and each out-
come were tested in univariate analyses. Multivariable regression
models were constructed for further assessment of the impact of time-
liness on neuropsychological outcomes after adjustment for potential
confounders. Secondary analyses were performed on a subset of chil-
dren with the highest and lowest vaccine exposures during the first 7
months of life.

RESULTS: Timely vaccination was associated with better performance
on 12 outcomes in univariate testing and remained associated with
better performance for 2 outcomes in multivariable analyses. No sta-
tistically significant differences favored delayed receipt. In secondary
analyses, children with the greatest vaccine exposure during the first 7
months of life performed better than children with the least vaccine
exposure on 15 outcomes in univariate testing; these differences did
not persist in multivariable analyses. No statistically significant differ-
ences favored the less vaccinated children.

CONCLUSIONS: Timely vaccination during infancy has no adverse ef-
fect on neuropsychological outcomes 7 to 10 years later. These data
may reassure parents who are concerned that children receive too
many vaccines too soon. Pediatrics 2010;125:1134–1141
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Childhood vaccines have led to re-
markable reductions in child mortality
and disease-related injury during the
past 60 years1; however, as the vis-
ible threats of vaccine-preventable
diseases have decreased, parental
concerns about vaccine safety have
increased.2 Most recently, these con-
cerns have focused on the now de-
bunked links between autism and the
measles-mumps-rubella vaccine as well
as concerns about the ethyl mercury–
containing preservative thimerosal,
which is no longer present in routine
childhood immunizations except for
some influenza vaccines.3

Another area of parental angst relates
to potential overburdening of the in-
fant immune system or other harms as
a result of administration of multiple
vaccines at an early age.4 Although the
number of parents who completely
refuse vaccines remains low,5 many
families are requesting alternative im-
munization schedules that space out
and delay receipt of the recommended
childhood vaccines.6 There is no evi-
dence that timely receipt of all rec-
ommended vaccines during infancy
causes harm of any type. Vaccine de-
lay, conversely, may lead to potentially
severe negative consequences as a
result of prolonged susceptibility to
vaccine-preventable diseases.7 None-
theless, misinformation in the media
and on the Internet may increase
parental demand for immunization
schedules that vary substantially from
national recommendations.

Becauseundervaccinatedchildren in the
United States have higher rates of some
vaccine-preventable disease than vacci-
nated children,8 randomized, controlled
trials designed to assess the safety of
recommended versus alternative immu-
nization schedules cannot be conducted
on ethical grounds; however, the Na-
tional Vaccine Advisory Committee Vac-
cine Safety Working Group has sug-
gested that retrospective observational

studies of populations with natural vari-
ation in vaccination schedules may pro-
vide useful information on this issue.9

The Vaccine Safety Datalink (VSD)
project has provided important safety
information for a number of childhood
vaccines10–12 and has also been used to
assess vaccine timeliness.13,14 One re-
cent VSD study found no evidence to
support a causal association between
thimerosal exposure during the first 7
months of life and neuropsychological
outcomes at 7 to 10 years of age.15 We
used publicly available data from this
study to evaluate whether children
who received all recommended vac-
cines on time in the first year of life
had different neuropsychological out-
comes as compared with children with
delayed receipt or nonreceipt of these
vaccines.

METHODS

Data Source

A publicly available cohort of 1047 chil-
dren from a previous study of thimer-
osal exposure and neuropsychological
outcomes at 7 to 10 years was ana-
lyzed.15 Children in the cohort were
born between 1993 and 1997 and un-
derwent 42 in-depth neuropsychologi-
cal tests between 2003 and 2004. The
public-use data set contains age in
days for all vaccines administered dur-
ing the first year of life. These data
were used to construct timeliness
variables. In addition to immunization
history, the data set contains detailed
sociodemographic and medical his-
tory data, which were used as covari-
ates. The study was granted exempt
status by the institutional review
board at the University of Louisville.

Study Definitions

On the basis of the 1993–1997 immuni-
zation schedules,16,17 children were re-
quired to have received at least 2 hep-
atitis B, 3 diphtheria-tetanus-pertussis
(DTP), 3 Haemophilus influenzae type B

(Hib), and 2 polio vaccines (2:3:3:2 se-
ries) to be considered up-to-date dur-
ing the first year of life. For our pri-
mary analyses which used data from
all children in the data set, vaccine re-
ceipt was defined as timely when each
of these vaccine doses was received
within 30 days of the recommended
age, consistent with previous studies
of vaccine timeliness.18 Children who
did not meet this definition were clas-
sified as having untimely vaccine re-
ceipt. Although receipt of 2 doses of 1
specific Hib vaccine (PRP-OMP) could
complete the primary series, we re-
quired 3 doses of Hib vaccine for defi-
nitions of timeliness and up-to-date
status to maximize the vaccine expo-
sure, because both the number and
the timeliness of vaccines received
were components of dosage exposure
for our analyses.

A second set of analyses were per-
formed to measure more precisely the
association between density of vaccine
receipt and neuropsychological out-
comes. In these analyses, we first
stratified children by age in quintiles
at completion of the 2:3:3:2 series. Chil-
dren in the first 2 quintiles were con-
sidered to be the “most timely vacci-
nated” having received a minimum of
10 vaccines in the first 7 months of life.
A “least vaccinated” groupwas defined
as those in the cohort who received
�6 vaccine doses of any type during
the first 7 months of life (defined as
�209 days). Although a small number
of these children may have gone on to
complete the 2:3:3:2 series before their
first birthday, we included them in the
least vaccinated group because they
had the lowest density of vaccine re-
ceipt in the first 7 months of life.

Outcomes

The 42 specific neuropsychological
tests have been previously described
in detail.15,19 In summary, these include
assessments of speech and language,
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verbal memory, achievement, fine mo-
tor coordination, visuospatial ability,
attention and executive-functioning
tasks, behavior regulation, tics, and
general intellectual functioning. These
tests were chosen on the basis of pre-
vious studies of neurodevelopmental
outcomes associated with methylmer-
cury exposure.20,21

Statistical Analyses

Associations between timeliness and
each of the 42 outcomes were tested in
univariate analysis by using t tests.
Multivariable regression models were
constructed to assess further the im-
pact of timeliness on neuropsycholog-
ical outcomes after adjustment for
potential confounders. All analyses
controlled for age, gender, birth
weight, poverty status, maternal IQ,
maternal education, study site, cumu-
lative ethyl mercury exposure during
the first 7 months of life, and Home Ob-
servation for Measurement of the Envi-
ronment score (an objective assess-
ment of stimulation and emotional
support in the home environment,
which has been associated with devel-

opmental outcomes).22,23 Additional co-
variates that were associated with
specific outcomes in the original study
were included where appropriate
(Supplemental Appendix, which is pub-
lished as supporting information at
www.pediatrics.org/content/full/125/6/
1134).19 In the secondary analyses, out-
comes were compared between the
most timely and least timely vacci-
nated children by using t tests. Multi-
variable analyses were performed by
using the same covariates as in the
primary analyses. All statistical analy-
ses were performed by using Stata 9.0
(Stata Corp, College Station, TX) and
SPSS 17 (SPSS, Inc, Chicago, IL).

RESULTS

A total of 491 (47%) of 1047 children
met the study definition for timely re-
ceipt. An additional 235 (23%) received
all recommended vaccines during the
study period but not on time. The re-
maining 311 (20%) did not receive all
recommended vaccines during the
study period. Timely receipt of individ-
ual vaccine series was highest for hep-
atitis B (83%) and polio (79%) vaccines

and lowest for DTP (65%) and Hib
(53%) vaccines. Type of vaccine could
be verified for 2636 (93%) of 2834 Hib
doses. Of these, only 15 (0.6%) were
PRP-OMP. Nine (0.86%) children re-
ceived no vaccines at all during the
study period.

Selected characteristics of children in
each group are presented in Table 1.
Consistent with the study definitions,
children in the untimely and least
timely groups received fewer vaccines,
both during the first year of life and the
first 7 months of life. Children with
later vaccine receipt had lower family
household incomes in both analyses,
although all groups averaged well
above the poverty level. They also had
lower percentages of mothers with
college degrees. Finally, there were
greater proportions of male children
and single-parent households in the
less timely groups. These differences
did not reach statistical significance in
the primary analyses of timely versus
untimely receipt but did in the second-
ary analyses of most timely versus
least timely receipt. There were no

TABLE 1 Selected Sociodemographic and Clinical Characteristics by Timeliness Status

Characteristic Total Cohort
(N� 1047)

Primary Analysis Secondary Analysis

Untimely
(n� 556)

Timely
(n� 491)

Pa Least Timely
(n� 112)

Most Timely
(n� 310)

Pa

Total no. of vaccines during first year
of life, mean� SD

10.90� 1.94 10.10� 2.34 11.80� 0.60 �.001 7.40� 3.49 11.80� 0.64 �.001

Total no. of hepatitis B vaccines
during first year of life, mean� SD

2.71� 0.77 2.46� 0.96 2.99� 0.27 �.001 1.68� 1.28 2.98� 0.30 �.001

Total no. of Hib vaccines during first
year of life, mean� SD

2.71� 0.64 2.42� 0.75 3.02� 0.17 �.001 1.88� 1.05 3.04� 0.21 �.001

Total no. of DTP/DTaP vaccines during
first year of life, mean� SD

2.85� 0.53 2.71� 0.69 3.01� 0.10 �.001 1.96� 0.98 3.01� 0.11 �.001

Total no. of polio vaccines during first
year of life, mean� SD

2.62� 0.61 2.51� 0.70 2.73� 0.46 �.001 1.86� 1.00 2.74� 0.46 �.001

Total no. of vaccines during first 7 mo
of life, mean� SD

9.4� 2.44 8.00� 2.41 11.10� 1.01 �.001 4.20� 1.96 11.20� 0.79 �.001

Age at assessment, mean� SD, y 9.30� 1.08 9.40� 1.04 9.20� 1.11 �.001 9.20� 1.02 9.20� 1.15 .808
Male gender, % 48.6 51.0 45.8 .090 58.0 46.5 .036
Household income, mean� SDb 412� 260 380� 241 448� 275 �.001 334� 217 448� 288 �.001
Maternal college degree, % 51.5 46.8 56.8 .001 42.9 58.4 .005
Single-parent household, % 19.5 21.5 17.1 .068 29.5 18.1 .011
HOME score, mean� SD 12.00� 1.95 11.90� 1.98 12.10� 1.90 .070 11.90� 2.00 12.10� 1.95 .297

HOME indicates Home Observation for Measurement of the Environment.
a Calculated by using t tests.
b Reported as percentage above poverty level.

1136 SMITH and WOODS
 by on May 24, 2010 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org


significant differences between the
groups in the average Home Observa-
tion for Measurement of the Environ-
ment score.

In the primary analyses, timely receipt
was significantly associated with bet-
ter performance on 12 of 42 outcomes
in univariate analyses (Table 2). Specif-
ically, children with timely receipt
scored statistically better on the Bos-
ton Naming Test, grooved pegboard,
metacognition, and teacher Connor’s
ratings for hyperactivity and inatten-
tiveness. They also had higher verbal,
performance, and full-scale IQs and
were reported by parents to stutter
less than children with untimely re-
ceipt. Children with untimely receipt
did not perform better (no clinically or
statistically significant differences) on
any of the outcomes.

Timely receipt remained indepen-
dently associated with 2 outcomes in
multivariable analysis (Table 3). Chil-
dren who received their vaccines on
time scored 1 point higher on the De-
velopmental Neuropsychological Assess-
ment (NEPSY) speeded naming test
(mean: 27.4 [SD: 8.12]), which requires
rapid access to and production of recur-
ring colors, sizes, and shapes. They also
scored 2.7 points higher on theWechsler
Abbreviated Scale of Intelligence perfor-
mance IQ (standardized mean: 100 [SD:
15]), which assesses block design and
matrix reasoning.

In the secondary analyses, children
were separated into 3 groups (Fig 1).
The most timely group (n� 310) com-
pleted the 2:3:3:2 series between 154
and 191 days (�6.4 months). The least
timely group (n � 112) included 93
children who did not complete the se-
ries during the first year of life and 19
children who completed the series be-
tween 263 and 363 days. All children
who were not categorized into the
most or least timely group (n � 625)
were excluded from the secondary
analyses. Univariate comparisons be-

tween the most and least timely vacci-
nated children are presented in Table
2. Children in the most timely group
performed statistically better than
children in the least timely group for
15 of the 42 outcomes, including 10 of
the 12 outcomes associated with bet-
ter outcome in the primary analysis.
No test differences favoring the least
timely group reached statistical sig-
nificance. There were no significant
differences between the 2 groups for
any of the outcomes in multivariable
analysis.

DISCUSSION

Receipt of all recommended childhood
vaccines on time in the first year of life
in 1993–1997 had no negative impact
on neuropsychological outcomes at 7
to 10 years of age, compared with de-
layed receipt or nonreceipt of�1 dose
during infancy. In fact, childrenwho re-
ceived each dose of each vaccine on
time performed better on 2 of the 42
outcomes tested after adjustment for
multiple familial and socioeconomic
factors. Those with delayed receipt or
nonreceipt of �1 infant dose did not
perform better on any measure.

We initially analyzed vaccine dose
exposure as a simple dichotomous
timeliness variable on the basis of
the Centers for Disease Control and
Prevention’s immunization schedule:
receipt of each recommended dose on
time versus�1 dose being delayed or
missing. This definition of timeliness,
however, was initially developed to
identify factors that are associated
with undervaccination and ongoing
susceptibility to vaccine-preventable
diseases.18 Use of this strict definition
classified children who completed the
2:3:3:2 series within the first 7 or 8
months of life as untimely when any of
the doses were given outside of the 30-
day window from earliest date of eligi-
bility. This accounts for the relatively
small differences in the mean number

of vaccine doses received in the first 7
months of life between the timely and
untimely groups (11 vs 8), which might
have masked small but important dif-
ferences on�1 test outcome.

To address more precisely the issue of
density of vaccine exposure in the first
7 months of life as a potential risk fac-
tor for poorer neurodevelopmental
outcomes, we identified a subset of
children who had maximum receipt of
vaccines during the first 7 months
of life (mean: 11.2 doses) and a subset of
children who had least timely vaccina-
tion and far less exposure to vaccines
during the first 7 months of life (mean:
4.2 doses). The least timely vaccinated
children did not perform better than the
most timely vaccinated children for any
of the 42 assessments. The most timely
children performed better on 15 of 42
measures in univariate analyses, but
these differences did not persist in mul-
tivariable analyses. Differences in famil-
ial and socioeconomic factors between
the 2 groups likely accounted for the uni-
variate results.

This comparison of the subsets of
most and least vaccine exposed con-
firmed the findings of the timely versus
nontimely analyses of the full cohort. In
both analyses, the comparison groups
received multiple patterns of vaccina-
tion receipt, some of which were de-
layed but ultimately complete and
others that were only partially to min-
imally complete. The lack of any statis-
tically significant results that favored
delayed receipt of vaccines in the first
year of life sends a clear public health
message that should be comforting to
many parents with vaccine safety con-
cerns: children can receive their im-
munizations on time and expect to
have the same neurodevelopmental
outcomes as children with any other
pattern of vaccine receipt.

This is important because vaccine de-
lay in the first year of life, regardless of
whether it is intentional, can have neg-
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TABLE 2 Neuropsychological Outcomes Associated With Timely Vaccination in Univariate Analysis

Domain Specific Outcome Primary Analysis Secondary Analysis

Untimely
(n� 556)

Timely
(n� 491)

Least Timely
(n� 112)

Most Timely
(n� 310)

Speech and language Boston Naming Testa,b 39.1 40.1 37.4 40.3
NEPSY
Speeded namingb 26.9 27.9 26.0 27.8
Comprehension of instructions 23.5 23.6 23.6 23.7
Clinical Evaluation of Language Fundamentals
Formulated sentences 32.7 32.9 32.2 33.1
Recalling sentences 44.2 45.0 43.6 44.9
Goldman-Fristoe Test of Articulation (lower� better) 1.58 1.56 1.66 1.51
Stuttering, %
Rating by evaluator 3.24 3.48 2.70 3.24
Rating by parenta 3.62 1.04 2.70 0.65
Rating by teacher 9.36 8.47 7.69 9.32

Verbal memory California Verbal Learning Test
Free recall
No delay 46.60 46.30 45.50 46.70
Short delay 9.81 9.64 9.66 9.62
Long delay 10.40 10.40 9.90 10.40
Cued recall
Short delay 10.3 10.3 9.7 10.3
Long delayb 10.6 10.7 10.1 10.7

Children’s Memory Scale
Immediate recall 48.2 46.4 45.3 46.5
Delayed recall 45.2 43.7 41.4 43.7

Achievement Woodcock-Johnson III (letter and word identification)b 50.9 50.9 47.8 51.2
Fine motor coordination Grooved pegboard (lower� better)

Dominant handa,b 69.1 62.2 67.7 60.7
Nondominant handa,b 77.5 69.3 77.8 67.4
Finger tapping
Dominant hand 38.9 38.7 37.5 38.6
Nondominant hand 34.8 34.1 33.2 34.2

Visuospatial ability Stanford-Binet copying test 18.1 18.3 17.8 18.4
Attention/executive
functioning

Gordon Diagnostic System (vigilance task)
Correct responses 40.4 40.5 39.7 40.5
Errors (lower� better) 8.3 6.7 8.3 7.0

Wechsler Intelligence Scale (digit span)
Forward recall 8.09 8.01 8.05 7.99
Backward recallb 4.52 4.54 4.16 4.56
Combined 12.6 12.5 12.2 12.5
Behavior Rating Inventory of Executive Function

(metacognition index, lower� better)
Rating by parenta,b 75.4 73.0 76.9 73.0
Rating by teachera,b 69.3 64.9 72.7 65.4

Behavior regulation
(lower� better)

Connor’s Rating Scales
Hyperactive or impulsive
Rating by parent 5.46 5.38 5.80 5.05
Rating by teachera,b 4.40 3.47 5.38 3.42
Inattentive
Rating by parentb 6.58 5.98 7.46 5.95
Rating by teachera,b 7.40 5.95 8.28 6.13

Behavior Rating Inventory of Executive Function
(behavioral regulation index)

Rating by parent 42.4 42.1 43.3 41.8
Rating by teacher 39.5 38.0 40.4 37.7

Tics (lower� better) Rating by evaluator, %
Motor tics 8.99 8.81 6.25 10.39
Phonic tics 6.65 7.99 7.14 9.09
Rating by parent, %
Motor tics 10.49 7.47 10.71 7.82
Phonic tics 11.39 8.68 14.29 10.39

General intellectual
functioning

Wechsler Abbreviated Scale of Intelligence
Verbal IQa,b 106.0 108.9 105.1 108.7
Performance IQa,b 103.0 107.3 102.2 107.6
Full-Scale IQa,b 105.3 109.2 104.1 109.2

Average scores for continuous variables are summarized asmeans. The 7 dichotomous outcomes are summarized as percentages and are indicated as such in the table. Except where noted,
higher score indicates better performance.
a P� .05 for an association between timely receipt and better outcome in primary analysis.
b P� .05 for an association between most timely receipt and better outcome in secondary analysis.
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ative consequences. This is particu-
larly true for pertussis, because dis-
ease incidence and mortality are
highest in children who are younger
than 6 months.24 Furthermore, delayed
receipt may lead to series noncomple-
tion. For example, it is known that chil-
dren who receive the third dose of
diphtheria-tetanus-acellular pertussis
(DTaP) late are less likely to receive a
fourth dose of DTaP.25

We used individual vaccine doses as
the unit of dosage exposure rather
than estimating total or cumulative an-

tigenic exposure. Some antigens are
more reactogenic than others in the
first day or 2 after injection, but how
such “short-term” differences may or
may not translate or relate to any dif-
ferences in neurologic or immunologic
development are unknown. However,
our most timely group had the maxi-
mum possible vaccine antigen expo-
sures during their infancies, whereas
the least vaccinated comparison
group had�40% (on the basis of vac-
cine doses) of this exposure.

Delays in receipt of childhood vaccines
may be nonintentional (eg, poor ac-
cess to care, accession of care) or at-
tributable to parental request. Nonin-
tentional delays are known to be
associated with maternal marital sta-
tus (single), lowermaternal education,
and family socioeconomic status.5,18

We found similar associations be-
tween timeliness of vaccine receipt
and these factors in this health main-
tenance organization–based popu-
lation, although�2% of the children in
the cohort had family incomes below
the federal poverty level. In contrast,
only 1 of the 9 children who had not
received any vaccines resided in a
single-parent household, and 6 had
mothers with college degrees. This is
consistent with a previous study that
demonstrated that children who re-

ceived no vaccines are more likely to
come from affluent, well-educated
families.5 This cohort did not have
enough children who were fully unvac-
cinated in the first year of life to form
robust estimates of neuropsychologi-
cal outcomes as compared with chil-
dren with other patterns of receipt.
This is an inherent limitation of any
VSD-based study given the generally
high immunization rates of children
within the member health mainte-
nance organizations.26 We did not at-
tempt to control statistically for poten-
tial differences between completely
unvaccinated children and those with
late receipt.

A notable strength of this analysis is
that the initial study ascertained many
important familial and socioeconomic
covariates for the neurodevelopmen-
tal outcomes. The outcomes also were
measured with blinding to the vaccine
histories of the children. In addition,
the sample size of the initial study was
substantial, allowing us ample power
to detect small but meaningful differ-
ences, even in our subgroup analyses.
For example, we had 86% power
(posthoc analysis) to detect a 5-point
difference in IQ measures as statisti-
cally significant (2-sided � � .05).
Such results, even a 3-point difference
(in favor of on-time vaccination), were
detected as significantly different in
univariate testing. Thus, it is unlikely
that a protective effect of delayed vac-
cination truly exists but was undetec-
ted in these analyses. Nevertheless, as
with any nonrandomized study, it is
possible that we did not fully adjust for
confounders that were not present in
the original study andmay have biased
the association between timely vacci-
nation and the outcomes of interest.
Given the favorable associations be-
tween timely vaccination andmost out-
comes in the univariate analyses, it
seems unlikely that true net adverse
effects have been masked by unmea-

FIGURE 1
Up-to-date status in the study cohort. Only children in the most and least timely vaccinated groups
were included in the secondary analyses.

TABLE 3 Neuropsychological Outcomes
Associated With Timely Vaccination
in Multivariable Analysis

Outcome Coefficient 95% CI P

NEPSY speeded
naming test

1.08 0.16–2.00 .022

WISC
performance IQ

2.72 0.91–4.52 .003

Both analyses controlled for age, gender, birth weight,
poverty status, Home Observation for Measurement of the
Environment score, maternal IQ, maternal education,
study site, computer experience, presence of siblings, use
of English as primary language, duration of breastfeeding,
prenatal fish exposure, iron deficiency, use of attention-
deficit/hyperactivity disorder (ADHD) stimulants, and cu-
mulative ethyl mercury exposure during the first 7months
of life. Additional covariates in the speeded naming test
model include maternal age, participation in home-based
child care, history of intrauterine growth restriction, pre-
natal exposure to nicotine, prenatal exposure to alcohol,
prenatal exposure to tuna, prenatal exposure to organic
mercury, maternal speech delay, maternal language de-
lay, and maternal ADHD. CI indicates confidence interval;
NEPSY, Developmental Neuropsychological Assessment;
WISC, Wechsler Intelligence Scale for Children.
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sured or unevaluated confounders;
however, there may be alternative
study designs that more accurately
assess associations between time-
dependent exposures and outcomes in
retrospective studies. We are explor-
ing the use of othermethods, including
survival and propensity-adjusted anal-
yses, for future studies of outcomes
associated with vaccine timeliness.

Because the children in this study
were born between 1993 and 1997,
these results may not be generalizable
to the current infant immunization
schedule, which now includes 3 doses
of heptavalent pneumococcal conju-
gate vaccine, 3 doses of oral rotavirus

vaccine, and 1 or 2 doses of influenza
vaccine in the first year of life (earliest
eligibility at 6 months of age). This lim-
itation is presently unavoidable in any
vaccine safety study with long-term
follow-up. However, most of the chil-
dren in this study received DTP rather
than DTaP, so the total antigenic bur-
den to which children in this study co-
hort were exposed was actually higher
than that encountered by children to-
day.27 Finally, our analyses were lim-
ited to publicly available data from the
original study. Future VSD studies
without this restriction would be able
to assess a wider range of outcomes.
These include putative vaccine adverse
effects such as neurodevelopmental

delay, autism, and autoimmune disor-
ders. The association between vaccine
timeliness and the incidence of
vaccine-preventable diseases could
also be measured.

CONCLUSIONS

This study provides the strongest clin-
ical outcomes evidence to date that on-
time receipt of vaccines during infancy
has no adverse effect on neurodevel-
opmental outcomes 7 to 10 years later.
These results offer reassuring infor-
mation that physicians and public
health officials may use to communi-
cate with parents who are concerned
that children receive too many vac-
cines too soon.

REFERENCES

1. Roush SW, Murphy TV; Vaccine-Preventable
Disease Table Working Group. Historical
comparisons of morbidity and mortality
for vaccine-preventable diseases in the
United States. JAMA. 2007;298(18) :
2155–2163

2. Chen RT. Vaccine risks: real, perceived and
unknown. Vaccine. 1999;17(suppl 3):
S41–S46

3. Gerber JS, Offit PA. Vaccines and autism: a
tale of shifting hypotheses. Clin Infect Dis.
2009;48(4):456–461

4. Gellin BG, Maibach EW, Marcuse EK. Do par-
ents understand immunizations? A national
telephone survey. Pediatrics. 2000;106(5):
1097–1102

5. Smith PJ, Chu SY, Barker LE. Children who
have received no vaccines: who are they
and where do they live? Pediatrics. 2004;
114(1):187–195

6. Janssen AP, Tardif RR, Herring RM, Smith
MJ. Physician’s Perceptions of Current
Vaccine Issues. Washington, DC: US De-
partment of Health and Human Services;
2008

7. Offit PA, Moser CA. The problem with Dr
Bob’s alternative vaccine schedule. Pediat-
rics. 2009;123(1). Available at: www.
pediatrics.org/cgi/content/full/123/1/e164

8. Glanz JM, McClure DL, Magid DJ, et al. Pa-
rental refusal of pertussis vaccination is
associated with an increased risk of per-
tussis infection in children. Pediatrics.
2009;123(6):1446–1451

9. NVAC Vaccine Safety Working Group Draft
Report. Available at: www.hhs.gov/nvpo/

nvac/documents/NVACVaccineSafetyWG
Report041409.pdf. Accessed July 31, 2009

10. Davis RL, Kramarz P, Bohlke K, et al.
Measles-mumps-rubella and other measles-
containing vaccines do not increase the risk
for inflammatory bowel disease: a case-
control study from the Vaccine Safety Datal-
ink Project. Arch Pediatr Adolesc Med. 2001;
155(3):354–359

11. Bohlke K, Davis RL, Marcy SM, et al. Risk of
anaphylaxis after vaccination of children
and adolescents. Pediatrics. 2003;112(4):
815–820

12. Hambidge SJ, Glanz JM, France EK, et al.
Safety of trivalent inactivated influenza vac-
cine in children 6 to 23 months old. JAMA.
2006;296(16):1990–1997

13. Mell LK, Ogren DS, Davis RL, et al. Compli-
ance with national immunization guidelines
for children younger than 2 years,
1996 –1999. Pediatrics. 2005;115(2):
461–467

14. DeStefano F, Mullooly JP, Okoro CA, et al.
Childhood vaccinations, vaccination timing,
and risk of type 1 diabetes mellitus. Pediat-
rics. 2001;108(6). Available at: www.
pediatrics.org/cgi/content/full/108/6/e112

15. Thompson WW, Price C, Goodson B, et al.
Early thimerosal exposure and neuropsy-
chological outcomes at 7 to 10 years. N Engl
J Med. 2007;357(13):1281–1292

16. Centers for Disease Control and Prevention.
General recommendations on immuniza-
tion. Recommendations of the Advisory
Committee on Immunization Practices

(ACIP). MMWR Recomm Rep. 1994;43(RR-1):
1–38

17. Centers for Disease Control and Preven-
tion. Recommended childhood immun-
ization schedule—United States, 1997.
MMWR Morb Mortal Wkly Rep. 1997;46(2):
35– 40

18. Luman ET, Barker LE, Shaw KM, McCauley
MM, Buehler JW, Pickering LK. Timeliness of
childhood vaccinations in the United States:
days undervaccinated and number of vac-
cines delayed. JAMA. 2005;293(10):1204–1211

19. Price C, Goodson B, Stewart G. Infant Envi-
ronmental Exposure to Thimerosal and
Neuropsychological Outcomes at Ages 7 to
10 Years. Technical Report. Vol I. Bethesda,
MD: Abt; 2007

20. Grandjean P, Budtz-Jorgensen E, White RF,
et al. Methylmercury exposure biomarkers
as indicators of neurotoxicity in children
aged 7 years. Am J Epidemiol. 1999;150(3):
301–305

21. Davidson PU, Kost J, Myers GJ, Cox C, Clark-
son TW, Shamlaye CF. Methylmercury and
neurodevelopment: reanalysis of the Sey-
chelles Child Development Study outcomes
at 66 months of age. JAMA. 2001;285(10):
1291–1293

22. Bradley RH, Caldwell BM. The HOME inven-
tory and family demographics. Dev Psychol.
1984;20(2):315–320

23. Totsika V, Sylva K. The Home Observation
for Measurement of the Environment re-
visited. Child Adolesc Ment Health. 2004;
9(1):25–35

24. Centers for Disease Control and Prevention.

1140 SMITH and WOODS
 by on May 24, 2010 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org


Pertussis—United States, 2001–2003.MMWR
MorbMortalWklyRep.2005;54(50):1283–1286

25. Strine TW, Luman ET, Okoro CA, McCauley MM,
Barker LE. Predictorsofage-appropriate receipt
ofDTaPdose4.AmJPrevMed.2003;25(1):45–49

26. Chen RT, Glasser JW, Rhodes PH, et al. Vac-
cine Safety Datalink project: a new tool for
improving vaccine safety monitoring in
the United States. Pediatrics. 1997;99(6):
765–773

27. Offit PA, Quarles J, Gerber MA, et al. Ad-
dressing parents’ concerns: do multiple
vaccines overwhelm or weaken the infant’s
immune system? Pediatrics. 2002;109(1):
124–129

BPA Controversy Continues: While there has been much in the news recently
about the potential dangers of bisphenol A (BPA) resulting in recommendations
to avoid products such as baby bottles and canned goods lined with it, the Food
and Drug Administration continues to note that this chemical does not pose a
risk at low levels of human exposure. Those against BPA argue that we don’t
know what a low level really is, and those who don’t see it as a problem are
calling for more research to disprove the fears. According to an editorial in the
The Wall Street Journal (January 30, 2010), the National Toxicology Program
filed a report in 2008 noting some concern for effects of BPA on the brain,
behavior, and prostate glands in fetuses, infants, and children. The other 320
pages to this report have largely been overlooked, despite their noting that
these studies are controversial because they have not been successfully repro-
duced by independent investigators, study designs are questionable, the rele-
vance of animalmodels for human risks is not clear, andwe lack understanding
of just what the potential adverse nature of reported effects are. While BPA has
been called an “endocrine disruptor” because it binds to estrogen receptors,
the National Toxicology study states, “there is currently no evidence that estro-
gen receptor signaling plays an essential role in male-typical brain and behav-
ioral sexual differentiation” in humans. The National Institute of Environmental
Health Sciences is currently investing $30million in further BPA research. Hope-
fully the findings will allow us to put the cap on the bottle in terms of whether or
not we really need to worry about BPA.
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