Impact of a Pertussis Epidemic on Infant Vaccination in

Washington State

WHAT’S KNOWN ON THIS SUBJECT: It is thought that vaccination
coverage increases during and immediately after an infectious
disease epidemic; however, little evidence exists to support this
phenomenon.

WHAT THIS STUDY ADDS: The 2011 to 2012 pertussis epidemic did
not significantly change the proportion of infants in Washington
State who were up to date for pertussis-containing vaccines. This
finding may challenge conventional wisdom that vaccine

©

BACKGROUND AND OBJECTIVES: Washington State experienced a per-
tussis epidemic from October 2011 to December 2012. There was wide
variation in incidence by county. The objectives of this study were to
determine how the pertussis epidemic affected infant vaccination in
Washington State and whether the incidence in counties modified this
effect.

METHODS: We conducted an ecologic before—after study to compare
the proportion of infants up to date (UTD) with a pertussis-containing
vaccine at time points before (September 30, 2011), during (September
30, 2012), and after (September 30, 2013) the epidemic. Children aged 3
to 8 months enrolled in the Washington State Immunization Information
System with documented county of residence were included. UTD status
was determined as =1, =2, or =3 doses of a pertussis-containing
vaccine at ages 3, 5, and 7 months, respectively. Generalized linear
models with extension to the binomial family and clustered robust
standard errors were used to examine differences in the proportion
of UTD infants between preepidemic and either epidemic or postepidemic
points. The potential modifying effect of pertussis incidence by county
was examined.

RESULTS: We found no significant difference in statewide UTD status
with a pertussis-containing vaccine between preepidemic and either
epidemic (absolute difference 2.1%; 95% confidence interval, —1.6
to 5.9) or postepidemic (absolute difference 0.2%; 95% confidence
interval, —4.0 to 4.5) time points. There was no significant modification
by county pertussis incidence. There was wide variation in the absolute
difference in UTD status across counties.

CONCLUSIONS: A statewide pertussis epidemic does not appear to
have significantly changed the proportion of infants who were UTD with
a pertussis-containing vaccine. Pediatrics 2014;134:456—464
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\ acceptance uniformly increases when risk of disease is high. /
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Between 2011 and 2012, the United
States experienced the largest per-
tussis epidemic since the 1950s." The
epidemic was widespread: 49 states
reported increased pertussis cases
or outbreaks.” There were 20 deaths
reported nationally, the majority of
which were among infants <<3 months
of age.!

Washington State reported one of the
highest incidence rates, with 71.3 cases
of pertussis per 100 000 person-years
in 2012 (national average was 15.4 per
100000 person-years),! with rates in
infants exceeding those of all other age
groups.2 Washington State also has
one of the highest nonmedical exemp-
tion rates from required kindergarten
vaccinations,® with wide variation
across counties (2012—2013 nonmedical
exemption rates ranged from 0% to
11.4%) 4

Lack of adequate protection against
pertussis is of particular concern. For
children 6 to 23 months old, vaccine
effectiveness against pertussis after
3 doses of diphtheria, tetanus, and
pertussis (DTaP) vaccine is estimated to
be 91.7%, whereas the effectiveness
after 1 dose is estimated to be 46.0%.5
Children who are unvaccinated or
undervaccinated are at a high risk for
pertussis themselves® and increase
the likelihood of transmission in their
communities.”10

Public health professionals and re-
searchers are interested in gaining
a better understanding of risk per-
ceptions and vaccination behaviors to
improve vaccination coverage. One con-
ventionally held belief is that when the
risk of disease is high, acceptance of
a vaccine against that disease should
increase.!" However, there is little formal
evidence to support this phenomenon. We
hypothesized that the recent Washington
State pertussis epidemic would sig-
nificantly increase the proportion of
infants who were up to date (UTD) with
a pertussis-containing vaccine.
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METHODS
Study Design

We conducted an ecologic before—after
study to compare the proportion of
infants UTD with a pertussis-containing
vaccine before the pertussis epi-
demic with the proportion of infants
UTD with a pertussis-containing vac-
cine during and after the pertussis
epidemic.

Study Setting

We considered the duration of the
pertussis epidemic to be from October
1,2011toDecember 31,2012, a period of
time during which the combined num-
ber of probable and confirmed per-
tussis cases in Washington State
exceeded the epidemic threshold (A.
Tasslimi, written communication, 2013).
We chose 3 data collection points: Sep-
tember 30, 2011, September 30, 2012,
and September 30, 2013, representing
the preepidemic, epidemic, and post-
epidemic time points, respectively. We
selected these dates because they were
identical in annual calendar period, and
the preepidemic time point occurred
as far as possible from the imple-
mentation of a state vaccine exemption
law (July 22,2011) before the start of the
epidemic. This law required the signa-
ture of a medical provider before
parents could claim a nonmedical ex-
emption for school entry, with the intent
to improve vaccination rates.'2 We aimed
to maximize the time that the new law
was in effect to minimize any differential
effect it may have had on preepidemic
vaccination rates.

Study Subjects

We chose infants as the study cohort
because this age group has the highest
risk of contracting pertussis'® and receives
the greatest number of pertussis-
containing vaccines per unit of time.
We therefore hypothesized that this
age group had the greatest potential
to demonstrate a change in vaccination
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status. Inclusion criteria included age
3 to 8 months (dates of birth January
1=June 30, 2011; January 1—June 30,
2012; and January 1—June 30, 2013 for
the preepidemic, epidemic, and post-
epidemic time points, respectively),
enrollment in the Washington State
Immunization Information System (WAIIS),
and documented county of residence.

Data Collection

We recorded any pertussis-containing
vaccine available in the United States
and appropriate for infants during
the study period, including DTaP and
DTaP-containing combination vaccines.
Because registry completeness over
time may be associated with both the
exposure (time in relation to the per-
tussis epidemic) and outcome (per-
tussis vaccination), we assessed for
time-varying confounding due to reg-
istry completeness by also recording
receipt of pneumococcal conjugate
vaccine (PCV7 or PCV13) inthese infants
at the same time points. We chose
pneumococcal vaccinations as the
control because they are typically
given at identical ages during in-
fancy.'4

Data Analysis

We determined the proportion of in-
fants who were fully UTD for pertussis-
containing vaccines according to the
recommendations by the Advisory Com-
mittee on Immunization Practices (ACIP).15
We considered infants who had received
=1, =2, or =3 recommended doses of
pertussis-containing vaccine by ages
3, 5, and 7 months, respectively, to be
UTD. We used generalized linear models
with extension to the binomial family
and identity link to obtain prevalence
differences’® between the preepidemic
and either epidemic or postepidemic
time points using clustered robust
sandwich SE estimates that allowed
intracounty correlation. To formally ad-
dress the possibility of time-varying
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confounding by registry completeness,
we also used a difference-in-difference
approach to calculate the change in UTD
status with pertussis-containing vac-
cines beyond the change in UTD status
with pneumococcal vaccines.

We investigated whether certain county
characteristics modified the associa-
tion between time and proportion of
infants UTD for a pertussis-containing
vaccine. Pertussis incidence within coun-
ties was determined using the number
of combined probable and confirmed
pertussis cases for all age groups in 2012
compiled by the Washington Department
of Health.2 We then divided the counties
by median and tercile pertussis in-
cidence. Rural counties were defined by
population density <100 persons per
square mile,'” poor counties by median
income <<$50000,® and literate coun-
ties with illiteracy estimates <<10%."°
Percentage enrollment by Vaccines for
Children providers was categorized as
100% or <<100% based on Washington
State Department of Health estimates.20
We also categorized counties by pre-
epidemic 2011 exemption rates from
required kindergarten entry vaccines.
Counties were categorized as high or
low based on whether their total ex-
emption rates were higher or lower
than the 2011 state average of 4.5%.4 We
added each interaction term between
study period and county category in-
dividually to separate regression mod-
els and tested for significance. All tests
were 2-tailed and used a significance
level of .05. Analyses were conducted
with Stata version 12.1 (Stata Corp,
College Station, TX).

Power Calculation

The National Immunization Survey (NIS)
of 2011 estimated that in Washington
State 90.8%, 79.2%, and 71.5% of 3-, 5-,
and 7-month-old infants were UTD with
DTaP, respectively.2" Assuming 70% of
infants were UTD in all 3 age groups
before the pertussis epidemic, with a
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power of 0.80 and a significance level
of .05, we determined that we would
need 8179 infants in each study pe-
riod to detect a statistically signifi-
cant prevalence difference of 2% and
32 846 infants in each period to detect
a statistically significant prevalence
difference of 1%.

Institutional Review Board
Approval

This project was given exempt de-
termination status by the institutional
review boards of the State of Wash-
ington Department of Social and
Health Services and Seattle Children’s
Hospital.

RESULTS

0f the 129 341 infants ages 3 to 8
months with a record in WAIIS on Sep-
tember 30, 2011, September 30, 2012,
or September 30, 2013, a total of 121
596 (94%) had a county of residence
listed. Of those infants, 114 567 (94%)
had =1 vaccination recorded (Fig 1).
The study population was nearly
equally distributed between the 3 time
points and among the age groups
(Table 1). Approximately 65% of the
infants lived in the 5 most populated
counties: King (29%), Pierce (13%),
Snohomish (11%), Spokane (7%), and
Clark (6%). We excluded a few infants

(6%) without county of residence listed.
These infants had a lower mean num-
ber of pertussis vaccinations at all 3
time points (Table 2).

Statewide, 67.4% of infants were UTD
with a pertussis-containing vaccine
before the epidemic, compared with
69.5% during the epidemic and 67.6%
after the epidemic (Table 2). There were
no significant differences in the pro-
portion of UTD infants comparing epi-
demic with preepidemic time points
(absolute difference 2.1%; 95% confi-
dence interval [Cl], —1.6% to 5.9%;
Table 3) or comparing postepidemic
to preepidemic time points (absolute
difference 0.2%; 95% Cl, —4.0% to
4.5%; Table 3). Similarly, there were no
statistically significant differences in
the proportion of infants UTD with
pneumococcal vaccinations, compar-
ing epidemic and postepidemic time
points with the preepidemic time point
(Table 3).

Using the difference-in-difference ap-
proach, we found that there was no
statistically significant difference in
change in UTD status with pertussis-
containing vaccines beyond change in
UTD status with pneumococcal vaccines,
comparing epidemic and preepidemic
time points (absolute difference 0.5%;
95% Cl, —2.4% to 3.4%). However, there
was a significant difference between

| 129341 infants ages 3-8 months in WAIIS at the 3 study time points

> 7745 patients without county listed

V

121596 infants with county of residence listed

> 7029 patients without vaccines

y

114 567 infants with 1 or more vaccines

FIGURE 1

Flow diagram of infants included in the analyses. There were 121 596 infants included in the main
analysis and 114 567 infants included in the sensitivity analysis.



TABLE 1 Number of Infants Ages 3-8 Mo at Preepidemic (September 30, 2011), Epidemic
(September 30, 2012), and Postepidemic (September 30, 2013) Time Points

Age (mo) Total 2011 (Preepidemic) 2012 (Epidemic) 2013 (Postepidemic)
All ages 121 596 39 500 40811 41285
3 20319 6665 6742 6912
4 21415 6921 7221 7273
5 20 107 6642 6635 6830
6 20987 6874 7092 7021
7 18902 6006 6500 6396
8 19 866 6392 6621 6853

postepidemic and preepidemic time
points (absolute difference —2.5%; 95%
Cl, —4.1% to —0.9%).

We did not find evidence of effect mod-
ification by county categorized by per-
tussis incidence, urban versus rural,
median income, literacy, percentage
enrollment by Vaccines for Children
providers, or preepidemic kindergarten
exemption rates. However, there was
wide variation in UTD status with pertussis-
containing vaccines across counties
(Figs 2 and 3). Comparing epidemic and
preepidemic time points, there were
significant increases in the proportion
of infants UTD with pertussis-containing
vaccines in the 2 most populous coun-
ties: King (absolute difference 7.4%;
95% Cl, 6.2 to 8.5) and Pierce (absolute
difference 1.9%; 95% Cl, 0.1 to 3.7). On
the other hand, significant decreases
were observed in 3 other populous
counties: Spokane (absolute difference
—4.4%; 95% Cl, —7.0 to —1.7), Clark
(absolute difference —7.2%; 95% Cl,
—9.7 to —4.6), and Yakima (absolute

difference —9.9%; 95% Cl, —12.7to —7.1).
When we compared postepidemic and
preepidemic time points, trends in
populous counties were similar, with
the exception of Pierce County, which
showed a significant decrease in UTD
infants (absolute difference —6.3%; 95%
Cl, —82 to —4.4), and Yakima County,
which showed no significant difference
(absolute difference 1.6%; 95% Cl, —1.0
t0 4.2).

DISCUSSION

After years of increasing coverage,
overall vaccination rates have remained
stagnant in the United States since
20042223 |t is believed that lack of
further progress results partly from
the fact that the threat of vaccine-
preventable illnesses has become re-
mote, whereas the risks associated with
vaccination have gained disproportion-
ate attention through new forms of
media.!" Examining time points before,
during, and after the 2011 to 2012 per-
tussis epidemic in Washington State, we

TABLE 2 Comparison of Infants With County of Residence Listed Included in the Analyses and
Infants Without County of Residence Excluded From the Analyses

Infants With County of
Residence, N = 121 596 (94%)

Infants Without County of
Residence, N = 7745 (6%)

Mean age (mo)

Mean number of vaccines

Mean number of pertussis-containing vaccines

% of infants UTD with pertussis-containing vaccine®
Preepidemic
Epidemic
Postepidemic

5.5 5.6
6.9 49
1.5 1.1
67.4 49.2
69.5 416
67.6 375

a“UTD” is defined as greater than or equal to the number of doses recommended by the ACIP, that is, =1 dose by 3 mo of age,

=2 doses by 5 mo of age, and =3 doses by 7 mo of age.
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observed no significant increase in re-
ceipt of pertussis-containing vaccines
at the state level among infants, the
age group with highest risk of con-
tracting pertussis and highest risk for
complications.'s Previous studies have
documented the successes of vaccina-
tion campaigns during pertussis out-
breaks in small communities.25>26 To our
knowledsge, this is the first study to ex-
amine whether a pertussis epidemic
changes vaccination coverage on a
large scale.

The lack of significant change in per-
tussis vaccination with the 2011 to
2012 epidemic is in contrast to studies
of individual health behavior that
positively correlate vaccination with
greater perception of disease severity
and susceptibility.?” One possible ex-
planation for the observed lack of ef-
fect is that, despite the epidemic, the
fear of vaccine-related adverse effects
may have remained more influential
on parental decision-making than the
fear of disease, a phenomenon observed
in a study of the 2009 HIN1 epidemic.28
DTaP is a well-established vaccine with
few side effects,2® but it is possible
that parents may have generalized
concerns about vaccine safetys0
stemming from earlier pertussis vac-
cines?® or vaccines against other dis-
eases. Previous studies have shown that
the perceived threat of vaccine-related
adverse effects can negatively affect
vaccination coverage, even if the threat is
unfounded.3'-%3

Several other factors may also explain
the observed lack of effect. First, the
pertussis epidemicin Washington State
was declared in April 2012,34 and the
Department of Health’s media campaign
to improve pertussis vaccination began
the same month (M. Roberts, written
communication, 2013). This may not
have allowed enough time for
parents to put their infants on a catch-
up schedule to see an aggregate effect
on UTD status by the September 30,2012
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TABLE 3 Percentages of Infants Ages 3-8 Mo in Washington State Who Were UTD With a Pertussis-Containing Vaccine and Pneumococcal Vaccine at
Preepidemic, Epidemic, and Postepidemic Time Points

Age (mo) % of Infants Up to Date® Difference in % UTD Between 95% Cl Difference in % UTD Between 95% Cl
. . . Epidemic and Preepidemic Postepidemic and Preepidemic
2011 (Preepidemic) 2012 (Epidemic) 2013 (Postepidemic) Time Points®® Time Points™
DTaP
3—4 78.1 79.3 76.8 12 —28t05.3 —12 —6.1t03.7
5-6 65.8 68.0 67.2 22 —21t065 14 —261t053
7-8 57.4 60.6 58.2 3.2 —041t069 07 —3.61t05.1
All ages 67.4 69.5 67.6 2.1 —16t059 02 —4.0to0 45
PCV
34 74.1 744 75.1 0.4 —5.3106.1 11 —46t068
5-6 61.8 63.4 65.3 1.6 —3.3t06.5 3.6 —06t078
7-8 52.8 56.1 56.6 3.3 —041t069 3.8 —0.7t082
All ages 63.2 64.8 65.9 1.6 —30t06.2 27 —19t0 74

PCV, pneumococcal conjugate vaccine.

a “UTD” is defined as greater than or equal to the number of doses recommended by the ACIP, that is, =1 dose by 3 mo of age, =2 doses by 5 mo of age, and =3 doses by 7 mo of age.
b Difference in % UTD was calculated by using a generalized linear model with extension to the binomial family and clustered robust sandwich SE estimates.

epidemic time point. Second, the media
campaign emphasized vaccination of
adults caring for young children (M.
Roberts, written communication, 2013).
Future studies could address whether
pertussis epidemics affect vaccination
of older children or adults. Third, we
may have had insufficient power to de-
tect a statistically significant difference
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in pertussis vaccination rates. A priori
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our sample size we would be able to
detect a 1% absolute difference be-
tween preepidemic and epidemic time
points. However, these calculations as-
sumed independent observations be-
cause we did not have information on
the magnitude of correlation within each

county before starting the analysis.
Nonetheless, the observed proportion
of UTD infants during the epidemic
(69.5%) was notably below the desired
vaccination coverage level from the
public health point of view, even if the
observed absolute difference of 2.1%
had indeed gained statistical signifi-
cance. Finally, WAIIS does not contain
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Absolute difference and 95% Cls of proportion of infants UTD with a pertussis-containing vaccine, comparing time points before and during pertussis epidemic.
Estimates are county-specific and statewide. Markers are proportional to the number of study participants within counties.
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Absolute difference and 95% Cls of proportion of infants UTD with a pertussis-containing vaccine, comparing time points before and after pertussis epidemic.
Estimates are county-specific and statewide. Markers are proportional to the number of study participants within counties.

information about why a particular
vaccine was not given. Thus, we were
unable to examine changes in other
outcomes such as nonmedical exemp-
tions. It is possible that by using overall
vaccination rates we masked a true ef-
fect of the pertussis epidemic on other
such outcomes.

The notable observed variation in
change in UTD status across counties
was not entirely expected. Variability in
small counties may be explained by
small sample sizes and annual fluctu-
ations in populations (the smallest
county, Garfield, had just 25 infants,
compared with King County, with 34 936
infants). However, there were notable
differences in the magnitude and di-
rection of absolute difference across
several large counties. Two high-income
urban counties in Western Washington,
King County (which includes Seattle)
and Pierce County (which includes
Tacoma), showed increases in the pro-
portion of UTD infants at the epi-
demic time point, whereas 3 other large

PEDIATRICS Volume 134, Number 3, September 2014

counties (Spokane and Yakima counties
in Eastern Washington and Clark County
near Portland, Oregon) showed decrea-
ses. The decrease in Yakima County is
particularly surprising because it had
one of the largest pertussis incidence
rates in the state. One explanation for the
upward trends in King and Pierce coun-
ties may be the robust media response
in the western part of the state, where
the majority of pertussis cases were
reported (M. Roberts, written commu-
nication, 2013). Although Clark County
stands out as an exception to this pat-
tern, it is worth noting that this partic-
ular county receives much of its media
influence from Oregon. The decrease
in the proportion of UTD infants in the
agricultural eastern part of the state
may be the result of moving seasonal
migrant workers.

The observed variability in county-specific
changes is of interest for generating
hypotheses to be examined in future
investigations; ecologic studies such as
ours are limited by lack of sufficient

individual-level data. It is possible that
a true association exists at the in-
dividual or community level but that
it is obscured by the statewide eco-
logic study design. Other studies have
shown that parent characteristics
such as education, race, income, and
age influence vaccine acceptance.35-57
Future research could examine whether
these individual characteristics affect
vaccination behavior after exposure to
infectious disease epidemics.

A limitation of this study is the po-
tential misclassification of vaccina-
tion status by WAIIS. However, by most
measures WAIIS is considered to be
quite complete. The registry is auto-
matically linked to state birth certifi-
cates, and participating providers
practice in both public and private
health care settings.20 In 2011, there
were 102.0% active new entries into
WAIIS compared with live births in
Washington State (J. Warren, per-
sonal communication, 2013). Using
the Centers for Disease Control measure
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TABLE 4 Percentages of Children Ages 3—8 Mo in Washington State Who Were UTD with a Pertussis-Containing Vaccine at Preepidemic, Epidemic, and
Postepidemic Time Points, According to Various Inclusion Criteria

Inclusion N % of Infants UTD® Difference in % UTD®" Between  95% Cl Difference in % UTD®" Between 95% Cl
Criteria Epidemic and Preepidemic Postepidemic and Preepidemic
2011 2012 2013 Time Points Time Points
(Preepidemic) (Epidemic) (Postepidemic)
Listed in 121596 67.4 69.5 67.6 2.1 —16t059 02 —40t04.5
vaccine
registry
=1 vaccines 114 567 712 73.7 721 25 —12t062 09 —341052

a“UTD” is defined as greater than or equal to the number of doses recommended by the ACIP, that is, =1 dose by 3 mo of age, =2 doses by 5 mo of age, and =3 doses by 7 mo of age.
b Difference in % UTD was calculated by using a generalized linear model with extension to the binomial family and clustered robust sandwich SE estimates.

of completeness, defined by the pro-
portion of children who have had =2
vaccinations recorded, the registry is
94.7% complete for children aged 19 to
35 months (J. Warren, written com-
munication, 2013). A recent study
showed that only 1.0% of vaccinations
recorded in a local large integrated
health care organization could not be
found in the WAIIS database.38

The proportions of children observed
to be UTD with a pertussis-containing
vaccine in WAIIS in our study were
lower than recent NIS estimates
(89.6% = 4.5 UTD at 3 months, 79.4%
=+ 6.2at 5 months,and 68.1% *= 7.0 at
7 months).3¢ The different methods of
WAIIS and NIS make direct compar-
isons difficult. The NIS uses tele-
phone surveys with parents of 19- to
35-month-old infants who agree to
participation and provider verifica-
tion of their vaccination records.
Children in homes without tele-
phones are more likely to have in-
adequate vaccinations,*® and although
adjustments for lack of telephone
coverage and response bias are in-
cluded in the NIS, some bias may still
exist4! In addition, NIS state sample
sizes are small, and state-based esti-
mates are associated with a large
margin of error.

Consistent with our primary objective
to detect change in the proportion of
vaccinated infants, we included in our
main analysis infants without vacci-
nations (of any type) listed in WAIIS.
However, because the observed pro-
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portion of unvaccinated children in our
study (5.8%) was higher than what
was expected based on NIS estimates
(0.8%) (C. Black, written communica-
tion, 2013), we performed a sensitivity
analysis excluding these completely
unvaccinated infants. The purpose of
the sensitivity analysis was to mini-
mize nondifferential misclassification
of outcome in case the entries of un-
vaccinated children were erroneous
(eg, infants with name changes or
children who had moved out of the
state). When we excluded infants with
no vaccines of any type, the results did
not materially change (Table 4).

Another limitation is the potential for
time-varying confounding by WAIIS
completeness. However, we do not think
this was a major factor in our study.
There was no significant difference in
PCVs between time points; PCVs are
typically given at a frequency identical
to that of pertussis vaccinations.™
Furthermore, after September 30,
2011 there was a statewide rollout of
meaningful use incentives for use of
immunization information systems,4243
introduction of hospital data into 2012
WAIIS, and greater emphasis on re-
moving inactive records (J. Warren,
written communication, 2013). |If
these changes had had any effect on
our findings, we would have expected
a net positive effect on the pro-
portion of UTD infants at the later
time points.

Finally, our results also may be biased
by the fact that a proportion of the

parents in our preepidemic cohort
made vaccination decisions for their
infants by September 30, 2011, after
the new exemptionlaw wentinto effect,
and some made all their vaccination
decisions before implementation of
the law. However, we would expect
this bias to decrease the proportion
of infants UTD at the preepidemic
time point and exaggerate the dif-
ferences between the preepidemic
and epidemic or postepidemic time
points.

CONCLUSIONS

Our study found no statistically signif-
icant difference in UTD status with
pertussis-containing vaccines among
infants in Washington State during
and after the 2011 to 2012 pertussis
epidemic compared with a time point
immediately before the epidemic;
however, there was notable variation
across counties within the state. The
findings may challenge conventional
wisdom that vaccine acceptance uni-
formly increases when risk of disease
is high.
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AN END OF AN ERA: Because Burlington International Airport is not large enough
to support the takeoff and landing of large jets, | frequently have to fly through
Philadelphia, PA, Washington, DG, or Chicago, IL. There, as we taxi down the
runways, | can see rows of large jets, including iconic 747s. The huge plane is
distinct with a bulge along the top and a lounge on the upper deck. When | was
younger, the 747 epitomized the lure of travel. Now it appears that the 747 is
destined for extinction.

As reported by Quartz (June 13, 2014), production of 747s has been sharply
curtailed and most airlines are replacing their fleets of 747s with newer planes.
The reason is simple: cost. Modern twin engine jets of similar size are more fuel
efficient. The 747 burns more fuel per hour and per seat mile than any other wide-
body commercial airliner. Even on popular or major international routes, filling
all 400-500 seats can be challenging. Airlines and passengers like the flexibility of
multiple daily departures from the same city even in smaller airplanes. By early
2015, the 747s will account for less than 10% of available seat miles on global
wide body airline service.

| certainly understand the rationale of the airlines; nostalgia will not improve the
balance sheets. As for me, | do want to fly in a 747 one more time, walk through the
upper lounge and reflect on how this single airplane has been such an icon of
travel in popular culture for more than 40 years.

Noted by WVR, MD
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