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ABSTRACT 

Introduction 
In the 20th century, pertussis was one of the most common childhood diseases and 

a major cause of childhood mortality in the U.S. Incidence decreased significantly since 
the introduction of (1949) and routine administration of the pertussis vaccine, as 
recommended by the Advisory Committee on Immunization Practices. However, 
pertussis outbreaks continue to occur, and infants, many of whom are not age-eligible to 
be fully immunized, are the most susceptible to the disease's severe complications. 
During these outbreaks, a question remains whether an accelerated Diphtheria, Tetanus, 
and Pertussis (DTaP) immunization schedule is an effective outbreak control method. 
Despite its regular use during outbreaks, the true efficacy of such a recommendation has 
not yet been evaluated. In 2003, Oregon experienced a pertussis outbreak with 422 
cases, the majority of which occurred in Lane, Jackson, and Klamath counties. In July 
2003, public health officials recommended an accelerated DTaP vaccination schedule to 
immunization providers in these three counties. Neighboring Douglas County did not 
recommend the accelerated schedule, despite experiencing an elevated number of cases. 
We conducted a retrospective cohort study to determine if mean DTaP interval spacing: 
a) differed between recommendation and non-recommendation counties after the 
recommendation was made; b) differed within recommendation counties before and after 
the recommendation was made; and c) differed by clinic specialty and other child 
characteristics. 

Methods 
Oregon's ALERT immunization registry was used to identify 5,036 children in 

two birth cohorts surrounding the timing of the recommendation. We used Chi-square 
statistics to identify differences in demographic distributions between the two birth 
cohorts. We used generalized linear models to summarize baseline intervals and compare 
differences in mean intervals between clinics in recommendation and non­
recommendation counties. GLM also compared mean intervals in the pre- and post­
recommendation periods only among children who received shots from clinics in 
recommendation counties, and investigated whether these differences depended on clinic 
specialty. Multivariate models were created to adjust for potential confounders of 
delayed immunization. 

Results 
Effectiveness of the recommendation was assessed by detecting a reduction in mean 

interval spacing between DTaP doses following the recommendation of an accelerated 
DTaP schedule. Post-recommendation mean intervals were significantly shorter in the 
recommendation counties (p<O.OOOI), whereas no post-recommendation intervals were 
significantly shorter in the non-recommendation county. Among immunization providers 
in the recommendation counties, all three unadjusted mean intervals were significantly 
shorter after the recommendation (p<O.OOOI) compared to before the recommendation. 
Once adjusted for potential confounders, a significant reduction in post-recommendation 
mean interval spacing among Pediatric, Family Medicine, and County Health 

v 



Departments, despite the difference not depending on clinic specialty of the 
immunization provider (p>0.05). 

Conclusions 
These results suggest that DTaP dosing significantly changed after a 

recommendation was made to accelerate the DTaP schedule in the midst of a pertussis 
outbreak. This study provides needed evidence that some clinics are able to adopt and 
implement a new public health recommendation for an accelerated immunization 
schedule, supporting the use of an accelerated DTaP schedule as a feasible and perhaps 
effective pertussis outbreak control measure. 

vi 



INTRODUCTION 

In the 20th century, pertussis, or "whooping cough," was one of the most common 

childhood diseases and a major cause of childhood mortality in the U.S., with an average 

incidence of 150/100,000 [1, 2]. The highly contagious respiratory infection can result in 

a wide range of outcomes, from a persistent cough, to pneumonia, or rarely, to more 

severe neurological complications, including death [3]. Existing unified 

recommendations for routine childhood immunizations put forth by the Advisory 

Committee on Immunization Practices (ACIP) are effective in reducing endemic disease 

[4], yet sporadic outbreaks persist. During these outbreak situations, a scientific question 

remains whether the introduction of an accelerated DTaP immunization schedule is an 

effective method for controlling a pertussis outbreak. Despite its regular use during 

pertussis outbreaks, the true efficacy of such a recommendation has not yet been 

evaluated. While the ultimate public health goal is full vaccination and complete 

eradication of pertussis, this study addresses a more immediate step in achieving this 

goal. By gaining a better understanding of how best to control an outbreak, public health 

can more effectively minimize the significant, and entirely preventable, personal, 

societal, and financial costs of pertussis outbreaks. 
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BACKGROUND AND SIGNFICANCE 

Disease Background and Epidemiology 

Following the introduction of the whole cell pertussis vaccine in I949, the 

incidence of pertussis declined from its peak of260,000 U.S. cases in I938 [I, 2] by 

more than 99% to a nadir of I,OIO national cases in I976 [5, 6] and an average incidence 

of I/100,000 by I980 [7]. However, since the early I980s, a significant increase in 

disease incidence has been documented with II,647 U.S. cases reported in 2003 and 

outbreaks occurring every three to five years [8, 9]. These numbers are thought to 

significantly underestimate the true incidence of disease, as diagnostic and reporting 

deficiencies make the prevalence of pertussis difficult to document [8]. Although it has 

been speculated that this increased incidence merely represents increased surveillance 

among clinicians, a review of recent pertussis trends by Tanaka eta! found unchanged 

laboratory diagnosis rates, unchanged ages of infected individuals, and unchanged 

disease severity, all evidence suggesting that this increased incidence it not simply a 

result of increased reporting [I 0]. 

Pertussis transmissibility approaches I 00% following close contact with an 

infected person. After an incubation period that can range from 5-21 days, pertussis 

typically presents with mild upper respiratory symptoms and a progressive cough, which 

develops into a paroxysmal cough with an inspiratory "whoop," after which the disease is 

named [II]. While symptoms usually begin to resolve after 4-6 weeks, some patients 

acquire a bacterial pneumonia or suffer post-tussive complications, which can include 

hypoxemia, apnea, neurological disorders, seizures, encephalopathy, and death [II]. The 
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diagnosis of pertussis is generally based on clinical history alone, but relatively non­

specific laboratory data such as bacteriologic cultures, direct fluorescent antibody tests, 

or serologies can be used as supportive evidence for suspected infections. 

According to Oregon State Public Health, a confirmed case of pertussis is defined 

as "a positive nasopharyngeal culture of positive PCR with at least one of the following: 

paroxysmal cough, cough with inspiratory 'whoop,' any cough lasting two weeks, or 

post-tussive vomiting" [12]. Presumptive case-definitions are "persons who are 

epidemiologically-linked to a confirmed case and have: an acute onset of cough within 7-

14 days of exposure and either a paroxysmal cough lasting more than 14 days, or a 

paroxysmal cough and white blood cell count in excess of25,000/ml with 70% or more 

lymphocytes" [12]. In 1996, the CDC and Council of State and Territorial 

Epidemiologists (CSTE) changed the case definition in the midst of an outbreak to read 

"a cough illness lasting 2 weeks or longer without other criteria" [13]. 

Although pertussis can occur at any age, children, especially those less than one 

year of age, experience the greatest morbidity and mortality. As of2000, approximately 

40% ofreported cases in the U.S. were among children less than 5 years of age [14]. 

Infants less than 12 months are more likely than older children or adults to experience 

severe disease, suffer complications, require hospitalization, or die [ 5]. Whereas only 

20% of reported child and adult cases during 1997-2000 were hospitalized, 63% of all 

infants< 6 months of age required specialized hospital care [6]. Finally, 50% of all 

pertussis-related deaths in that same time period occurred in infants under 12 months [ 6]. 

Apart from the clinical implications of a pertussis outbreak, patient families and 

the health care system also bear a large financial burden due to medical costs and lost 
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days of work. In a retrospective analysis of the economic consequences of pertussis in a 

New York county over a 6-year period, Pichichero and Treanor [15] determined the total 

indirect and direct costs for 107 cases of pertussis to be $381,052, or an average of 

$3561.23/case. Of these costs, 51% was associated with hospitalized care, and 32% was 

associated with lost work days. The estimated costs and frequencies of events (in 

parentheses) per individual case were: $95 for antibiotic charges (91 %), $48 for 

symptomatic treatment ( 1 00% ), $202 for the average emergency room visit (28% ), and 

$13,425 for the average hospital admission cost (14%). In addition, 50% of families had 

at least one adult who missed on average 8.3 days of work to provide childcare, and 

additional childcare costs were as high as $2688/family [15]. 

Vaccine Information 

Routine childhood immunization with the DTaP vaccine remains the primary 

disease and outbreak prevention strategy. The Advisory Committee on Immunization 

Practices (ACIP), together with the American Academy of Pediatrics (AAP) and 

American Academy of Family Physicians (AAFP), comprise the primary body in the 

United States that discusses and makes nationwide recommendations for vaccine usage 

and schedules. The ACIP recommends that the first three doses of DTaP vaccine be 

given at 2, 4, and 6 months. The first booster dose should be given at least 12 months 

after the third dose, and is routinely given at 15-18 months. A second booster dose should 

be given at 4-6 years [4] (see Appendix 1). The 2003 National Immunization Survey 

estimated that, among 13-month-olds, 91.2 +/- 0.7% and 88.3 +/- 4.5% of children were 

up-to-date on 3 DTaP doses in the U.S. and Oregon, respectively [16]. However, rates in 
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Oregon are lower for the most vulnerable children who are less than 12 months old; only 

84.6 +/- 5.2% of 3- month-olds and 71.7 +/- 6.2% of 5-month-olds were up-to-date on 

pertussis vaccinations [ 16]. 

The increased susceptibility in infants and children mentioned above is directly 

related to the immunity granted by routine vaccination and the course of pertussis 

infection in different age groups. Immunity after natural infection is presumed to be 

complete and lifelong [16], whereas immunity secondary to vaccination is somewhat 

decreased. Therefore, even a child who is appropriately immunized for their age may 

still become infected, although having been vaccinated generally shortens and minimizes 

the severity ofthe illness [17]. Vaccine efficacy data vary widely due to different study 

designs, however estimates have ranged from 79-90% after receiving three doses of 

whole cell vaccine to 71-89% after three doses of acellular pertussis vaccine, which is the 

currently licensed form ofthe pertussis vaccine [18]. With both vaccines, the protection 

against disease declines steadily after 2-3 years following immunization, such that 

virtually no immunity exists against pertussis a decade after the last vaccination [17]. 

This leaves virtually all adolescents and adults susceptible to infection. Because their 

disease is often milder and goes undiagnosed, adolescents and adults are capable of 

unknowingly transmitting pertussis to younger infants and children. Therefore, although 

adolescents and adults may experience higher rates of infection due to their decreased 

immunity, younger children are the most susceptible to the worst complications of 

pertussis. 

Opponents of routine immunization may cite the cost of vaccination as one of 

several barriers to their administration. Indeed, costs of childhood vaccine purchases 
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over the last 25 years have grown at an inflation-adjusted mean rate of 19% per year [ 19]. 

The Oregon Immunization Program and CDC, in their 2003-2004 lists of vaccine pricing 

data, reported the direct vaccine costs for DTAP doses 1-4 ranging from $51-$80.96, in 

the public and private sectors, respectively [20]. Costs increase to $63.75- $101.20 when 

including the second booster dose. Clearly, these costs pale in comparison to the 

financial implications of pertussis cases, as described above [20, 21]. The elevated risk 

of transmissibility and long-lasting complications, as well as the high societal costs of an 

outbreak, all underscore the need for prevention of transmission to vulnerable populations 

and treatment of infected cases. 

Pertussis Outbreak Control Measures and Accelerated DTaP Schedule 

The overall increase in incidence of pertussis has been complicated by outbreaks 

that occur every 3-5 years and last for several months. A pertussis outbreak has been 

defined as "two or more non-household cases clustered in time or space" [13]. Once an 

outbreak has been identified, several routine strategies exist for outbreak management 

and containment. These include case reporting to public health authorities, early 

recognition, and antibiotic prophylaxis/treatment of infected persons, suspected cases, 

and close contacts [14]. Accelerated DTaP vaccination has also been considered an 

acceptable outbreak control measure, based on the fact that children are most susceptible 

to pertussis when they have not yet been vaccinated, especially during their first two 

months of life. However, the actual efficacy ofthe accelerated DTaP immunization 

schedule during an outbreak has yet to be fully evaluated. 
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Under the accelerated DTaP schedule which uses minimum dose spacing 

(Appendix 1 ), the first DTaP dose is given at six weeks of age, with subsequent doses 

given in 4-week intervals at 10 and 14 weeks [22]. According to this schedule, infants are 

capable of completing their first three DTaP doses by 14 weeks (3.5 months), compared 

to 24 weeks (6 months) under the routine schedule. Refer to Table 1 below for a 

comparison of the standard and accelerated vaccination schedules. 

Table 1- Routine and accelerated minimum dose svacinz recommendations for DTaP vaccines !47 

DTaPDose Customary Age for ' Minimum age and 
{, Routine Administration dosing intervals 

Primary 1 6 weeks - 2 months 6 weeks of age 
Primary 2 4 months 4 weeks after first dose 
Primary 3 6 months 4 weeks after second dose 

First Booster 15- 18 months 6 months after third dose but 
not before 12 months of age 

Second Booster 4-6 years Same as customary 

Although limited, immunologic studies have found evidence in support of the 

accelerated DTaP schedule beginning at 4-6 weeks [23]. While maternal antibodies have 

been shown to block an infant's antibody response to a vaccination during the first few 

weeks of life [24], vaccination at 4 or 6 weeks results in a nearly identical antibody 

response as vaccination at 8 weeks [25]. Furthermore, dosing the pertussis vaccine at 

one-month intervals for the first three doses results in a high degree of clinical protection 

even when begun at an early age [26]. A 1992 British study was conducted to compare 

the immunogenicity of the standard and accelerated schedules [27]. In that study, Booy et 

a! found that both schedules resulted in satisfactory antibody responses to three pertussis 

antigens, and that the serum tetanus and diphtheria antibody levels exceeded the 

minimum protective levels in both schedules [27]. While most of these previous studies 
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have been conducted using whole-cell pertussis vaccines, there is evidence that some 

acellular vaccine preparations may mount an even earlier and stronger antibody response 

than the whole cell vaccine [28]. Therefore, because of the comparable 

immunoprotection granted by both schedules, the youngest, most vulnerable children are 

theoretically protected better and sooner because of the earlier antibody response granted 

under the accelerated schedule. 

Although an accelerated schedule is likely to have both scientific and cost-saving 

justifications as an acceptable outbreak measure, limited epidemiologic data exist 

regarding how often accelerated schedules are used or what impacts such a 

recommendation may have during an outbreak. Several efforts have been made to both 

utilize the accelerated strategy and document its efficacy, however none have generated 

evidence to answer the question of whether an accelerated schedule altered DTaP dosing 

practices with the potential for slowing the rate of a pertussis outbreak. The 

recommendation to accelerate DTaP immunizations was made during a large pertussis 

outbreak in 1993 in Cincinatti, Ohio [29] and during a school-based outbreak in Yavapai 

County, Arizona in late-2002 [30]. However, these studies were descriptive case reports 

that did not facilitate the direct evaluation of the recommendation itself. 

A separate study in the United Kingdom was conducted out of a concern about the 

accelerated schedule's efficacy, because a series of fully immunized infants were thought 

to have contracted pertussis during an outbreak when the accelerated schedule was 

implemented [31]. In this study, White et al monitored the duration of protection under 

the accelerated schedule to evaluate its continuing impact on the risk of pertussis 

infection. The authors found a 94% whole-cell vaccine efficacy in children aged 6 
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months to 5 years, and 89% efficacy in children aged 5-15 years, both results being 

similar to the expected values for the routine vaccine schedule. Not only did this study 

demonstrate that an accelerated schedule did not increase the incidence of pertussis, but it 

also provided support that children who are eligible to be vaccinated under the 

accelerated schedule were granted adequate immunoprotection. However, this study did 

not compare vaccine coverage or morbidity data before and after the implementation of 

the accelerated schedule, and therefore was unable to assess the true impact of the 

recommendation of an accelerated schedule on DTaP dosing 

With any new clinical recommendation, a cost-effectiveness analysis is warranted 

to justify its use. Because of the limited evaluation of accelerated schedules, little cost­

analysis information is available. However, based on the fact that the highest rates of 

hospitalization and death occur before the first vaccination at 2 months, Scuffham [32] 

used Markov modeling to estimate the costs and health consequences of different 

strategies used to reduce infantile pertussis in the first six months of life. Disability­

adjusted life-years (DAL Ys) were used to compare earlier vaccination (at birth or 1 

month, as well as standard immunization practices) with the current practice of 

vaccination at 2, 4 and 6 months. Originally calculated in Australian dollars, the averted 

costs per disability-adjusted life-years (DALY), converted into U.S. dollars, were 

US$259,319 and $578,059 for vaccination at birth and one month respectively. Although 

these interventions have not been discussed in the U.S. as potential prevention strategies, 

this study demonstrates that earlier vaccination can significantly reduce pertussis-related 

costs and morbidity. 
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Correlates of Immunization Practice 

Other factors are known to be correlated with delayed immunization and must be 

considered when studying interventions to change immunization practices such as the 

recommendation to accelerate DTaP doses. Among the more frequently explored areas 

are immunization provider characteristics and parent/child characteristics such as race 

and socioeconomic status. Zimmerman et al showed that providers were more likely to 

refer a hypothetical child without insurance to the health department for immunizations 

(66%) than they were for a child who had vaccination benefits included in his insurance 

(8%). Furthermore, physicians who did not receive free vaccines from state or federal 

source such as Vaccines for Children (VFC) were significantly more likely to refer a 

child to the health department (90%) than were providers who did receive free vaccine 

(44%) [36]. Each ofthese patterns creates the potential for loss to follow-up of children 

who were referred to another clinic, a loss of a sense of a "medical home" at a single 

clinic since their care is fragmented between two clinics, and the potential for more 

delayed immunization rates at health departments. 

Clinical specialty of the immunization provider has also been show to impact 

early immunization rates. Through the use of immunization behavior surveys of 

Pediatric, Family Medicine, and general immunization providers, Koepke demonstrated 

that Pediatricians had higher rates of up-to-date immunization coverage at 12 months 

than Family Medicine or General Practitioners (78% vs 58%), and identified provider 

specialty as the strongest predictor of immunization coverage in multi variable analysis 

[37]. Huetson et al demonstrated in their birth certificate survey that, while patients at 
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both private and public clinics experienced immunization delays, patients at public clinics 

were more likely to experience delays due to missed opportunities [38]. 

Finally, Gaudino et al reviewed the evidence from 1980-1995 of risk and 

protective factors of incomplete pre-school vaccination. They identified a wide variation 

among studies suggesting weak and/or inconsistent associations between race/ethnicity 

and vaccine status, and suggested that any effect of race on vaccine status must be 

adequately adjusted for potential confounders such as socioeconomic status [39]. 

The results from these and other studies suggest that, while delayed immunization 

is a persistent problem in the overall population, certain characteristics of sub-populations 

impact immunization delivery and receipt and must be considered, not only for analytic 

purposes, but also for public health education and outreach. 

Oregon's Pertussis Experience in 2003 

Oregon is unique in that it not only reports frequent pertussis outbreaks, but also 

that it has implemented a comprehensive computerized statewide immunization registry 

(Immunization ALERT) that collects data from participating public and private providers. 

In 2003, Oregon experienced a 30-year high in pertussis cases, with at least 422 reported 

cases, which equated to the 4th highest incidence rate in the U.S. that year [33]. Lane, 

Jackson, and Klamath counties, in the southwestern portion of the state reported the most 

cases in the state, at a rate of 11 times the average national pertussis incidence [34]. The 

demographics of this 2003 Oregon outbreak were as follows: 39% of cases were in 

adults, the median age of cases was 13 years, 7% of all cases were hospitalized, and 79% 

of those hospitalized were less than 4 months of age. Of the 245 cases reported in 2002-
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2003 who were less than 10 years of age, 51% were not up-to-date on their 

immunizations per routine ACIP recommendations and 52% had never received any 

pertussis vaccine [33]. 

In July 2003, public health officials from Lane, Jackson, and Klamath counties 

recommended the implementation of the accelerated DTaP schedule as an outbreak 

control measure. Although neighboring Douglas County also experienced an elevated 

incidence of disease, the decision was made not to accelerate the DTaP schedule, as it 

was felt that there were not enough cases to anticipate an impact of the intervention. 

County Health Departments utilized a variety of methods to notify immunization 

providers of the accelerated DTaP schedule [35]. In Lane County, officials mailed a 

letter to immunization providers and clinics, along with a copy of the recommended 

accelerated DTaP schedule. Additionally, community media interviews about the 

outbreak were broadcast, but no specific information was given publicly regarding the 

accelerated schedule, and no additional immunization clinics were held. Klamath's 

implementation strategies included a fax disseminated to all practitioners, articles in the 

local newspaper, and radio interviews. Jackson County e-mailed their message to 

providers, and created a short educational video about pertussis for training purposes for 

day care providers, teachers, and adult foster home care providers. Again, no special 

advertising of shot clinics was done at the public level. In lieu of recommending the 

accelerated DTaP schedule, Douglas County conducted a pertussis recall, as part of a 

special state-funded grant opportunity to increase childhood immunization coverage, in 

which they recalled all children who needed DTaP and other doses in the primary series. 
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PURPOSE, OBJECTIVES, AND HYPOTHESES 

The existence of the ALERT registry and a multi-county recommendation to 

accelerate the DTaP immunization schedule provided a unique opportunity to evaluate 

the efficacy of the recommendation. The purpose of the study was to determine if a 

public health recommendation to clinicians to use an accelerated diphtheria, tetanus, and 

pertussis (DTaP) immunization schedule during a pertussis outbreak significantly 

changed the mean interval spacing between DTaP doses 1-3. 

Specifically, the objectives of this study were to determine if: 

• mean DTaP dose spacing differed between recommendation and non­

recommendation counties after the recommendation was made. 

• mean DTaP dose spacing differed within recommendation counties before and 

after the recommendation was made. 

• differences in mean DTaP dose spacing between pre- and post-recommendation 

periods depended on clinic specialty of the immunization provider, child's sex, 

mother's race, and maternal WIC enrollment at birth. 

We hypothesized that: 

• post-recommendation mean interval spacing between DTaP doses would be 

shorter in counties where the recommendation was made, compared to those 

counties where the recommendation was not made. 
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• mean interval spacing between DTaP doses would be shorter after the 

recommendation was made compared to before the recommendation was made, 

among those counties where the recommendation was implemented. 

• mean interval spacing between DTaP doses would be different between Pediatric, 

Family Medicine, and County Health Department practices at baseline and 

following the recommendation. 
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METHODS 

Overview 

We conducted a retrospective cohort study of birth cohorts using two sources of 

data: 1) vaccine service data from Oregon's computerized statewide tracking and recall 

immunization registry (ALERT), linked to 2) Oregon Birth Certificate Data. We 

compared these data before and after recommendations were made to accelerate the 

DTaP schedule during a pertussis outbreak, to determine if providers adopted the 

recommendation and significantly changed DTaP dose spacing. 

Approval to conduct this secondary data analysis was granted by both the Internal 

Review Board of the State of Oregon Department of Health Services, and Oregon Health 

and Science University. 

Description of Outbreak and Implementation of Recommendation 

Four counties in Southwestern Oregon were identified as having elevated rates of 

pertussis in the summer of2003. Three of these counties (Lane, Jackson, and Klamath) 

were formally considered "outbreak" counties, whereas one (Douglas) was not. The 

three outbreak counties (Lane, Jackson, and Klamath) recommended the accelerated 

schedule, whereas the non-outbreak county (Douglas) did not recommend the accelerated 

DTaP schedule, due to a perceived insufficiency of cases to anticipate an impact of the 

intervention. Prior to the analysis, we called the immunization coordinators from each 

county health department to confirm the dates of when accelerated DTaP dose 

recommendations were implemented and rescinded in each county [35]. Lane County 

Health Department was first to recommend the accelerated schedule on July 12, 2003. 
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Klamath County was next to recommend the schedule, starting on July 18,2003. Jackson 

County was last to implement the schedule starting on July 31, 2003. The end dates of 

the recommendation varied slightly as well. Klamath County was first to rescind the 

recommendation on November 7, 2003. Lane County withdrew the recommendation on 

December 16, 2003. While Jackson County never officially notified providers to 

terminate the schedule, they did not aggressively pursue the accelerated DTaP schedule. 

Data Sources and Data Quality 

a. Oregon Immunization ALERT 

ALERT is a statewide immunization information system developed to facilitate 

complete and timely immunization of all children in Oregon, particularly those who are 

under age 2, and are at the highest risk of complications if not immunized properly. 

ALERT collects immunization service data from public and private health care providers, 

as well a large number of secondary data sources, and creates individual child vaccine 

records using complex linkage and de-linkage algorithms (including some hand review) 

that keep the records accurate and up-to-date. The ALERT registry was implemented 

beginning in 1996 with the voluntary enrollment of public and private immunization 

providers throughout the state, as well as children receiving immunizations from these 

providers. As ofNovember 2004, 100% of public and 87% of private providers in 

Oregon were enrolled to submit data, and over 27 million vaccinations were recorded for 

1.8 million children [ 40]. 

Once a child is identified and registered in the system, the child receives a de­

identified code number, and the child's identifying information is stored separately. 
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Health care providers use multiple methods to report immunization data to the ALERT 

data system following the administration of any vaccination. Private providers primarily 

send service data through the electronic transfer of records or through submission of bar­

coded hard copy reports [40] (see Appendix 2). County health departments, health plans, 

and larger insurance companies electronically submit their data, including their electronic 

billing data. In the event that a child receives immunizations at multiple sites, the data 

from the various sites are reported, stored, and then carefully linked into a dynamically 

updated comprehensive individual immunization record for each child. The quality of 

the data is maintained through regular checks by ALERT staff following each 

submission, and follow-up is done with the immunization provider for any questions 

regarding the validity of the data. 

b. Oregon Birth Certificate Data 

Oregon birth certificate data, available through the Oregon Department of Human 

Services, provided further demographic variables of interest in this investigation. As a 

component of its routine operations, the Oregon State ALERT system and Oregon State 

Immunization program links data from the birth certificate (i.e., race, parental education, 

WIC eligibility) to the ALERT system. This linkage is done early on by the ALERT 

system to assist in validating child identifiers. Additional linkages of birth certificates are 

done later for routine surveillance and public health evaluation purposes by the Oregon 

Immunization Program. Birth certificate variables that were used in this study will be 

discussed in the Data Analysis section of this Methods Section. 
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Data Collection and Management 

a. Creation of Initial Dataset 

Prior to the release of the ALERT data to the investigators, all data for this project 

was de-identified with unique codes for child records. This unique coding allowed the 

investigators to make additional data queries of ALERT staff, as needed. A smaller 

dataset, based on the inclusion and exclusion criteria listed below, was extracted from the 

statewide database by ALERT staff for the purposes of this investigation. 

Inclusion Criteria for Initial Data Extract: 

All child subjects must have been born on or after April 1, 1996, had at least one 

DTP or DTaP immunization reported to ALERT, and had at least one address reported in 

one of the four study counties (Lane, Jackson, Klamath, Douglas). This dataset included 

35,274 child records, with data reported from April 1, 1996 through the extraction of data 

for analysis in May 2005. 

Exclusion Criteria for Initial Data Extract: 

Apart from not meeting the inclusion criteria, no additional exclusion criteria 

existed for this initial dataset, as we intentionally kept the initial dataset large in order to 

increase the potential for exposure to the recommendation. 

b. Shot Selection 

Like most immunization registries, ALERT was originally designed as an 

immunization data repository for use by ALERT clinical clients and partners, rather than 
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a research database. Therefore, significant data cleaning was required prior to beginning 

the analysis. Upon receipt ofthe original data, up to 10 different date variables were 

available for DTaP vaccinations for one child, if multiple dates were reported. A 

complex shot selection algorithm was created in SAS that used the timing of vaccinations 

and characteristics of each report to select 5 final DTaP dates from multiple reports that 

likely represented the same shot. This algorithm eliminated any shot date reported within 

14 days (2 weeks) ofthe child's birth, as this was thought to be misreporting of the first 

Hepatitis B shot as the first DTaP dose, since the minimum age for the first DTaP dose 

under either the routine or accelerated schedule is 6 weeks, and the first Hepatitis B 

vaccination can be given as early as a child's first day oflife for certain clinical 

indications. 

Furthermore, in previous analyses of ALERT data quality, at least 80% of shots 

reported within 10 days of each other were determined to be the same shot. Therefore, a 

series of shot characteristics was used to select among multiple reported shots within a 1 0 

day window of each other. DTaP shots were preferentially selected if the shot date was: 

1) reported from a primary reporting source (clinic) rather than a secondary or an 

unidentified reporting source (health plan, insurance company); 2) associated with a 

vaccine manufacturer lot number, and 3) the first of multiple reports that included absent 

or identical dates, reporting sources, and/or vaccine manufacturer information. In 

addition to selecting the date of the final selected shot, the algorithm captured these 

corresponding shot variables: 1) a de-identified clinic site code for each shot's reporting 

source, and 2) Vaccines for Children (VFC) eligibility at the administration of each shot. 
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c. Child Cohort Selection 

Child cohorts for analysis were selected from the following periods. Because the 

recommendation started at different times in the three intervention counties, July 12, 

2003 (the first implementation date of the recommendation) was selected as the start of 

the study's recommendation period to minimize this variability. A month-long 

"implementation period" was defined from 7112/03-8/12/03. We assumed this allowed 

adequate time for message dissemination, provider education, and incorporation into 

clinical practice, and gave each intervention county at least two weeks of potential 

exposure to the recommendation before starting analysis on shots given in the "post­

recommendation" period. No analysis was performed on children who were born during 

the implementation period. The post-recommendation period was defined as the four 

month period from the end of the implementation period to the time at which the 

recommendation was rescinded. This period included dates from 8/13/03-12113/03, and 

corresponded to the period when the accelerated schedule would most likely have been 

used. A six-month period of follow-up was available following the end of the post­

recommendation eligibility period, which extended until6/13/03. To facilitate a balanced 

design, a pre-recommendation period of four months was also selected, the dates of 

which were 9112/02-1/12/03. Although the same length oftime, the pre­

recommendation period was selected to start one month earlier than the post­

recommendation period to allow an equivalent six months of follow-up before the 

implementation of the recommendation. During this period, we could also evaluate mean 

DTaP intervals at baseline. 
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In order to obtain the most accurate comparisons using independent samples, two 

cohorts were selected of all children born during the two periods defined above. This 

selection of children born during the pre-recommendation period identified children who 

would have a significant period of follow-up during the pre-recommendation period, such 

that baseline intershot intervals could be established and summarized. Optimally, this 

six-month period of follow-up allowed the calculation of at least two mean intervals 

during the routine and/or accelerated schedule. By separating the birth cohorts by many 

months, this study design minimized the possibility that any of the first three DTaP shots 

received by children born during the pre-recommendation cohort would be influenced by 

the accelerated schedule recommendations. Therefore, the children born in the pre­

recommendation cohort served as an internal baseline control for the analysis. 

Thus, 2520 children were selected in the pre-recommendation and 2516 children 

were selected in the post-recommendation period, for a total sample size of 5036. See 

Figure 1 below for a schematic of the cohort selection. 
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Figure 1: Summary of Study Design 
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Study Design and Variable Definitions 

a. Study Design 

This was a retrospective cohort secondary data analysis of two birth cohorts 

before and after recommendations were made to accelerate the DTaP immunization 

schedule. Two birth cohorts were defined in each of the four study counties, and three 

mean intervals between the dates of birth and DTaPl, DTaPl and DTaP2, and DTaP2 

and DTaP3 were compared between the pre- and post-recommendation periods, both 

between the recommendation and non-recommendation counties, and within the 

recommendation counties (see Figure 2). 
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Figure 2: Overview of cohort selection and comparative analyses 
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b. Study Variables 

Table 2 summarizes the independent and dependent variables used in this 

analysis, including the original sources of data from which covariates were derived. 

Table 2: Summary of original and final analysis variables from ALERT and Oregon Birth 
Certificate Data 

Original Oregon Birth Independent Dependent 
ALERT Certificate Variables* Variables* 

Variables Variables 

• Unique child • Mother's race Categorical • Intervals (in weeks) 
identification • #of months • Birth cohort (pre- between dates of : 
number mother enrolled recommendation, -Birth- DTaP 1 

• Date of birth in WIC during post- - DTaP 1- DTaP 2 

• Final selected pregnancy recommendation) - DTaP 2- DTaP 3 
dates of • Child's sex 
DTaP1- • Primary 
DTaP5 language in 

• Child's sex household 

• Vaccines for • Mother's race 
Children (individual and 
status at each grouped) 
shot • Clinic specialty 

• Provider site • County of clinic 
code • Clinic location in 

• Primary recommendation, 
language in non-
household recommendation, 

• Child's or other county 
county of • Vaccine funding 
residence source for each 

shot 

• Maternal WIC 
enrollment at 
birth 

• Child's county of 
residence 

• Child's residence 
In 
recommendation 
or non-
recommendation 
county 

*Includes new vanables that were recoded from ALERT and Birth Certificate Data for use in the analysis 
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1. Outcome of Interest 

Intervals between DTaP doses 

An accelerated DTaP schedule recommendation could potentially have an impact 

on a pertussis outbreak by altering immunization dosing practices, reducing the number 

of"at-risk" unvaccinated children, and therefore reducing disease. Because the number of 

confirmed and presumed cases of pertussis in children less than two years is small, 

directly detecting any significant difference in disease morbidity is likely to be difficult. 

In fact, case ascertainment is likely to be incomplete, as all but the more severe cases 

often go undetected. In lieu of this direct measurement, an intermediate outcome was 

used instead that measures DTaP dose timing and indicates how soon children might be 

immunologically protected. The outcomes of interest were the mean intervals between 

DTaP doses in the pre- and post-recommendation periods. 

Intervals between the each of the first three DTaP doses were calculated in the 

following manner. For each child born during the pre-recommendation period, the 

difference in days between two consecutive DTaP doses (i.e. Date of Dose 2 -Date of 

Dose 1) was calculated, and converted into units of weeks. Any child who never 

received a subsequent shot was ineligible for calculation ofthat interval, and the value 

was coded as a missing value. For example, if a child only had DTaP 1 and DTaP 2 

reported, the interval between DTaP2-DTaP3 was considered "missing." Therefore, 

values for pre-recommendation intervals were determined for the following doses: Birth 

to Dose 1, Dose 1 to Dose 2, and Dose 2 to Dose 3. Likewise, intervals were calculated 

for children born during the post-recommendation period. Even though the accelerated 

schedule applies to all five shots, only the first three doses were considered in this study, 
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as coverage rates for the 4th dose are lower and may be influenced by other clinic and 

parent factors [ 41]. 

The intervals calculated for each child were averaged across all children born in 

each birth cohort who obtained the same two consecutive vaccinations. Three mean 

intervals were thereby determined for each group of two subsequent shots in each period. 

The differences in mean DTaP dose intervals between the pre- and post-recommendation 

periods were calculated by regression models, and served as the primary statistical 

comparisons ofthe study. 

Follow-Up Periods 

Depending when a child was born, entered the dataset, and received his 

immunizations, they could have different periods of follow-up and person-year 

contribution compared to other subjects. An effort was made to standardize the cohort 

eligibility and follow-up periods (and any biases that might result from this imbalance) 

by truncating the intervals between two shots to a maximum of six months (26 weeks). 

Any child whose interval between doses was greater than six months received an 

assignment of26.01 weeks (greater than 6 months) for that particular interval. To 

evaluate the differences between the untruncated and truncated outcome intervals, 

preliminary analyses, including a comparison of means, ranges, and graphical depictions 

of distributions were done using both types of intervals. See Appendix 3 for a summary 

ofthese comparative analyses. 
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2. Covariates 

All independent variables for this analysis were categorical, and were recoded 

from raw data in Immunization ALERT and Oregon birth certificates, when necessary. 

Correlates of the Outcome of Interest 

• Pre- and post-recommendation birth cohort was derived from the date of birth 

listed in ALERT and represented a child's membership in either the pre­

recommendation (born 9112/02-1112/03) or post-recommendation (born 8/13/03-

12/13/03) cohort for the study. 

• Clinic specialty was derived from the de-identified ALERT clinic site code that 

corresponded to the last shot in an interval that was captured by the shot selection 

algorithm. For example, clinic specialty for DTaPl was used in the analysis of 

the interval between birth and DTaPl. This code was available for each vaccine 

administration, and represented the code for the vaccination provider or a 

secondary reporting source (insurance/billing agency) that reported the 

administered vaccination. 

Clinic site characteristics such as city, county, zip code, clinic specialty 

(Pediatrics, Family Practice, Other, Unknown), reporting source type (primary, 

secondary), and specific clinic details (school-based health center, federally 

qualified health center, delegate health agency) were linked to each site code. 

Pre-assigned designations from ALERT of primary reporting source clinics as 

"Family Medicine," "Pediatric," or "County Health Department" clinics were 

maintained as the three primary categories for analysis. All clinics identified as 
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the main or satellite county health departments were included in the "county 

health department" category. "Other" clinic sites included hospitals, general 

medicine clinics, federally-qualified health centers, school-based health centers, 

delegate agencies, and other unspecified clinics. Delegate agencies included 

private, independent clinics that operate under the umbrella and authority of the 

county health department, but are not formally considered county health 

departments. Only a few clinic site codes were labeled as "unknown" and 

remained as such in the coding. "Unknown-missing" incorporated all other 

unidentified clinic specialties. Secondary reporting sources such as billing or 

insurance agencies did not have associated clinic specialties and were eligible to 

be included in the other, unknown, or missing categories, depending on which 

data fields for the above characteristics were available. 

• Clinic location in recommendation, non-recommendation. or other county was 

also based on the ALERT clinic site code that was assigned to each final shot in 

the selection algorithm. The three categories for this variable included 

"recommendation", "non-recommendation," and "other counties outside the study 

area." This served as one of the primary variables for evaluating the effectiveness 

of the recommendation, as the primary hypothesis sought to investigate whether a 

recommendation assumed to be delivered to providers, rather than a child's 

family, was adopted. 

• Child's county o[residence was derived from one ofthe ALERT-defined counties 

of residence, and captured a child's residence at one point in time. County of 

residence was reported to ALERT over time by sources that updated demographic 
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information for children. However, for this analysis, we chose the county of 

residence designated by ALERT, which was the county of residence at first entry 

into ALERT. The counties of residence included Lane, Jackson, Klamath, and 

Douglas. The current analysis did not account for children who moved between 

counties or outside of the study counties altogether. 

• A child's residence in a recommendation/non-recommendation county was 

similarly derived from the ALERT-defined county of residence at first entry into 

ALERT, and was condensed into two categories: "child lived in a 

recommendation county (Lane, Jackson, Klamath)" or "child lived in a non­

recommendation county (Douglas)." 

Potential Confounding Variables 

• Child's sex was obtained from ALERT and remained categorized as male, female, 

or missing. Despite limited research showing any difference in immunization 

practices by child's sex, sex was maintained as a potential confounder out of a 

standard of practice. 

• Primary language spoken in household was the only available variable that 

approximated sociocultural demographics in the ALERT database. Therefore, it 

was deemed potentially useful for detecting any cultural barriers in vaccination 

delivery. Nineteen categories were originally reported within this variable, and 

included Arabic, Chinese, German, Dutch, English, Spanish, Freesian, Italian, 

Japanese, Korean, Lao, Marshall, Mayan, Russian, Telugu, Thai, Vietnamese, 

Other, and Missing. It was recoded into four categories: English, Spanish, other, 
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and missing due to the overwhelming minority of non-English speakers (<5%). 

47.2% of children were missing data on primary language, therefore excluding 

this variable from further analyses. 

• Mother's race was recoded from the original values on the birth certificate 

variable into seven categories, which included: White, African-American, Other 

Non-White/Hispanic, American Indian/Indian, Asian-Pacific Islander (including 

Chinese, Japanese, Hawaiian, Filipino, Other API), Unknown Race, and Missing 

(no race reported). These were subsequently condensed into White, Non-White, 

and Missing, again due to the minority of non-white subjects in this study. 

Unfortunately, "maternal hispanicity" was not available at the time of these 

analyses. 

• "Vaccine funding source" was recoded from ALERT data on a child's Vaccines 

for Children eligibility reported at each shot, which was also captured by the shot 

selection algorithm. In the absence of direct markers of socioeconomic status, 

such as household income, VFC status was used to approximate socioeconomic 

status, which has been repeatedly shown to affect the receipt of immunization 

services. Vaccines for Children is a federal program created in the 1990s to 

provide publicly purchased vaccine to emolled public and private health care 

providers who care for eligible children. These children include those who are 18 

years of age and under who are Medicaid eligible, uninsured, American Indian or 

Alaska Native, or underinsured. 

Any child coded as "OHP/Medicaid," "American Indian/Alaska Native," "no 

insurance," "underinsured," "insured, copay or deductible not affordable," and 
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"other-eligible for state funding" was grouped into the "Public Vaccine" category. 

Children coded as "billable" and "ineligible" were grouped into the "Private 

Vaccine" category. Children coded as "locally owned," "special projects," or 

"history" were grouped in the "other" category. Finally, children that lacked this 

information altogether or were labeled as "unknown" were grouped into the 

"unknown/missing" category. 

ALERT enrolled clinics (primary reporting sources) may, but are not required, 

to report VFC status for each shot. These data would most likely be missing for 

shots reported to ALERT by secondary sources. In the event that vaccine funding 

information was included for a secondary source, it was included in the 

unknown/missing category. 55-60% of children were missing data on vaccine 

funding source, and this variable was excluded from further analysis. 

• "Maternal WIC enrollment at birth" was transformed into a categorical variable 

from an ordinal birth certificate variable that tabulated the number of prenatal 

months (0-9) a child's mother was enrolled in the WIC program. The Special 

Supplemental Nutrition Program for Women, Infants, and Children, or WIC 

(Women Infants and Children) is a federal program that provides nutritional 

assistance to low-income pregnant, breastfeeding, and postpartum women, as well 

as infants and children up to five years of age. The recoded categories were 

"mother on WIC (1-9 months)," "mother not on WIC (0 months)," and "missing 

(no report)." This served as our primary variable representing socioeconomic 

status, given the high proportion of missing data for vaccine funding source. 
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Statistical Analysis 

SAS 9.1 [42] was used for the data analysis, using child records with ALERT and 

birth certificate variables as described above that were imported into SAS. 

a. Descriptive Statistics 

Baseline demographic and subject characteristics were compared between the pre­

recommendation and post-recommendation cohorts in the total population and in the 

recommendation counties using Chi-Square tests and Fisher's Exact tests, when expected 

cell sizes were less than five (mother's race, primary language in household). These 

comparisons were made for sex, clinic specialty, primary language spoken, vaccine 

funding source, maternal WIC enrollment at birth, clinic site location class, child's 

county of residence, and child's exposure to the recommendation. A separate missing 

category was maintained for variables that contained > 10% missing data in at least one 

of the birth cohorts (mother's race, primary language in household, vaccine funding 

source, and maternal WIC enrollment). Any significant differences (p<0.05) between 

birth cohorts across a specific characteristic were considered potential confounders, and 

were controlled for in the final analysis. 

b. Analysis of Outcome 

After graphing the distributions of the six intershot mean intervals (3 overall pre­

and post, 3 pre, 3 post) using both the untruncated and truncated intervals, no gross 

departures from normality were detected. Untruncated and truncated mean intervals were 

compared using standard deviations, and ranges. (Refer to Appendix 3 for a complete 
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discussion of this analysis.) Despite being influenced by outliers, means were selected 

over medians in this analysis, primarily for their ease of use in parametric analyses under 

the assumption of a normally distributed outcome variable. (See Appendix 3 for a 

comparison of mean and median values.) 

General linear models were used to summarize baseline immunization patterns for 

all children born in the pre-recommendation period, regardless of where the child lived or 

clinic was located. GLM was then used to compare mean intervals in the pre­

recommendation and post-recommendation period among all children in the two birth 

cohorts to identify clinic and child factors that were potentially associated with a change 

in interval spacing. General linear models were also used to assess whether the 

difference between pre- and post-recommendation periods depended on whether a clinic 

was located in a recommendation, non-recommendation, or other county. Two sample t­

tests were used to assess whether the mean shot intervals were different before and after 

the recommendation within the recommendation counties only. Finally, prior to 

construction of multivariate regression models, simple linear regression using general 

linear modeling was performed to estimate the crude independent associations between 

different covariates (clinic specialty, maternal WIC enrollment at birth, mother's race, 

and sex) and the differences in mean intervals between the two periods, among shots 

given by clinics located in recommendation counties. Interactions were also tested to 

evaluate whether the difference in mean intervals between the pre- and post­

recommendation period depended on the clinic specialty of the immunization provider, 

maternal WIC enrollment at birth, mother's race, or sex of child. 
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Three multivariate models were then built to estimate the difference between pre­

and post-recommendation mean intervals between DTaP doses, among children 

vaccinated in clinics in recommendation counties. These models included a child's birth 

cohort, the clinic specialty, an interaction between birth cohort and clinic specialty, 

mother's race, and maternal WIC enrollment at birth. These latter two factors are known 

to be associated with differences in immunization practices, different between clinic 

types, and associated with the outcome on univariate analysis, and therefore warranted 

adjustment as potential confounders. This model allowed for an assessment of the 

differences in groups by clinic specialty when adjusting for potential confounders of the 

difference. 

Tukey tests for pairwise comparisons were performed to compare mean 

differences between groups. Overall F tests of significance were used to determine if at 

least one covariate in the model was significantly associated with the outcome, adjusting 

for the other covariates in the model. P-values for the Type III Sum of Squares were used 

to test the contribution of each covariate in a multivariable model, given that all other 

covariates were included in that model, and p-values of <0.05 were considered 

statistically significant. 

Because of the study's relatively large child cohorts (npre = 2520, npost=2516), the 

study had adequate power to detect relatively small differences between groups. Rather, 

the more pertinent issue was the clinical significance of any detected differences, which 

will be addressed in the discussion. 
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RESULTS 

Characteristics of Study Population 

Ofthe 5,036 children originally selected by date ofbirth, 99.98% children 

received DTaPl, 4,751 (94.3%) received DTaP2, and 4,296 (85.3%) received DTaP3. 

These same numbers corresponded to the numbers of children who had a shot interval 

calculated between date ofbirth-DTaPl, DTaP1-DTaP2, and DTaP2-DTaP3, 

respectively. One child was excluded from the analysis, as his only recorded DTaP 

occurred on his date of birth, and was not captured by the shot selection algorithm. 

50.05% (n=2,520) of the remaining 5,035 children in the birth cohorts were born during 

the pre-recommendation period, and 49.95% (n=2,515) were born during the post­

recommendation period. 

Table 3 contains characteristics of all 5,036 child subjects in the pre­

recommendation and post-recommendation birth cohorts. The study population was 

overwhelmingly white and English-speaking; however 9% of children lacked information 

on mother's race, and 48% lacked information on the primary language spoken in their 

home. "Primary language in household" was therefore excluded from further analysis 

despite its potential for insight into cultural barriers to immunization access. Eighty-six 

percent of children in the birth cohorts resided in the three counties that recommended the 

accelerated DTaP schedule, with Lane County being the most populous. Nearly two­

thirds of children in the two birth cohorts received DTaP1 and DTaP2 from clinics in the 

recommendation counties, whereas only 59% received DTaP3 in the recommendation 

counties. Approximately 10-13% of children received shots from clinics in the non-
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recommendation county. Eighteen to 25% of shots were given by practices in counties 

other than the four study counties. 

Although public funding for vaccine was the most frequently reported type of 

funding (22-24%), this information was missing in 57-60% of subjects, precluding its 

usefulness in further analysis. Maternal WIC enrollment at birth was distributed equally 

between mothers who were enrolled and not enrolled in WIC during their pregnancy, 

with slightly less than 10% children missing data overall. Finally, Pediatric clinics 

practices were the most commonly utilized immunization practices among children in the 

birth cohorts surrounding the time of the outbreak, with about 40-50% of shots given by 

these practices. Less than 1 0% of children had missing data reported for sex, clinic site 

location, and clinic specialty. 
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Less than 1 0% of the data was missing for this characteristic 
2 

Performed using Fisher's Exact Test for small cell sizes 
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Clinic Location for 0.26 
DTaPl, by receipt of 
recommendation 1 

Recommendation 3388 (67.29%) 1672 (66.35%) 1716 (68.23%) 
No recommendation 641 (12.73%) 322 (12.78%) 319 (12.68%) 
Other 1006 (19.98%) 526 (20.87%) 480 (19.09%) 

Clinic Location for 0.083 
DTaP 2, by receipt of 
recommendation 1 

Recommendation 3244 (68.25%) 1619 (67.29%) 1625 (69.24%) 
No recommendation 616 (12.96%) 305 (12.68%) 311 (13.25%) 
Other 893 (19.79%) 482 (20.03%) 411 (17.51%) 

Clinic Location for 0.41 
DTaP3, by receipt of 
recommendation 1 

Recommendation 2960 (62.28%) 1517 (63.05%) 1443 (61.48%) 
No recommendation 537 (11.30%) 259 (10.76%) 278 (11.84%) 
Other 1256 (26.43%) 630 (26.18%) 626 (26.67%) 

~ 

Funding Source for <0.0001 
DTaPl 
Public 1209 (24.01%) 531 (21.07%) 678 (26.95%) 
Private 815 (16.18%) 397 (15.75%) 418 (16.61%) 
Other 

3 234 (4.65%) 95 (3.77%) 139 (5.52%) 

Unknown/Missing 
4 2778 (55.16%) 1497 (59.40%) 1281 (50.91%) 

Funding Source for <0.0001 
DTaP2 
Public 1155 (22.93%) 530 (21.03%) 625 (24.84%) 
Private 800 (15.89%) 394 (15.63%) 406 (16.14%) 
Other J 204 (4.05%) 80 (3.17%) 124 (4.93%) 

Unknown/Missing 
4 2877 (57.13%) 1516 (60.16%) 1361 (54.09%) 

Funding Source for 0.003 
DTaP3 
Public 1116 (22.16%) 546 (21.67%) 570 (22.66%) 
Private 711 (14.12%) 382 (15.16%) 329 (13.08%) 
OtherJ 188 (3.73%) 73 (2.90%) 115 (4.57%) 

Unknown/Missing 
4 3021 (59.99%) 1519 (60.28%) 1502 (59.7%) 

1 .. 
Less than 1 0% of the data was m1ssmg for th1s charactenstlc. 

3 
Nearly 100% of shots in the "other" category were reported from primary clinic sites. 

4 
Approximately 12-16% of shots in the "unknown/missing" category were reported from secondary 

sources, such as insurance agencies. 
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Maternal WIC 0.0044 
Enrollment at birth 
Not on WIC 2262 (44.92%) 1155 (45.83%) 1107 (44.00%) 
OnWIC 2312 (45.91%) 1108 (43.97%) 1204 (47.85%) 
Missing 462 (9.17%) 257 (10.20%) 205 (8.15%) 

Clinic Specialty for <0.0001 
DTaP1 1 

Pediatrics 2373 (47.13%) 1234 (48.97%) 1139 (45.29%) 
Family Medicine 1028 (20.42%) 452 (17.94%) 576 (22.90%) 
County Health Dept. 388 (7.71 %) 210 (8.33%) 178 (7.08%) 

Others 852 (16.92%) 380 (15.08%) 472 (18.77%) 

Unknown
6 394 (7.83%) 244 (9.68%) 150 (5.96%) 

Clinic Specialty for <0.0001 
DTaP2 1 

Pediatrics 2232 (46.962%) 1172 (48.71%) 1060 (45.16%) 
Family Medicine 979 (20.60%) 431 (17.91%) 548 (23.35%) 
County Health Dept. 353 (7.43%) 196 (8.15%) 157 (6.69%) 

Others 827 (17.40%) 397 (16.50%) 430 (18.32%) 

Unknown
6 362 (7.62%) 210 (8.73%) 152 (6.48%) 

Clinic Specialty for <0.0001 
DTaP3 1 

Pediatrics 2035 (42.82%) 1059 (44.01 %) 976 (41.59%) 
Family Medicine 912 (19.19%) 429 (17.83%) 483 (20.58%) 
County Health Dept. 303 (6.37%) 171 (7.11%) 132 (5.62%) 

Other
5 724 (15.23%) 407 (16.92%) 317 (13.51%) 

Unknown
6 779 (16.39%) 340 (14.13%) 439 (18.70%) 

I 0 .. 
Less than 1 0 Yo of the data was m1ssmg for th1s charactenstlc. 

5 
Approximately 74% of shots in the "other" category were reported from secondary sources, such as 
insurance agencies. 

6 
1 00% of shots in the "unknown" category were reported from primary clinic sites with an unidentified 
clinic specialty. 
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Mean Intervals at Baseline 

As just discussed, the baseline characteristics for the pre-recommendation birth 

cohort (n=2520) are summarized in the second column of Table 3. Table 4 summarizes 

the overall and stratified baseline mean intervals during the pre-recommendation period 

in the four study counties. The pre-recommendation mean intervals were higher than the 

ACIP recommended intervals of 8 weeks between each of the first three doses, and 

appeared progressively longer throughout the course of the first three doses (DOB­

DTaP1: 10.76 weeks (95% CI: 10.59-10.93); DTaP1-DTaP2: 10.59 weeks (95% CI: 

10.41-10.77); DTaP2-DTaP3: 11.12 weeks (95% CI: 10.91-11.34). 

Among all children born during the pre-recommendation period, a child's sex was 

not significantly associated with baseline DTaP spacing for any of the three doses 

(p=0.50, 0.24, 0.44, respectively). Mother's race demonstrated borderline significance 

for the interval between birth and DTaPl (p=0.061), but lost significance for the second 

and third intervals (p=0.81, p=0.15, respectively). Although not statistically different, 

children ofwhite mothers had shorter intervals than children of non-white mothers for all 

three intervals. 

Maternal WIC enrollment at birth demonstrated a borderline or statistically 

significant association with baseline intervals between date of birth and DTaP1 (0.042), 

and became more significantly associated for the second and third intervals (p=0.008, 

0.003, respectively). Children whose mothers were not enrolled on WIC during their 

pregnancy had mean intervals between birth and DTaP1 that were 0.33 weeks shorter 

(95% CI: 0.01-0.64, p=0.042) than children whose mothers were on WIC during their 

pregnancy. Children whose mothers were not enrolled on WIC during their pregnancy 
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had intervals between DTaPl-DTaP2 that were 0.51 (95% CI: 0.13-0.88; p=0.0008) 

weeks shorter than childen whose mothers were on WIC during their pregnancy. Finally, 

children whose mothers were not enrolled on WIC during their pregnancy had intervals 

between DTaP2-DTaP3 that were 0.68 (95% CI: 0.24-1.11; p=0.0003) weeks shorter than 

childen whose mothers were on WIC during their pregnancy. Thus, trends suggested that, 

unadjusted for other covariates, children whose mothers were white and whose mothers 

were not on WIC during the child's pregnancy had shorter intervals for all three doses at 

baseline than their counterparts. 

Overall, clinic specialty was significantly associated with baseline mean intervals 

for all three DTaP doses (p<0.0001). Children vaccinated at Pediatric and Family 

Medicine clinics did not have significantly different mean intervals between date of birth 

and DTaPI in the pre-recommendation period (p=0.61). However, children vaccinated at 

county health departments did have significantly longer intervals between date of birth 

and DTaP1 compared to Pediatric (p<0.0001) and Family Medicine (p<O.OOOI) practices. 

Pre-recommendation mean intervals between date of birth and DTaP1 among children 

vaccinated at "other" clinics were not significantly different from county health 

department intervals (p=0.72). 

Children vaccinated at Pediatric and Family Medicine clinics did have 

significantly different mean intervals between DTaP1 and DTaP2, with Pediatric clinics, 

on average, administering DTaP2 0.81 (95% CI: 0.14-1.50, p<O.Ol) weeks earlier than 

Family Medicine clinics. Children vaccinated at county health departments had 

approximately two week longer intervals between DTaP1 and DTaP2 compared to 

Pediatric (p<0.0001) and Family Medicine (p=0.003) practices. Pre-recommendation 
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mean intervals in "other" clinics were not significantly different from county health 

department intervals (p=O.l2). 

Finally, children vaccinated at Pediatric clinics had significantly shorter mean 

intervals between DTaP2 and DTaP3 than did children vaccinated at Family Medicine 

clinics (Difference=0.90 weeks; 95% CI: 0.09- 1.70, p=0.02). Again, mean intervals for 

children vaccinated at county health departments were significantly longer than Pediatric 

(Difference= 1.87 weeks; 95% CI: 0.72-3.03, p<O.OOOI) practices, but not Family 

Medicine (Difference=0.98 weeks; 95% CI: -0.29-2.25, p=0.22) practices, as the average 

shot interval for Family Medicine clinics fell between Pediatric and County Health 

Department values. Pre-recommendation mean intervals in "other" clinics were not 

significantly different from county health department intervals (p=0.74). 
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Table 4--Baseline mean intervals (in weeks) among children born during pre-recommendation, 
overall and b covariates 

By Maternal WIC 
Enrollment at birth 

by Clinic specialty of 
DTaPJ 

By Sex (2 4 91) * 

By Mother's Race (2263) * 

By Maternal WIC 
Enrollment at birth 

Male 

Female 

White 

Other 

* 
Not On WIC 

OnWIC 

43 

<0.0001 

0.24 

1258 10.71 (10.45, 10.96) 

1233 10.49 (10.24, 10.75) 

0.81 

2143 10.56 (10.36, 10.75) 

120 10.66 (9.84, 11.48) 

1155 10.31 (1 0.05, 1 0.57) 0.008 

1108 10.82 (1 0.55, 11.09) 

<0.0001 



Table 4 (continued) 
DTaP2-DTaP3 ",. ';i~·:·~~l:"i; . ' 

,. , 
,,.,y;;:~r~~y·;:,l.r'':. . ''"·z£l::'\';!; ~;:/'·Yii""it"''': .:" 

}' . ;''· 

Overall 2249 11.12 (10.91, 11.34) 
By Sex (2491)* 0.44 

Male 1258 11.05 (10.74, 11.35) 
Female 1233 11.22 (10.91, 11.53) 

By Mother's Race (2263) * 0.15 
White 2143 11.01 (10.78, 11.23) 
Other 120 11.74 (10.77, 12.71) 

By Maternal WIC 
Enrollment at birth (2263) * 

Not On WIC 1155 10.71 (10.41, 11.02) 0.003 
OnWIC 1108 11.39 (11.08, 11.70) 

by Clinic specialty <0.0001 
ofDTaP3 (2249) 

Pediatrics 1059 10.58 (10.27, 10.89) 
Family Medicine 429 11.47 (10.99, 11.96) 
Health Dept. 171 12.45 (11.68, 13.22) 
Other 407 11.88 (11.38, 12.38) 
Unknown 183 10.53 (9.78, 11.27) 

*Table 4 only presents the baseline mean intervals for each level of the covariate. Differences between 
levels are discussed in the text. 
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Comparisons of mean intervals between periods among all children in birth cohorts 

Table 5 highlights the results from an analysis of all children in the two birth 

cohorts (n=5036) that assessed the effect of child and clinic factors on the overall 

difference between pre- and post-recommendation periods, without separating 

recommendation and non-recommendation counties. Post-recommendation mean 

intervals were significantly shorter than pre-recommendation intervals for all three 

intervals, among all children in the two cohorts, regardless of child residence or clinic 

location. However, the difference in mean intervals between periods decreased for each 

successive dose. Overall, the interval between date ofbirth and DTaP1 was 1.43 weeks 

(95% CI: 1.20-1.66) shorter following the administration of the recommendation. The 

interval between DTaP1-DTaP2 was 1.28 weeks (95% CI: 1.02-1.54) shorter following 

the recommendation, and the interval between DTaP2-DTaP3 was 1.17 weeks (95% CI: 

0.87- 1.47) shorter following the recommendation. 

Without adjusting for other factors, differences between intervals depended on a 

child's residence in a recommendation county for the first and second intervals (p=0.018, 

p=0.0001), but not for the third interval (p=0.436). On average, children living in 

recommendation counties received their first shot 1.54 (95% CI: 1.21-1.86) weeks earlier 

in the post-recommendation period than they did in the pre-recommendation period. The 

interval between DTaP1-DTaP2 was 1.46 (95% CI: 1.10-1.82) weeks shorter in the post­

recommendation period compared to the pre-recommendation period. 

For the interval between DTaP2-DTaP3, the difference between the two time 

periods did not depend on a child's residence within or out of a recommendation county 

(p=0.436). However, among children living in recommendation counties, the interval 
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was 1.22 (95% CI: 0.80-1.64) weeks shorter following the recommendation (p<O.OOOl). 

Adjusted for child residence, the overall difference in mean intervals for DTaP2-DTaP3 

was 1.17 weeks (95% CI: 0.88-1.47) between the two cohorts (p<O.OOOl). Ofnote, 

children living in the non-recommendation county demonstrated a marginally significant 

difference in mean DTaP intervals for the first interval (mean difference 0.75, 95% CI: 

0.04-1.54, p=0.072), despite not living in counties where the recommendation was 

formally implemented. 

The unadjusted difference between groups was only dependent on maternal WIC 

enrollment at birth for the interval between DTaPl-DTaP2 (p=0.033). The differences 

between periods were 1.67 (95% CI: 1.18-2.16) and 1.10 (95%: 0.62-1.58) weeks among 

those children enrolled and not enrolled in WIC, respectively. For the first interval 

between birth and DTaPl, the overall difference between groups, adjusted for WIC 

enrollment, was 1.36 weeks (95% CI: 1.14-1.58, p<O.OOOI). For the third interval, the 

difference between DTaP2-DTaP3, adjusted for WIC enrollment, was 1.19 weeks (95% 

CI: 0.89-1.50, p<0.0001). 

The unadjusted difference between mean intervals between the pre- and post­

recommendation periods was dependent on mother's race for the first and third interval 

(p=0.021, p=0.022, respectively). Children with mothers of"other" races received 

DTaP1 2.37 weeks (95% CI: 1.20-3.54, p<O.OOOI) earlier in the post-recommendation 

period compared to the pre-recommendation period, whereas the difference in children 

with white mothers was 1.28 weeks (95% CI: 0.99-1.58, p<O.OOOl). Similarly children 

of mothers of"other" races received DTaP3 2.97 weeks (95% CI: 0.94-4.21, p<O.OOOI) 

earlier in the post-recommendation period compared to the pre-recommendation period, 
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whereas the difference in children with white mothers was 1.09 weeks (95% CI: 0.53-

1.64, p<0.0001). For the second interval between DTaP1 and DTaP2, however, the 

interaction was not significant (p=0.955). However, the overall difference between the 

pre- and post-recommendation periods for DTaP1-DTaP2, adjusted for mother's race, 

was 1.36 (95% CI: 1.09-1.62) weeks. 

Finally, the difference between groups was modified by a child's sex for the 

interval between DTaP1-DTaP2 (p=0.05). The difference between periods was larger for 

males than for females (1.53 vs. 1.01 weeks). However, the difference in mean intervals 

between birth cohorts was not dependent on sex for the first and third intervals (p= 0.845, 

p=0.512, respectively). Adjusted for sex, the mean intervals between date ofbirth and 

DTaP1 were 1.42 weeks (95% CI: 1.19-1.65, p<0.0001) shorter after the recommendation 

was made. Likewise, mean intervals between DTaP2-DTaP3 were 1.19 (95% CI: 0.89-

1.49, p<0.0001) weeks shorter following the recommendation, when adjusted for a 

child's sex. 
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Table 5-- Comparison of unadjusted mean intervals (in weeks) between pre- and post­
recommendation periods, among all children born in two birth cohorts, overall and 
stratified by covariates 

Overall (n=5035) 10.76 +/- 4.29 9.33 +/- 4.06 1.43 (1.20, 1.66) <0.0001 

By Child Residence (n=5035) Interaction 
0.018 

Recommendation 10.62 +/- 0.09 9.09 +/- 0.09 1.54 (1.21, 1.86) <0.0001 

Non-recommendation 11.57 +/- 0.22 10.82 +/- 0.22 0.75 (0.04, 1.54) 0.072 

Interaction 
0.60 

10.6 +/- 0.11 9.30 +/- 0.11 1.30 (0.90, 1.71) <0.0001 

Not on WIC 10.27 +/- 0.11 8.85 +/- 0.11 1.43 (1.01, 1.83) <0.0001 

By Mother's Race (n=4573) Interaction 
0.021 

White 10.40 +/- 0.81 9.11 +/- 0.81 1.28 (0.99, 1.58) <0.0001 

Other 11.08 +/- 0.34 8.70 +/- 0.30 2.37 (1.20, 3.54) <0.0001 

By Sex of Child (n=4985) Interaction 
0.85 

Male 10.79 +/- 0.12 9.35 +/- 0.12 1.40 (0.97, 1.83) <0.0001 

Female 10.68 +/- 0.12 9.28 +/- 0.12 1.45 (1.02, 1.87) <0.0001 

Overall (n=4751) 10.59 +/- 4.47 9.31 +/- 4.52 1.28 (1.02, 1.54) <0.0001 

By Child Residence (n=4751) Interaction 
0.001 

Recommendation 10.53 +/- 0.10 9.07 +/- 0.10 1.46 (1.1 0, 1.82) <0.0001 

Non-recommendation 11.01 +/- 0.24 10.74 +/- 0.24 0.26 (0.62, 1.14) 0.87 

Interaction 
0.033 

10.82 +/- 0.14 9.72 +/- 0.13 1.67 (1.18, 2.16) <0.0001 

Not on WIC 10.31+/-0.13 8.64 +/- 0.14 1.10 (0.62, 1.58) <0.0001 

By Mother's Race (n=4370) Interaction 
0.96 

White 10.56 +/- 0.10 9.20 +/- 0.10 1.35 (1.00, 1.71) <0.0001 

Other 10.66 +/- 0.42 9.28 +/- 0.36 1.39 (0.03, 2.81) 0.059 

By Sex of Child (n=4706) Interaction 
0.050 

Male 10.71 +/- 0.13 9.18 +/- 0.13 1.53 (1.05, 2.00) <0.0001 
Female 10.50 +/- 0.13 9.48 +/- 0.13 1.01 (0.53, 1.49) <0.0001 
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By Maternal WIC 
Enrollment at birth 

By Sex of Child (n=4262) 
; ~i' v 

Male 

Female 11.22 +/- 0.15 10.13 +/- 0.16 

<0.0001 

0.12 

Illteraction 
.. 0.62 

<0.0001 l 
<0.0001 

<0.0001 

<0. 
**For non-significant interaction terms, a model was repeated with only main effects, and the 
difference between birth pre- and post-recommendation periods, adjusted for the other covariate, 
is presented in the text 
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Comparison of mean intervals by location of clinic in recommendation, non­
recommendation, or other county 

Table 6 compares the characteristics of children who received shots at clinics in 

the three recommendation counties and in the non-recommendation county. The two 

groups were similarly matched on sex. Children who received DTaP in a non-

recommendation were slightly more White. Douglas County (non-recommendation 

county) appeared to provide more shots for children whose mother's were enrolled in 

WIC prenatally. More children in the non-recommendation county received shots at the 

county health department, whereas a smaller proportion of children in the non-

recommendation county received shots at Pediatric clinics. 

Table 6--Comparison of overall characteristics of subjects who received shots by 
clinics in recommendation and non-recommendation counties 

Less than 10% of the data was missing for this characteristic. 
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The next analysis evaluated whether the difference in mean intervals between pre­

and post-recommendation periods depended on the clinic location where the shot was 

administered. Table 7 presents the unadjusted differences in mean intervals between 

providers among clinics in the three recommendation counties (Lane, Jackson, Klamath), 

one non-recommendation county (Douglas), and other counties outside the four study 

counties. 

The difference in mean intervals depended on the location of the clinic for the 

interval between date of birth and DTaPl (p<0.016) and DTaPl and DTaP2 (p<0.0003). 

Among clinics in the recommendation counties, mean intervals were significantly shorter 

in the post-recommendation period for the first interval (mean difference: 1.54 weeks; 

95% CI: 1.14-1.95, p<O.OOOOl) and second interval (mean difference: 1.58 weeks; 95% 

CI: 1.13-2.02, p<O.OOO 1 ). There were no significant differences between time periods 

among providers in the non-recommendation period for either of the first two intervals 

(p=0.59, p>0.99, respectively). Significant differences in mean intervals between the 

pre-recommendation and post-recommendation period were observed for the first two 

intervals among providers in counties other than the four study counties. 37.3% of 

DTaPl, 34.6% ofDTaP2, and 22.9% ofDTaP3 shots administered by clinics in "other" 

counties were reported by secondary sources. 

However, the difference in mean intervals did not depend on the general location 

of the clinic for the third interval between DTaP2-DTaP3 (p=0.54). Nevertheless, a trend 

toward a reduced interval following the recommendation was observed in 

recommendation counties, whereas no such trend was observed in the non­

recommendation county. Adjusted for clinic location, post-recommendation mean 
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intervals between DTaP2 and DTaP3 were 1.16 weeks shorter than pre-recommendation 

intervals (95% CI: 0.86-1.45, p<O.OOO 1 ). 

Table 7 --Mean intervals (in weeks) and differences between mean intervals, by location 
inic in recommendation, non-recommendation, or other co 

Recommendation (3388) 10.35 +/- 0.10 8.80 +/- 0.10 1.54 (1.14, 1.95) <0.0001 

Non-recommendation 11.28 +/- 0.23 10.75 +/- 0.23 0.53 (-0.40, 1.45) 0.59 

<0.0001 

Comparison of mean intervals before and after the recommendation, among shots 
given by clinics in recommendation counties 

The next set of analyses uses data from children who received immunizations at 

clinics in the recommendation counties (n=3388) and compared mean intervals before 

and after the recommendation. Table 8 below compares the characteristics of all children 

who received shots by immunization providers in the three recommendation counties 

(n=3388). Compared grossly to Table 3 that highlighted similar characteristics among 

the entire study population, children given shots by providers in the recommendation 

counties were predominantly white, distributed similarly across sex and maternal WIC 
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enrollment at birth, and received the majority of shots in Pediatric clinics. Of note, fewer 

children received shots in Pediatric clinics in the post-recommendation period compared 

to the pre-recommendation period, whereas more children received shots at Family 

Medicine clinics in the post-recommendation period compared to the pre-

recommendation period. 

Table 8-- Characteristics of subjects who only received shots at clinics in three 
recommendation counties (n=3388) 

Sex (3346) 
Male 
Female 

Mother's Race1 (3119) 
White 
Other 

Maternal WIC 
Enrollment at birth1 (3119) 
Not on WIC 
OnWIC 

Clinic Specialty for 
DTaPl 1 (3388) 
Pediatrics 
Family Medicine 
County Health Dept. 
Other 
Clinic Specialty for 
DTaP2 1 (3244) 
Pediatrics 
Family Medicine 
County Health Dept. 
Other 
Clinic Specialty for 
DTaP3 1 (2960) 
Pediatrics 
Family Medicine 
County Health Dept. 
Other 

1680 (50.21 %) 818 (50.42%) 862 (49.17%) 
1666 (49.79%) 832 (49.58%) 834 (50.83%) 

2916 (93.49%) 1446 (94.70%) 1470 (92.34%) 
203 (6.51%) 81 (5.30%) 122 (7.66%) 

1635 (52.42%) 833 (54.55%) 802 (50.38%) 
1484 (47.58%) 694 (45.45%) 790 (49.62%) 

'), ''"" i '' If'~,.~~ 'ir~~;~~ ' , IS-' 
.Y J. 

2067 (61.01%) 1076 (64.35%) 991 (57.75%) 
862 (25.44%) 369 (22.07%) 493 (28.73%) 
100 (2.95%) 55 (3.29%) 45 (2.62%) 
359 (10.60%) 172 (10.29%) 187 (10.90%) 

1936 (59.68%) 1015 (62.69%) 921 (56.68%) 
818 (25.22%) 356 (21.99%) 462 (28.43%) 
90 (2.77%) 52(3.21%) 38 (2.34%) 
400 (12.33%) 196 (12.11 %) 204 (12.55%) 

1785 (60.30%) 945 (62.29%) 840 (58.21%) 
749 (25.30%) 351 (23.14%) 398 (27.58%) 
87 (2.94%) 47 (3.10%) 40 (2.77%) 
339 (11.45%) 174 (11.47%) 165 (11.43%) 

1 Less than 10% of the data was m1ssmg for th1s charactenstlc. 
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0.008 

0.02 
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0.0001 
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Table 9 displays the unadjusted mean intervals and their differences among only 

children receiving shots from clinics in the three recommendation counties, overall and 

by covariates that were associated with mean intervals at baseline. Overall, all three mean 

intervals were significantly shorter in the post-recommendation period compared to the 

pre-recommendation period (p<O.OOO 1 ). Mean differences in weeks ranged from 1.15 

(95% CI: 0.79-1.51) for the interval betweenDTaP2-DTaP3, to 1.54 (95% CI: 1.29-1.80) 

for date ofbirth-DTaP1 and 1.58 (95% CI: 1.28-1.88) for DTaP2-DTaP3. 

The difference in intervals for the interval between date of birth and DTaP1 was 

not statistically dependent on clinic specialty (p=0.117). However, trends of significant 

differences were observed between the pre- and post- periods among Pediatric and 

Family Medicine practices, with the largest difference exhibited among Pediatric 

practices (mean difference 1.80 weeks, 95% CI: 1.30-2.30, p<0.0001). No significant 

difference was observed between pre- and post-recommendation periods among County 

Health Department providers (mean difference 0.55 weeks, 95% CI: -1.7-2.8, p >0.99) or 

"Other" providers (mean difference 1.10 weeks; 95% CI: 0.1 0-2.30, p=O.l 0). When the 

interaction term between birth cohort and clinic specialty was removed from the model, 

post-recommendation intervals (9.40 weeks) between date of birth and DTaP1 were 1.58 

(95%CI: 1.32-1.83, p<0.0001) weeks shorter than pre-recommendation intervals (10.97 

weeks), when adjusting for the clinic specialty for DTaPl. 

The same trend was evident for the interval between DTaP 1 and DTaP2, where 

the difference between groups among children given shots by providers who received the 

recommendation, did not depend on clinic specialty (p=0.27). Trends toward significant 

differences were again observed between the pre- and post-recommendation periods for 
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Pediatric and Family Medicine Practices (p<0.0001), with the largest difference occurring 

among Pediatric practices (mean difference 1.82 weeks, 95% CI: 1.22-1.41). Again, no 

significant differences in mean intervals were observed between pre- and post­

recommendation periods among County Health Department (mean difference=0.40; 95% 

CI: -2.40-3.19, p>0.99) or "Other" providers (mean difference=1.20 weeks; 95% CI: 

0.11-2.51, p=0.101). When the interaction term between birth cohort and clinic specialty 

was removed from the model, post-recommendation intervals between DTaP1 and 

DTaP2 (9.69 weeks) were 1.62 (95% CI: 1.32-1.92; p<O.OOOI) weeks shorter than pre­

recommendation intervals (11.31 weeks), adjusting for the type of immunization provider 

that administered DTaP2. 

Finally, the significant difference between birth cohorts in the interval between 

DTaP2-DTaP3 did not depend on clinic specialty (p=0.44). Mean intervals between 

DTaP2-DTaP3 were significantly different for children vaccinated at Pediatric clinics 

(mean difference= 1.37 weeks, 95% CI: 0.66-2.09, p<0.0001), but the difference between 

periods was markedly reduced to 0.66 weeks (95% CI: 0.4-1.8, p=0.60) among Family 

Practice clinics. Although not statistically significant, third DTaP shots given by county 

health department clinics were given 1.39 weeks (95% CI: -1.9- 4.6) earlier in post­

recommendation periods compared to pre-recommendation periods. When the 

interaction term between birth cohort and clinic specialty was removed from the model, 

post-recommendation intervals between DTaP2 and DTaP3 (10.76 weeks) were 1.18 

weeks (95% CI: 0.82, 1.54; p<0.0001) shorter than pre-recommendation intervals (11.94 

weeks), after adjusting for clinic specialty. 
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Table 9 --Comparison of unadjusted mean intervals (in weeks) and differences in mean 
intervals for children who were vaccinated by clinics located in three recommendation 
counties, overall and covariates 

By Mother's Race 

Mother's. Race 

Other (400) 10.61 +/- 0.31 9.41 +/- 0.30 0.10 
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Maternal WIC Enrollment 
' "' 

Mother's Race 

Other (339) 11.33 +/- 0.38 10.07 +/- 0.39 

<.0001 

Interaction 
0.93 

0.28 
**All DTaPs had a clinic specialty assigned to them in the recommendation counties. The only 
unknowns were outside of the study area. 

Maternal WIC enrollment at birth did not consistently interact with a change in 

mean intervals between birth cohorts (p=0.69, 0.05, 0.93). For the intervals between 

DTaP1-DTaP2 only, the difference in mean intervals between periods marginally 

depended on maternal WIC enrollment (p=0.05). Post-recommendation intervals were 

1.97 weeks shorter (95% CI: 1.41- 2.53; p<O.OOOl) than pre-recommendation intervals 

among children whose mothers were not enrolled on WIC, whereas children whose 

mothers were on WIC reported a 1.35 week reduction (95% CI: 0.77-1.93; p<0.0001) in 

post-recommendation intervals compared to pre-recommendation intervals. When the 

non-significant interaction terms between birth cohort and maternal WIC enrollment were 

removed from the model, post-recommendation mean intervals between date of birth and 

DTaP1 (8.56 weeks) were 1.51 weeks (95% CI: 1.28-1.75; p<0.0001) shorter than pre-

recommendation intervals (10.07 weeks), adjusted for maternal WIC enrollment at birth. 
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Similarly, post-recommendation intervals between DTaP2 and DTaP3 (9.73 weeks) were 

1.21 weeks (95% CI: 0.84-1.58, p<O.OOO 1) shorter than pre-recommendation intervals, 

adjusted for maternal WIC enrollment. 

The difference between pre- and post-recommendation mean intervals was 

marginally dependent on mother's race for DOB-DTaP1 only (p=0.06). Post-

recommendation mean intervals were 2.36 weeks (95% CI: 1.12- 3.60; p<0.0001) shorter 

than pre-recommendation mean intervals for children whose mothers were of an "other" 

race, whereas post-recommendation intervals in children whose mothers were white were 

1.44 weeks (95% CI: 1.12-1. 76; p<O.OOO 1) shorter than pre-recommendation intervals. 

When the non-significant interaction term between birth cohort and mother's race was 

removed from the model for the second and third intervals, post-recommendation mean 

intervals (8.70 weeks) between DTaP1 and DTaP2 were 1.63 weeks shorter (95% CI: 

1.32-1.94, p<0.0001) than pre-recommendation intervals (10.33 weeks), adjusted for 

mother's race. Post-recommendation mean intervals (9.66 weeks) between DTaP2 and 

DTaP3 were 1.15 weeks shorter (95% CI: 0.78-1.52, p<0.0001) than pre-

recommendation intervals (10.81 weeks), adjusted for mother's race. 

Multivariate models of differences in mean intervals before and after the 
recommendation, among shots given by clinics in recommendation counties 

In order to further evaluate the difference in mean intervals before and after the 

recommendation among children given shots by clinics in the three recommendation 

counties, multivariate models were constructed using data from these children (n=3388) 

to adjust for potential modifiers of this difference. First, Table 10 demonstrates the 

distribution of demographic characteristics in the populations served by Pediatric, Family 
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Medicine, and County Health Department clinics in the three recommendation counties, 

as these three clinic types generally serve different populations. A higher proportion of 

missing data existed for mother's race, vaccine funding source, and maternal WIC 

enrollment among data reported by county health departments compared to Pediatric or 

Family Medicine clinics, which makes it difficult to know the true distribution of these 

characteristics across the clinic populations. 

Table 1 0--Demographics of children who received DTaP 1 at a Pediatric, Family 
Medicine, or County Health Department clinic in a recommendation county 
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Sex '· 

Male 1034 (50.0%) 404 (46.9%) 55 (55.0%) 
Female 1005 (48.6%) 448 (52.0%) 45 (45.0%) 

Missing 28 (1.4%) 10(1.1%) 0 (0%) 
Mother's Race 

White 1804 (87.3%) 750 (87.0%) 61 (61.0%) 
Other 121 (5.8%) 43 (5.0%) 6 (6.0%) 

Missing 142 (6.9%) 69 (8.0%) 33 (33.0%) 
Vaccine Funding 

. .-" 

Source for DTaPl 
Public 355 (17.2%) 269 (31.2%) 26 (26.0%) 

Private 587 (28.4%) 161 (18.7%) 2 (2.0%) 
Other 35 (1.7%) 16 (1.9%) 0 (0%) 

Unknown/Missing 1090 (52.7%) 416 (48.3%) 72 (72.0%) 
Maternal WIC ·. ' 
Enrollment at birth ... ., 

Not on WIC 775 (37.5%) 384 (44.6%) 33 (33.0%) 
On WIC 1150 (55.6%) 409 (47.4%) 34 (34.0%) 
Missing 142 (6.9%) 69 (8.0%) 33 (33.0%) 

Table 11 summarizes results from multivariate models of the differences in mean 

intervals by clinic specialty among children who were vaccinated at clinics in 

recommendation counties, adjusted for maternal WIC enrollment at birth and mother's 

race. Although the interaction terms between birth cohort and clinic specialty were not 

statistically significant, they were kept in the model to demonstrate that the differences in 
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mean intervals observed between clinic specialties on univariate analyses, particularly 

those patterns observed for county health departments, were minimized once adjusted for 

factors known to be associated with delayed immunization, such that the differences in 

county health departments ultimately approximated or exceeded those of other clinic 

specialties. In contrast to the crude univariate results that showed a reduction of only 

0.40-1.39 weeks in the post-recommendation period for all three intervals among county 

health departments, adjusted differences ranged from 1.65 weeks (95% CI: -1.75-5.05, 

p=0.82) for DTaPl-DTaP2 to 1.98 weeks (95% CI: -1.72-5.68, p=0.74) for DTaP2-

DTaP3. 

On average, however, mean interval estimates, even during the post­

recommendation period, were still substantially higher in the county health departments 

compared to Pediatric or Family Medicine clinics. For the interval between birth and 

DTaPl, post-recommendation intervals were significantly higher in County Health 

Department clinics than in Pediatric clinics (p= 0.03), but not significantly higher than 

Family Medicine clinics (p=0.62). Likewise, for the interval between DTaPl and DTaP2, 

County Health Departments reported significantly higher post-recommendation intervals 

than Pediatric clinics (p= 0.002) but not Family Medicine clinics (p=0.21). Finally, post­

recommendation intervals between DTaP2 and DTaP3 were significantly higher in 

County Health Departments compared to both Pediatric (p=0.0002) and Family Medicine 

clinics (p=0.05). 
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Table 11-- Multivariate analyses of mean intervals (in weeks) and differences in mean 
intervals for children vaccinated at clinics in recommendation counties, overall and by 
clinic specialty, adjusted for maternal WIC enrollment at birth and mother's race 

&"""""'::'"~" •c-·. l .. r:m,· . ' . 11li!of~ . ... "I( • 
. -. ., 

lr ~~ntr··~ tltm ..,l1tmn~ ,, 
• ·'~; I' • ~ • :1 lftql!•lrrfurntet1ft•Til ' R:J't.ftlTiiirr;ni~tiHITffl 1 ·t· ·J 

·~J..':.f?'t.J ((' fQ) :r 
. . .. , ·l i~-ri'~ ·qij_!:t!l,iH J .. 

'I 
------- -t·'-"'"'~ ~-"' - ~ & ....., .... ~~ • - ~ -- ,~ --~ ~ - - ~~ "-~~ " "•""- ~ ,_.L, """'-- -!., ~--"· & . ,., . -~ ~ -&~-.. ~~L ~ ~ ·-

DOB-DTaPl 
Overall 10.54 +/- 0.19 9.04 +/-0.20 1.50 (1.04, 1.97) <0.0001 

By Clinic Specialty Interaction 
0.23 

Pediatrics 9.74 +/- 0.15 8.04 +/- 0.15 1.70 (1.24, 2.17) <0.0001 
Family Medicine 10.18 +/- 0.21 8.89 +/- 0.19 1.28 (0.56, 2.01) <0.0001 

Health Department 12.03 +/- 0.54 10.07 +/- 0.64 1.97 (-0.54, 4.47) 0.25 
Other 10.21 +/- 0.29 9.15 +/- 0.27 1.06 ( -0.05, 2.17) 0.08 

DTaP1-DTaP2 
Overall 11.08 +/- 0.25 9.55 +/- 0.27 1.53 (0.91, 2.15) <0.0001 

By Clinic Specialty 
.. 

Interaction 
0.22 

Pediatrics 10.06 +/- 0.20 8.12 +/- 0.20 1.94 (1.33, 2.55) <0.0001 
Family Medicine 10.96 +/- 0.27 9.40 +/- 0.25 1.56 (0.62, 2.51) <0.0001 

Health Department 13.21 +/- 0.74 11.56 +/- 0.86 1.65 (-1.75, 5.05) 0.82 
Other 10.11 +/- 0.35 9.14 +/- 0.34 0.97 (-0.37, 2.31) 0.36 

DTaP2-DTaP3 '· 
Overall 11.90 +/- 0.29 10.58 +/- 0.31 1.32 (0.63, 2.01) 0.0002 

By Clinic Specialty Interaction 
0.48 

Pediatrics 10.48 +/- 0.24 9.48 +/- 0.24 1.39 (0.66, 2.12) <0.0001 
Family Medicine 11.12 +/- 0.32 10.36 +/- 0.30 0.76 (-0.37, 1.88) 0.45 

Health Department 15.17+/-0.84 13.19 +/- 0.91 1.98 (-1.72, 5.68) 0.74 
Other 10.83 +/- 0.43 9.66 +/- 0.43 1.16 (-0.51, 2.84) 0.41 
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DISCUSSION 

The results of this study suggest that DTaP dosing significantly changed after a 

recommendation was made to accelerate the DTaP schedule in the midst of a pertussis 

outbreak. A significant reduction in post-recommendation mean intervals occurred for 

all three dose intervals among clinics located in recommendation counties, whereas no 

significant reduction was observed in the sole non-recommendation county. The 

significant difference between pre- and post-recommendation mean intervals depended 

on whether the immunization provider was in a recommendation county or not for the 

first two intervals, but not the third. 

When investigating just those clinics located in counties that received the 

recommendation, all three intervals were significantly shorter after the recommendation 

compared to before the recommendation. However, this difference did not depend on 

clinic specialty for any of the intervals. Despite the lack of a significant interaction, 

mean intervals were consistently shorter in the post-recommendation period compared to 

the pre-recommendation period in Pediatric practices. While Family Medicine clinics 

showed comparable differences between groups for the first two intervals, the difference 

between groups waned for the third interval. This trend may parallel those observed by 

Koepke et al [37], in which pediatricians had higher coverage rates than family 

practitioners, despite both types of practices demonstrating delayed up-to-date rates 

among children 12 months of age. 

Without adjusting for other covariates, univariate analyses of the difference in 

mean intervals by clinic specialty showed that DTaP dosing changed more substantially 

among Pediatric and Family Medicine clinics, compared to County Health Departments, 
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for which we did not find a significant change in DTaP dosing. However, after adjusting 

for mother's race and maternal WIC enrollment at birth, both factors that have been 

associated with delayed immunization practices, the differences between clinic specialties 

observed on univariate analysis were no longer so prominent. Most notably, the minimal 

change observed in county health departments on univariate analysis became more 

substantial in an adjusted model, suggesting that other factors among county health 

department clients, rather than the providers or system itself, may influence 

immunization dosing and any delay in immunization delivery and/or receipt. 

These findings support previous research that providers are able to incorporate a 

new public health recommendation into practice [43, 44], although no studies have 

investigated this capability in the setting of a pertussis outbreak. Clark et al conducted a 

telephone survey of U.S. hospitals to investigate nursery vaccination practices before and 

after a recommendation was made in July 1999 to discontinue vaccination of low-risk 

infants with a thimerosal-containing vaccine. Prior to the recommendation, 78% of 

hospital nurseries reported vaccinating in accordance with the recommended schedule, 

whereas almost all hospitals stated they discontinued vaccination of low-risk infants after 

the recommendation. Later, only 39% of hospitals reported vaccinating all low-risk 

infants once the thimerosal-free vaccine was reinstated [43]. Similarly, Oram et al found 

a significant reduction in routine HBV vaccination following the initial recommendation, 

but a failure to resume the original high rates of adherence to a recommended schedule 

once the alternative vaccine was reinstated [ 44]. While these studies suggest that 

providers are initially able to adopt a new recommendation, the possibility of longer term 
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decreased provider adherence exists in the face of multiple recommendations of new 

vaccination schedules. 

The differences in mean interval spacing by clinic specialty observed at baseline 

parallel previous research demonstrating better rates of adherence to recommended 

immunization schedules among Pediatric compared to Family Medicine clinics [37]. 

Additionally, our results from univariate analyses demonstrated small differences, and 

higher overall mean intervals, in county health departments, which correspond to results 

from other studies that demonstrate children who receive shots in public health settings 

and/or have public or no health insurance typically receive shots in a less timely manner 

than children in private settings [38, 45]. 

Before adjusting for potential confounders, we speculated as to why intervals 

were higher and the differences between periods less significant in county health 

departments, since one might have expected higher adherence from within the same 

system that delivered the recommendation. Several explanations may help account for 

these findings. First, the site codes identified as "county health department" were only 

four, whereas other sites may have functioned under the umbrella of county health 

department without being labeled as such. For example, a "delegate" agency is an offsite 

clinic that operates under the same technical standards as a county health department and 

receives funding from similar sources, but functions under a different administration. A 

future comparison of results from an analysis with all county health departments and 

delegate clinics included in one category may shed light on any differences for all 

children served by a county-related clinic as opposed to those going to county health 

department locations only. 
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Secondly, the sample size in the "county health department" category was 

significantly smaller than other categories, thereby increasing the relative contribution of 

data from less adherent children in that subset. The observed univariate results may 

indeed have been a true representation of actual behavior. It is also possible that more 

attention was paid to delivering the recommendation to the private clinics in the 

community, or that administrative or logistical challenges inherent in the county health 

department system may have made it difficult for the public clinics to change practice. 

Furthermore, many clients at county health departments may have already visited a 

primary care provider, but were referred to a county clinic for vaccination due to their 

lack of insurance/ability to pay for vaccines. This would necessarily be associated with 

delayed intervals. Moreover, county health departments may not have functioned in 

these counties as a "medical home" for these children, as a private clinic might have. 

Children and families, therefore, may not have had future appointments scheduled for 

them in advance, and would have been left to schedule and receive subsequent 

vaccinations based on their own volition. Previous literature suggests that clients at 

county health systems are likely to be poorer, be of minority race, and be less educated, 

and all of these have been associated with delayed immunization in at least some studies 

[39]. 

The fact that the differences in mean intervals between clinic specialties, 

particularly county health departments, became more uniform following multivariate 

adjustment for socioeconomic status and race echoes studies that identify these factors as 

important predictors and confounders of immunization practice [39], and that after 

adjusting for these differences, county health departments behave more similarly to other 
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clinics where immunizations are provided. Still, however, it is important to note that 

county health departments continued to have the longest overall intervals after adjusting 

for demographic confounders, suggesting that there is something inherently unique about 

the county health department populations or immunization practices that could not be 

fully explained by the socioeconomic and race variables we controlled for in our analysis. 

In general, Pediatric practices demonstrated more significant changes in post­

recommendation mean intervals than did Family Medicine clinics, which might be 

expected given the different types of training, practice settings, number of children 

served, and continuing medical education opportunities between the two specialties [ 46]. 

Despite this difference, it is important to recognize that both Pediatric and Family 

Medicine clinics lag behind ACIP recommended intervals for both the routine or 

accelerated DTaP dosing [3 7], results that were confirmed by our study as well. 

Our results also paralleled another general trend demonstrated in previous 

immunization research that has shown DTaP immunizations being administered 

progressively later with each successive DTaP dose [45]. Although some immunity is 

conferred by two on-time DTaP shots, the third dose is necessary to ensure more optimal 

immunity. This was true for children regardless of where they received their shot. 

Insurance status has also been shown to modify this effect, where, on average, the third 

DTaP was given 2.9-3.8 months later among Medicaid and uninsured children compared 

to children with insurance [45]. Our study showed that even after adjusting for potential 

confounders, children at county health departments (more likely to be Medicaid and 

uninsured, despite us not having this actual variable) received shots later than children in 

private Pediatric or Family Medicine clinics. 
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In addition to the results of this study that showed that most providers were able 

to significantly reduce mean DTaP intervals following the recommendation to accelerate 

DTaP dosing, this study has other strengths as well. The existence of the ALERT registry 

allowed a unique opportunity to study immunization practices before and after 

recommendations were made to temporarily accelerate the DTaP immunization schedule 

during a pertussis outbreak. While other studies have attempted to analyze the efficacy 

of the accelerated DTaP schedule, most entailed retrospective analyses of a pertussis 

outbreak and its resolution without a comparison to clinical practice before the outbreak 

[29, 30]. To our knowledge, this is the first large population-based study designed to test 

this research question. Our detection of significant differences in mean intervals in the 

recommendation counties compared to the non-recommendation county suggests that 

immunization providers may have integrated a local public health recommendation into 

their clinical practice enough to achieve a noticeable difference in immunization patterns. 

The population sampled by our study was representative of the overall population 

in southwestern Oregon, namely White, English-speaking, a balanced distribution of 

socioeconomic status, and the largest percentage of immunizations being delivered by 

Pediatric clinics, thereby making these results likely to be generalizable to similar 

communities. Although this analysis did not investigate age appropriate up-to-date rates 

of child subjects, the trends observed in this analysis, where 99.98% children received 

DTaPI, 94.3% received DTaP2, and 85.3% received DTaP3, parallel national and 

statewide patterns of decreasing adherence with the higher numbered doses [18], 

suggesting that immunization patterns observed in our study may be similar to those in 

other communities. 
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The use of ALERT data itself is an inherent strength of this study. First, ALERT 

boasts high participation and is likely to represent actual immunization practice in 

Oregon. Secondly, its availability as an existing public health surveillance registry 

significantly reduced the costs of this study. Third, its use facilitated objective, rather 

than subjective, measurements of likely changes in immunization patterns, which has 

been a common limitation of other studies that have investigated such changes. Fourth, 

ALERT's capability to collect immunization data from secondary sources such as 

insurance companies or billing agencies likely improved vaccine reporting and captured 

shots that would otherwise have been missing. Finally, this is one of the first studies to 

successfully use an immunization registry system for research purposes. Our creation of 

algorithms to characterize immunization practice will be beneficial to future studies using 

ALERT and other registries similar to ALERT. 

Several aspects of the study design lend credence to the observed results as well. 

Without the use of survival analysis to adjust for discrepancies in lengths of follow-up for 

each child, the results may have been subject to bias by outliers. Although the final 

criteria for inclusion into the two birth cohorts reduced the sample size, our 

standardization of rolling entry and exit criteria by selecting two equivalent four-month 

cohorts and using truncated follow-up periods significantly reduced the potential biases 

that may have resulted from imbalanced cohort eligibility and follow-up periods. Such 

biases that might result from assigning a "non-adherent" child a fixed, but lesser, value of 

a six-month interval are discussed in more detail in the limitations section. Nevertheless, 

less than 0.05% of children in the two birth cohorts had shots that were subject to 

truncation of shot intervals, making the possibility of significant bias much less likely. 
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The selection of balanced cohorts contributed to the ability to test our hypotheses 

in other areas as well. By choosing data that immediately preceded and followed the 

intervention, any significant differences in reporting to ALERT were minimized. 

Furthermore, limiting the cohort eligibility periods to four-month periods that matched 

the length of the recommendation itself maximized any true impact of the intervention by 

minimizing any dilution of the recommendation's effect by data collected in more remote 

months when the accelerated DTaP schedule was not formally in place. Finally, the 

existence of a built-in control of baseline data in the recommendation counties 

strengthens the internal validity of the results, as there were not likely to have been 

significant shifts in practice composition or immunization patterns during such a short 

period of time that could have modified the effect of the recommendation on the outcome 

interval. Unfortunately, this analysis did not take into account any differences that may 

have occurred from data reported by immunization providers who were newly enrolled in 

ALERT. Although the number of newly enrolled providers was not available at this 

writing, the number was likely to be small and would likely have biased any results 

toward the null. 

The existence of Douglas County as a comparison county offered an additional 

opportunity to test whether providers and clinics responded to the public health 

recommendation to accelerate the DTaP schedule in the face of a pertussis outbreak. 

Even with an increased number of cases in Douglas County during this time (and an 

ongoing pertussis recall) the lack of a significant difference in mean intervals between the 

pre- and post-recommendation periods is consistent with the fact that no recommendation 

was made to providers to change their minimum interval spacing in Douglas County. In 
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contrast, the significant differences observed in the intervention counties appear to have 

occurred in response to the public health recommendations of an accelerated DTaP 

schedule. 

Limitations 

Despite its many strengths, several limitations of this study warrant discussion. As 

with any public health surveillance project, the possibility ofunderreporting of 

immunization data must be considered, both underreporting of clinics to ALERT, and 

underreporting of individual shots that could not be captured in the dataset. Although 

100% of public and 87% of private clinics in Oregon are enrolled in ALERT, sheer 

enrollment does not guarantee consistent and/or reliable reporting to the registry. 

Additionally, ALERT is not capable of consistently tracking shots from children who 

move out of the ALERT capture area, even if that child was later "re-captured" by 

ALERT, unless clinic staff are able to collect historical immunization data once a child 

presents to the clinic. This is particularly a potential issue in Southern Oregon, where 

mobility between Oregon and California is a real possibility. In fact, results in Table 10 

suggested that Southern Oregon clinics, particularly county health departments, may have 

served more children who were born outside of Oregon and subsequently moved into the 

state. 33% of children served by the county health department were missing birth 

certificate data on mother's race and maternal WIC enrollment, whereas only 6.9-8.0% of 

children served by Pediatric and Family Medicine clinics, respectively, were missing that 

same information. It is possible that these children may not have brought all their 

immunization records with them to Oregon, leading to an underestimate of vaccine 
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coverage. Additionally, children who moved across state borders during their early 

months of life are likely to have delayed immunizations. Both of these reasons may offer 

a partial explanation for the higher intervals observed in county health departments 

compared to private clinics. 

The current analysis did not adjust for children who moved or received shots from 

different providers in the ALERT capture area. Evidence that children may indeed move 

between providers and/or counties for immunizations was offered in Table 3, which 

showed that 67-68% of children received DTaPl or DTaP2 at a clinic in a 

recommendation county, whereas only 63% of children received DTaP3 at a clinic in a 

recommendation county. A slightly higher proportion of children received DTaP3 in an 

"other" county, one third of which were reported from secondary sources. It is unclear 

why this may have occurred. Future analyses could be repeated using only data from 

children who received shots in the recommendation or non-recommendation counties, 

rather than had a reported residence in one of these counties, as this would have forced 

the investigation to a more specific analysis of children whose immunization providers 

were located in counties that received and did not receive the recommendation. 

Secondly, the ALERT database was initially created for clinical rather than 

analytic purposes. Its primary goal has been to collect all available immunization data on 

a child from the provider or previous immunization record. Data from outside 

immunization records, practice-specific immunization databases, and billing sources are 

all entered into ALERT, using standardized barcode scanning, electronic transfer, or 

manual data entry. The completeness of a child's immunization record depends on 

several factors, including regular reports from the participating ALERT provider, a child 

71 



who continuously sees an ALERT participating and reporting provider, and accurate 

"linkage" of multi-source child records. ALERT uses "deterministic linkage" methods to 

maximize completeness of child records and minimize data duplication by merging 

records using combinations of child identifiers (i.e. child name, parent name, date of 

birth). It is possible that if a parent's last name is misspelled, and other linkage criteria 

are not met, that a record that should be linked to its counterpart may be maintained as a 

separate record, thereby underestimating the vaccine coverage of that particular child. 

However, the quality of data entry and reporting has improved markedly since 2000, after 

which time the children eligible for this study were born. Furthermore, the second stage 

linkage of ALERT data with Oregon Birth Certificate data provided an additional 

opportunity for data de-duplication and merging, which contributed to the validity of the 

data among children born in Oregon. In general, with more sources to link (as is the case 

with ALERT and birth certificate data), there is a greater likelihood that child identifiers 

from the same child will overlap and be linkable. 

Once child records are combined, ALERT records may contain multiple reports 

from different reporters. The database obtained at the beginning of the study required 

some arbitrary decision-making about what was considered a "unique" shot. The 

selection criteria (i.e., skipping any shot reported during the first 14 days of life, and 

choosing a single shot from amongst multiple shots within 10 days of each other) were 

based upon expected values under the routine schedule and experience of ALERT data 

managers. It is possible that this strategy may have introduced some erroneous selection 

of shots. However, because the selection criteria were applied uniformly across all child 
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records, regardless of their timing in the dataset, one would expect a non-differential 

selection bias, which if anything, would bias any results toward the null. 

A second source of bias pertains to the decision to truncate intervals between 

shots to a maximum of six months (see Appendix 3). A six month window was selected 

based on the period of time from after the recommendation was rescinded and before the 

date on which the data was pulled for the study. Six months also allowed the potential 

for two to three shot interval calculations in the most "compliant" children. By 

truncating all intervals at six months, the contribution of outliers after six months of 

children who had intervals longer than six months (only 0.03-0.05%) was minimized; in 

doing so, the estimates became less influenced by variability. Truncated intervals may 

have underestimated the "true" intervals, and therefore generated a more conservative 

comparison of mean intervals. Since the observed differences in mean intervals between 

the two time periods were still significant, however, we can assume that the difference 

between groups is at least as large as was observed in the current analysis. 

This study did not fully investigate factors other than basic clinic characteristics 

that may have been associated with a significant change in mean intervals. We had no 

direct measure of provider practice changes, and no way to identify which providers 

made changes. While increased provider adherence is a logical assumption when 

immunization patterns change in accordance with a new recommendation, we may not 

have fully accounted for other factors that may have affected the outcome. Without a 

more direct assessment of provider adherence, such as a survey of providers' knowledge 

of the recommendation and practice changes made, or a review of each clinic's use of the 

revised schedule and/or provider recalls, we have no assurance that the public health 

73 



recommendation itself necessarily caused significant practice changes. However, we 

have good evidence that immunization practice changes may have occurred in response 

to the public health recommendation, because the changes that we observed in the 

recommendation counties were not observed in the non-recommendation county. 

This study only measured providers and subjects enrolled in ALERT, clinical 

practices that likely already possess higher awareness of immunization practices than 

non-registry practitioners. It is likely that mean intervals at baseline and after the 

recommendation may more closely approximate the recommended guidelines in this 

study population than in a population that does not participate in an immunization 

registry. This may lessen the generalizability of results to communities with providers 

with less awareness or involvement with local health department recommendations, or to 

communities (urban, rural, or underserved) that may face logistical challenges when 

disseminating community-wide public health announcements. This issue of 

generalizability may be especially true with results from our final analyses that evaluated 

shots given only by clinics in recommendation counties that were reporting to ALERT. 

Unfortunately, two important variables (primary language spoken in the child's 

household and vaccine funding source) were not reliably reported to the ALERT registry, 

precluding any analyses about how language, family culture, and financial barriers to 

vaccination may have affected a child's ability to access immunization services, and 

whether these may have affected shot spacing. Future studies may investigate alternate 

strategies for assessing how language and socioeconomic status impact a child's or 

provider's level of adherence to the new schedule. Furthermore, the current analysis did 

not do multivariable modeling to adjust for potential confounders in the non-
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recommendation counties. It is possible that after adjusting for mother's race, maternal 

WIC enrollment, and clinic specialty that the significant difference observed between 

recommendation and non-recommendation counties might have been less so. 

Additionally, our analysis did not examine change within a particular child or 

immunization provider, but rather examined trends among groups of practitioners or 

children with similar demographic characteristics. 

A final limitation of this study was its inability to directly examine the effect of 

the recommendation on pertussis morbidity. With only 422 cases reported in the entire 

2003 outbreak, it would have been difficult to measure the number of cases prevented by 

the intervention in children less than two year~ of age. Therefore, incidence may not 

have served as an accurate marker, particularly for a disease such as pertussis, where less 

severe cases are frequently undiagnosed and are not factored into the overall measure of 

disease burden in a population. If incidence were to be used to measure an impact of the 

recommendation, multiple sites with large numbers of reported cases would have been 

required, thereby significantly increasing the cost of the investigation. However, our 

study was designed to specifically examine a different intermediate outcome that was just 

as likely to be impacted by the recommendation to accelerate the DTaP immunization 

schedule. 

Despite these limitations, our results strongly suggest that immunization practice 

changes occurred in response to a new public health recommendation, as mean intervals 

significantly changed among those providers in the recommendation counties, whereas 

they did not among providers who were not in the recommendation counties. 
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Public Health Implications 

Although significant differences were observed following the recommendation, it 

is important to consider the public health significance of such a change. First, statistical 

significance must be considered. With the large sample size, the study is more likely to 

be overpowered than underpowered, meaning that a smaller difference in mean intervals 

is more likely to be statistically significant. Even at higher cutoff levels of statistical 

significance, such as p<0.01, the results ofthe primary analyses would have still been 

highly significant. Therefore, clinical and public health significance of the results 

becomes important to consider as well. 

In the most focused of analyses, which examined dose spacing among clinics 

located in recommendation counties (Tables 9 and 11 ), mean intervals were 1.15-1.58 

weeks shorter in the post-recommendation period compared to the pre-recommendation 

period. Because immunization receipt may be delayed for children, any improvement in 

how soon children are vaccinated would be beneficial in the face of an outbreak, 

especially in this case when baseline intervals between shots already deviate from the 

recommended intervals (eight weeks) by approximately two weeks, as they did in our 

study. Immunologic evidence has shown that administration of immunizations two 

weeks earlier than typically recommended confers equivalent antibody levels to the 

routine schedule [24, 25, 26, 27]. This posits that a difference of even one week 

following the recommendation, as was observed in this study, has the potential of being 

significant, both clinically and public health-wise. Therefore, even though the intervals 

in the recommendation period using the accelerated schedule are not close to minimum 

spacing, and, at best, approximate the intervals under the routine schedule, any 
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improvement assures earlier and higher immunoprotection against pertussis during an 

outbreak, which ultimately bears implications for public health significance. 

It is also important to recognize that this intervention is likely to have its greatest 

impact on the most severe forms of the disease. Because pertussis is frequently limited to 

milder symptoms in adolescents and adults, the published incidence rates are more likely 

a representation of the numbers of more severe cases in infants and younger children who 

suffer the worst complications of the disease. Because an accelerated DTaP schedule 

focuses on the earliest doses of the DTaP series, these youngest children are most likely 

to be affected, thereby reducing the burden of severe morbidity from the disease. While 

complete eradication of pertussis is the ultimate goal, this intervention has perhaps more 

immediate public health significance by reducing the greatest clinical, financial, and 

societal costs of the disease. 

Future Research 

While the results of this study strongly suggest that providers were able to 

incorporate the accelerated schedule into their practice, further investigations are needed. 

More complex multivariate modeling might assist in future targeting of public health 

messages around an accelerated schedule, by identifying more specific clinic and child 

characteristics that are associated with changes in dose spacing. For example, inclusion 

of the length of a child's previous interval between shots would serve as an indicator of a 

child's previous level of schedule adherence, and a likely predictor of subsequent shot 

behavior. Examining other practice characteristics such as geographic location (rural vs. 

urban) using GIS techniques, as well as practice size (number of providers, number of 
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pediatric patients seen) would also be helpful in sorting out which additional factors are 

associated with changes in practice. Understanding more about which provider or child 

groups were less affected by the recommendation would help determine appropriate 

outreach and educational strategies when disseminating a similar recommendation in the 

future. 

A third time period of analysis could be added to confirm that the mean intervals 

returned to or trended toward their previous baseline after the recommendation was 

rescinded in December 2003. As demonstrated in previous studies [43, 44], providers 

successfully adopted a recommendation initially, but were less successful at returning to 

standard practice once the recommendation was rescinded. Observation of such a return 

to baseline would offer further support that the changes observed in this study 

corresponded closely to practice recommendations and were likely due to provider 

practice changes at clinics. 

These results were observed in the absence of a direct measure of provider 

adherence, thereby allowing only hypotheses that the differences observed were a result 

of providers making conscious changes to their individual and clinics' practices. It would 

have been insightful to have conducted a survey of providers at the time of (or soon 

thereafter) the outbreak, to record how providers received and perceived the 

recommendation, but this was not possible in our study given the resources available at 

the time. Key knowledge, attitudes, and barriers to implementation of the 

recommendation may have been identified, which would be very beneficial for future 

outreach planning. Additionally, such a survey could identify providers' preferred 
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methods of receiving public health messages, so that future messages may be more 

effectively and efficiently delivered to busy providers and clinics. 

Another important step in determining the efficacy of an accelerated DTaP 

recommendation would be to evaluate its impact on up-to-date rates of other vaccinations 

that do not fall under the recommendation of the accelerated DTaP schedule, but that can 

also be given at minimum spacing intervals under the routine schedule. Given the fact 

that intershot intervals at baseline exceeded the recommended routine intervals, and that 

intervals were significantly reduced under the accelerated schedule, one might question 

why an accelerated schedule is not recommended all the time, particularly in areas that 

are prone to recurrent pertussis outbreaks. Examination of the childhood immunization 

schedule reveals a complex mixture of shots given at different times and in different 

combinations, with most of the earlier shots given at 2, 4, and 6 months. Because a 

public health recommendation of an accelerated DTaP schedule does not pertain to other 

vaccines, such as polio or Hepatitis B, one would assume that vaccines would remain on 

the routine schedule used by providers, whereas DTaP dosing would be shifted to an 

alternate schedule during an outbreak. Although early immunization against other 

diseases may be warranted in specific situations, those recommendations are not typically 

made, and their minimum intervals differ from those of the accelerated DTaP schedule. 

Consequently, unless all vaccinations are given according to their minimum 

spacing along with the accelerated DTaP schedule, or unless insurance/billing policies 

reimburse for additional "off-schedule" well-child clinic visits for vaccination, the 

implementation of an accelerated DTaP schedule might have the potential for altering 

immunization spacing and coverage rates for other vaccines. If other vaccines are 
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missed, then a child's protection against other vaccine-preventable diseases may be 

compromised. While our results suggest an adoption of the new schedule by some 

clinics, we do not know if children received other vaccinations at the same time as the 

accelerated DTaP doses, or missed their other vaccinations that were scheduled for 

traditional well-child checks at 2, 4, and 6 months because of an inability to pay for the 

additional visit. Future investigation into rates of uptake of other vaccines during 

accelerated DTaP dosing, as well as policy and clinic barriers to any new schedule 

changes, would offer important insight into the larger utility of an accelerated DTaP 

schedule during a pertussis outbreak. 

Finally, different statistical approaches could be used to address our research 

questions. First, to address the issue ofvarying contributions of person-years of follow­

up, a sensitivity analysis using truncated and untruncated intervals could be performed to 

evaluate the impact of truncation on our study findings. Survival analysis techniques 

could be applied to the same data to generate a better appreciation of how children with 

different times to vaccination (i.e.,"compliant vs. noncompliant") were influenced by the 

recommendation, while accounting for different lengths of follow-up. A repeated 

measures design would lend insight into the effect of the recommendation on changes in 

mean interval spacing with individual children, which could be used in conjunction with 

other covariates to determine how different demographic variables modify the effect of 

the recommendation within a single child. Although no significant departures from a 

normal distribution were observed in this analysis, log transformed outcome variables 

could be incorporated into future analyses. Finally, our results could be confirmed 
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through the use of non-parametric methods using medians rather than means, as means 

(even truncated means) have the potential for being more influenced by outliers. 

Conclusions 

The results of this study suggest that DTaP dosing significantly changed after a 

recommendation to accelerate the DTaP schedule in the midst of a pertussis outbreak, 

suggesting that some providers adopted the accelerated DTaP schedule. In contrast to the 

sole comparison county which did not demonstrate a change in immunization practice, all 

3 mean DTaP intervals in the three recommendation counties were significantly shorter 

following the recommendation in the recommendation counties, suggesting an impact of 

the intervention. After adjusting for potential confounders (mother's race, maternal WIC 

enrollment), minimal differences existed between clinic specialties for mean DTaP dose 

spacing, suggesting that future outreach efforts should be directed toward populations 

that are more typically affected by these child characteristics, namely the populations 

served by county health departments. 

Unfortunately, mean intervals did not closely approximate the ACIP 

recommended routine or accelerated minimum spacing intervals for DTaP vaccination. 

Since on-time DTaP vaccination remains the primary outbreak prevention strategy, these 

results suggest the continued need for dedicated efforts to reinforce these recommended 

schedules and to understand the factors associated with delayed immunization. The 

results also highlight the possibility that providers from different specialties may require 

different amounts of education and outreach to facilitate increased adherence to a new 

immunization schedule. 

81 



This study provides needed evidence that clinics are able to adopt and implement 

a new public health recommendation for an accelerated DTaP immunization schedule. 

Even with the recent addition of the adolescent and adult TdaP vaccine that holds 

promise for reducing transmission to vulnerable infants and children, these results offer 

early evidence that the accelerated DTaP schedule is a feasible and perhaps effective 

pertussis prevention strategy during a pertussis outbreak. With this added information, 

public health officials may gain greater insight into community strategies that may 

ultimately lead to the complete suppression of pertussis altogether. 
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Appendix 1 Routine Childhood Immunization Schedule (2003) and 
Accelerated DTaP Schedule (2006) (CDC NIP) 

Recommended Childhood and A<tolescent I mmuniz.aUon 
Schedule .. United States, 2003 

Hepatltl11-B1 

tliphiharia, Tctanu5, 
Pel1unr~m 

H"-i"f'II'H.t{IIJNm 
lnfllianza,a Type bl 

M•a•lt:t .. Mumpa~ 
R.ubt.llk" 

Recomn1ended llnmunization Schedule uNmo srATu • 20o• 
for Children and Adolescents Who Start Late or Who Are More Than 1 Montb Behind 

Tho tables b(tlow give t;<ICh·uP schedules Md rninimorn int(lrvaf$ batwMn dosas for childnm who havo dolayod irrJnunizatiQns. 
There is no need to restan a vaccine series regardless ofth& time tttat has elapsed between doses. Use thb chart appropriate forth& child's age . 

• .._.,.. ... I!IIJI1·~:111!1tmt•t '~!! •l •IIH!If~lillll • I 

Miaimum· Minimum Interval Between Dout 
Vaccine ~!~1 ·t--Oo-. -.. -t-.,-. -Dow....--t-...,..--o-.. -.-Z-to ... : ...... Doee...,···-. .... 3...;._-,.....,_...,._Do_ae,._· ,._3 .... ., ... oo..-· ·- · -.. ---..--Dow-.-.-.-,o-D .... .,..-,---f 

~:r:~~:.r~;ttunis 6 w5!.• 4 weeks 4 weeks 6 months 6 months1 

r~'-~-:-:~-+.....--'1-----.... -~.-· .................. .,-..-....... -~ ........................... M._ ....... _ _._, ........... ~ .. ··-·-·-·-·"-....._ ........ 

**Note: DTaP minimum spacing recommendations were identical to those listed above 
during the time of this study (2003). 
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Appendix 2 Sample Immunization ALERT new enrollee/update forms 

Oregon Immunization ALERl~ 
New Enrollee Form 

~Clinic or Attet:lding Provider Starnp ~ Provider's office stajfi 
P,~ace Ncrme bar code label her~ and complete information: 

Pare11ts: Please PRINT the follo~wing infom1ation concerning your CIIILD: 

REQUIRED INF'ORMA·TION 

Date of birth: - ·- · _! __ !_' __ 

MM DD YYYY 

-----------------~~-----------Last name at birth 

-······-····· .. ·-· .. ··---····-,. .......... _ Plilce Of-·b'1fifC"'-
(state or coulitry) 

0Female OR---·------· 
I)revious bar code number 

(only if known) 

Mother's maiden name 
(mother,slast nrune before she was married) 

Last natne( s) 

ome address: ·--·-~-~----------......,...--------..........,.--------~----------
Apt. State Zip c<lde 

Jvlaiii11g address: ----·-~---~ ..... ·-·-·------------------------------------~----~ 
(ifdifferent) Apt. # 

L.____.l .____.tLLL ___ JL._ . ....~.....--1 ...1--LJ 
Phone number 

~____IH 1-L ___ L . I r· _] 
Child's Social SecuritY Number 

(not parentS?) 

City State Zip code 

Medicaid lD # or insurance # 
(if applicable) 

Primary langitage 

Comments: .To cotttaet ALERT: 
phone; l-800-980-9431 

(503) 731-3348 
g; 
~ 
u 

fax: 

~n'u.lil: 

(50~) 731-3042 g 
(:(;· 

• . . ~ 

Ql{Q.ALERT@staf~Mlr.us s 
·L-------------------------------~------------------~------------~ OptionaJfor cli1#cs: Attach a copy oft11e child)s immunization record at1d ALERT will .enter the Jull 
1rnrrmni7ation historv. , 



Oregon Immunization ALERT- Update/Addition Form 

Use to update original blue New Enrollee Form information 
or to add or correct patient information 

CLINIC INFORMATION (required): 
~ Clinic or Attending Provider Stamp ~ 

PATIENT INFORMATION (required): 

Child's Name: 

Date ofUpdate: ----------------------
Staff Providing Update: ________________ __ 

Staff Phone Number: -------------------

Date of Birth: I I 
------------------------------------ ------

Current ALERT Barcode Number: OR-__ -__ -__ (assigned by your clinic) 

Current Electronic Transfer ID Number: _____________ (assigned by your clinic fore-transfer records) 

DEMOGRAPHIC CHANGES, ADDITIONS, AND/OR CORRECTIONS (e.g., address, 

phone number): 

IMMUNIZATION CHANGES, ADDITIONS AND/OR CORRECTIONS (Use only for 

missing or incorrect immunizations; for new immunizations, use pink form or e-transfer): 

Note: You cannot change or correct information submitted by a clinic/source other than your own. 

To contact ALERT: 
Phone: (800) 980-9431 (Statewide) 

(503) 731-3348 (Portland Metro) 
FAX: (503) 731-3042 
Email: OHD.ALERT@state.or.us 

PLEASE PRINT IN BLACK INK 

89 



Appendix 3 Results and discussion of truncation method used to calculate mean 
intervals 

Only a small percentage was subject to truncation of shot intervals. Of the 5,035 

children who had a calculable interval between birth and DTaPl, 156 (0.03%) children 

had shot intervals longer than six months. Of the 4, 7 51 children who had a calculable 

interval between DTaPl and DTaP2, 142 (0.03%) children had shot intervals longer than 

six months. And finally, of the 4,296 children who had a calculable interval between 

DTaP2 and DTaP3, 207 (0.05%) children had shot intervals longer than six months 

Two sets of histograms were generated for the three overall outcome variables to 

evaluate for departures from a normal distribution. Standard curves for a normal 

distribution were superimposed on the histogram for comparison. Samples are 

demonstrated below for the interval between DTaPl - DTaP2. The first set (Figure 3a) 

depicted the three intervals in the pre- and post-recommendation periods combined with 

an unlimited follow-up period, whereas the second set depicted the three intervals with 

the follow-up period until subsequent shot truncated at 26 weeks for all children in the 

pre- and post-recommendation birth cohorts who exceeded 6 months between two shots 

in series (Figure 3b ). Of note, graphs for the truncated and untruncated measures use 

different scales. Each histogram demonstrated a relatively normal distribution with a 

slight shift to the right due to the delayed receipt of shots in a small (<0.05%) proportion 

of the population. A spike was appreciated at 26 weeks (6 months) on the histograms 

using the truncated interval values. 

A third set of histograms was generated to compare separate distributions ofthe 

three outcome intervals in the pre- and post-recommendation periods, using untruncated 

and truncated intervals (see samples for DTaP1-DTaP2 below). Figures 4a and 4b depict 
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the distribution of mean intervals between DTaP1-DTaP2 in the two periods, using 

untruncated values, and Figures Sa and 5b depict results from a similar analysis using 

truncated values. Again, the scales differ between each graph. Even with this difference 

in scales, a clear shift to the left in the mean is appreciated in the post-recommendation 

distribution compared to the pre-recommendation distribution using both untruncated and 

truncated intervals, implying that DTaP doses were given earlier following the 

recommendation. 

Table 12 below highlights the mean intervals, standard deviation, and ranges for 

shot intervals in the baseline pre-recommendation period using untruncated (unlimited 

follow-up to the next shot in series) and truncated (a maximum of six months follow-up 

to the next shot in series) follow-up periods. Truncated intervals were shorter, 

particularly in the pre-recommendation period, with smaller standard deviations and 

ranges compared to the raw, untruncated intervals. In the pre-recommendation period, 

mean intervals between all three shots were 0.69-1.15 weeks shorter using the truncated 

follow-up period, with narrower ranges and standard deviations, than the untruncated 

period. In the post-recommendation period, the truncated intervals were 0.16-0.31 

weeks shorter than untruncated intervals, with smaller standard deviations and ranges that 

reached a maximum of26.01 weeks (where 26.01 represented all children whose follow­

up period extended beyond 6 months, or 26 weeks). Less influenced by outliers, the 

median interval was somewhat lower than the mean interval and remained constant in the 

analyses using untruncated and truncated intervals. 
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Table 12- Comparison of untruncated and truncated mean intervals, and medians, among 
all child subjects in birth cohorts (n=5, 036) 

t¥ ~~ ,·~m · . r • • '"" 'J ' "·· 2 rnffir':!E t . i "' l ~· ~ . ~ j t'.fi BJIT ' " '. "" ~- / ' I ll' ; ' ' s '~ ,. ... , ' ' " I ' - • ',l "~ . ! 1t~ j! .; "~~' ~ lif-~·.,.rr\[>~ ··r .... ····~ -~-·~wl'11l\l1~·· .. ·r ·r.~ I • 
~--=~---":-~.•~ ... ~1~-J "'' >••<>•• •• ,_, - -~-· -"·~1[:¥.-~.:::..0--~·-'"'"'"-~t"-·--' ~ ... ~0-,.-- -·· -~' ~~~~~ ~ \ ~ TI • ~; r < l • ( «~ ~ J ~ :: 

p re- u ntruncate d ' -~· T runcate d 
~ ~- -'~ 

Recommendation ,, 0<; '·';s 

DOB-DTaP1 2520 (0) 11.74 +/- 9.24 2.43- 10.76 +/- 2.43- 9.14 
109.71 4.29 26.01 

DTaP1-DTaP2 2404 (116) 11.28 +/- 7.98 1.71- 10.59 +/- 1.71- 9.00 
106.86 4.47 26.01 

DTaP2-DTaP3 2249 (271) 12.27 +/- 9.60 3.00- 11.12 +/- 3.00- 9.14 
81.14 5.18 26.01 

Post- Untruricated .. ~ 
.. ,,, 

Truncate'd. ·· Y• '"' ~ 

1·"1:, 

Recommendation ~,.' ' ff;;;( i, ':, ,:i:f,,i~ 

DOB-DTaP1 2515 (1) 9.49 +/- 4.95 2.00- 9.33 +/- 4.06 2.00- 8.71 
72.29 26.01 

DTaP1-DTaP2 2347 (169) 9.59 +/- 5.93 2.00- 9.31 +/- 4.52 2.00- 9.00 
68.00 26.01 

DTaP2-DTaP3 2047 (469) 10.26 +/- 6.11 2.00- 9.95 +/- 4.72 2.00- 9.00 
61.43 26.01 

Although not shown here, log transformation demonstrated a slight improvement 

in the fit of a normal distribution. However, non-transformed data was analyzed in this 

study to facilitate interpretation with more readily accessible public health implications of 

a change in weeks as opposed to a percent change. 
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Figure 3: Overall Intervals between DTaP1-DTaP2, using untruncated and 
truncated periods of follow-up to subsequent shot 

3a: Untruncated 
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Figure 4: Distribution of mean intervals between DTaPl and DTaP2 in pre- and 

post-recommendation periods, using untruncated intervals 
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Figure 5: Distribution of mean intervals between DTaPl and DTaP2 in pre- and 
post-recommendation periods, using truncated intervals 
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