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I. INTRODUCTION 

The Post-Licensure Rapid Immunization Safety Monitoring (PRISM) program was established in August 
2009 as one of several 2009 H1N1 influenza vaccine safety surveillance efforts launched and supported 
by the federal government. In September 2010, PRISM was incorporated into Mini-Sentinel to provide 
FDA with a routine near real-time active surveillance capability to inform regulatory decision-making. To 
further explore a potential safety signal seen in the Vaccine Adverse Event Reporting System (VAERS),1 
this protocol describes an effort to evaluate whether or not an increased risk of Kawasaki disease is 
associated with receipt of the 13-valent pneumococcal vaccine (PCV13). If an association is 
demonstrated, then its magnitude will be quantified. 

II. BACKGROUND 

A. PUBLIC HEALTH SIGNIFICANCE AND STUDY MOTIVATION 

Pre-licensure trials of both PCV7 (Prevnar; Wyeth) and PCV13 (Prevnar13; Wyeth) vaccines found no 
increased risk for serious adverse events.2 In a post-licensure safety unadjusted analysis, however, an 
increase in Kawasaki disease hospitalizations among PCV7 vaccinated patients was reported when 
compared to historical controls.3 Further analysis adjusted for sex, race, age at first dose, length of 
follow-up and season, found no evidence for an association of Kawasaki disease with the PCV7 
vaccination.3 Hua et al. explored 29 reports of Kawasaki disease reported for PCV7 vaccination to the 
Vaccine Adverse Events Reporting System (VAERS) from 1990-2007. The evaluation did not suggest an 
elevation of the risk of Kawasaki disease following PCV7.4 Post-licensure surveillance of the PCV13 
vaccine in the Vaccine Safety Datalink (VSD) compared the cumulative risk of Kawasaki disease within 28 
days of vaccination with PCV13 to the historical risk within 28 days of vaccination with PCV7 from 2007 
to 2009. Twelve group sequential tests were planned over a 90 week period.  A statistical signal for 
Kawasaki disease after PCV13 was identified at the second group sequential test. Subsequently, the 
investigators conducted a single end-of-study analysis in which they obtained medical records to 
adjudicate each case identified by automated Kawasaki disease diagnoses. Using confirmed cases only, 
the risk within 0-28 days following vaccination with PCV13 when compared to PCV7 was 2.38 (0.92, 
6.38).  This result was not found to be statistically significant and was not controlled for race/ethnicity. 
The study authors noted that the possible association between PCV13 and Kawasaki disease may 
deserve further investigation.5 A review of the first 18 months of licensure of PCV13 was completed by 
the FDA under the FDA Amendment Act of 2007 section 915. This review included an analysis of the 
PCV13 VSD study results as well as an evaluation of the VAERS proportional reporting ratios (PRR) for 
Kawasaki disease. The review resulted in an FDA internet posting that reported there had been adverse 
event reports of Kawasaki disease following administration of PCV13. This 915 posting also stated that 
the FDA intended to initiate a larger study of Kawasaki disease risk following PCV13 vaccination in 
PRISM.1    
 
The present protocol describes the study that will be conducted to fulfill the FDA commitment to further 
explore the possible relationship between Kawasaki disease and PCV13 vaccination. 
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B. PCV13 

Infection by Streptococcus pneumoniae is identified by the World Health Organization (WHO) as a major 
cause of pneumonia, bacteremia and meningitis. Although over 90 pneumococcal serotypes have been 
identified, a small subset of serotypes account for the majority of disease.6 Prior to licensure of the 
pneumococcal conjugate vaccine, young children were highly susceptible to pneumococcal disease, with 
an estimated 17,000 cases of invasive disease and 200 resulting deaths occurring annually in children ≤5 
years of age in the United States.  An additional 5 million cases per year of acute otitis media were 
believed to result from pneumococcal disease in children ≤5 years of age.7  
 
In 2000, FDA licensed the first pneumococcal conjugate vaccine, 7-valent pneumococcal vaccine (PCV7) 
(Prevnar; Wyeth), for use in infants and young children. PCV7 protected against strains of Streptococcus 
pneumoniae that most commonly caused illness among children in the U.S.  Subsequently, inclusion of 
PCV7 in the recommended children immunization program resulted in decreased rates of invasive 
pneumococcal disease.8 The CDC reported that rates of PCV7-type invasive pneumococcal disease in 
children under 5 years of age dropped from 80 cases per 100,000 to less than 1 case per 100,000 
following the implementation of the PCV7 vaccine.9 FDA then licensed a second vaccine, PCV13 on 
February 24th, 2010 to protect against 6 additional serotypes that accounted for much of the invasive 
pneumococcal disease in young children not covered by the PCV7 vaccine.10 The Advisory Committee on 
Immunization Practices recommended PCV13 for use as a 4-dose vaccination series, administered at 2, 
4, 6 and 12-15 months, similar to the PCV7 vaccine recommendations. Full implementation of the 
transition from PCV7 to PCV13 came into effect in March 2010 with supplies of PCV13 available to the 
public sector that month as shown in Figure 1.11  By July 2010, Pfizer reported that >90% of its private 
shipments of pneumococcal conjugate vaccines were for PCV13.11  Children previously vaccinated with 
PCV7 finished their remaining vaccinations with PCV13. A dose of PCV13 was recommended for children 
14-59 months of age who had completed the 4-dose vaccination series with PCV7, and children with 
specified underlying medical conditions received a 5th dose until 71 months of age.10  
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Figure 1. “Pneumococcal conjugate vaccine doses administered to children aged 0 through 59 months, 
by vaccine type and week --- Immunization Information System sentinel sites, United States, March 7--
August 21, 2010.” 11 
 

C. KAWASAKI DISEASE 

Kawasaki disease is an acute, self-limited vasculitis and is the leading cause of acquired heart disease in 
children in the United States. Kawasaki disease primarily affects infants and young children, as shown in 
Figure 2 and Figure 3. The etiology of Kawasaki disease is unknown, although theories include an 
infectious cause or immunologic response triggered by an infectious agent.12,13 No disease-specific 
laboratory test is available. Hence, the diagnosis of Kawasaki disease is based on a clinical case definition 
as described by the American Heart Association, which specifies that patients have fever lasting for ≥5 
days (or fever until the date of administration of intravenous immunoglobulin) and at least 4 of the 
following 5 primary clinical features.13 
 

1. Changes in the extremities (erythema of palms or soles; edema of hands or feet; periungual 
peeling of fingers or toes) 

2. Polymorphous exanthem rash 
3. Bilateral conjunctival injection without exudates 
4. Changes in lips and oral cavity (inflamed lips or throat, strawberry tongue, or dry/cracking lips) 
5. Cervical lymphadenopathy (at least 1 lymph node ≥ 1.5 cm in diameter) 

 
“Incomplete” or “atypical” Kawasaki disease can also be diagnosed in patients presenting with fever for 
≥5 days and <4 of the clinical features, if coronary artery disease is diagnosed using echocardiography or 
coronary angiography.13 The diagnosis of incomplete Kawasaki disease is more common in infants <6 
months of age, and these patients are more likely to develop coronary artery abnormalities as compared 
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with infants between 6 and 12 months of age.13-15 In general, physicians are encouraged to consider a 
diagnosis of Kawasaki disease in febrile patients with fewer clinical features of Kawasaki disease in the 
absence of cardiac complications for prompt treatment to reduce the risk of coronary artery 
aneurysms.16 If left untreated, approximately 25% of patients develop coronary artery aneurysms which 
may lead to additional cardiac complications including myocardial infarction, sudden death or ischemic 
heart disease.13,17,18 Intravenous immunoglobulin administration has been identified as a successful 
treatment in reducing cardiac complications in Kawasaki disease patients if promptly administered 
within 10 days of illness onset. Aspirin is also used in the treatment of Kawasaki disease for the anti-
inflammatory and anti-platelet effects. 
 
Numerous factors have been shown to affect the incidence of Kawasaki disease in the United States. The 
illness presents most commonly in Americans of Asian and Pacific Island descent, with an incidence of 
32.5/100,000 in children <5 years of age compared to 9.1/100,000 for non-Hispanic whites of the same 
age group.13,19 In addition, Kawasaki disease is age-dependent, with 80% of cases occurring before age 5 
years, and a peak incidence at 13-24 months of age.20 Many studies have reported increased incidence 
of Kawasaki disease in males, with male to female ratios ranging from 1.5-1.7 : 1.4,7,19,21,22  Seasonality is 
also believed to have some impact on incidence.19 
 

 
 

Figure 2. “Number of cases in the National Inpatient Sample (NIS) data presented by patients’ age. The 
number of cases peaks at patients 1 to 2 years of age, followed by patients <1 year and 2 to 3 years of 
age, and then the number continues to decrease towards older age.”23 
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Figure 3. “Kawasaki syndrome associated hospitalizations and cumulative percent by … age in months 
for children <5 years, United States, 2006.”24 

III. OBJECTIVES 

The objectives of this study are: 

1. To determine the existence and magnitude of any increased risk of Kawasaki disease in the 28 
days following PCV13 vaccination.  

2. If an excess risk is found, to explore the role of concomitant vaccines when evaluating the 
existence and magnitude of Kawasaki disease following PCV13 vaccination. 

3. To determine through medical chart review the positive predictive value of an ICD-9 code based 
algorithm for identifying Kawasaki disease.

IV. METHODS 

A. STUDY POPULATION AND DATA SOURCES 

Four Data Partners will participate in this evaluation, and all will have data available from 2008 until the 
most recent data refresh. The study population will include infants and children from birth until 23.99 
months of age who were members of the participating Data Partners during 2008 to 2015 and who 
meet the other enrollment criteria. When the programs are run, we will use the most up-to-date 
information from each Data Partner.  
 
The following categories of infants and children will be included in the evaluation:   

• Exposed to at least 1 dose of PCV vaccine and continuously enrolled in the Data Partner from 
birth through at least 84 days after their first dose of PCV vaccine. 

• Unexposed to PCV vaccine and continuously enrolled in the Data Partner from birth through at 
least 144 days of age.   
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Gaps of up to 45 days between birth and enrollment will be allowed. For both exposed and unexposed 
categories of subjects, continuously enrolled person-time through a maximum age of 23.99 months will 
be included in the analyses, with the following proviso:   

• If an infant in the exposed category has incomplete person-time during 0-84 days after Dose 2 of 
PCV vaccine, his/her person-time on and after the day of that vaccination will be excluded. 

• If a child in the exposed category has incomplete person-time during 0-98 days after Dose 3 or 4 
of PCV vaccine, his/her person-time on and after the day of that vaccination will be excluded.   

 

B. EXPOSURE CODES 

• PCV13 vaccination will be identified by the CPT code 90670 and the NDC codes 00005197101, 
00005197102, 00005197104, 00005197105. 

• PCV 7 vaccination will be identified by the CPT code 90669 and the NDC codes 00005197049, 
00005197050, 00005197067, 54569511700. 

• Unspecified PCV vaccine will be identified by HCPCS codes G0009, S0195.  
• Unspecified PCV vaccine prior to February 24, 2010 will be assumed to be PCV7 and after August 

2010 will be assumed to be PCV13 based on the date of approval for PCV13 and the fact that by 
July 2010, Pfizer reported that >90% of its private shipments of pneumococcal conjugate vaccines 
were for PCV13.11  Information related to unspecified PCV vaccines received between Feb 24 and 
Aug 31, 2010, will not be included in analyses. Data on all vaccinations occurring within the first 
two years of life will also be captured. Codes for the additional vaccines will be included in the 
supplementary material.  

 

C. OUTCOME DEFINITION 

Cases of Kawasaki disease will be identified by the ICD-9 code, 446.1 (acute febrile mucocutaneous 
lymph node syndrome) in the inpatient setting. We assume that a confirmed or suspected case of 
Kawasaki disease would be admitted to a hospital to initiate treatment or undergo further clinical 
evaluation. Only the first code in 365 days in the inpatient setting will be considered in order to exclude 
follow-up visits for Kawasaki disease. 

D. RISK WINDOW 

Risk windows will include 1-28 days following all doses of PCV vaccines. This is the same risk window 
that was used in the VSD evaluation of PCV13 vaccine and is supported by evidence that among siblings, 
more than one half of second Kawasaki disease cases developed within 10 days of onset of symptoms in 
the first case.5,25 We will evaluate diagnoses within 38 days following all doses of PCV vaccines in order 
to catch symptoms that began within the 28 day risk window. Cases will be classified as occurring in the 
risk or control window based on the day that symptoms began.  
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E. STATISTICAL ANALYSES 

1. Descriptive Analysis 

Descriptive analyses using automated claims data will be performed and presented in tables and graphs 
to characterize the PCV7 and PCV13 vaccination data and Kawasaki disease data. They will include 
frequency distributions of age at the time of receipt of the vaccines stratified by Data Partner, sex and 
year, and frequency distributions of the number of Kawasaki disease cases by age.  

2. Self-Controlled Analysis 

Overview:  A challenge in studying PCV13 and Kawasaki disease will be the confounding effect of age, as 
both vaccination and the risk of Kawasaki disease are age-dependent.  To confront this challenge, we 
will use both a self-controlled risk interval (SCRI)26,27 and a cohort design.  A major advantage of the 
former, which we are pre-specifying as the primary method, is that it inherently controls for all fixed 
(non-time-varying) potential confounders such as gender, race/ethnicity, and chronic pre-disposing 
conditions, by virtue of each subject serving as his/her own control. Another advantage of the SCRI 
design is that it uses only exposed cases, thus minimizing potential misclassification bias due to 
incomplete data on vaccine exposure. A possible disadvantage is that adjustment for time-varying 
confounders such as age must be made explicitly, and estimation of the age effect may introduce error. 
The cohort design is likely to have higher statistical power than the self-controlled design, due to the 
relatively large amount of historical and concurrent unexposed data involved in the generation of 
expected counts. However, its ability to control for time-invariant confounding is not as good as that of 
the self-controlled approach. If there are differences among racial/ethnic groups in vaccine coverage 
and timing, an important potential confounder in the cohort design is race/ethnicity. The point 
estimates are also subject to bias from misclassification of exposure if some vaccinations are not 
recorded in the claims data and not captured during the chart review process. 
 
Self-controlled risk interval design: We will use a self-controlled risk interval (SCRI) design with a risk 
interval of Days 1-28 post-vaccination and a 28-day-long comparison (control) interval following this risk 
interval (Figure 4). Without age adjustment, the null hypothesis is that the risk of Kawasaki disease is the 
same during the 28 days after PCV13 vaccine as it is during the subsequent 28 day period. With age 
adjustment, the null hypothesis is that the relative risks in those intervals are equally proportional to the 
age based relative incidence rates. Because the recommended interval between doses 1 and 2 and 
between doses 2 and 3 is 2 months, there is less time in which to position the control interval than for 
the subsequent doses. The control interval will be Days 29-56 following doses 1 and 2. For doses 3 and 
4, it will be Days 43-70 post-vaccination (Figure 4).  (The latter is preferable due to uncertainty about the 
true period of vaccine-associated risk, which, if it exists, might extend beyond 28 days after vaccination.) 
The full length of the risk and control windows will always be included. In the final report, we will 
provide the following descriptive information, summed over all Data Partners, but separate for each 
dose: (i) total number of cases in the risk interval, (ii) total number of cases in the control interval, and 
(iii) a histogram of the total number of cases by age in weeks at the time of vaccination.  
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Kawasaki disease 
 
        Dose 1   Kawasaki disease   Dose 2                             Dose 3 and 4 
 

             1                28 29              56  1                28 29               56 1                28                      43             70   

        risk                 control                risk                   control                 risk                                      control 

Figure 4. Self-controlled risk interval design to evaluate the incidence rate ratios comparing rates in risk 
vs. control intervals.  
 
We will run both unadjusted and age adjusted analyses. We will consider two methods for adjustment 
of age.  
 
The first option is to use risk by age estimates from the literature to estimate the risk of Kawasaki 
disease by week of age. Specifically, we will use the estimates from Holman et al.’s data on 
hospitalizations for Kawasaki Syndrome in the United States.24 With such an external estimate, age 
enters the regression through an offset term in the regression equation. Only individuals with an 
observation in either the risk or the control interval are informative for this self-controlled analysis. With 
one observation per individual, we will use logistic regression, where an observation is one if the 
outcome is in the risk interval and zero if it is in the control interval. We will include an offset term to 
adjust for the differential risk of Kawasaki disease at the ages in the risk and comparison intervals, 
respectively. This offset term requires a good estimate of the natural relative incidence of Kawasaki 
disease by age. It will be treated in this logistic regression analysis as known with certainty, which has 
been shown to work well (Li et al 2015, manuscript in progress). Note that, if the incidence estimate is 
off by the same magnitude at all ages, for example, 10% higher than actual at all ages, it is 
inconsequential for a self-controlled analysis. 
 
The second option is to adjust for age with conditional Poisson regression.  The outcome will be the 
occurrence of Kawasaki disease. The exposure will be the 28-day risk interval after PCV13 vs. the 28-day 
comparison interval, and risk of Kawasaki disease by week of age will be modeled as a continuous 
function using either polynomials or splines. The conditioning will be done on individuals having an 
outcome in either the risk or comparison interval to ensure a self-controlled analysis. The selection of 
the best-fitting polynomial or splines to describe the risk-by-age relationship will be done without 
including the risk interval in the model, to ensure integrity of the results. This method will estimate the 
incidence curve from PRISM Kawasaki disease rates in all eligible exposed or unexposed time.   
 
Study design and analysis options are shown in Table 1. Due to the larger sample size used for the age 
adjustment in Option One, we assign this as the primary analysis.  

3. Cohort Poisson Regression Analysis 

Cohort design with Poisson regression analysis: The second method that we will use is a cohort design 
with unconditional Poisson regression, including the exposed and unexposed person-time for the entire 
cohort between years 2008 and the most up-to-date data. The following covariates will be included in 
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versions of the Poisson regression model before settling on the most parsimonious and explanatory 
model: vaccination risk window (yes/no), age in weeks modeled as a continuous variable, sex, calendar 
year as a continuous variable and Data Partner.  We will attempt to include state/zip code in the model, 
as a partial proxy for race/ethnicity; however, it is doubtful that this variable will be available or 
complete for all Data Partners. Exposed person-time will be the 1-28 days after PCV13 vaccination, while 
unexposed time will be the time outside of the 7 days before and time outside of the 42 days after 
vaccination with either PCV13 or PCV7. We will include unexposed person-time from children who are 
not vaccinated with PCV7 or PCV13, and exposed person-time after PCV7 vaccination will not be 
included in the analysis. A polynomial risk function will be used to refine estimates of background rates 
by week of age during the first 1.5 years of life. We will systematically try at least linear, quadratic, cubic, 
fourth-order, and fifth-order functions, without exposure in the model (to blind ourselves to the effect 
of vaccination) and select the function to include in the final model based on the log-likelihood ratio, p-
value, Akaike information criterion (AIC), and biologic plausibility.  If we cannot find a well-fitting 
polynomial function, we will try splines instead.  

In addition to the results from the Poisson regression, the final report will include the total number of 
observed and expected cases during the exposed time, summed over all the data providers. Stratified by 
dose and age in weeks, but summed over all data providers, we will also present a table with the 
number of cases during exposed time, the number of cases during unexposed time, the number of 
exposed person-days and the number of unexposed person-days.  

Table 1. Study designs and analyses. The primary analysis is the self-controlled logistic regression with 
age adjustment using an incidence curve from the literature.  

Study designs and analyses 
Self-controlled Cohort 

Logistic regression Conditional Poisson 
regression 

Unconditional Poisson 
regression 

1. Primary 
analysis: 
Age adjustment 
using offset term 
based on 
incidence curve 
from literature 

2. No age 
adjustment  
 

3. Age adjustment internal, 
based on polynomial risk 
function from study 
population 
 

4. Age adjustment internal, 
using polynomial  or spline 
risk function 
 

4. Potential Confounders and Effect Modifiers 

We will collect information on both time-variant and time-invariant factors considering the multiple 
study designs. In addition to gender and age, we will capture state/zip code, if available, to serve as a 
surrogate for race/ethnicity. While season does appear to be associated with Kawasaki disease,19 we do 
not expect that it should be associated with vaccination status or timing; therefore, we will not consider 
season a confounding factor. Finally, viral and bacterial illnesses have been suggested as possible 
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etiological agents of Kawasaki disease.24,28 When available in the medical chart, we will capture 
information on infections occurring in the 60 days prior to onset of Kawasaki disease.  

5. Statistical Power 

One-sided power calculations were done for the self-controlled risk interval analysis, alpha=0.05, and all 
PCV13 doses. PCV13 dose counts were obtained from four Data Partners in March, 2015. Background 
rates of ICD9-code-identified Kawasaki disease were estimated by counts in three Data Partners as we 
expect that background rates would be consistent among the Data Partners. The results of the self-
controlled risk interval power calculations are shown in Table 2 below. There will be 80% power to 
detect a relative risk of 1.91. 
 
Table 2. Power calculation based on a total 3,388,104 PCV13 doses 

Power Calculation for the Self-controlled risk interval design 
Kawasaki disease 
diagnosis/100,000 

Person Years Relative Risk         Power 
8.7 1.1 9.31 
8.7 1.2 15.53 
8.7 1.3 23.6 
8.7 1.4 33.12 
8.7 1.5 43.45 
8.7 1.6 53.84 
8.7 1.8 72.32 
8.7 1.91 80 
8.7 2.0 85.47 
8.7 2.10 90 
8.7 2.5 98.25 
8.7 3.0 99.88 
8.7 4.0 100 
8.7 5.0 100 

 

6. Evaluation of Elevated Risks   

If a statistically significant elevated risk is found in any of the analyses, we will perform the following: 
1. Check data quality, descriptive statistics and background rates by age, sex and Data Partner. 
2. Assess for patterns in time from exposure to outcome using the temporal scan statistic to test 

for temporal clustering of chart-confirmed Kawasaki disease cases in the weeks after the dose in 
question. 

3. Perform regression analyses adjusted for concomitant vaccinations for chart confirmed cases. 
(Objective #2) 
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7. Exploring the Role of Concomitant Vaccines 

PCV13 is given concomitantly with vaccines to protect against rotavirus, diphtheria, pertussis, tetanus, 
Haemophilus influenza type b, polio, hepatitis B, influenza, measles, mumps, rubella, varicella, and 
hepatitis A. We aim to address whether an elevation in the risk of Kawasaki disease, if found, is 
associated with PCV13 alone, PCV13 in combination with other vaccinations, or an unrelated vaccine 
given simultaneously. Further, if the risk is associated with PCV13 in combination with other vaccines, 
we aim to determine whether the risk is increased on an additive or multiplicative scale. We will take 
advantage of the unique combinations of vaccines given to infants and children to explore the role of 
concomitant vaccines when evaluating the risk of Kawasaki disease following PCV13 vaccination.  
To adjust for concomitant vaccines, we will use the same four general statistical regression models 
described above, adding one or more other concomitant vaccines to the models, using the same risk and 
control intervals. Vaccines given on the same day will be defined to be concomitant. As the first step, we 
will add single concomitant vaccines one by one to the regression model.  As a second step, we will add 
multiple concomitant vaccines to the model. Vaccines not included in the recommended schedule for 
U.S. infants and young children will not be included in the analysis. For the cohort model, the regression 
will be based on exactly the same data as described above. For the self-controlled analyses, the 
regression model will also include risk and control intervals following vaccines given without PCV13.   

8. Automated Code Analysis 

As an exploratory objective, if the positive predictive value of the ICD-9 code, 446.1 (acute febrile 
mucocutaneous lymph node syndrome) in the inpatient setting is ≥0.8 for Kawasaki disease among the 
chart confirmed cases, we will report the automated code analyses in addition to the chart reviewed 
analyses. For the automated code analyses, we will estimate day of symptom onset based on the mean 
number of days from onset to diagnosis for the cases that are chart reviewed.  

F. MEDICAL CHART REVIEW 

Medical records of all cases of inpatient diagnosis of Kawasaki disease, limited to the first inpatient 
diagnosis in 365 days, occurring during eligible person-time in the study period will be reviewed, 
regardless of vaccination status or timing relative to vaccination. The maximum total number of cases to 
be reviewed is 200 among all Data Partners combined. If the available number of cases exceeds 200, we 
will use a pre-specified sampling scheme to ensure that the highest-priority cases are reviewed. Top 
priority cases are those that fall within either the risk or control window of the self-control designs. All 
of these will be chart reviewed. High priority cases include the remaining cases falling between 0 and 18 
months of age and during the period of time when PCV13 was administered, starting from the most 
recent time period and moving back in time. A chart abstraction form will be used.  
 
In order to identify the cases and obtain the medical charts, we will send programs for the Data Partners 
to run on their uniform-format patient-level files. These programs will produce a report of the number 
and characteristics (e.g., age and sex) of the cases and, for each case, a report listing the health care 
encounters occurring within a specified number of days of the Kawasaki disease diagnosis, to be 
specified after the first review of the descriptive characteristics. The reports will include information on 
clinical setting, actual diagnosis, and date of the diagnosis. 
 
Next, PRISM clinical investigators will rank the encounters of each case using relevant diagnosis and 
procedure codes provided in the report to identify those that seem likely to produce the most definitive 
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diagnostic information. The ranked list will be returned to the Data Partners who will then attach patient 
name, insurance member number, and provider name and address to all visits. Another PRISM program 
to be run at the Data Partners will organize the list of charts to pull by facility.  
 
Each Data Partner will identify a preferred vendor to create chart extracts. These chart extracts will 
consist of components pre-specified by the PRISM team that need to be photocopied or scanned by the 
vendor. Examples of such items include the admission note, the daily notes during hospitalization, the 
discharge summary, all cardiology reports within 12 weeks of the index date (defined as the first day of 
fever or the date of the first code for Kawasaki disease if the first date of fever is missing) and all 
diagnostic procedures such as echocardiograms and angiograms. Using the list provided by the Data 
Partner, the chart-review vendor will notify the facilities, contact them to obtain the charts, photocopy 
or scan the appropriate pages of the chart, and redact the record of all personal identifiers. The Data 
Partners will have the option of reviewing the redacted records to ensure that the redaction is 
complete. The redacted records will be sent to the Mini-Sentinel Operations Center for further review 
and abstraction by the PRISM team.  
 
All investigators classifying the cases will be blinded to vaccination status. PRISM clinical investigators 
will review the chart abstractions and classify the cases. Two clinical investigators will independently 
review 10 charts, blinded to vaccination history as well as to the other reviewer’s decision. This initial 
round of case classification will enable refinement of the classification rules. Using the refined set of 
rules, investigators will complete a second round of case classification for another 10 cases. If there are 
zero discrepancies between reviewers after the second round, then the review will continue to use a 
single reviewer for the remainder of the cases. If there are any discrepancies regarding the 10 second-
round cases, double review of each subsequent case will be required with regular consensus review 
involving both reviewers. If consensus cannot be reached, a third party reviewer will make the final 
determination.  
 
Diagnosis of Kawasaki disease will be based on the American Heart Association Diagnosis and the 
Centers for Disease Control and Prevention guidelines.13,29 Our primary diagnosis for Kawasaki disease 
will include patients meeting the following criteria: 

• ≥4 principal features and a fever (≥38.0˚C) persisting ≥5 days or fever until the date of 
administration of IVIG if given before the 5th day of fever  

• Evidence of < 4 principal features and coronary artery disease (aneurysm or dilation) by 
echocardiography or coronary angiography and fever (≥38.0˚C) of any duration.  

 
Possible Kawasaki disease will be defined as evidence of 2 or 3 principal features and ≥ 5 days of fever. A 
large proportion of our study population will be under the age of 1 year, and some principal clinical 
features may frequently be absent in young infants.13  A sensitivity analysis will be conducted including 
possible Kawasaki disease in the case definition.  
 
For cases of Kawasaki disease without a prior PCV vaccination history, the immunization record will be 
sought from the child’s primary care provider to verify that the patient was not vaccinated with a PCV 
vaccine or correct the absence of the vaccination record.  
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The positive predictive value of the Kawasaki disease ICD-9 code to identify confirmed cases will be 
determined for all the cases captured by the definition, stratified by Data Partner, PCV13 vaccine dose, 
and timing relative to PCV13 vaccination. 

V. DATASET CREATION 

We will use the Mini-Sentinel distributed Common Data Model (MSCDM), which allows Data Partners to 
maintain control over patient-level data. Data Partners extract and output data into eight files of 
standard format. The files relevant for the present study are: enrollment, demographic, encounter, 
procedure, diagnosis and dispensing.  

Mini-Sentinel programmers will provide Data Partners with programs to be run on the patient-level files. 
The programs will produce aggregate data on vaccinations and Kawasaki disease organized in strata 
defined by variables such as week of vaccination, type of vaccine, dose number, age, Data Partner, and 
sex, with counts of patients, vaccine doses and Kawasaki disease in particular strata. Data Partners will 
return the aggregate data for analysis at Harvard, using Mini-Sentinel’s secure file transport methods. 

VI. INSTITUTIONAL REVIEW BOARD APPROVAL AND OTHER AUTHORIZATIONS 

Per the privacy section on the Mini-Sentinel policies and procedures manual: (http://mini-
sentinel.org/about_us/principles_and_policies.aspx). 

4.1 Mini-Sentinel Activities Are Public Health Practice, Not Research  

The HHS Office of Human Research Protections (OHRP) determined that the regulations administered by 
OHRP (45 CFR Part 46, “Common Rule”) do not apply to the activities that are included in the FDA's 
Sentinel Initiative. FDA stated that this assessment also applies to Mini-Sentinel, as it is part of the 
Sentinel Initiative.  

Additionally, FDA determined that Mini-Sentinel activities are public health activities in support of FDA’s 
public health mission. It is therefore not necessary for the Collaborating Institutions to obtain approval 
from their respective Institutional Review Boards (IRBs) or Privacy Boards, or to obtain waivers of 
authorization under HIPAA, to participate in Mini-Sentinel activities (45 CFR §164.512(b)).  

The HIPAA Privacy Rule permits covered entities the use and disclosure of protected health information 
(PHI) to public health authorities without patient authorization. Public health authorities include the 
FDA. The Operations Center and Collaborating Institutions are also public health authorities for purposes 
of the Mini-Sentinel pilot, because they are acting under contract with and under the authority of the 
FDA.  
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VII. POST-STUDY COMBINED ANALYSES 

After the completion of this project, the data will be combined with data from the CDC Vaccine Safety 
Datalink project to perform a combined statistical analysis. Here we describe how such a combined 
analysis will be conducted, for both the self-control risk interval design and the cohort Poisson 
regression design.  
 
Self-Control Risk Interval Design 
 
From each study, we will obtain the following data: 

1. The total number of patients with a Kawasaki disease event in either the risk or control interval. 
The definition of the risk and control intervals will be the same as described above. For example, 
for doses 1 and 2, this means that we will tally the total number of Kawasaki disease events 
during the 1 to 56 days following vaccination. 

2. The age frequency distribution of the above individuals, where age is measured in weeks at the 
time of vaccination. 

3. The number of Kawasaki disease events that occurred in the risk interval. 
 
Once the data has been obtained from each source, they will be aggregated, and there is no need to 
keep track of any stratified data.  
 
Having aggregated the data, the analysis will be conducted using the same logistic regression analysis 
that is described above, with off-set terms calculated in the same way.  
 
Cohort Poisson Regression Design 
 
From each data source (PRISM vs VSD), but summed over all Data Partners from that source, we will 
obtain the following data: 

1. The total number of observed Kawasaki disease events during the exposed time, stratified by 
age in weeks, using the exposed time definition above.  

2. The total number of observed Kawasaki disease events during unexposed time, stratified by age 
in weeks, using the unexposed time defined above.  

3. The total number of exposed days, stratified by age in weeks. 
4. The total number of unexposed days, stratified by age in weeks.  

 
These data will be used to conduct a Poisson regression analysis, in the same manner as described 
above, except that the only covariates in the model will be age in weeks and the data source.  
 
Remarks 
 
For the combined self-control risk interval analysis, we will obtain sufficient information from each 
source to do exactly the same type of analysis as for the individual PRISM study described above. That is, 
there is no loss in using the limited data compared to having had individual data from both data sources. 
On the other hand, for the Poisson based cohort design, the meta-analysis will not be as good as one 
could have achieved if one had access to all the data from the two data sources. As the combined 
analysis will be based on the final reports or publications from VSD and PRISM, the combined analysis 
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will only adjust for age and data source (PRISM vs VSD), but not for gender, calendar year, state/zip-
code or Data Partner.   
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