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ABSTRACT

CATHERINE A. PANOZZO: Patterns of rotavirus vaceinptake, use, and effectiveness in
privately-insured US children, 2006-2010
(Under the direction of M. Alan Brookhart)

Objectives Our study examines predictors and timelines®taivirus vaccine
administration among privately-insured US infamd ahildren from 2006 to 2010. We also
calculate direct, indirect, total, and overall kotas vaccine effectiveness estimates as well
as the number of rotavirus and acute gastroerstddigpitalizations prevented among infants
and children aged 8 to 20 months.

MethodsBivariate analyses and multivariable log-risk reisdvere used to determine
predictors of rotavirus vaccine series initiatiod@ompletion among infants in the
MarketScan Research Databases. Vaccine effectiserstimates were derived using Cox
proportional hazards regression, stratifying byodhr year and adjusting for month of birth.
Incidence rate differences were calculated to detex the absolute number of rotavirus and
acute gastroenteritis hospitalizations preventdtiencohort.

_Results. Most infants received the rotavirus vaccinethatrecommended ages, but
more infants completed the series for monovaletatvitus vaccine than pentavalent
rotavirus vaccine or a mix of the two vaccines (8¥étsus 79% versus 73%). In
multivariable analyses, the strongest predicton®tavirus vaccine series initiation and

completion were



receipt of the diphtheria, tetanus and acelluatyssis vaccine (Initiation: RR=7.50, 95%
Cl=7.30-7.71; Completion: RR=1.26, 95% CI=1.23-),24siting a pediatrician versus
family physician (Initiation: RR=1.51, 95% CI=1:49%52; Completion: RR=1.13, 95%
Cl=1.11-1.14), and living in a large metropolitagrsus smaller metropolitan, urban, or rural
area. Direct vaccine effectiveness of one or ndoses of any rotavirus vaccine in
preventing rotavirus gastroenteritis hospitalizagian children 8 to 20 months ranged from
87 to 92% for each calendar year, 2007-2010. Awciog for indirect protection increased
the total vaccine effectiveness by an additiona 8%. Failing to account for indirect
protection underestimated the absolute numbertaf/ius gastroenteritis hospitalizations
prevented in rotavirus-vaccinated children by 9.5.8-fold.

ConclusionsAccounting for only the direct effectivenesslod rotavirus vaccine
severely underestimated the total number of raiawyastroenteritis hospitalizations
prevented by the US rotavirus vaccine programerim@ntions to further increase rotavirus
vaccine coverage should consider targeting fantifspcians and encouraging completion of

the vaccine series.



PREFACE

If successfully awarded this Doctor of PhilosophyEpidemiology, | will be the first
“doctor” of any kind in the Panozzo and Marks famil

This achievement would not be close to being redliwithout support from my
parents, Don and Susan Panozzo, and my fiancé&myéndarks.

Dad, thanks for your help and patience as | stedjthrough math homework late at
night when | was growing up, and Mom, thanks farecting my English papers when | was
younger. | think epidemiology combines both of iyotiginal professions as teachers, and
more than anything, it combines the curiosity, tvéig, and diversity of disciplines that you
always inspired me to pursue.

Jeremy, thanks for being so supportive througheeipursuit of my PhD, and for

continuing to “put me first” as we begin new adwers in Pennsylvania.



ACKNOWLEDGEMENTS

Alan Brookhart thanks for giving me many opportunities to depeds an

epidemiologist. Just when | thought | would nelverable to study vaccines at UNC, you
gave me a real chance, and | will always be grhtefuour support and expertise.

Svylvia Becker-Drepsthanks for sharing your subject matter expedrse field

experiences, and for your enthusiasm along the Wayas very motivating and comforting
to have a “rotavirus friend” at UNC, and now we é&everal more such friends.

Michele Jonsson Funkhanks for being the expert on pharmacoepi isselated to

the maternal/infant codes and being a great rolgeito me. Your attention to detail is
something | will strive to achieve.

Til Strimer, 1 didn’t plan to study pharmacoepi when | cam&NMC, but I'm glad |
did because the skills gained and the resourcesda matched the experience | was
looking for and has continued to help me find ngpartunities. Thanks for putting students
first.

David Weber you always had an amazing number of new inspidegs, and
provided great mentorship and wise advice duringesof the more difficult times. Thanks
for the clinical perspectives that you have shared.

Virginia Pate thanks for running my SAS programs so willingliee when they

required many modifications, and for the coding jrawe taught me along the way.



TABLE OF CONTENTS

LIST OF TABLES . ... ittt ettt e et e e e et e e et e e e et rea s e aeaa e e e eaaeeeeraeaees IX

LIST OF FIGURES ..ottt ettt e e e r e e e e e e e e aa e e enans X

LIST OF ABBREVIATIONS . ..ottt e et e e et e e e et e e e annnaneeeaaaeeeees Xi

Chapter

. REVIEW OF THE LITERATURE......co e eeana 1
A. Conceptual FrameWOIK ...........u e 1
B. Historical BaACKgIrOUNG.............uuummmmmiiiiiiiieiiiiiiiee e ee e e e e e e s 2
C. Critical review Of ITEIratUre ........coee.eeeeerriiiiiee et e e e 6
D. SYNOPSIS OF SUMIMAIY.....ccuuuuuennn e ssasseeeeeeaaaaeeeeessssssssnnnn s e eeeaeaaaes 10

RS (=] (=] (& =1 T 0 I
[I. STATEMENT OF SPECIFIC AIMS ..o 18

A. Specific aims, Hypotheses, Rationale......................co i ieeeee. ... 18

I METHODS . ..ottt e e e e e e et s ae e e e e e e e e e e e e e e eenannaeas 21
A. Overview of Methods. ... 21
[ I TS [ o OO UPPPPPPRUPUPPTRR 21

1. Subject IdentifiCation........ ..o o 21

A. SOUICE POPUIALION ...ooviiiiiiiiiiiii e ettt e e e e e e e e e e ee e e e e eeeeees 21

D. SEleCtioN CrItEIIA. ... ..cceii i ittt e e e e e 22

Vi



2. Methods for PropoSed STUAY .......eeeiiiiiiiiiiiiiieeeiii e 23

a. Classification Of EXPOSUIE.......uiiiiiiieeeee ettt e e e e e 23
1. EXPOSUIE Of INTEIEST ....uvveiiiiiee ettt eeeene e eeenanees 23

2. EXPOSUIE PEIIOU. ... ciiiiiiii ittt e e e et e e eeeteeeeeeeeeeeeeennnes 25
3. Measurement Characteristics (reprodutyhiblidity) ............ceeiiinieiinnnnnee. 26

b. Classification of QUICOME .............commeeiiiiiieiieeee e 27
3. DAtA ANAIYSIS. .. i iieeiiiii et mmem ettt e e e e e e e e eeeeaaaree 27

REIBIENCES. .. .o e e e e e e e e e e e eeee 30

[V RESULT S et e e et e e e e e e et saa e e e e e e e eea e e e e e enrna e eaas 31
A. Patterns of rotavirus vaccine uptake and use wrateiy-insured
US infants, 2006-2010..........ccoeeeeiiiiiiiiieieee e 31
L. INEFOTUCTION ...ttt e e e e eas 31
2. MEENOAS. ... e e e e 32
3. RESUIES e 35
4. DISCUSSION ...ceeieiiiiiteieeceeeee e e e e sttt e e e e e e e e e e e e e e eer e e e e e e s ennnn e e e e e e e e annnnnes 39
5. Figures and TablesS.......c..ouiiiiii i e e e e e 43
B. Direct, indirect, total and overall effeeness of the rotavirus vaccines
in preventing gastroenteritis hosprations in privately- insured US
Children, 2007-2000.......ccuiiiieeeeee e e e 53
L. INEFOTUCTION. ...ttt e e e es 53
2. MEENOAS. ... e 54
3. RESUIES e 57
A, DISCUSSION ...eeiiiiiiiitieiee e ettt meeee e e e e e et e e e e et e e e s e et e s s esn e e e e e e e e ennnrneeees 61
5. Figures and Tables. ..o e e e e e 68

R EIENCES. ..o e e e 2B

vii



V. CONCLUSIONS

...................................................................................................... 86
A. Recapitulation of overall study aims, fings and degree to which
the goals of the doctoral research e met..............ccooeeeiiiiiicccccceee e, 86

2 Y 1= T |1 89
(O I 0 1 ¢= 11 [ IS PP PP PP PP 90
D. Public Health IMPlICAtIONS ..........ouuuiiiiiiiie e e 93
E. FULUIE DIFECHONS. ...ttt ettt ettt e e e e e e 94

REIEIENCES. ..ot e 96

viii



LIST OF TABLES

Table 1. Adherence to the Rotavirus Vaccinatiod®ACIP Guidelines (n=486,295)...... 44

Table 2. Estimates of Rotavirus Vaccine Receipe Or More Doses (n=594,117)...... 45

Table 3. Estimates of Rotavirus Vaccine Series gletion (n=324,264)...................49

Table 4. Characteristics of Commercially Insuresl lafants and Children
Vaccinated or Unvaccinated with BMRV1, 2001-2010 (n=905,718)............ 70

Table 5. Rotavirus Vaccine Effectiveness Estimaigainst RGE Hospitalization
in US Commercially Insured Infants and ChildBto 20 Months, 2007-2010.....74

Table 6. Rotavirus Vaccine Effectiveness EstimaAigainst AGE Hospitalization
in US Commercially Insured InfantsigChildren 8 to 20 Months, 2007-2010......75

Table 7. Absolute Numbers of RGE HospitalizatiBnevented by the Rotavirus
Vaccination Program in Commercially Insured US imgaand Children
8 10 20 MONthS, 2007-2010. .. ... euiitie et e e e e e e 76

Table 8. Absolute Numbers of AGE Hospitalizatiétisvented by the Rotavirus
Vaccination Program in Commercially Insured US int$aand Children
8 10 20 MONthS, 2007-2000 .. cuuene et e et e e e e e e e e eeeaeeenas 77



LIST OF FIGURES

Figurel. Percent and Number of Infants Vaccinatitd at Least One Dose
of Rotavirus Vaccine, February 200@/ember 2010 (n=825,300..........c.......... 43

Figure 2. Percent of Infants Vaccinated With aadteOne Dose of Rotavirus
Vaccine, February 2006-November®By Physician Type and
Geographic Area (N=385,291) . ccue it e e e 48

Figure 3. Development of Study Cohorts, MarketSRarsearch Databases,
2006-2000. .. ceu ettt e e e 52

Figure 4. Types of Vaccine Effectiveness DescrimgtHalloran et al....................... 68

Figure 5. Cohort Study Design for Rotavirus Vaediffectiveness Study in a
Population of Commercially Insutatants and Children 8 to 20 Months,

Figure 6. Incidence of RGE Hospitalizations pe000 Child-years Among
Commercially Insured US Infants @itdldren 8 to 20 Months, 2001-201Q...72

Figure 7. Incidence of AGE Hospitalizations pey0D® Child-years Among
Commercially Insured US Infants @tdldren 8 to 20 Months, 2001-2010...7.3

Figure 8. Benefit of Rotavirus Vaccine in PrevegtRGE and AGE
Hospitalizations Among Commercidhgured US Children 8 to 20
Months Receiving at Least One Dose of RotaWraccine, 2007-2010........... 78

Figure 9. Benefit of Rotavirus Vaccine Use in @eneral Population in
Preventing RGE and AGE Hospitalaas Among Commercially
Insured US Children 8 to 20 Months Not Receg\mmy Doses of
Rotavirus Vaccine, 2007-2010.. PP 4. |

Figure 10. Public Health Benefit of Rotavirus ViaecUse in Preventing
RGE and AGE Hospitalizations Argc[hommermally Insured US
Children 8 to 20 Months, 2007-Q0Q1L.. P 10



LIST OF ABBREVIATIONS

ACIP: Advisory Committee on Immunization Practices
AGE: acute gastroenteritis

CDC: Centers for Disease Control and Prevention
CDHP: Consumer Directed Health Plan

Cl: confidence interval

CPT: Current Procedural Terminology

DTaP: diphtheria, tetanus, and acellular pertussisine
DTP: diphtheria, tetanus, and pertussis vaccine

EPO: Exclusive Provider Organization

FDA: Food and Drug Administration

FIPS: Federal Information Processing Codes

HHS: Health and Human Services

HMO: Health Maintenance Organization

ICD-9-CM: International Classification of Diseas€8 Revision, Clinical Modification
IQR: Interquartile range

IRD: Incident rate difference

Metro: Metropolitan

NC DETECT: North Carolina Disease Event Tracking &pidemiologic Collection Tool
NCIR: North Carolina Immunization Registry

NIS: National Immunization Survey

OPV: oral polio vaccine

PCV: porcine circovirus

Pop: population

POS: Point of Service, or Point of Service witpitation

PPO: Preferred Provider Organization

Xi



RGE: rotavirus gastroenteritis

RRV-TV: rhesus rotavirus vaccine, tetravalent
RV1: monovalent rotavirus vaccine

RV5: pentavalent rotavirus vaccine

Std: standard deviation

US: United States

USDA: United States Department of Agriculture
V: vaccinated

VE: vaccine effectiveness

VFC: Vaccines for Children

xii



CHAPTER
REVIEW OF THE LITERATURE

A. Conceptual framework

Measuring vaccine effectiveness post-market. Post licensure vaccine effectiveness
(VE) studies present both challenges and new oppitiés. On one hand, since post
licensure studies are not generally randomizedhticil exposure rates to infections in
vaccinated and unvaccinated individuals cannotuaganteed or always measured.
Additional concerns may include potential biasesase ascertainment, case finding, and the
validity of vaccination and disease records.(108)the other hand, the duration of vaccine
protection, changing epidemiologic patterns of aése and effectiveness among diverse
populations, including those vaccinated on altéveatchedules, can only be investigated
post licensure.(3)

Definitions of vaccine effectiveness. Most Phase Il vaccine efficacy trials focus on
determining the direct effectiveness of vaccingtgemerally measured as one minus the
relative risk in the vaccinated group comparechounvaccinated group. Some clinical
trials and many post-licensure studies also medsenskprotection or indirect vaccine
effectiveness (VE), defined as population-levetet$ of widespread vaccination on people
not receiving the vaccine.(1) Two additional measwf VE, total and overall VE, account

for both the direct and indirect effectiveness ohacine. Total VE combines the direct and



indirect VE on individuals receiving the vaccindjile the overall VE weights the average of
the total VE on individuals receiving the vaccinghvwthe indirect VE on individuals not
receiving the vaccine.(1) Total VE can thus beripteted as the complete benefit of
vaccination in vaccine recipients and overall VB ba interpreted as the public health
benefit of vaccination. Despite challenges imesting the four types of VE, they are

essential to understand the real-world impactwdaine. (1-3)

B. Historical background

Epidemiology of acute gastroenteritis (AGE) and rotavirus gastroenteritis (RGE).
Although there are many viral, bacterial, and péitasauses of acute gastroenteritis (AGE)
in the US, viruses are the most common causedagftiaus diarrhea across all age groups,
and among viruses, rotavirus and norovirus are fnegtiently observed.(4, 5) Prior to the
availability of rotavirus vaccines in 2006, AGE auaated for approximately nine percent of
all hospitalizations among children less than frears of age in the US, and of the 220,000
children in this age group hospitalized with AGHuaally, one-quarter to one-third of these
hospitalizations were due to rotavirus infectiorBj6

In an analysis of privately insured US childrenidgithe pre-rotavirus vaccine era,
2001-2006, the average annual rate of healthcdrzation across all healthcare settings for
AGE was 1561 per 10,000 children less than fivegeaage. The annual hospitalization
rate for AGE was 50 per 10,000, the emergency d®eat visit rate was 180 per 10,000,
and outpatient visit rate was 1332 per 10,000 obildess than five years of age. With
regards to rotavirus gastroenteritis (RGE), duthmgfirst five years of life, 1 in 74 children

were admitted, 1 in 27 required emergency departceae, and 1 in 7 were treated



in outpatient settings each year.(10) Health oéiheation estimates from another study
utilizing claims data found that the AGE and RGEitalization rates among children less
than five years of age with Medicaid insurance wezarly double the estimates reported for
children with private insurance during the pre-vatas vaccine period (107 versus 41 per
10,000); however, outpatient and emergency depattestimates among children with both
insurance types were similar.(11)

In the pre-rotavirus vaccine era, virtually allldnén became infected with rotavirus
by age three years, with illness most commonly oaoy between four and twenty-four
months of age. Infections during the first threenths of life and reinfections among older
children were more likely to be asymptomatic thampry infections in older infants and
younger children.(4) Rotavirus transmission isspreed to occur via the fecal-oral route,
and shedding has been observed up to 21 daysgftgitom onset.(4) In the US, prior to
the availability of rotavirus vaccines, rotaviruasymost prevalent during the winter and
spring months, generally peaking in March.(12-Bljice the availability of rotavirus
vaccines, the typical winter-spring seasonalityat&virus has shown signs of disruption in
the US.(14, 15)

Rotavirus illness usually begins with acute onsdéwer and vomiting followed by water
diarrhea with 10 to 20 bowel movements per day.(@6th symptoms generally persist for
three to eight days.(4) No specific antiviral gqgy is available so treatment generally
consists of oral or parenteral fluids to preverd aarrect dehydration.(17) Dehydration and
electrolyte disturbances are the major complicatioirotavirus infection, and are most
common in young infants.(4) Worldwide, complicasadrom rotavirus infection

approximately 453,000 deaths annually, or six pdroéall deaths in children less than five



years of age.(18) In the US, rotavirus infectians not a major cause of mortality since
therapy for dehydration is readily available.(19)

History of rotavirus vaccines. The first rotavirus vaccine that was licensed and
recommend for routine use in US infants was rhestavirus vaccine, tetravalent (RRV-
TV), or Rotashield (Wyeth). It was composed ofrfbwve viruses, including three
reassortants expressing either G1, G2, or G4 msitand the native G3P[3] strain.(20)
RRV-TV was an oral vaccine, given as a three desesat ages two, four, and six
months.(20) After approximately one year of avallty (1998-1999), the recommendation
to routinely vaccinate infants with RRV-TV was wdttawn due to its association with
intussusception, a type of bowel obstruction tlzauos when the bowel folds in on itself
(relative risk, 1.6 — 1.8).(21-23)

Due to the experience of RRV-TV, a major sateincern when developing new
rotavirus vaccines was their potential associatagh intussusception.(24) Although two
large clinical trials (>60,000 infants) poweredagsess intussusception risk at a magnitude
similar to that of RRV-TV did not find an increasesk of intussusception after vaccination
with either of the two currently available rota\druaccines, two post-marketing studies
found a potential increased risk of intussuscepitliowing rotavirus vaccination with
monovalent rotavirus vaccine (RV1), and one ofésidies also found an increased risk of
intussusception after pentavalent rotavirus vac@R\és) vaccination.(25-34) However,
neither of these studies was conducted in the b&tlee increased risk of intussusception
was not consistent for a given dose across therdift populations of Mexican, Brazilian,
and Australian infants.(25, 26) To-date, RV5 andLRontinue to be recommended for US

infants.



RV5 was licensed and recommend in Februarg 280d RV1 was licensed in April
2008 and recommended in June 2008 for routine mem@ US infants by the Advisory
Committee on Immunization Practices (ACIP).(35, 3B\V5 contains five reassortant
rotaviruses developed from human and bovine paséains that express proteins from
serotypes G1, G2, G3, G4, and P1A[8], and RV1istssf a single attenuated human
rotavirus strain of the G1P1A[8] serotype. Both kve, oral vaccines, but RV5 requires
three doses administered at ages two, four, anshgiths and elicits mainly a homotypic
immune response, while RV1 requires just two desksinistered at ages two and four
months and is thought to elicit both a homotypid Arterotypic immune response.(36)

On March 22, 2010 the Food and Drug Administra{le@A) recommend that
physicians suspend the use of RV1 after acaders@arehers discovered that the vaccine
contained DNA from porcine circovirus 1 (PCV1).(3R&)Jthough the FDA emphasized that
there were no known safety risks associated witki P€ntamination, they advised
physicians to switch to RV5 which was later fouadé contaminated with PCV1 and
porcine circovirus 2 (PCV2). By May 2010, the FB&commended that physicians resume
the use of RV1 and continue use of RV5 since PQWILRCV?2 are not known to cause
illness in either pigs or humans. The labels dhbh@ccines were updated to disclose the
presence of PCV viruses.(37)

History of rotavirus vaccine recommendations. The 2006 ACIP recommendations for
RV5 allowed the first dose to be administered betw@—12 weeks of age with subsequent
doses administered at 4—10 week intervals so thtirae doses could be administered by
age 32 weeks.(35) Since RV1 was administeredgtitisi different ages in clinical trials and

the ACIP wanted to unify recommendations for the tetavirus vaccines, the ACIP



recommendations changed when RV1 was licensed.200@ ACIP recommendations
increased the new maximum age at which the firseadmuld be administered to 14 weeks, 6
days, and the maximum age at which the last doskel @ administered to 8 months, 0 days
(=35 weeks). They also eliminated the maximum vatieat which a dose could be
given.(36) The 2009 ACIP guidelines apply to bBW¥5 and RV1 and continue to be used

in practice.

C. Critical review of theliterature

Predictors of vaccine uptake. Among eight recommended pediatric vaccines, ordy th
hepatitis A vaccine has lower coverage than thevits vaccine in the US (50% versus
59%).(38) Not much is known about why newly addptaccines like the rotavirus vaccine
can take years to reach high coverage levelsnolitidual, provider, and ecologic
characteristics likely play a role. At the indlual level, parents or guardians may
consciously choose not to vaccinate their childvéh any, many, or certain vaccines for
personal reasons such as the fear of side effactise belief that vaccines are not necessary
to protect child health.(39) Some studies have stgnvn that children of young mothers
may also be less likely to be up-to-date on thaacines than children with older mothers,
but this finding has been inconsistent across mffegeographic settings and
populations.(40-43) Few studies have specificagmined individual-level predictors of
rotavirus vaccine uptake. However, one analys00B National Immunization Survey
(NIS) data found that rotavirus and pneumococcasina coverage among black, non-
Hispanic children was lower than coverage amongdeyhion-Hispanic children, even after

adjusting for poverty status.(44) Other indivillevel predictors inconsistently associated



with childhood immunization status include genaeaternal education, birth order,
interbirth interval, and frequency of emergencymoasits.(42, 43, 45-50)

With regards to provider characteristics, havingsstent continuity of care can
impact the quality of care received, and physiaHite size, clinic hours, reimbursement
levels, patient volume, patient education effcats] geographic location of the office may
also impact whether a recommended vaccine is adtameid.(51-62) The type of physician
visited may also influence whether an infant reesia rotavirus vaccine. A national survey
of physicians in 2007 found that while 85% of pédicéans routinely offered the rotavirus
vaccine, only 45% of family medicine physicianstioely offered it to eligible patients.(61)
Other provider, health plan, or health plan uttiiza characteristics that have been associated
with the timeliness or completion of recommendedttiood vaccines include status of
provider (private versus public), insurance statugatient (uninsured versus insured),
number of patient visits to provider, consistentyneedical home, and out-of-pocket
expenses.(41, 43, 48, 49, 62)

Geographic characteristics of residence, includiegpopulation density, region of
the country, and population size of the metropolgtatistical area have been important
predictors of childhood immunization status in s@helies, and unimportant in others.(45,
46, 49, 50, 55, 59) Additional ecologic factors;lsias number of physicians per person and
income level in the area residence, have also beglored.(43, 46) One study using NIS
data to measure vaccine coverage among preschitsiechin four selected medically
underserved areas found that an area’s need fidiholeid vaccination interventions was not
well predicted by a low number of providers peritabut this finding has not been

replicated elsewhere.(43) Another study found dhdtiren attending schools in census



tracts with low per capita incomes that did noeree first and second doses of DTP and oral
polio vaccine (OPV) simultaneously were much ldssly to be age-appropriately

vaccinated by age two years compared with childteending schools in census tracts with
higher per capita incomes that received the finst second doses of DTP and OPV
simultaneously.(46)

Timeliness of rotavirus vaccine administration. Administering the rotavirus vaccines
at the recommended times (i.e., according to theenttACIP guidelines) is considered
important because the effectiveness and safetyeofaccines if given before or after the
recommended time intervals are currently unknownowever, some studies have argued
that the allowable administration window shoulddbeadened because the potential number
of excess deaths from adverse events (i.e., indasption) would be outnumbered by the
number of lives saved from diarrheal disease ifenofants could receive a rotavirus
vaccine.(25, 63)

A recent study using the health insurance claintabdese, Optuminsight, noted a
slightly higher level of adherence to the 2009 A@uidelines for infants receiving RV1 as
opposed to RV5. The authors found that 83.3% fahiis receiving RV1 and 76.4% of
infants receiving RV5 were fully compliant with tA&€1P vaccination schedule, and that
91.0% and 83.4% of infants receiving RV1 and RVBpteted the full vaccine series.(64)

Rotavirus vaccine effectiveness. Although the ACIP currently recommends both RV5
and RV1, RV1 may provide earlier protection than5Rw@r fully vaccinated children and
better overall protection for those receiving oohe dose of vaccine because RV1 requires
only two doses with the last dose given at age foonths, while RV5 requires three doses

with the last dose given at age six months.(65, 6&)wever, since the composition and



immune response mechanism of RV5 and RV1 differh swrguments may not be fully
justified. Unfortunately, since Phase lll clini¢ahls of RV5 and RV1 used different
methodologies, including different case definitiofmdlow-up times, and populations,
comparative effectiveness analyses of the two natawaccines cannot be explored using
clinical trial data.(65)

In the general US population, the rotaviruscuaes have been shown to be effective
at reducing AGE and RGE among a variety of agegg@nd healthcare settings post-
market.(67-80) A study of one-hundred percenphiakdischarge data from 18 states
participating in the Healthcare Cost and Utilizatlroject (HCUP) in 2007 and 2008 found
reductions in AGE hospitalizations ranging from 28%%60% across each of 8 age groups (0-
2, 3-5,6-11, 12-17, 18-23, 24-35, 36-47, 48-59 the)yy compared to the annual median rate
of 101.1 hospitalizations per 10,000 children ie gine-rotavirus vaccine era, 2000-2006.(75)
Reductions in AGE hospitalizations in age groupsatigible for rotavirus vaccination and
when such vaccine coverage was low suggestedhibse tvaccines may elicit robust herd
protection. Another study using a cohort of conuiadhy insured infants in the MarketScan
Research Databases in the January-June period8fa2@ 2009 found a relative rate
reduction of 89% (95% CI, 79 to 94) and 89% (95%83Ito 93) in RGE hospitalizations
among vaccinated versus unvaccinated infants.(?6 A7case control study conducted at a
large pediatric hospital in Houston, Texas in 2@f8d that three doses of RV5 were 85%
(95% ClI, 55 to 95) and 89% (95% CI, 70 to 96) @ffe in preventing RGE hospitalizations
and emergency department visits, and that completi@ partial series offered substantial
protection.(77) In the outpatient setting, a studyng an insurance claims database found

that three doses of RV5 were 96% (95% ClI, 76 toa0d) 28% (95% ClI, 22 to 33) effective



against RGE-coded and AGE-coded visits from Janlday of 2007-2008.(79) Since the
RV1 vaccine is still relatively new in the U.S.e#e studies have focused on the
effectiveness of RV5, or have done so implicitly.

Two post-market studies have compared thewfness of RV5 and RV1 in the
same or similar infant populations and found néedénce in their effectiveness. However,
one study had limited power, the other was an gpolkstudy, and neither was conducted in
U.S. infants.(81, 82) Since herd immunity appéaise an important factor in post-market
rotavirus vaccine effectiveness studies, effectgsmstudies comparing RV5 and RV1 may
be a challenge in geographic settings that adnemisith rotavirus vaccines (i.e., US from

mid-2008 to present).

D. Synopsisor Summary

The rotavirus vaccines appear to have bedmyhaifective in preventing RGE and
AGE healthcare visits during the first few yearstacensure. Whether such high levels of
effectiveness can be maintained, how much protediattributable to direct versus indirect
(herd) protection, how the effectiveness of RV5 pames to RV1, and how the effectiveness
of a complete versus partial series compares deserther exploration.

Only two studies have explored predictorsodévirus vaccination, but since such
exploration was not the main purpose of eitherystadnore thorough review of potential
predictors are needed so targeted intervention®ealeveloped. The current literature
suggests that rotavirus vaccine coverage may berlamong non-Hispanic blacks compared
to non-Hispanic whites and among infants visitiagily physicians as opposed to

pediatricians.
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CHAPTERII
STATEMENT OF SPECIFIC AIMS

A. Specific Aims, Hypotheses, and Rationale

In a population of US privately-insured infants aradren,

1. Determine predictors of rotavirus vaccine initatiand completion

Hypothesis. We hypothesize that among ten available predictec®ipt of
other childhood vaccines (diphtheria, tetanus,asedlular pertussis (DTaP)
vaccines), the type of physician visited, and gapfic size and density of infant
residence will be the most important predictorsodvirus vaccine series initiation
and completion.

Rationale. Published studies have identified receipt of otteldhood
vaccines and physician type as important in pregjdhitiation or completeness of
either the rotavirus vaccine series or other cloitthvaccine series. We believe that
parents and providers initiating rotavirus vacdmrawvill generally ensure that the
infant completes the series since individual araVioler motivations and
circumstances are unlikely to change during thetgferiod of time between doses
(two months). Certain geographic settings (ruraha) may be important predictors
of both rotavirus vaccine series initiation and pdgtion because access to a provider

or the vaccine may be more difficult in these areas



2. Assess timeliness of rotavirus vaccine adminigira#is per the 2009 Advisory
Committee on Immunization Practices (ACIP) guidedin
Hypothesis. The rotavirus vaccines will generally be administeas per the
ACIP guidelines, but children vaccinated with moalewnt rotavirus vaccine (RV1)
will be more likely to complete the vaccine setieagn children vaccinated with
pentavalent rotavirus vaccine (RV5).

Rationale. Since other childhood vaccinations are admirestes
recommended in the majority of populations studieel expect most infants in our
privately-insured population to be vaccinated adowy to the guidelines, especially
since infants with health insurance may potentiallye fewer problems accessing
the health care system than other infant populatiotHowever, since RV5 requires
three doses, but RV1 requires just two doses tqtetmthe series, we hypothesize

that more infants will complete the RV1 series.

3. Estimate the direct, indirect, total, and overathwirus vaccine effectiveness (VE)
against rotavirus gastroenteritis (RGE) and acastrgenteritis (AGE)
hospitalizations among those aged 8 to 20 montastbe life course of the vaccines

Hypothesis. We hypothesize that the direct VE estimates withaign stable
over time, but the indirect, total, and overall Widl generally increase.

Rationale. We expect herd protection to increase as theeptage of
rotavirus-vaccinated children in the cohort inceeasSince indirect VE is a measure
of herd protection, and total and overall VE indudeasures of herd protection in

their estimates, we expect these three measuiés td increase over time.

19



4. Calculate the absolute rate reductions of RGE a@Gdt Aospitalizations attributable
to the rotavirus vaccine or the rotavirus vacciregpam in those aged 8 to 20 months

Hypothesis. Rate reductions of RGE and AGE hospitalizations el
underestimated when only direct or indirect effemtiess is considered.

Rationale. Assuming that the direct VE of the rotavirus vaesiin our cohort
is high £90%), accounting for indirect protection will inase the total VE of the
vaccines only slightly since VE estimates cannaeex 100%. However, the
number of RGE and AGE hospitalizations preventethbdirect protection alone
could still be large, and failing to account fodirect protection in rotavirus-

vaccinated children could severely underestimatartipact of the rotavirus vaccine
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CHAPTER 111
METHODS

A. Overview of Methods

Creating the various study cohorts rezgfiimany steps. We were able to extract
the outcome variables for both studies and our exovariable for the VE study
directly from the MarketScan Research Databadéswever, many exposure variables
for the patterns of use study and a few covari@tethe VE study, including mother’s
age at infant birth, infant’s primary provider ty@ad number siblings, had to be
created using existing variables. Measurementsrafity required use of US
Department of Agriculture (USDA) data. The infantfate of birth also had to be
calculated indirectly using birthing codes. Ourlgsia used standard epidemiologic

methods (log-risk regression, Cox proportional hdzaegression).

B. Design
1. Subject Identification
a. Source Population
The MarketSca@ommercial Claims and Encounters Database
(“MarketScarResearch Databases,” Copyright © Thomson Truven
Healthcare, Inc) served as the source populatiohdth studies. Briefly, the
MarketScan Research Databases link paid healthanse claims and

encounter data to detailed patient information s&sites, types of providers,



and over time.(1) From 2000 to 2010, the sizéhefdatabase increased from
approximately 68,000 to 920,000 infants. Sinceinlfents and children in this
database all have private insurance, they areepoésentative of the US
population; however, they represent a large grdupfants that may most

commonly utilize the rotavirus vaccines.

. Sdlection Criteria

Patterns of Use Analysis. Infants born in a hospital or outpatient setting
between January 1, 2006 and September 30, 2010destEfied from the
MarketScarResearch Databases. We used the Internationaif@iason of
Clinical Diseases, Ninth Revision, Clinical Modditon (ICD-9-CM) codes
for live born infants, V30-V39, to define the birdlate of infants. If an infant
had V30-V39 codes on multiple dates, the date efitlst code was used as
the birth date, and those without such codes anmégmonding dates were
excluded. Infants with birth dates occurring atidministration of rotavirus
vaccines, likely due to coding errors, were exctude

For infants born between January 2006Feiduary 2010, additional
eligibility criteria included having at least elevenonths of continuous
enrollment after birth. For infants born betweenrétheand September 2010,
continuous enroliment was defined as enrollmeewvaty month from birth
until the end of the 2010 calendar year (the eravaflable data). In order to
ensure adequate follow-up time, only infants bagfole March 2010 were

included in assessments of vaccine series completio
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VE analysis. Infants with continuous enroliment during infanay least
one outpatient record, and an ICD-9-CM birthinge¢d30-V39) between
May 1, 2000 and April 30, 2005 or May 1, 2006 amitiA30, 2010 were
abstracted from the databases. Birthing codegifadhin mothers’ claims
were also used to identify birth dates of potelytialigible infants. If an
infant or mother had a V30-V39 claim coded on npldtidates, the date of the
first V30-V39 code was used as the birth date.c&iollow-up for RGE
began when infants turned eight months and cordiiouéil a maximum age of
20 months, infants receiving doses of rotaviruciraczafter age eight months
were excluded so that rotavirus vaccine statusdcbeltreated as a time-
independent variable.

Infants with commercial insurance failing to rieeevaccines with
high coverage rates95%) may have differed from infants receiving such
vaccines with respect to unmeasured confoundingrf®cso we required all
infants in our study to be vaccinated with at least dose of diphtheria,
tetanus, and acellular pertussis vaccine (DTaf)gubke following Current
Procedural Terminology (CPT) codes: 90696, 9089800, 90701, 90702,

90714, 90715, 90718, 90720, 90721, and 90723.

2. Methodsfor Proposed Study
a. Classification of Exposure

1. Exposure of Interest
Patterns of Use Analysis. We identified all potential predictors of

rotavirus vaccinatioa priori. Individual level variables included sex, DTaP
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vaccination status, number of siblings <10 yeads wiother’s age at birth,
and hospitalizations prior to the first dose ofxatus vaccine or by the
maximum age at which the first dose of rotaviruscuae could have been
administered as per the ACIP guidelines (14 weekigys). Variables for
race and socioeconomic status were not available.

Provider and health plan characteristics includhedtype of physician
visited during>70% of the infant’s outpatient visits (pediatricidgamily
physician, other providers, or no consistent previgpe); the network of the
care received during70% of the infant’s outpatient visits (in-netwodk,out-
of-network or mixed); and the infant’s type of iégblan (basic,
comprehensive, high-deductible; Exclusive Provideganization (EPO) or
Preferred Provider Organization (PPO); Health Menahce Organization
(HMO); Point of Service (POS) or POS with capitaticor Consumer
Directed Health Plan (CDHP)). All provider and lleglan variables were
assessed prior to rotavirus vaccination, or fifteeeks of age if the infant
was unvaccinated.

Our ecologic factors of interest were region of itifant’s residence
(Northeast, Midwest, South, or West) and ruralilty.order to better measure
rurality, we linked the US Department of Agricukuf{USDA), Economic
Research Service 2003 rural-urban continuum caxl#eetclaims database via
five-digit Federal Information Processing Stand@iiPS) codes. The 2003
rural-urban continuum codes distinguish metropoltaunties by the

population size of the metropolitan area, and ndropelitan counties by the
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population size, degree of urbanization, and adi@gcéo metropolitan areas.
These codes classify every US County into eitherafrthree metropolitan
categories, or one of six nonmetropolitan categorie

VE Analysis. RV5 and RV1 vaccination status were identified gsin
the Current Procedural Terminology codes (CPT) sp8@680 and 90681,
and treated as time-independent. To increasepmfiity of vaccination
status, we excluded infants living in states wittitesfunded rotavirus vaccine
programs (Alaska, ldaho, Massachusetts, Maine ,hiNoakota, New
Hampshire, New Mexico, Oregon, Rhode Island, Vernndfashington,

Wisconsin, and Wyoming).(2, 3)

2. Exposure Period

Patterns of Use Analysis. All infants meeting the inclusion were
followed for evidence of rotavirus vaccination uittieir first birthday or the
end of the study period (December 31, 2010), whieheame first.
Predictors were examined and classified duringithe period prior to
administration of the first dose of rotavirus vaxgior if no doses of rotavirus
vaccine were administered, the maximum age at wihietiirst dose of
rotavirus vaccine could have been administereceashe 2009 ACIP
guidelines (14 weeks, 6 days).

VE Analysis. The exposure, RV5 or RV1, was measured from bipth u
to the maximum age at which rotavirus vaccinesecemmended (age 8
months, 0 days). Infants receiving a rotaviruscuae after their 8 month

birthday were excluded from the study becauseviellp of RGE and AGE
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began at age 8 months, and we chose to treat Bd/neastatus as a time-
independent variable. We followed infants anddreih from age eight
months to the age at which they 1) experienced & BGAGE
hospitalization; 2) lost continuous health planodimient; 3) reached their 20
month birthday; 4) reached the end of the studidewhichever happened
first.

Infants and children were allowed to contributespe-time during
two calendar years. For example, an infant tureight months old on
October 1, 2007, would contribute three person-fm®mnt 2007, and then re-
enter the cohort on January 1, 2008 at age 11 ma@mith contribute up to nine

more calendar months of person-time in 2008.

3. Measurement Characteristics (reproducibility/validity)

The MarketScan Research Databases aitlaldedor purchase, and the
details we provided in this dissertation as wellresmanuscripts that will be
submitted to peer-reviewed journals should allowsiudy to be reproduced
by other researchers.

Internal validation was not possible hessathe MarketScan Research
Databases are de-identified. To our knowledgeesp®sures, outcomes, and
covariates used in this study have not been vaktlay Thomson Truven
Healthcare, Inc, the owners of the MarketScan Rekdaatabases.

However, these databases have fairly comprehenstlieg. For example,

diagnosis codes are found in 99% of all claimscedore codes are found on
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85% of physician claims and 100% of the claimsfallg paid and
adjudicated. (4) In the future, we plan to exédigsnvalidate rotavirus
vaccination status and RGE using the North Cardfimaunization Registry
(NCIR) and the North Carolina Disease Event Tragland Epidemiologic

Research Tool (NC DETECT).

b. Classification of Outcome

Patterns of Use Analysis. For this analysis, our outcome was the
exposure (rotavirus vaccination status) describedhie VE analysis in
Chapter Ill, Section 2a.

VE Analysis. Outcomes of RGE were identified using ICD-9-CM
codes. Any of the 15 coding fields in the inpétiles of the databases was
used to capture the ICD-9-CM code for rotavirusedipedisease, 008.61
Since rotavirus-coded events underestimate thebitgen of rotavirus
disease due to lack of routine laboratory testimg) @ding, we performed
sensitivity analyses, assuming 25% and 50% seitgitif’/the 008.61 code,
and also abstracted and examined outcomes retathd following acute
gastroenteritis (AGE) ICD-9-CM codes: bacterid 18005, excluding 003.2,
and also including 008.0-008.5), parasitic (006;@X¢luding 006.3-006.6),
and viral diarrhea (008.6 and 008.8); diarrhearafatermined etiology
(presumed infectious [009.0-009.3] and presumednfectious [558.9]); and

diarrhea not otherwise specified (787.91). (6-9)

3. Data Analysis

For both studies, data were analyzed in SAS, ver8i®@ (SAS Institute, Inc).
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Patterns of Use Analysis. We calculated simple frequencies, and performed
bivariate and multivariable regression analysesgikg-risk models that were
limited to individual, provider, and ecological cheteristics thought to be associated
with receipt of at least one dose of rotavirus wag@nd identifiable in the available
data. We also used the same potential indivjgwalider, and ecological
characteristics to explore predictors of rotavivascine series completion. In order
to examine whether predictors of rotavirus vaceamthanged over time, we
repeated the above analyses, restricting the ctdorfants born in 2006 and then
2009. Infants with missing data on any potentrabctors were excluded from both
of these analyses.

VE Analysis. We used Cox proportional hazard regression modaialtulate
hazard rate ratios, comparing the hazard of RG&EGI hospitalization among
vaccinated infants to unvaccinated infants entetiiegcohort in 2007, 2008, 2009, or
2010 and subtracting the result from one to oldaiect VE estimates by calendar
year. We similarly calculated the indirect, totahd overall VE, varying the
comparison cohorts as appropriate. For indirectW& compared unvaccinated
infants followed during each calendar year of ttavirus vaccine period, 2007-
2010, to (unvaccinated) infants followed during baseline period, 2001-2005. For
total VE, we compared vaccinated infants followedmy each calendar year of the
rotavirus vaccine period to (unvaccinated) infdott®wed during the baseline
period. For overall or average VE, we comparedadkcinated and unvaccinated
infants during each calendar year of the rotawargine period to (unvaccinated)

infants followed during the baseline period. Resulere stratified by year to account
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for increasing vaccination coverage and adjustednionth of birth to account for the
seasonality of rotavirus virus.

Incidence rate differences based on #se count and person-years in our
population, and additional analyses assuming 258%86f0 sensitivity and 100%
specificity of the RGE and AGE ICD-9-CM codes weadculated to determine the
absolute number of RGE and AGE hospitalizationsgmeed by the rotavirus

vaccine program in our cohort.
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CHAPTER IV

RESULTS

A. Patterns of rotavirusvaccine uptake and usein privately-insured US infants, 2006-
2010

1. Introduction

Rotavirus gastroenteritis is a leading cause opiagzations and emergency
department visits among young children in the USThe recently licensed rotavirus
vaccines, RotaTeq® (Rotavirus Vaccine, live, goehtavalent) [RV5] (Merck &
Co., Inc.) and Rotarix® (Rotavirus Vaccine, livealp monovalent) [RV1]
(GlaxoSmithKline Biologicals), have dramaticallydteed incidence of healthcare
utilization for rotavirus infection.(2) These vages are now recommended for
routine use among US infants by the Advisory Corteaibn Immunization Practices

(ACIP).(3, 4)

Despite these recommendations, the Centers foaBes€ontrol and
Prevention (CDC) estimated that only 67% of eligibhildren 19-35 months in the
US had completed a rotavirus vaccine series in ZBLJAmong nine recommended
pediatric vaccines assessed by the National Immatiaoiz Survey (NIS) in 2011, only
the hepatitis A vaccine had lower coverage thamdtevirus vaccine in the US.(5)
Little is known about why it can take several yearsore for newly recommended

vaccines like the rotavirus vaccine to reach higbecage levels, but studies to-date



suggest that type of physician visited, geograpésadence, socio-economic status,
and race may be important predictors.(5-8) Comsigehat the US Department of
Health and Human Services (HHS) Healthy People 2@iéctives include
vaccinating at least 80% of children with two ormndoses of rotavirus vaccine by
2020, further exploration regarding the determisatrotavirus vaccine uptake is

warranted.(9)

Using data from a large population of infants witimmercial insurance, we
study patterns of use of rotavirus vaccine. Werera individual, provider, and
ecologic correlates of rotavirus vaccine use arative series completion. We
hypothesize that receipt of other childhood vacgifeeg., diphtheria, tetanus, and
acellular pertussis (DTaP) vaccines) and the tygahgsician visited will be the most
further examines time trends and timeliness ofviala vaccine administration as per

the 2009 ACIP recommendations.

2. Methods

Infants born in a hospital or outpatient settingNe=n January 1, 2006 and
September 30, 2010 were identified from the MarkatfResearch Databases
(Copyright © Thomson Truven Healthcare, Inc). VWedithe International
Classification of Clinical Diseases, Ninth Revisi@iinical Modification (ICD-9-
CM) codes for live born infants, V30-V39, to defitie birth date of infants. If an
infant had V30-V39 codes on multiple dates, the dditthe first code was used as the

birth date, and those without such codes and quoreng dates were excluded.
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Infants with birth dates occurring after admirasion of rotavirus vaccines, likely
due to coding errors, were excluded.

For infants born between January 2006 and Feb2@kQ, additional
eligibility criteria included having at least elevenonths of continuous enroliment
after birth. For infants born between March andt&eper 2010, continuous
enrollment was defined as enroliment at every ménatim birth until the end of the
2010 calendar year (the end of available dataprdeer to ensure adequate follow-up
time, only infants born before March 2010 were udeld in assessments of vaccine
series completion.

RV5 and RV1 vaccination status was assessed usn@urrent Procedural
Terminology (CPT) codes, 90680 and 90681. We redunfants to have at least
one outpatient claim because we thought it was rtapbfor our cohort to include
only infants that utilized the healthcare systerotigh their private insurance plan to
reduce potential misclassification of rotavirusaiaation status. To further reduce
exposure misclassification, we excluded infantglieg in 13 states with state-
funded vaccine programs (Alaska, Idaho, Massactsddaine, North Dakota, New
Hampshire, New Mexico, Oregon, Rhode Island, Verndfashington, Wisconsin,
and Wyoming) except for the cohort of infants usedxamine adherence to the
recommended vaccine schedule.(2)

We used the 2009 ACIP recommendations to assessemdie to the
recommended rotavirus vaccine schedule for alinckeyears, 2006-2010. If the
first dose of rotavirus vaccine was given befoeedge of six weeks, zero days or

after the age of fourteen weeks, six days, themebemmendations were not met.
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We also considered recommendations to have be&atedaf any dose was
given after the age of eight months, zero day#,tbe minimum interval between
two doses was less than four weeks.

We calculated simple frequencies, and performedrlate and multivariable
regression analyses using log-risk models that \imiited to individual, provider,
and ecological characteristics thought to be aasediwith receipt of at least one
dose of rotavirus vaccinand identifiable in the available data. We alsed the
same potential individual, provider, and ecologid@racteristics to explore
predictors of rotavirus vaccine series completiomorder to examine whether
predictors of rotavirus vaccination changed oveetiwe repeated the above
analyses, restricting the cohort to infants bor8006 and then 2009. Infants with
missing data on any potential predictors were aadiurom both of these analyses.

We identified all potential predictors of rotavirugccinatiora priori.
Individual level variables included sex, DTaP vaetion status, number of siblings
<10 years old, mother’s age at birth, and hosg#élbns prior to the first dose of
rotavirus vaccine or by the maximum age at whihfitst dose of rotavirus vaccine
could have been administered as per the ACIP goete(14 weeks, 6 days).
Variables for race and socioeconomic status weraveilable. Provider and health
plan characteristics included the type of physisisited during>70% of the infant’s
outpatient visits (pediatrician, family physiciather providers, or no consistent
provider type); the network of the care receivedrp>70% of the infant’s
outpatient visits (in-network, or out-of-network mixed); and the infant’s type of

health plan (basic, comprehensive, high-deductBkejusive Provider Organization
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(EPO) or Preferred Provider Organization (PPOgltheMaintenance Organization
(HMO); Point of Service (POS) or POS with capitatior Consumer Directed Health
Plan (CDHP)). All provider and health plan varebivere assessed prior to rotavirus
vaccination, or fifteen weeks of age if the infargs unvaccinated. Our ecologic
factors of interest were region of the infant'sdesace (Northeast, Midwest, South,
or West) and rurality. In order to better measurality, we linked the US
Department of Agriculture (USDA), Economic Reseasdmnvice 2003 rural-urban
continuum codes to the claims database via fivé-Beperal Information Processing
Standard (FIPS) codes. The 2003 rural-urban comtmcodes distinguish
metropolitan counties by the population size ofrtietropolitan area, and
nonmetropolitan counties by the population sizgrele of urbanization, and
adjacency to metropolitan areas. These codesfglasery US County into either
one of three metropolitan categories, or one ohsmmetropolitan categories.

All data were managed and analyzed in SAS, ve@iRr{SAS Institute, Cary,
NC). This study was considered exempt from hunduests review by the

institutional review board at the University of MoCarolina.

3. Results

Infant cohorts. Approximately half (51%) of 2.80 million infantdentified in the
enrollment files between January 2006 and Dece2®Ed had an identifiable ICD-9
birthing code and corresponding date of servicgui@ 3). Infants that were
excluded due to missing data generally lacked mé&tion on their mother’s age at

birth. After additional exclusions, our final cots to assess
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predictors of rotavirus vaccine initiation and cdetjon included 594,117 and

324,264 infants, respectively.

Temporal trends of rotavirus vaccine uptake. Rotavirus vaccine uptake among
infants in our cohort increased from 0% when RV Viegensed (February 2006) to
25% when the first ACIP recommendations were phblis(August 2006) (Figure 1).
Rotavirus vaccine uptake then increased even napidly, doubling to 49% by
December 2006. The percentage of infants receafihgast one dose of rotavirus
vaccine continued to grow steadily, reaching 62%\psil 2007 and reaching 70%
beginning November 2007. Throughout 2009 and28Inedian of 81% (range,
78%-83%) of eligible infants were vaccinated withesst one dose of rotavirus
vaccine each month. Among the infants receivingtavirus vaccine during our
study period, 92% received RV5, 5% received RV, 34b received a combination

of the two vaccines.

Adherence to the 2009 ACIP recommendations. The median and inter-
quartile range of ages at which infants receivesed®f rotavirus vaccine followed
the 2009 ACIP guidelines of two, four, and six nfenof age (Table 1). Almost all
infants received their rotavirus vaccines betwéenninimum (6 weeks) and
maximum (8 months, 0 days) recommended ages, art/eel dose one and dose
two at least four weeks apart. Although the 20@Aguidelines do not specify a
maximum interval in which two doses should be gjvi8%o of infants received a
second dose of rotavirus vaccine more than 10 wafedsstheir first dose, and 7% of
infants received their second dose more than 1Xsvafeer their first dose. Across

all years, approximately 8% of infants receivedrtfiest dose of rotavirus vaccine at
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ages older than the maximum recommended age fdirsheose (14 weeks, 6 days),
with 19% of infants in 2006 and 6.0-8.5% of infafritam 2007 to 2010, receiving
their first dose after age 14 weeks, 6 days. hdlgh most infants who initiated
rotavirus vaccination completed the full seriesyenafants completed the series for
RV1 than RV5 or a combination of the two vaccir&g% versus 79% versus 73%,

P<0.001).

Univariate, bivariate and multivariable analyses. Among 594,117 infants,
69% received at least one dose of rotavirus vadoeteeen February 2006 and
December 2010 (Table 2). Most infants in the cbhere also vaccinated with at
least one dose of DTaP, were born to mothers 238 of age, were first born
children or had one older sibling, visited in-netlwphysicians, were enrolled in EPO
or PPO health plans, received outpatient care frediatricians, resided in the

Midwest or South, and lived in large metropolitaass.

The strongest predictors of rotavirus vaccineaititin among infants born
January 2006-September 2010 were receipt of DTaBr{@ite: RR=7.91, 95% Cl=
7.69-8.13; multivariable: RR=7.50, 95% CI= 7.30@4), and visiting a pediatrician
versus family physician for routine care (bivariaRR= 1.64, 95% Cl= 1.63-1.66;
multivariable: RR=1.51, 95% CI=1.49-1.52). Infamtere slightly less likely to
receive a rotavirus vaccine if they lived in thertleast as opposed to the South, or
in a small urban or rural area as opposed to & largtropolitan area. As the number
of siblings less than 10 years of age in the haoisehcreased, infants became less

likely to receive a rotavirus vaccine.
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In order to determine whether predictors of rotavivaccine initiation
changed over time, we also examined predictorafahts born when RV5 was first
licensed (2006) with those born three years afi¢s Reensure (2009). Compared to
the 2006 birth cohort, visiting a pediatrician wess family physician in the 2009
birth cohort was a less important predictor of votss vaccine initiation (2006:
RR=2.15, 95% CI= 2.02-2.28; 2009: RR=1.35, 95% Q132-1.37) as was residing
in a metropolitan area with less than one milliopylation versus an area with at

least one million population.

Family physicians often provide care more frequeintirural areas, and
infants visiting family physicians or residing iaral areas were independently less
likely to receive a dose of rotavirus vaccine. \Weréfore explored potential
interactions between the type of physician vis{fgetiatrician versus family
physician) for routine care and population sizeesidence (metropolitan areas
versus non-metropolitan areas), but did not finaénéeraction in these post-hoc

analyses (Figure 2).

The most important predictors of rotavirus vac@eees completion were receipt
of DTaP and receiving routine care from a pedign@s opposed to a family
physician. The strength of the associations in inariable analyses were 6-fold and
1.3-fold smaller than in the multivariable analysésotavirus vaccine initiation, and
the strength of the association decreased from 892609 (Table 3). Infants born to
younger mothers (<25 years) and with more siblimgee slightly less likely to
complete the rotavirus vaccine series, and thigdtremained consistent in 2006 and

2009. Infants residing outside of metropolitan areare generally less likely to
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complete the rotavirus vaccine series. Regioresiflence was not an important

predictor of vaccine series completion.

4. Discussion

We observed rapid diffusion of the rotavirus vaeaimo routine practice shortly
after licensure in the US. Approximately threeers of infants born from early
2008 through mid-2010, received two or more dogdss estimate is slightly higher
than the CDC estimate that analyzed data for isfantn during approximately the
same time period using a population-based telephoney (NIS), and 5% lower
than the HHS’ Healthy People 2020 goal.(5, 9) €sirmate may be higher than the
CDC estimate and may have overestimated the pegoevards the Healthy People
2020 goal for several reasons. First, our popadaticluded only infants with
commercial insurance who may be more likely to &ecinated than other infant
populations, such as the uninsured or those wittid4déd insurance. Second, our
cohort consisted of a non-population based sanfptdants. Since the MarketScan
Research Databases have increased in size overmtimedata were weighted towards
the later years (e.g., 2010) when rotavirus vaccowerage was relatively high
compared to the earlier years. In addition, irdaesiding in rural and small urban

areas were less likely to be vaccinated in ounsthdt also underrepresented.

It was surprising that one-quarter of eligible mtfareceived at least one dose
of rotavirus vaccine prior to the publication oétfirst ACIP recommendations in
August 2006. This reflects the importance of ottenmunication networks and the
apparent readiness of the manufacturer, insurasropanies, and providers to deliver

the rotavirus vaccine. Despite the initial rappdake of the rotavirus vaccine,
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approximately one-fifth of infants were still n@ceiving the vaccine in January 2009

and coverage has failed to further increase simeditne. Education interventions,

particularly those targeted at family physiciansidtd be considered. This
recommendation is consistent with the results 20@7 nationally-representative
survey of pediatricians and family physicians whictind that pediatricians were
much more likely to administer the rotavirus vaecia eligible infants than family
physicians, possibly because family physicians wesee concerned with vaccine
safety and adding additional vaccines to the cbitdhschedule than pediatricians.(8)
Studies examining other vaccines in various popiatof infants and young

children have also shown that family physicians fnayess likely to adopt and may

be less knowledgeable about vaccine recommendatianspediatricians.(10)

Since most children who received a rotavirus a¢seived at least one other
recommended childhood vaccine (e.g., DTaP), it apgo#hat neither parents nor
providers are “cherry-picking” vaccines. Rathegppears that infants either
generally receive the recommended childhood vasain&o not. This observation is
further supported by a post-hoc analysis that fauheyh correlation between the
number of doses of DTaP (one, two, or three) amdban of doses of RV5 (one, two,
or three) received among infants in our cohort (f6)  Since our cohort consisted
of infants with private insurance who had at least outpatient record, failure to
access the healthcare system cannot fully explajnseme infants did not receive
recommended vaccines, such as DTaP or rotavirasedon our results,
interventions aimed at increasing the coveragengfome childhood vaccine may

help increase the coverage and timeliness of eftemmended childhood vaccines,
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assuming that vaccine availability is not an isstlikis was shown to be the case for

the DTaP vaccine in Australia, where the third doseerage of DTaP vaccine in a

pre-RV5 cohort was 80%, but increased by 5 to X2quet once the RV5 vaccine was

available and widely used.(11)

Overall, adherence to the 2009 ACIP guidelinesdtavirus vaccine
administration was high. Although we comparedalirs of data (2006 to 2010) to
the 2009 ACIP guidelines which are less stringkeahtthe 2006 ACIP guidelines,
adherence remained high even when we reanalyzediataiusing the 2006 ACIP
guidelines (data not shown). Despite overall hayels of compliance to the 2009
ACIP recommendations, ensuring that infants coregle rotavirus vaccine series
could be improved. Other multi-dose vaccines tasemilar challenge. Prior to
rotavirus vaccine availability, the vaccinationtbrges of over 17,000 children in the
2005 NIS were reviewed, revealing that of the 28%hddren not compliant with
ACIP recommendations, two-thirds were categorizedueh because they were
missing doses for multi-dose vaccinations.(12) Ewev, since vaccination coverage
has been shown to increase as the number of paysdiice visits increase, one
remedy physicians could consider is vaccinatingntg at-risk for missing office
visits with RV1 since it requires only two dosestanplete the series.(13) However,
since identifying infants at-risk for missing ofiwisits can be difficult, this
recommendation may only be practical in theoryrtii@rmore, post-marketing data

comparing partial series effectiveness of RV5 talRive limited.(14)
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Our analyses are subject to limitatioNs&ny variables potentially
predictive of rotavirus vaccine uptake were notilaée in our data. Further
research is needed to examine the effect of palgntelevant predictors, such as

race, ethnicity, family economic status, and phgsiceimbursement levels. We

were unable to validate important estimated datesh as birth dates and
rotavirus vaccination dates. While such misclassiions could affect the results
of our analysis that assesses adherence to theADIF9recommendations, we
do not suspect that there was enough misclassificad affect our overall
conclusions and they are consistent with the re$tdtn another recently
published study.(15) As mentioned earlier in tleewdssion, the infants in our
cohorts were not representative of the US infapupettion; however, our study
included nearly 600,000 infants with commercialir@mce who may represent

the group of infants that most commonly utilizes thtavirus vaccines.

Our study revealed rapid initial uptae¢he vaccine after RV5 was first
licensed. However, even several years after lisensnany children still did not
receive the vaccine or received an incomplete sef@uality improvement efforts
should focus on ensuring that (1) infants complleéetwo-dose series for RV1
and three-dose series for RV5 or a mixed serigda(@ily physicians receive the
adequate education and support necessary to iedteasates of vaccination
among infants in their care; and (3) other reconaednnfant vaccinations are

administered.
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5. Figuresand Tables

FIGURE 1. Percent and number of infants vaccinated with at least one dose of
rotavirus vaccine, February 2006-November 2010 (n=825,300)
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TABLE 1. Adherencetotherotavirusvaccination 2009 ACIP Guidelines
(n=486,295)"

Variable Number (%)
Median age in days (IQR)
Dose 1 63 (61-69)
Dose 2 126 (123-135)
Dose 3 (RV5 only) 188 (184-197)
RV5, number of doses received in series
One (incomplete) 30,256 (6.8)
Two (incomplete) 63,294 (14.2)
Three (complete) 349,599 (78.4)
Four or more (too many doses) 2589 (0.6)
RV1, number of doses received in series
One (incomplete) 3509 (13.5)
Two (complete) 21,588 (83.3)
Three or more (too many doses) 823 (3.2)
Mixed series
Incomplete 3933 (26.9)
Complete 9819 (67.1)
Complete (too many doses) 885 (6.1)
Administered first dose too early
(<6 weeks)
No 484,979 (99.7)
Yes 1316 (0.3)

Administered first dose too late
(>14 weeks, 6 days)
No 447,442 (92.0)
Yes 39,557 (8.0)
Administered any dose too late
(>8 months, 0 days)
No 476,647 (98.0)
Yes 9648 (2.0)
Minimum interval between first two doses
violated (<4 weeks)
No 450,922 (99.6)
Yes 1608 (0.4)

YInfants vaccinated with RV5, RV1, or a mixed sedes enrolled11months.
Abbreviations: ACIP, Advisory Committee on Immeaiion Practices; IQR,
interquartile range; RV1, monovalent rotavirusaiae; RV5, pentavalent
rotavirus vaccine
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TABLE 2. Estimates of rotavirus vaccinereceipt, one or more doses (n=594,117)

Variable No. infants Bivariate RR, Multivariable  Multivariable  Multivariable
recelving>1dose born 2006-2010 RR, born 2006- RR, born 2006 RR, born 2009
of RV50or RVl  (95% CI) 2010 (95% CI) (95% CI)
in category, born (95% CI)

2006-2010 (%)
Overall 409,557 (68.9)
Sex
Female 200,442 (69.0) Ref Ref. Ref. Ref.
Male 209,115 (68.9) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 1.00 (0.98-1.02) 1.00 (1.00-1.00)

DTaP vaccination

No 4645 (9.4) Ref Ref. Ref. Ref.

Yes 404,912 (74.3) 7.91 (7.69-8.13) 7.50 (7.30-7.71) 7.28 (6.59-8.04) 6.95 (6.57-7.34)
- Hospitalized
0 No 397,832 (69.1) Ref Ref. Ref. Ref.

Yes 11,725 (64.3) 0.93 (0.92-0.94) 0.96 (0.95-0.97) 1.05 (1.00-1.10) 0.99 (0.98-1.00)

Number of siblings <10 years

0 187,647 (71.2) Ref Ref. Ref. Ref.

1 156,922 (68.7) 0.96 (0.96-0.97) 0.97 (0.97-0.97) 0.96 (0.94-0.98) 0.99 (0.98-0.99)
2 52,803 (64.9) 0.91 (0.91-0.92) 0.94 (0.94-0.94) 0.95 (0.92-0.97) 0.97 (0.96-0.97)
3 or more 12,185 (58.3) 0.81 (0.81-0.83) 0.89 (0.88-0.90) 0.91 (0.86-0.96) 0.90 (0.88-0.91)

Mother’s age (years)

<25 36,376 (63.7) 0.91 (0.90-0.91) 0.95 (0.95-0.96) 0.96 (0.93-0.99) 0.99 (0.98-1.00)
25-<30 130,089 (68.9) 0.98 (0.97-0.98) 0.99 (0.99-0.99) 0.98 (0.96-1.00) 1.00 (1.00-1.00)
30-<35 152,610 (70.4) Ref Ref. Ref. Ref.

35-40 75,185 (69.2) 0.98 (0.98-0.99) 0.99 (0.98-0.99) 1.02 (0.99-1.05) 0.99 (0.99-1.00)
>40 15,297 (67.5) 0.96 (0.95-0.97) 0.97 (0.97-0.98) 0.95 (0.90-1.00) 0.98 (0.97-0.99)

Primary provider type

Pediatrician 266,740 (75.8) 1.64 (1.63-1.66) 1.51 (1.49-1.52) 2.15 (2.02-2.28) 1.35 (1.32-1.37)

Family physician

15,790 (46.1)

Ref. Ref.

Ref.

Ref.
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Other providers
No consistent provider type

Network of provider type

In-network
Out of network or mix of
networks

Health plan type

Basic, comprehensive, or high
deductible

EPO or PPO

HMO

POS or POS with capitation
CDHP

Region of residence

Northeast
Midwest
South
West

Type of residence

Metro with>1 M pop
Metro with 250,000 — 1 M pop
Metro with <250,000 pop
Urban with>20,000 pop,
adjacent to metro area
Urban with>20,000 pop,

not adjacent to metro area
Urban with 2500-19,999 pop,
adjacent to metro area
Urban with 2500-19,999 pop,
not adjacent to metro area
Rural or <2500 population,
adjacent tanetro area

75,312 (61.3) 1.33 (1.31-1.34) 1.31 (1.29-1.32) 1.77 (1.66-1.88) 1.27 (1.25-1.30)
51,715 (60.6)1.31 (1.30-1.33) 1.30 (1.28-1.32) 1.53 (1.43-1.64) 1.23 (1.21-1.26)

368,525 (69.4) 1.07 (1.07-1.08) 1.00 (1.00-1.00) 0.91 (0.88-0.94) 0.99 (0.98-1.00)
41,032 (64.7) Ref. Ref. Ref. Ref.

7597 (68.0)  0.99 (0.98-1.01) 1.02 (1.01-1.03) 0.76 (0.70-0.83) 1.01 (0.99-1.03)
203,141 (68.6)  Ref. Ref. Ref. Ref.
59,901 (70.5) 1.03 (1.02-1.03) 0.99 (0.98-0.99) 0.90 (0.88-0.93) 1.00 (0.99-1.01)
36,495 (68.5)1.00 (0.99-1.01) 0.97 (0.96-0.97) 0.98 (0.95-1.01) 1.00 (0.99-1.01)
12,423 (72.9) 1.06 (1.05-1.07) 1.03 (1.02-1.04) 0.95 (0.90-1.01) 1.01 (0.99-1.01)

48,468 (68.2) 0.96 (0.95-0.96) 0.92 (0.92-0.93) 0.73 (0.70-0.76) 0.89 (0.89-0.90)
122,396 (66.0) 0.93 (0.92-0.93) 0.98 (0.98-0.98) 0.94 (0.92-0.96) 1.01 (1.01-1.02)
202,587 (71.3) Ref. Ref. Ref. Ref.

36,106 (67.9) 0.95 (0.95-0.96) 0.97 (0.97-0.98) 0.72 (0.69-0.76) 0.97 (0.96-0.98)

250,066 (71.2) Ref. Ref. Ref. Ref.
74,009 (70.3) 0.99 (0.98-0.99) 1.04 (1.03-1.04) 1.16 (1.13-1.19) 1.02 (1.01-1.02)
39,238 (67.8) 0.95 (0.95-0.96) 1.01 (1.00-1.02) 1.20 (1.16-1.23) 1.00 (0.99-1.01)

13,445 (61.9) 0.87 (0.86-0.88) 0.98(0.97-0.99)( 1.02 (0.97-1.07) 0.98 (0.96-0.99)

6348 (56.8) 0.80 (0.78-0.81) 0.93 (0.92-0.94) 0.99 (0.92-1.06) 0.96 (0.94-0.98)

15,416 (58.5) 0.82 (0.81-0.83) 0.96 (0.95-0.97) 0.95 (0.91-1.00) 0.96 (0.94-0.97)
7048 (50.5) 0.71 (0.70-0.72) 0.90 (0.89-0.92) 0.91 (0.84-0.97) 0.94 (0.92-0.96)

2146 (63.7)  0.89 (0.87-0.92) 0.99 (0.97-1.01) 1.01 (0.90-1.15) 0.99 (0.96-1.02)



Rural or <2500 population, 1841 (56.1) 0.79 (0.76-0.81) 0.98 (0.95-1.00) 1.04 (0.90-1.20) 0.94 (0.90-0.98)
notadjacent to metro area

LY

Abbreviations: CDHP, Consumer Directed Health P&haP, diphtheria, tetanus, and acellular pertug$©, Exclusive Provider
Organization; HMO, Health Maintenance Organizatidietro, metropolitan; Pop, population; POS, PoinService; PPO, Preferred
Provider Organization; RV1, monovalent rotavirusciae; RV5, pentavalent rotavirus vaccine



FIGURE 2. Percent of infants vaccinated with at least one dose of rotavirus vaccine,
February 2006-November 2010 by physician type and geogr aphic area® (1=385,291)
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TABLE 3. Estimates of rotavirus vaccine series completion (n=324,264)

Variable No. infants Bivariate RR, Multivariable  Multivariable  Multivariable
recelving=>1dose born 2006-2010 RR, born 2006- RR, born 2006 RR, born 2009
of RV5or RV1 (95% CI) 2010 (95% CI) (95% CI)
in category, born (95% CI)

2006-2010 (%)
Overall 259,701 (80.1)
Sex
Female 127,460 (80.3) Ref. Ref. Ref. Ref.
Male 132,241 (79.9) 1.00 (0.99-1.00) 1.00 (0.99-1.00) 0.98 (0.97-1.00) 1.00 (0.99-1.00)
DTaP vaccination
No 2502 (62.6) Ref. Ref. Ref. Ref.
Yes 257,199 (80.3) 1.28 (1.25-1.31) 1.26 (1.23-1.29) 1.47 (1.32-1.63) 1.24 (1.19-1.29)
Hospitalized
No 252,144 (80.2) Ref. Ref. Ref. Ref.
Yes 7557 (77.3) 0.96 (0.95-0.98) 0.97 (0.96-0.99) 1.00 (0.96-1.04) 0.97 (0.95-0.98)

Number of siblings <10 years
0
1
2
3 or more
Mother’s age (years)
<25
25-<30
30-<35
35-40
>40
Primary provider type
Pediatrician
Family physician
Other providers

120,863 (82.2) Ref. Ref. Ref. Ref.
99,233 (79.5) 0.97 (0.96-0.97) 0.96 (0.96-0.97) 0.96 (0.95-0.98) 0.97 (0.96-0.98)
32,500 (76.3) 0.93 (0.92-0.93) 0.92 (0.92-0.93) 0.91 (0.89-0.93) 0.93 (0.92-0.94)

7105 (72.4) 0.88 (0.87-0.89) 0.88 (0.87-0.89) 0.88 (0.84-0.92) 0.89 (0.87-0.91)

21,999 (73.9) 0.91 (0.90-0.91) 0.91 (0.91-0.92) 0.91 (0.88-0.93) 0.93 (0.91-0.94)
81,946 (79.6) 0.98 (0.97-0.98) 0.98 (0.98-0.98) 0.97 (0.95-0.99) 0.98 (0.98-0.99)
97,386 (81.5) Ref. Ref. Ref. Ref.
48,715 (81.2) 1.00 (0.99-1.00) 1.00 (0.99-1.00) 1.00 (0.98-1.02) 1.00 (0.99-1.01)
9655 (80.1) 0.98 (0.97-0.99) 0.98 (0.97-0.99) 0.97 (0.93-1.01) 0.98 (0.97-1.00)

171,512 (82.0) 1.16 (1.14-1.17) 1.13 (1.11-1.14) 1.23 (1.16-1.31) 1.14 (1.12-1.16)
8554 (70.9) Ref. Ref. Ref. Ref.
48,874 (77.4) 1.09 (1.08-1.11) 1.07 (1.06-1.08) 1.17 (1.10-1.24) 1.09 (1.07-1.11)



No consistent provider type

Network of provider type

In-network
Out of network or mix of
networks

Health plan type

Basic, comprehensive, or high
deductible

EPO or PPO

HMO

POS or POS with capitation
CDHP

Region of residence

Northeast
Midwest
South
West

Type of residence

Metro with>1 M pop
Metro with 250,000 — 1 M pop
Metro with <250,000 pop
Urban with>20,000 pop,
adjacent to metro area
Urban with>20,000 pop,
not adjacent to metro area
Urban with 2500-19,999 pop,
adjacent to metro area
Urban with 2500-19,999 pop,
not adjacent to metro area
Rural or <2500 population,
adjacent tanetro area
Rural or <2500 population,

30,761 (77.1)1.09 (1.07-1.10) 1.07 (1.06-1.08) 1.18 (1.11-1.25) 1.08 (1.06-1.10)

234,753 (80.1) 1.01 (1.00-1.01) 1.00 (0.99-1.00) 1.00 (0.97-1.03) 0.97 (0.96-0.99)
24,948 (79.9) Ref, Ref. Ref. Ref.

3639 (81.0) 1.01 (1.00-1.03) 1.02 (1.00-1.03) 0.98 (0.91-1.04) 1.01 (0.99-1.03)

183,987 (79.8)  Ref. Ref. Ref. Ref.

40,726 (80.9) 1.01 (1.01-1.02) 1.00 (1.00-1.01) 1.02 (1.00-1.04) 0.99 (0.98-1.00)
24,960 (80.2)1.01 (1.00-1.01) 1.00 (1.00-1.01) 1.02 (1.00-1.05) 0.99 (0.98-1.01)
6389 (81.2) 1.02 (1.01-1.03) 1.01 (1.00-1.02) 1.04 (0.99-1.08) 1.00 (0.99-1.02)

29,415 (80.7) 1.01 (1.01-1.02) 0.99 (0.99-1.00) 1.05 (1.02-1.08) 0.97 (0.96-0.98)
78,228 (80.8) 1.01 (1.01-1.02) 1.02 (1.02-1.03) 1.01 (1.00-1.03) 1.03 (1.02-1.03)
131,635 (79.8) Ref. Ref. Ref. Ref.
20,423 (78.5) 0.98 (0.98-0.99) 0.99 (0.98-0.99) 0.93 (0.90-0.97) 0.99 (0.98-1.00)

160.617 (81.3) Ref. Ref. Ref. Ref.
47,204 (81.1) 1.00 (0.99-1.00) 1.01 (1.00-1.01) 1.01 (0.99-1.03) 1.01 (1.00-1.02)
24,533 (77.7) 0.96 (0.95-0.96) 0.98 (0.97-0.98) 0.96 (0.94-0.99) 0.98 (0.97-0.99)
8095 (76.1)  0.94 (0.93-0.95) 0.96 (0.95-0.97) 0.87 (0.83-0.92) 0.99 (0.97-1.01)

3869 (74.7) 0.92 (0.90-0.93) 0.94 (0.94-0.96) 0.91 (0.86-0.97) 0.95 (0.92-0.97)

9000 (73.5)  0.90 (0.89-0.91) 0.93 (0.92-0.94) 0.91 (0.87-0.95) 0.94 (0.92-0.95)
3997 (70.0)  0.86 (0.85-0.88) 0.90 (0.88-0.91) 0.84 (0.78-0.90) 0.90 (0.87-0.92)
1333 (77.3) 0.95 (0.93-0.97) 0.98 (0.95-1.0) 0.94 (0.84-1.04) 0.98 (0.94-1.03)

1053 (71.7) 0.88 (0.85-0.91) 0.92 (0.89-0.95) 1.03 (0.92-1.15) 0.92 (0.87-0.98)




notadjacent to metro area

TS

Abbreviations: CDHP, Consumer Directed Health PRhaP, diphtheria, tetanus, and acellular pertug$t©, Exclusive Provider
Organization; HMO, Health Maintenance Organizatidietro, metropolitan; Pop, population; POS, PoinService; PPO, Preferred
Provider Organization; RV1, monovalent rotavirusciae; RV5, pentavalent rotavirus vaccine



FIGURE 3. Development of study cohorts, MarketScan Resear ch Databases, 2006-2010
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n=1,417,702 Jan 2006- Dec 2010
Age=0 years
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B. Direct, indirect, total and overall effectiveness of therotavirusvaccinesin preventing
gastroenteritis hospitalizationsin privately-insured US children, 2007-2010

1. Introduction

Most Phase Il vaccine efficacy trials focus onedetining the direct
effectiveness of vaccination, generally measureghasminus the relative risk in the
vaccinated group compared to the unvaccinated gr@apne clinical trials and many
post-licensure studies also measure herd protectiordirect vaccine effectiveness
(VE), defined as population-level effects of widesgdl vaccination on people not
receiving the vaccine.(1) Two additional measwfeg¢E, total and overall VE,
account for both the direct and indirect effectesmof a vaccine (Figure 4). Total
VE combines the direct and indirect VE on indivitduaeceiving the vaccine, while
the overall VE weights the average of the totalarEndividuals receiving the
vaccine with the indirect VE on individuals noteegng the vaccine.(1) Total VE
can thus be interpreted as the complete benefaafination in vaccine recipients
and overall VE can be interpreted as the publidthdenefit of vaccination. Despite
challenges in estimating the four types of VE, they essential to understand the
real-world impact of a vaccine.(16-18)

We compared direct, indirect, total and overalavirtus VE estimates in
preventing rotavirus gastroenteritis (RGE) and egatstroenteritis (AGE)
hospitalizations from 2007 to 2010 in a commergialsured population of US
infants and children 8 to 20 months of age. We alsamined how the absolute
number of gastroenteritis hospitalizations varie@fectiveness estimates varied

through the years. We hypothesized that the dif&cestimates would remain stable
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over time, but the indirect, total, and overall ¥&imates which are or include
measures of herd protection would increase apgheentage of rotavirus-vaccinated
children increased over time. Furthermore, failimgccount for herd protection,
even among the vaccinated, would underestimatalibelute number of
hospitalizations prevented by the vaccines. Brjdfie pentavalent rotavirus vaccine
(RV5), RotaTeq (Merck & Co., Inc.), administeraalty in three doses at ages two,
four, and six months, has been recommended fomeuse among US infants since
February 2006 and the monovalent rotavirus vacgél), Rotarix

(GlaxoSmithKline Biologicals), administered oraitytwo doses at ages two and four
months, has been recommended since June 2008 BylWsory Committee on
Immunization Practices (ACIP).(19, 20)

Methods

Data Source. The MarketScan Research Databases contain dataaftarge
number of individuals in the US with commercialurance. In 2010, the database
included approximately 920,000 infants.

Design and Population. Infants with continuous enrollment during infanay,
least one outpatient record, and an Internatiofedsification of Diseases, Ninth
Reuvision, Clinical Modification (ICD-9-CM) birthingode (V30-V39) between May
1, 2000 and April 30, 2005 or May 1, 2006 and AB€| 2010 were abstracted from
the databases. Birthing codes identified in mathadaims were also used to identify
birth dates of potentially eligible infants. di infant or mother had a V30-V39
claim coded on multiple dates, the date of thé ¥30-V39 code was used as the

birth date. Since follow-up for RGE began wherant§ turned eight months and
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continued until a maximum age of 20 months, infaateiving doses of rotavirus
vaccine after age eight months were excluded saokevirus vaccine status could be
treated as a time-independent variable.

Infants with commercial insurance failing to re@exaccines with high
coverage rate$05%) may have differed from infants receiving suakcines with
respect to unmeasured confounding factors, so qéresl all infants in our study to
be vaccinated with at least one dose of diphtheetanus, and acellular pertussis
vaccine (DTaP), using the following Current Proaadlferminology (CPT) codes:
90696, 90698, 90700, 90701, 90702, 90714, 9071R,8®0720, 90721, and 90723.

Outcome, Exposure, and Covariate Measurements. Outcomes of RGE were
identified using ICD-9-CM codes. Any of the 15 aaglfields in the inpatient files of
the databases was used to capture the ICD-9-CMfoodetavirus-specific disease,
008.61. Since rotavirus-coded events underestithateue burden of rotavirus
disease due to lack of routine laboratory testimd) @ding, we performed sensitivity
analyses, assuming 25% and 50% sensitivity of @861 code, and also abstracted
and examined outcomes related to the followingeagastroenteritis (AGE) ICD-9-
CM codes: bacterial (001-005, excluding 003.2, alsd including 008.0-008.5),
parasitic (006-007, excluding 006.3-006.6), andhdliarrhea (008.6 and 008.8);
diarrhea of undetermined etiology (presumed infersti{009.0-009.3] and presumed
noninfectious [558.9]); and diarrhea not othervdpecified (787.91).(21-25)

RV5 and RV1 vaccination status were identified ggtmee CPT codes, 90680
and 90681, and treated as time-independent. Tease the specificity of

vaccination status, we excluded infants livingtetes with state-funded rotavirus
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vaccine programs (Alaska, Idaho, Massachusettspdd&lorth Dakota, New
Hampshire, New Mexico, Oregon, Rhode Island, Verndfashington, Wisconsin,
and Wyoming).(25, 26)

To help account for different levels of exposuredtavirus due to household
and geographic variations in rotavirus vaccine cage, disease, and mixing
behaviors, we examined the number of other depésdiess than 10 years old
covered by the same insurance holder as the i(dansidered “older siblings”), and
also the region and rurality of the child’s residenas defined by the US Department
of Agriculture (USDA), Economic Research Servicé)(Zd o characterize general
infant health and potential differences in susd®itti to rotavirus disease, we
compared the percentage of infants less than twahmsdhat had overnight hospital
stays unrelated to AGE prior to age two months.

Data Analysis. We used Cox proportional hazard regression models t
calculate hazard rate ratios, comparing the hazldRIGE or AGE hospitalization
among vaccinated infants to unvaccinated infantsreng the cohort in 2007, 2008,
2009, or 2010 and subtracting the result from ongbtain direct VE estimates by
calendar year. We similarly calculated the indirémtal, and overall VE, varying the
comparison cohorts as appropriate. For indirectW&compared unvaccinated
infants followed during each calendar year of ttavirus vaccine period, 2007-
2010, to (unvaccinated) infants followed during baeseline period, 2001-2005. For
total VE, we compared vaccinated infants followedmy each calendar year of the
rotavirus vaccine period to (unvaccinated) infdott®wed during the baseline

period. For overall or average VE, we comparedadkcinated and unvaccinated
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infants during each calendar year of the rotawargine period to (unvaccinated)
infants followed during the baseline period.

In all regression analyses, age served as the lyimdgtime variable, and
infants were censored when they experienced a R@E& hospitalization, lost
continuous enrollment, reached their 20 month Bath or reached the end of the
study period on December 31, 2010, whichever oeduiirst. Results were stratified
by year to account for increasing vaccination cagerand adjusted for month of
birth to account for the seasonality of rotavirlistants and children were allowed to
contribute person-time during two calendar yed&st example, an infant turning
eight months old on October 1, 2007, would contaliiree person-months in 2007,
and then re-enter the cohort on January 1, 2088efl1 months and contribute up to
nine more calendar months of person-time in 2008.

Incidence rate differences based on the case emahperson-years in our
population, and additional analyses assuming 258®%86f0 sensitivity and 100%
specificity of the RGE and AGE ICD-9-CM codes weadculated to determine the
absolute number of RGE and AGE hospitalizationsgmeed by the rotavirus
vaccine program in our cohort.

All analyses were conducted in SAS, version, 929 $istitute, Inc). This
study was exempt from human subjects review byrsitutional Review Board at

the University of North Carolina since only deidéat data were used.

Results
Cohort. Approximately half (52%) of the 3.94 million infes identified in the

enrollment files between January 2000 and Dece2®Ed had an ICD-9 birthing
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code (V30-39) with a date of service in the infanmothers’ inpatient or outpatient
claims (Figure 5). After additional exclusions,anrg the 905,718 children in our
final cohort, 627,818 (78%) were born during th&verus vaccination period, May
2006-April 2010 (476,576 were vaccinated with avaus vaccine, 151,242 were
unvaccinated) and followed during 2007, 2008, 2@®@i/or 2010. The other 277,900
children were born during the pre-vaccine perioayM000-April 2005, and

followed in 2001, 2002, 2003, 2004, and/or 2005n0oAg all 627,818 children
followed during the rotavirus vaccine period, 382260%) were followed during
parts of two calendar years.

Characteristics of cohort. AlImost 76% of the children born during the
rotavirus vaccine period received at least one 0b82/5 or RV1 of which 79%
completed the series. Vaccination rates varieddbgndar year, ranging from 51% in
2007 to 86% in 2010 (Table 4). Most (91%) vacadathildren received RV5, and
over 3% received doses of RV5 and RV1.

Nearly 4% of children were hospitalized overnigiit& non-AGE diagnosis
by age two months, and this percentage was sligilgr among the rotavirus-
vaccinated compared to the unvaccinated in 2002848. The mean number of
older siblings in each household was slightly lowenouseholds with rotavirus-
vaccinated compared to unvaccinated children, last stable across calendar years.
Children residing in the Northeast, North-Centealg Western US had lower rates of
rotavirus vaccination than children residing in 8wuthern US; children residing in
the South also composed almost half of the entirgdyspopulation. Children residing

in the Western US were better represented duri@dpéiseline years than in the
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vaccine years (19% versus 11%). In each caleyetar most children (86-89%)
resided in metropolitan areas, with 66-69% of thresiding in metropolitan areas
with populations of one million persons or morehefle was a slight increase in the
number of children residing in large metropolitaeas with each successive calendar
year. Children residing in metropolitan areas wate 5% more likely than those
residing in non-metropolitan areas to be vaccinamdss each calendar year.

RGE hospitalizations. Twenty-three of 905,718 infants were dropped from
the cohort because their cohort entry date (8 mbinthday) equaled their cohort exit
date (RGE hospitalization date, (n=4) or loss d@itieplan enroliment date, (n=19)).
Among the 905,695 remaining children, 1016 (0.1%%)e hospitalized for RGE
during follow-up. The percentage of infants ahddren hospitalized for RGE
decreased during each calendar year or periodlas/$o 2001-2005, 722/277,899
(0.26%); 2007, 63/133,309 (0.05 %); 2008, 114/2465,®.04%); 2009, 96/311,253
(0.03%); 2010, 21/296,323 (0.01%). The inciderate of RGE hospitalization in
March, the traditional peak of rotavirus activitgnged from 121 per 10,000 child-
years during the pre-vaccine period to 1 per 10¢0ld-years in 2010 (Figure®6).
The pattern of RGE hospitalization rates closellpfeed the pattern of rotavirus
activity in reports published elsewhere (28-31).

AGE hospitalizations. Of the 905,678 infants whose cohort entry dadendit
equal their cohort exit date with regards to AGEpitalizations, 4483 (0.49%) had
an AGE diagnosis. The percentage of infants ardren hospitalized for AGE
during the pre-vaccine years was 0.73% (2021/278jJ,8%his percentage declined to

0.31% (413/133,306) in 2007 and continued to dedieadily during the vaccine
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years, reaching 0.17% (507/296,120) in 2010. &llyarearly one-quarter of the
AGE diagnoses were coded as RGE. However, the gropf children with AGE
diagnostic codes that corresponded to RGE genatatieased with each successive
calendar year or period (2001-2005, 36% (722/202007, 15% (63/413); 2008,
16% (114/730); 2009, 12% (96/812); 2010, 4% (21)p@espite the decline in the
proportion of AGE diagnoses coded as RGE througty#ars, the monthly incidence
rate of AGE by year followed a similar pattern las monthly incidence rate of RGE
by year (Figure 7).

Rotavirus VE. Direct VE of one or more doses of RV5 or RV1 inyameting
RGE hospitalizations between ages 8 and 20 moatiged from 87 to 92% (Table 5,
Figure 8). The indirect VE varied more widelygrit 14% (95% ClI, -14-36%) in
2007 to 82% (95% ClI, 70-90%) in 2010 (Figure Bccounting for both direct and
indirect VE among the rotavirus-vaccinated infanédded a total VE estimate that
increased from 91% (95% CI, 73-97%) in 2007 to 9489%%6 CI, 96-99%) in 2010.
The overall VE ranged from 40% (95% CI, 20-54%2@07 to 96% (93-97%) in
2010 (Figure 10). The overall VE estimates weveilo 2007 compared to 2008-
2010, but the direct and total VE estimates wegé I#87%) across all four calendar
years. The rotavirus VE estimates were substinkoaver in the prevention of AGE
hospitalization, but generally followed a similat{ern as the VE estimates in the
prevention of RGE hospitalization. Notable excemsiincluded the direct VE
estimates which increased through 2009 and therased in 2010, and the total VE

estimates which increased four-fold from 2007 t6&(rable 6, Figures 8-10).
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Absolute effects of rotavirus vaccination. Under the assumption of perfect
sensitivity and specificity of the RGE ICD-9-CM a1 to 33 RGE hospitalizations
per 10,000 child-years were prevented in vaccinab@dren and 10 to 26 RGE
hospitalizations per 10,000 child-years were préaein unvaccinated children in
our cohort during each calendar year, 2007- 20&(g vaccinated infants, 6 to 21
hospitalizations were prevented as a result ottefects, while 10 to 26
hospitalizations were prevented from indirect eélg€Table 7). Irrespective of
vaccination status and thus from a public healgwyioint, in order to prevent one
RGE hospitalization in our cohort, 315 to 421 creldrequired a rotavirus
vaccination. Assuming a more realistic scenafi®086 and 25% sensitivity of the
RGE ICD-9 code, only 80 to 210 children may hawuneed a rotavirus vaccination
in order to prevent one RGE hospitalization. Coragdo estimates relying only on
RGE diagnostic codes, using AGE diagnostic codestionate the number of RGE
hospitalizations prevented in our cohort increabechumber by 130-180% among
rotavirus-vaccinated children each calendar yeabi@ 8).

Discussion

Receiving one or more doses of RV5 or RV1 was kyigiffiective in
preventing RGE hospitalizations in this populattdrtommercially-insured US
infants and children aged 8 to 20 months. Dirdétwas high across each calendar
year, ranging from 87% in 2007 and 2008 to 92%00% and indirect protection
increased the VE among the rotavirus-vaccinatednbgdditional 3 to 8% each
calendar year. By comparison, in clinical tri@somplete series (three doses) of

RV5 was 98% (95% CI, 88-100%) effective againsese\RGE for the first full
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rotavirus season post-vaccination, and a comphaies (two doses) of RV1 was
85% (95% CI, 70-94%) effective against hospitalmad for severe RGE from two
weeks after the second dose until one year of 28Je3@3) Interestingly, our direct VE
estimates were similar to the estimates calculaté¢ide aforementioned clinical trials,
despite the fact that 21% of the infants in ourtymoarketing study did not complete a
rotavirus vaccine series. In our view, this olzagon has two possible explanations.
First, partial completion of a rotavirus vaccineisg may still result in high direct

VE. This observation has been supported by otbst-marketing studies, including
an active, prospective population-based case-dasttrdy of laboratory-confirmed
RGE hospitalizations and emergency departmenbyiisithree US counties from
January-June 2006-2009 where the direct VE of RiW®he, two, and three dose
rotavirus vaccine regimens was 74% (95% CI, 37-9@890 (95% ClI, 66-96%), and
87% (95% CI, 71-94%) in children <4 years of agel another study that used a
database from a large US health insurer to estiorseand two dose direct VE
estimates in preventing RGE hospitalizations andrgency department visits for
RV5 during the 2007 and 2008 rotavirus seasons-dose VE=88%, 95% CI,45-
99% and two-dose VE=94%, 95% CI,61-100%).(34, 3% dlternative explanation
may be that our direct VE estimates are biased tghwaA mathematical model
showed that when a vaccine provides indirect ptmte@nd the percent vaccinated in
subpopulations is not equal (the likely scenarroni@st post-marketing studies), then
direct VE estimates may be biased upward fromadintirial efficacy estimates
because the vaccinated sub-population will receigee indirect protection than the

unvaccinated sub-population, assuming that ther@awother differences between
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the vaccinated and unvaccinated groups.(36) utrstudy, this bias would have
increased during the later years when the percermbgptavirus-vaccinated children
was highest which could explain why the direct \4fraates in our cohort in 2009
and 2010 were 5 and 3% higher than in 2007 and.2008s, it is important to
realize that our direct VE estimates may in fastehamcluded indirect benefits, and
that the importance of indirect benefits in rotasivaccinated children may have
been further underscored in the total VE estimiteesthe direct VE was already
high and VE cannot exceed 100%. Supporting thertapce of indirect protection
among rotavirus-vaccinated children was our rashlth showed that the direct VE
estimates underestimated the total number of RGhitatizations prevented by 1.5
to 5.3-fold even though the direct VE estimate waly 3 to 8% lower than the total
VE estimate.

We expected indirect or herd protection against RG&pitalizations to
increase with each successive calendar year fr@v 02010, but this was not the
case. The calendar year 2009 had a slightly lomeérect VE estimate than 2008
(44% versus 40%). Although a lack of differencensen these indirect VE
estimates cannot be ruled out since their confidemervals overlap, the apparent
decline of indirect VE in 2009 is worth further cideeration. Not only a decline, but
a total absence of indirect protection from thavous vaccine during the 2009
rotavirus season has been observed in other st(fie87, 38), and it has been
hypothesized that the low levels of rotavirus attiduring the 2008 season allowed
unvaccinated children to pass through the seasthroutiexposure to wild-type virus

until 2009.(37) However, since rotavirus activitythe US was also curtailed in 2009
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and the indirect VE estimate more than double8l8s in 2010, additional
explanations may be needed.(39) A study modeliregdand indirect transmission
dynamics of rotavirus vaccination in England and&¥dound that assuming 90%
rotavirus vaccination coverage, indirect effectaildaeduce RGE 1.8-2.9 times more
than expected from direct effects during the fyestir after initiation of a vaccination
program, but that over a 5-year period, the indibenefits would decline.(40)
Additional years of follow-up and other data sosrogay be needed to better
establish time trends related to the indirect @ffeaess of rotavirus vaccination in
the US. Nonetheless, due to the demonstratedrtarpe of indirect VE among both
vaccinated and unvaccinated children, we recomrttgatdhe indirect effectiveness
of vaccines be measured prior to the post-markasg@lwhen possible. This is
especially important for candidate vaccines withitéd direct VE, but potentially
strong indirect VE (e.g., cholera vaccines, rotaivaccines in certain developing
countries).(41, 42)

Our study has two important strengths. First, s€ifmoth time and vaccination
status, the five calendar years or periods we axadnivere generally well balanced
on selected covariates which included proxies &altin, potential sources of
rotavirus infections, and population-level rotagireaccination coverage and mixing
patterns. Since all cohort members were comméydredured and required to have
at least one outpatient record during infancy aé ageat least one dose of DTaP,
such standards may have led to the relatively d¢pad@hce between the groups with
regards to the measured, and hopefully, unmeagatedtial confounders. Second,

since we used Cox proportional hazards regressiomanalyses inherently adjusted
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for age and we also stratified by year to accoanirfcreasing vaccination coverage
and adjusted for month of birth to account for¢thanging seasonality of rotavirus
over the study period. Further adjustment udnegcovariates we described in Table
1 did not appreciably change our VE estimates sp tere not presented. This lack
of change was not surprising since our groups sdeaasonably well balanced.

Our results should be interpreted with some caudionto four possible
limitations. First, the RGE ICD-9-CM code likelydhéow sensitivity which would
bias the number of RGE hospitalizations preventagivard. Thus, we conducted
sensitivity analyses on the number of RGE hospa#ilhns prevented assuming 25%
and 50% sensitivity of the RGE ICD-9-CM code.(23) 4'hese analyses made
assumptions that may not have been entirely realigtluding that the sensitivity
did not vary over time or between vaccinated ancaaainated children and that
estimates of 25 and 50% sensitivity and 100% spégifvere reasonable. AGE
ICD-9-CM diagnostic codes were also subject to $ansitivity. A recent study
conducted at three US children’s hospitals fourad ¢imly 52% of children
hospitalized with AGE received a qualifying diaghosode at discharge.(44)
Fortunately, low sensitivity of RGE or AGE ICD-9-Cébdes would not bias VE
estimates if specificity was high which was assutn@sked on research as well as
other studies showing similar RGE and AGE hos&ion patterns as our study.
(21,23, 29-31) Second, we limited the age randeltmw-up to infants and children
8 to 20 months. Some studies suggest that theota8irus vaccination program may
have increased the mean age at which infants alttezhare first infected with

rotavirus, and thus potentially hospitalized witG R (45, 46) If the shift in mean age
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has been dramatic, the rotavirus vaccines in tiee Jeears (e.g., 2010) may appear
more effective overall than in the earlier years@y because the burden of RGE
hospitalization has shifted to older age groupdJ;strain surveillance study of 919
ElA-confirmed RGE cases found that while the mege @f cases was 13.1 and 13.3
months during the 2005-2006 and 2006-2007 rotaweasons, the mean age of cases
increased to 17.7 months during the 2007-2008 misgeason.(46) Despite this
potential shift, our study would still accuratelyadiment rotavirus VE among 8 to 20
month olds, and since RGE hospitalizations are rgélgeconsidered most serious in
very young children (e.g., <2 years), our study Matill have captured many of the
most clinically significant cases. Third, our spumbnsidered infants receiving any
number of doses of rotavirus vaccine as “vaccifaed did not compare the direct
VE of RV5 to RV1 due to the limited number of infawvaccinated with RV1. A few
comparative effectiveness studies as well as stuatisessing partial rotavirus vaccine
effectiveness have been published, and ongoingtororg should continue to assess
these questions.(35, 41, 47-50) Finally, our stady have limited generalizability
since it involved only US infants and children watbhmmercial insurance, and did not
include those with Medicaid insurance or the uniedypopulation. However, our
study is one of the largest rotavirus VE studieddte, and assesses effectiveness in
the population of infants and children most likedyreceive the rotavirus vaccines in
the US.

If a vaccine has high direct VE, such measuremmatgonly slightly
underestimate the total VE which also accountrdirect protection among

vaccinated persons. However, failing to accountrfdirect VE may severely

66



underestimate the impact of important public healttcomes, such as the absolute
number of RGE hospitalizations prevented amongimated children in our cohort.
For this reason, VE studies should strive to prevadth direct and indirect VE

estimates, and also report results in the conteabsolute benefits.
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5. Figuresand Tables

FIGURE 4. Typesof Vaccine Effectiveness as Described by Halloran et al (1)

1. Vaccinated Population

(includes vaccinated and unvaccinated persons)

A. Risk of disease in
unvaccinated people

B. Risk of disease in
vaccinated people

For rotavirus vaccine in the US, all
infants born on or after the rotavirus
vaccine licensure date (February 2006 or
later) would constitute a vaccinated
population, and a disease of interest
might be rotavirus gastroenteritis

2. Unvaccinated Population

(includes only unvaccinated persons)

A. Risk of disease in

unvaccinated people

For rotavirus vaccine in the US, all
infants born before rotavirus vaccine
licensure (February 2006) would
constitute an unvaccinated population,
and a disease of interest might be
rotavirus gastroenteritis

Measures of Vaccine Effectiveness

Direct: (1-1B/1A)x100
Indirect: (1-1A/2A)x100 Total: (1- 1B/2A)x100 Overall/Average: (1-1A,1B/2A)x100

68




FIGURE 5. Cohort Study Design for Rotavirus Vaccine Effectiveness Study in a
Population of Commercially Insured Infantsand Children 8 to 20 Months, 2007-2010

Mother/Infant Inpatient and Qutpatient files Enrollment files
2000-2010, age=0 years, ICD-3 birth code 2000- 2010, age=0 years
n=2,073,467 n=3,944,154
) Outpatient files
n=2,056,442 \1’ January 2000- December 2010, age=0 years

"ﬂ'm'm

l

Born May 2000- April 2005 or May 2006-April 2010
n=1,605,578

Did not receive any doses of RVS or RV1 after age 8 months

Received DTaP vaccine
n=1,322,652

n=1,311,423

Continuous enrollment throughout infancy
n=994,022

Resident of state without state-funded rotavirus vaccination programs

n=905,718

l

No missing covariates

n=905,718

L i

Vaccinated, born 2006-2010

Unvaccinated, born 2006-2010 Total, born 2006-2010

Unvaccinated, born 2000-2010

n=476,576

n=151,242 n=627,818

n=277,900

Abbreviations: DTaP, diphtheria, tetanus, andlatalpertussis vaccine; 1C-9,
International Classification of Disease™ Revision; RV1, monealent rotavirus vaccine
RV5, pentavalent rotavirus vaccir
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TABLE 4. Characteristicsof Commercially Insured US Infantsand Children Vaccinated or Unvaccinated with RV5 or

RV1, 2001-2010 (n=905,718)

2007* 2008* 2009* 2010* 2001-2005
Variable V Not V vV Not V V Not V V Not V
Overall 68,380 64,932 175,768 90,883 249,840 61,136 254,249 41,892 277,900 (100)
(51.29) (48.71) (65.92) (34.08) (80.34) (19.66) (85.85) (14.15)
Male 34,807 33,380 89,376 46,719 127,673 31,521 130,331 21,768 143,275
(51.05) (48.95) (65.67) (34.33) (80.20) (19.80) (85.69) (14.31)
Hospitalized overnight for non- 2,744 2,563 6,856 3,647 8,995 2,459 8793 1689 10,849
AGE, <2 months (51.71) (48.29) (65.28) (34.72) (78.53) (21.47) (83.89) (16.11)
Mean number of siblings (std) 0.81 0.88 0.81 0.90 0.80 0.93 0.76 0.91 0.85
(0.97) (1.02) (0.98) (1.04) (0.98) (2.09) (0.96) (1.09) (12.04)
Region of residence
Northeast 4,692 6,119 14,799 9,869 28,395 10,183 35,312 9203 28,956
(43.40) (56.60) (59.99) (40.01) (73.60) (26.40) (79.33) (20.67)
North-Central 21,296 22,473 52,672 31,299 70,875 18,988 70,936 11,211 67,895
(48.66) (51.34) (62.73) (37.27) (78.87) (21.13) (86.35) (13.65)
South 36,568 28,488 91,886 38,050 125,634 24,003 117,518 15,593 127,956
(56.21) (43.79) (70.72) (29.28) (83.96) (16.04) (88.29) (11.71)
West 5824 7,852 16,411 11,665 24,936 7,962 30,483 5885 53,093
(42.59) (57.41) (58.45) (41.55) (75.80) (24.20) (83.82) (16.18)
Population density of residence
Metro with>1 million population 38,636 38,108 102,075 52,069 150,601 35,456 156,027 25,046 160,282
(50.34) (49.66) (66.22) (33.78) (80.94) (19.06) (86.17) (13.83)
Metro with 250,000 — 1 million 13,173 10,789 33,515 15,231 45,440 9,650 47,219 6777 54,512
population (54.97) (45.03) (68.75) (31.25) (82.48) (17.52) (87.45) (12.55)
Metro with <250,000 population 8,095 6,199 18,443 8,890 24,680 5,796 23,780 3769 27,543
(56.63) (43.37) (67.48) (32.52) (80.98) (19.02) (86.32) (13.68)
Urban with>20,000 population, 2,613 2,673 6,375 3,749 8,376 2,535 8274 1689 10,412
adjacent to metro area (49.43) (50.57) (62.97) (37.03) (76.77) (23.23) (83.05) (16.95)
Urban with>20,000 population, 1,197 1,618 3,165 2,354 4,120 1,471 3722 889 5225
not adjacent to metro area (42.52) (57.48) (57.35) (42.65) (73.69) (26.31) (80.72) (19.28)



TL

Urban with 2500-19,999 2,744 3,165 7,147 4,814 9,641 3,302 9055 2067 11,909
population, adjacent to metro (46.44) (53.56) (59.75) (40.25) (74.49) (25.51) (81.42) (18.58)
area
Urban with 2500-19,999 1,266 1,687 3,263 2,704 4,530 2,110 3981 1225 4981
population, not adjacent to metro (42.09) (57.91) (54.68) (45.32) (68.22) (31.78) (76.47) (23.53)
area
Rural or <2500 population, 394 362 951 518 1,351 375 1258 181 1673
adjacent to metro area (52.12) (47.88) (64.74) (35.26) (78.27) (21.73) (87.42) (12.58)
Rural or <2500 population, 302 331 834 554 1,101 441 933 249 1363
not adjacent to metro area (47.71) (52.29) (60.09) (39.91) (71.40) (28.60) (78.93) (21.07)

Abbreviations: AGE, acute gastroenteritis; IQRerquartile range; Metro, metropolitan; RV1, monlew&rotavirus vaccine; RV5,pentavalent

rotavirus vaccine; Std, standard deviation; V, vaated

*379,262 (60%) of infants and children were courdadng two consecutive calendar years during tieewme period, 2007-2010.
AGE as opposed to RGE cohort used for counts.



FIGURE 6. Incidence of RGE Hospitalizations per 10,000 Child-years Among
Commercially Insured US Infantsand Children 8 to 20 Months, 2001-2010
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FIGURE 7. Incidence of AGE Hospitalizations per 10,000 Child-years Among
Commercially Insured US Infantsand Children 8 to 20 Months, 2001-2010
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TABLE 5. Rotavirusvaccine effectiveness estimates against RGE hospitalization in US Commercially Insured Infants and
Children 8 to 20 Months, 2007-2010

Direct effectiveness

Indirect effectiveness

Total effectiveness

Overall effectiveness

Calendar Percent Unadjusted | Number of Unadjusted | Number of Unadjusted | Number of Unadjusted Number of
Year vaccinated | VE (95% ClI) | events/people | VE (95% ClI) | events/people | VE (95% Cl) | events/people | VE (95% Cl) events/people
with >1 in numerator in numerator in numerator in numerator
dose of Number of Number of Number of Number of
RV5 or RV1 events/people events/people events/people events/people
denominator denominator denominator denominator
2007 51.3 87 3/68,380 14 60/64,929 91 3/68,380 40 63/133,309
58, 96 60/64,929 -14,36 [ 722/277,899 73,97 | 722/277,899 20,54 [ 722/277,899
2008 65.9 87 23/175,890 44 91/91,051 92 23/175,890 75 114/266,941
80, 92 91/91,051 30,55 | 722/277,899 88,95 | 722/277,899 69,79 | 722/277,899
2009 80.3 92 22/250,035 40 74/61,218 95 22/250,035 83 96/311,253
87,95 74/61,218 24,53 | 722/277,899 92,97 | 722/277,899 79,86 | 722/277,899
2010 85.9 90 8/254,377 82 13/41,946 98 8/254,377 96 21/296,323
75,96 13/41,946 70,90 | 722/277,899 96,99 | 722/277,899 93,97 | 722/277,899

Abbreviations: CI, confidence interval; RGE, ratag gastroenteritis; RV1, monovalent rotavirusorae; RV5, pentavalent
rotavirus vaccine; VE, vaccine effectiveness
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TABLE 6. Rotavirus vaccine effectiveness estimates against AGE hospitalization in US Commercially Insured Infants and
Children 8 to 20 Months, 2007-2010

Direct effectiveness

Indirect effectiveness

Total effectiveness

Overall effectiveness

Calendar Percent Unadjusted | Number of Unadjusted | Number of Unadjusted | Number of Unadjusted Number of
Year vaccinated | VE (95% Cl) | events/people | VE (95% Cl) | events/people | VE (95% Cl) | events/people | VE (95% Cl) events/people
with >1 in numerator in numerator in numerator in numerator
dose of Number of Number of Number of Number of
RV5 or RV1 events/people events/people events/people events/people
denominator denominator denominator denominator
2007 51.3 22 142/68,378 -8 271/64,928 12 142/68,378 0 413/133,306
3,371 271/64,928 24,6 | 2021/277,893 5,27 [ 2021/277,893 13,11 15021/277,893
2008 65.9 40 413/175,765 24 317/90,882 48 413/175,765 40 730/266,647
30, 48 317/90,882 15,33 | 2021/277,893 43,53 | 2021/277,893 35,45 | 2021/277,893
2009 80.3 56 512/249,838 9 300/61,136 59 512/249,838 48 812/310,974
49, 62 300/61,136 -3,19 | 2021/277,893 54,62 | 2021/277,893 44,52 | 2021/277,893
2010 85.9 41 398/254,232 45 109/41,888 65 398/254,232 62 507/296,120
27,53 109/41,888 33,54 | 2021/277,893 62,69 | 2021/277,893 58,66 | 2021/277,893

Abbreviations: AGE, acute gastroenteritis; Cl, fiadence interval; RV1, monovalent rotavirus vacciR&5, pentavalent rotavirus

vaccine; VE, vaccine effectiveness



TABLE 7. Absolute Numbersof RGE Hospitalizations Prevented by the Rotavirus Vaccination Program in Commercially
Insured US Infants and Children 8 to 20 Months, 2007-2010

9L

Calendar year Observed Number of Observed Number of Observed IRD  95% confidence
number of RGE person-yearsin number of RGE person-years in per 10,000 interval for IRD
hospitalizations  numerator hospitalizations denominator person-years
in numerator in denominator

Direct Effectiveness

2007 3 28,249.81 60 37,791.09 -14.81 -10.62,-19.01

2008 23 85,451.55 91 39,447.11 -20.38 -15.51, -25.24

2009 22 131,381.27 74 32,292.04 -21.24 -15.97, -26.51

2010 8 118,708.19 13 18,980.99 -6.18 -2.42, -9.93

Indirect Effectiveness

2007 60 37,791.09 722 216,767.00 -17.43 -12.74,-22.13

2008 91 39,447.11 722 216,767.00 -10.24 -4.91, -15.56

2009 74 32,292.04 722 216,767.00 -10.39 -4.63,-16.15

2010 13 18,980.99 722 216,767.00 -26.46 -22.01, -30.90

Total Effectiveness

2007 3 28,249.81 722 216,767.00 -32.25 -29.54, -34.96

2008 23 85,451.55 722 216,767.00 -30.62 -27.95, -33.28

2009 22 131,381.27 722 216,767.00 -31.63 -29.10, -34.16

2010 8 118,708.19 722 216,767.00 -32.63 -30.16, -35.11

Overall Effectiveness

2007 63 66,040.89 722 216,767.00 -23.77 -20.38, -27.15

2008 114 124,898.67 722 216,767.00 -24.18 -21.23,-27.13

2009 96 163,673.32 722 216,767.00 -27.44 -24.74,-30.14

2010 21 137,689.17 722 216,767.00 -31.78 -29.27,-34.30

Abbreviations: IRD, incidence rate difference; R@&&avirus gastroenteritis



TABLE 8. Absolute Numbersof AGE Hospitalizations Prevented by the Rotavirus Vaccination Program in Commercially
Insured US Infants and Children 8 to 20 Months, 2007-2010

LL

Calendar year Observed Number of Observed Number of Observed IRD 95% confidence
number of AGE person-yearsin  number of AGE person-yearsin  per 10,000 interval for IRD
hospitalizations numerator hospitalizations = denominator person-years
in numerator in denominator

Direct Effectiveness

2007 142 28,208.94 271 37,696.19 -21.55 -9.64, -33.46

2008 413 85,258.80 317 39,319.23 -32.18 -22.15,-42.21

2009 512 131,095.68 300 32,165.02 -54.21 -43.13, -65.30

2010 398 118,519.67 109 18,932.48 -23.99 -12.69, -35.29

Indirect Effectiveness

2007 271 37,696.19 2021 216,117.07 -21.62 -12.14, -31.10

2008 317 39,319.24 2021 216,117.07 -12.89 -3.13, -22.66

2009 300 32,165.02 2021 216,117.07 -0.25 -11.56, 11.07

2010 109 18,932.48 2021 216,117.07 -35.94 -24.39, -47.49

Total Effectiveness

2007 142 28,208.94 2021 216,117.07 -43.18 -33.95, -52.40

2008 413 85,258.80 2021 216,117.07 -45.07 -38.87,-51.27

2009 512 131,095.68 2021 216,117.07 -54.46 -49.16, -59.76

2010 398 118,519.67 2021 216,117.07 -59.93 -54.69, -65.18

Overall Effectiveness

2007 413 65,905.13 2021 216,117.07 -30.85 -23.56, -38.14

2008 730 124,578.04 2021 216,117.07 -34.92 -29.03, -40.81

2009 812 163,260.70 2021 216,117.07 -43.78 -38.46, -49.10

2010 507 137,452.15 2021 216,117.07 -56.63 -51.44, -61.82

Abbreviations: AGE, acute gastroenteritis; IROzidence rate difference



FIGURE 8. Benefit of RotavirusVaccinein Preventing RGE and AGE
Hospitalizations Among Commercially Insured US Children 8 to 20 Months
Receiving at L east One Dose of Rotavir us Vaccine, 2007-2010
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FIGURE 9. Benefit of RotavirusVaccine Usein the General Population in
Preventing RGE and AGE Hospitalizations Among Commercially Insured US
Children 8to 20 Months Not Receiving Any Doses of Rotavirus Vaccine, 2007-2010
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FIGURE 10. Public Health Benefit of Rotavirus Vaccine Usein Preventing RGE
and AGE Hospitalizations Among Commer cially Insured US Children 8to 20
Months, 2007-2010
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CHAPTER YV

CONCLUSIONS

A. Recapitulation of overall study aims, findings and degree to which the goals of the
doctoral research have been met

1. Determine predictors of rotavirus vaccine initatiand completion.

Comment. The strongest predictors of both rotavirus vacsieres initiation and
completion were receipt of DTaP and visiting a p&ttian versus family physician.
Since most children who received a rotavirus a¢seived at least one other
recommended childhood vaccine (e.g., DTaP), it apgo#hat neither parents nor
providers are “cherry-picking” vaccines. Rathegppears that infants either generally
receive the recommended childhood vaccines or tlo Hais observation is further
supported by a post-hoc analysis that found a bagrelation between the number of
doses of DTaP (one, two, or three) and number séslof RV5 (one, two, or three)
received among infants in our cohort (r=0.76).ncBiour cohort consisted of infants with
private insurance who had at least one outpatesmard, failure to access the healthcare
system cannot fully explain why some infants ditl reeeive recommended vaccines,
such as DTaP or rotavirus. Based on our resalisnentions aimed at increasing the
coverage of any one childhood vaccine may helpesse the coverage and timeliness of
other recommended childhood vaccines, assuming#taine availability is not an

issue. This was shown to be the case for the ¥&aBine in Australia, where the third

dose coverage of DTaP vaccine in a pre-RV5 cohast 80%, but increased by 5 to 12

percent once the RV5 vaccine was available andlyideed.(1)



Education interventions, particularly those tardedefamily physicians should be
considered. This recommendation is consistent thighresults of a 2007 nationally-
representative survey of pediatricians and faniilysicians which found that
pediatricians were much more likely to administer totavirus vaccine to eligible infants
than family physicians, possibly because familygatigns were more concerned with
vaccine safety and adding additional vaccineséacacthldhood schedule than
pediatricians.(2) Studies examining other vaccinasrious populations of infants and
young children have also shown that family physisienay be less likely to adopt and
may be less knowledgeable about vaccine recommendahan pediatricians.(3)

Apriori, we predicted that population size and densitgroinfant’s residence
would also be an important predictor of vaccineeseinitiation and completion. While
infants residing in rural and small urban areasewess likely to be vaccinated than those
residing in large metropolitan areas in our studgy were also underrepresented which
limited study power. A dataset that includes aergeographically diverse cohort of
infants is necessary to further explore this fatuather.

. Assess timeliness of rotavirus vaccine adminigtraéis per the 2009 Advisory
Committee on Immunization Practices (ACIP) guide$in

Comment. Overall, adherence to the 2009 ACIP guidelinesdtavirus vaccine
administration was high. Although we comparedyalirs of data (2006 to 2010) to the
2009 ACIP guidelines which are less stringent time@n2006 ACIP guidelines, adherence
remained high even when we reanalyzed our datg tisem2006 ACIP guidelines (data

not shown).
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Despite overall high levels of compliancelie 2009 ACIP recommendations,
ensuring that infants complete the rotavirus vazsiries could be improved. Other
multi-dose vaccines face a similar challenge. Raaotavirus vaccine availability, the
vaccination histories of over 17,000 children ia #005 NIS were reviewed, revealing
that of the 28% of children not compliant with AQ¥tommendations, two-thirds were
categorized as such because they were missing ftwsesilti-dose vaccinations.(4)
However, since vaccination coverage has been showerease as the number of
physician office visits increase, one remedy phgsiE could consider is vaccinating
infants at-risk for missing office visits with R\&Ince it requires only two doses to
complete the series.(5) However, since identifyiignts at-risk for missing office visits
can be difficult, this recommendation may only bagtical in theory. Furthermore, post-

marketing data comparing partial series effectigered RV5 to RV1 are limited.(6)

Estimate the direct, indirect, total, and overathvirus vaccine effectiveness (VE)
against rotavirus gastroenteritis (RGE) and agatgroenteritis (AGE) hospitalizations
among those aged 8 to 20 months over the life ecnfrthe vaccines

Comment . Receiving one or more doses of RV5 or RV1 wghli effective in
preventing RGE hospitalizations in this populatidrtommercially-insured US infants
and children aged 8 to 20 months. Direct VE wah lasicross each calendar year, ranging
from 87% in 2007 and 2008 to 92% in 2009, and extiprotection increased the VE
among the rotavirus-vaccinated by an additional 8% each calendar year. Overall VE
estimates ranged from 40 to 96% each calendar year.

We expected indirect or herd protection against R@G&pitalizations to increase with

each successive calendar year from 2007 to 201@hisuvas not the case. The calendar
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year 2009 had a slightly lower indirect VE estimiian 2008 (44% versus 40%).
Although a lack of difference between these indikdE estimates cannot be ruled out
since their confidence intervals overlap, the appdecline of indirect VE in 2009 is
worth further consideration. Not only a declinat b total absence of indirect protection
from the rotavirus vaccine during the 2009 rotaviseason has been observed in other
studies, and it has been hypothesized that thédesls of rotavirus activity during the
2008 season allowed unvaccinated children to fpassgh the season without exposure
to wild-type virus until 2009.(7-9)

4. Calculate the absolute rate reductions of RGE a@GdE Aospitalizations attributable to
the rotavirus vaccine or the rotavirus vaccine paiogin those aged 8 to 20 months

Comment. Under the assumption of perfect sensitivity gmecticity of the RGE

ICD-9-CM code, 31 to 33 RGE hospitalizations pej0D0 child-years were prevented in
vaccinated children and 10 to 26 RGE hospitalizatiper 10,000 child-years were
prevented in unvaccinated children in our cohortrdpeach calendar year, 2007- 2010.
Failure to account for indirect protection in tlag¢avirus-vaccinated population

underestimated the number of hospitalizationsd & 3-fold.

B. Strengths
This dissertation has several strengths. For thatlpatterns of use and VE study, our
population was limited to infants and children withmmercial insurance. Since
providers of such patients must report the vacmnatthey administer in order to receive
reimbursement, rotavirus vaccines were likely codlgd/en, and conversely, likely
uncoded if not given. However, to further increapecificity, all CPT vaccine codes

were required to have a corresponding date of @graind states with reported universal
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vaccination programs that include RV5 or RV1 (Alasklaho, Massachusetts,
Maine, North Dakota, New Hampshire, New Mexico, gane, Rhode Island, Vermont,
Washington, Wisconsin, Wyoming) and were excludd).(Thus, although we cannot
verify that rotavirus vaccine misclassification wedremely limited, we have strong
reason to believe that this was the case.

With regards to the VE study, our study has twoangnt strengths. First, across
both time and vaccination status, the five calerygars or periods we examined were
generally well balanced on selected covariates lwimcluded proxies for health,
potential sources of rotavirus infections, and pafon-level rotavirus vaccination
coverage and mixing patterns. Since all cohort bemmwere commercially insured and
required to have at least one outpatient recorthguinfancy as well as at least one dose
of DTaP, such standards may have led to the relgtyood balance between the groups
with regards to the measured, and hopefully, unaredspotential confounders. Second,
since we used Cox proportional hazards regressiomanalyses inherently adjusted for
age and we also stratified by year to accountrfardasing vaccination coverage and
adjusted for month of birth to account for the ajfiag seasonality of rotavirus over the
study period. Further adjustment using the cawesi we described in Table 1 did not
appreciably change our VE estimates so they wetrpnegented. This lack of change

was not surprising since our groups seemed reaowab balanced.

C. Limitations
Our patterns of use analyses are subject todiiits. Many variables potentially
predictive of rotavirus vaccine uptake were notilalée in our data. Further research

is needed to examine the effect of potentiallyvate predictors, such as race,
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ethnicity, family economic status, and physiciamitairsement levels. We were
unable to validate important estimated dates, sgdhirth dates and rotavirus
vaccination dates. While such misclassificatiomsld affect the results of our
analysis that assesses adherence to the 2009 AGmMmendations, we do not
suspect that there was enough misclassificati@fféct our overall conclusions and
they are consistent with the results from anotbeently published study.(11) As
mentioned earlier in the discussion, the infantsuncohorts were not representative
of the US infant population; however, our studyluded nearly 600,000 infants with
commercial insurance who may represent the groupfarits that most commonly
utilizes the rotavirus vaccines.

Our results from the VE study should be interpret@t caution due to four main
limitations. First, the RGE ICD-9-CM code likelydhéow sensitivity which would bias
the number of RGE hospitalizations prevented dowdwdhus, we conducted
sensitivity analyses on the number of RGE hospaé#ibns prevented assuming 25% and
50% sensitivity of the RGE ICD-9-CM code.(12, 13)eBe analyses made assumptions
that may not have been entirely realistic, inclgdimat the sensitivity did not vary over
time or between vaccinated and unvaccinated clmldrel that estimates of 25 and 50%
sensitivity and 100% specificity were reasonabkGE ICD-9-CM diagnostic codes
were also subject to low sensitivity. A recentdsteonducted at three US children’s
hospitals found that only 52% of children hospzedl with AGE received a qualifying
diagnostic code at discharge.(14) Fortunately,dewnsitivity of RGE or AGE ICD-9-

CM codes would not bias VE estimates if specifieiys high which was assumed based

on research as well as other studies showing siR(EE and AGE hospitalization
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patterns as our study.(12, 15-18) Second, wedarthe age range of follow-up to
infants and children between 8 and 20 months. SiowBes suggest that the US
rotavirus vaccination program may have increasedrtban age at which infants and
children are first infected with rotavirus, and shpotentially hospitalized with RGE. (19,
20) If the shift in mean age has been dramateydtavirus vaccines in the later years
(e.g., 2010) may appear more effective overall ihahe earlier years simply because
the burden of RGE hospitalization has shifted tieobge groups. A US strain
surveillance study of 919 EIA-confirmed RGE casasfl that while the mean age of
cases was 13.1 and 13.3 months during the 2005-@@0@006-2007 rotavirus seasons,
the mean age of cases increased to 17.7 monthggdhe 2007-2008 rotavirus
season.(20) Despite this potential shift, ourgtwduld still accurately document
rotavirus VE among 8 to 20 month olds, and sinc&R@spitalizations are generally
considered most serious in very young children. (&2 years), our study would still
have captured many of the most clinically significeases. Third, our study considered
infants receiving any number of doses of rotaviaescine as “vaccinated” and did not
compare the direct VE of RV5 to RV1 due to the tedinumber of infants vaccinated
with RV1. A few comparative effectiveness studiss\ell as studies assessing partial
rotavirus vaccine effectiveness have been publistyed ongoing monitoring should
continue to assess these questions.(6, 20-25allfias was the case for our patterns of
use study, our VE study may have limited generhliig since it involved only US
infants and children with commercial insurance, diatinot include those with Medicaid

insurance or the uninsured population. Howeverstudy is one of the largest rotavirus
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VE studies to-date, and assesses effectivengiss population of infants and children
most likely to receive the rotavirus vaccines ia WsS.
D. Public Health Implications

Our first study revealed rapid initial uptake loétvaccine after RV5 was first
licensed. However, even several years after lisensnany children still did not
receive the vaccine or received an incomplete sef@uality improvement efforts
should focus on ensuring that (1) infants complleéetwo-dose series for RV1 and
three-dose series for RV5 or a mixed series; (@jlfaphysicians receive the
adequate education and support necessary to iedteasates of vaccination among
infants in their care; and (3) other recommendéahirvaccinations are administered.

In addition to confirming the direct and indiretfeetiveness of the rotavirus vaccines,
our second study revealed several points to congiden estimating VE both pre- and
post-market. Due to the demonstrated importancedifect VE, we recommend that the
indirect impact of vaccines be measured prior eopbst-market phase, if possible. This
is especially important for candidate vaccines Wittited direct VE, but potentially
strong indirect VE (e.g., cholera vaccines, rotaivaccines in certain developing
countries). Using geographic variations in vactiamacoverage may help clinical trials
measure the indirect impact of vaccinations, ang firovide better estimates of the real-
world impact of a vaccine before it is marketed)(26

If a vaccine has high direct VE, such measurgsmay only slightly underestimate
the total VE which also account for indirect prateic among vaccinated persons.
However, failing to account for indirect VE may sesly underestimate the impact of

important public health outcomes, such as the absolumber of RGE hospitalizations
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prevented among vaccinated children. For thisoea@gE studies should strive to
provide both direct and indirect VE estimates, alst report results in the context of
absolute benefits
E. Future Directions

Research is ongoing and several exciting stuatieplanned with potential support
from a R21 grant on vaccine safety. First, in fioreto increase generalizability, we
plan to conduct a feasibility study using the NaZdrolina Division of Medicaid
Assistance Claims data. Since children with Mediaasurance automatically qualify
for the federally funded Vaccines For Children (\JfE@ogram which limits provider
reimbursement for many vaccines, including rotaivaccines, to administrative
charges, we predict that RV5 and RV1 codes willibgderreported in Medicaid claims
data. However, since the rotavirus vaccine iothlg routinely administered oral
vaccine in the U.S., the use of oral vaccine adstriaion codes offers potential
opportunities to study patterns of uptake, effemiess, and safety of the rotavirus
vaccines in Medicaid claims data. In additionhailtgh we cannot link MarketScan data
directly to patient medical records, we will atteértgpexternally validate the rotavirus
vaccine codes and RGE and AGE codes using the Ilamtblina Immunization Registry
(NCIR) and the North Carolina Disease Event Tragkind Epidemiologic Research
Tool (NC DETECT). Finally, we plan to compare g&ety of RV5 and RV1 among
infants by calculating the relative risks for irgusception and other potential adverse
events identified through data mining, and deteeamuhether patients vaccinated on
alternative vaccine schedules or failing to conmgtee vaccine series have an increased

risk for adverse events. We predict that smallaked risks of intussusception
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immediately following vaccination will be idengfd in both vaccines, but safety patterns
among infants vaccinated by alternative schedutesus the recommended schedule, and

infants enrolled in Medicaid versus commercial nagswece, will be similar.
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