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Abstract

OBJECTIVES: To examine reductions in diarrhea-associated health care utilization after
rotavirus vaccine implementation and to assess direct and indirect effectiveness of vaccination.

METHODS: Retrospective cohort analysis of claims data of commercially insured US children
aged <5 years. We examined annual pentavalent (RV5) and monovalent (RV1) rotavirus vaccine
coverage. We compared rates of diarrhea-associated health care utilization in prevaccine (2001-
2006) versus postvaccine introduction (2007-2011) years, compared rates of diarrhea-associated
health care utilization in vaccinated versus unvaccinated children and compared rates in
unvaccinated children in postvaccine versus prevaccine years.

RESULTS: Among children aged <5 years, RV5 and RV1 rotavirus vaccine coverage rates
reached 58% and 5%, respectively, by December 31, 2010. Compared with the average rate of
rotavirus-coded hospitalizations in 2001-2006, rates were reduced by 75% in 2007-2008, 60% in
2008-2009, 94% in 2009-2010, and 80% in 2010-2011. Compared with unvaccinated children, in
2010-2011, the rate of rotavirus-coded hospitalizations was reduced by 92% among RV5
recipients and 96% among RV1 recipients. Rotavirus-coded hospitalization rate reductions among
RV5 recipients versus unvaccinated children ranged from 87% among <1-year-olds to 81% among
4-year-olds. Compared with prevaccine rates in 2001-2006, rotavirus-coded hospitalization rates
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among unvaccinated children decreased by 50% in 2007-2008, 77% in 2009-2010, and 25% in
2010-2011.

CONCLUSIONS: Implementation of rotavirus vaccines has substantially reduced diarrhea health
care utilization in US children. Both rotavirus vaccines conferred high protection against rotavirus
hospitalizations; RV5 conferred durable protection through the fourth year of life. Vaccination also
conferred indirect benefits to unvaccinated children.

Keywords

rotavirus vaccines; United States; diarrhea; rotavirus; hospitalization

In February 2006, the Advisory Committee on Immunization Practices recommended the
routine use of pentavalent rotavirus vaccine (RV5; RotaTeq, Merck and Co, Whitehouse
Station, NJ) in US infants with 3 doses administered orally at 2, 4, and 6 months of age.! In
June 2008, the committee updated its recommendations to include the use of monovalent
rotavirus vaccine (RV1; Rotarix, GSK Biologicals, Rixensart, Belgium).2 RV1 is a 2-dose
vaccine administered orally at 2 and 4 months of age. Before vaccine introduction, rotavirus
was the most common cause of severe gastroenteritis in children under 5 years of age in the
United States, resulting in an estimated 20 to 60 deaths, 55 000 to 70 000 hospitalizations,
and nearly half a million ambulatory medical visits each year.1:3:4

Since the introduction of rotavirus vaccines, diarrhea-associated health care utilization and
medical expenditures in US children have decreased substantially.>” Moreover, indirect
benefits from rotavirus vaccination have been observed in unvaccinated children and in
adults.%7 Although RV5 vaccine impact and effectiveness have been well described for the
2008-2009 rotavirus seasons, fewer data on the impact and effectiveness of vaccination in
more recent rotavirus seasons are available. Furthermore, because of its later introduction,
limited information is available regarding the effectiveness of RV1 in routine use in US
children.

We previously evaluated direct and indirect effects of RV5 vaccination on diarrhea-
associated health care utilization in US children during 2008 and 2009 using data from
MarketScan insurance claims databases. To evaluate the long-term impact of rotavirus
vaccination in US children <5 years of age, we updated our analysis with data for the 2010
and 2011 rotavirus seasons. Our objectives were to evaluate (1) rotavirus vaccine coverage
and correlate vaccine coverage with changes in the rates of diarrhea associated
hospitalizations, emergency department, and outpatient visits in postvaccine versus
prevaccine introduction years; (2) effectiveness of both RV5 and RV1 in contemporaneous
use and the duration of protection from RV5 vaccination; (3) indirect benefits from rotavirus
vaccination; and (4) national reduction in health care utilization for diarrhea and associated
costs after implementation of the rotavirus vaccine program.
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Data Source and identification of Diarrhea-Associated Health Care Events

Data from the 2001-2011 Truven Health MarketScan Commercial Claims and Encounters
Database were analyzed.® MarketScan data are derived from insurance claims and contain
deidentified information from various public and private health plans. Medicaid recipients
are not included.

Diarrhea-associated health care events were identified with the use of the following
International Classification of Diseases, Ninth Revision, Clinical Modification codes: viral
enteritis, 008.6—-008.8 (including rotavirus, 008.61); bacterial enteritis, 001.0-005.9
(excluding 003.2) and 008.0-008.5; parasitic intestinal disease, 006.0-007.9 (excluding
006.3-006.6); presumed infectious diarrhea, 009.0-009.3; presumed noninfectious diarrhea,
558.9; and diarrhea not otherwise specified, 787.91. In addition to all-cause diarrhea events,
rotavirus-coded events (coded 008.61) were also specifically examined. An event identified
as the primary discharge diagnosis or 1 of 15 other possible discharge diagnoses for the
inpatient-admissions table was classified as a hospitalization. An event identified in 1 of the
2 diagnosis fields in the outpatient-services table was classified as an outpatient visit. Events
were classified as emergency department visits (ie, not hospitalizations or outpatient visits)
if “urgent care facility” or “emergency room” was specified in either the inpatient-services
table or the outpatient-services table. Patients evaluated =1 setting for the same diarrhea
episode had their visit included for each setting in which they were evaluated for the single
episode.

RV5 and RV1 Coverage

Using data from January 2006—June 2011, we assessed RV5 and RV1 coverage (defined as
administration of at least 1 dose of RV5 or RV1) in a subgroup of children with continuous
enrollment in 1 insurance plan from birth through at least 3 months of age. The criterion of
continuous enrollment ensured that nearly all vaccinations administered were captured.
Children from 13 states with universal vaccination programs that included rotavirus vaccine
at any time during the assessment period or where rotavirus vaccine inclusion in the
universal vaccination program could not be ascertained (Alaska, Idaho, Massachusetts,
Maine, North Dakota, New Hampshire, New Mexico, Oregon, Rhode Island, Vermont,
Washington, Wisconsin, and Wyoming) were excluded from the coverage assessment
because vaccinations in these states were not likely to have been billed to third-party payers
and thus would probably not be recorded in this database. According to the National
Immunization Survey (NIS) in 2010, the median (range) of rotavirus vaccine coverage rates
among children 19-35 months old in these 13 states was 53% (42—77) compared with 59%
(44-82) in states without universal rotavirus vaccination. ® Within the coverage cohort, we
identified enrollees who received RV5 and RV1 by using the Current Procedural
Terminology codes 90680 and 90681, respectively.

Coverage on December 31 of each study year was assessed on the basis of age group and
region. To validate results, we compared coverage with at least 1 dose of diphtheria-tetanus-
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acellular pertussis vaccine (DTaP) by 3 months of age in the MarketScan database with
DTaP coverage reported by the NIS, considered the US standard for vaccine coverage.®

Trends in Diarrhea-Associated Health Care Utilization

We assessed trends in diarrhea-associated health care utilization rates for enrollees <5 years
of age who were seen in inpatient, emergency department, and outpatient settings. Data from
all states, including those with universal vaccination programs, were included in the analysis
of trends. We used the number of days each child was enrolled per calendar month and year
of the study as the follow-up time in calculating utilization rates per 10 000 person-years of
follow-up.

We examined temporal trends of the diarrhea-associated health care utilization rate during
the entire study period. Furthermore, we compared rotavirus-coded hospitalization and
diarrhea-associated health care utilization rates during each of the postvaccine years 2007—
2011 (July — June) with the annual mean rates during the 5-year prevaccine baseline period
from July 2001-June 2006, according to age group and census region. The numbers of
emergency department or outpatient visits for diarrhea with the rotavirus-specific code were
too few to analyze.

Examination of Direct Benefits of RV5 and RV1 in Contemporary Use

To examine direct vaccine benefits from RV5 and RV1, we compared rates of rotavirus-
coded hospitalization and diarrhea-associated health care utilization among vaccinated
versus age-eligible, unvaccinated children. Because rates of rotavirus disease were low in the
2010 rotavirus season, we restricted our analyses to outcomes during the 2011 rotavirus
season (ie, from July 2010 to June 2011). Children who were both age-eligible to receive at
least 1 RV5 or RV1 dose before the 2011 rotavirus season (ie, those who were 3-23 months
of age by July 1, 2010) and who were continuously enrolled in the same insurance plan from
birth through June 30, 2011, were included in the analysis. Children who were either from
states with universal vaccination programs or had received mixed vaccine schedules with
both RV1 and RV5 doses were excluded. Rate ratios and 95% confidence intervals
associated with RV1 or RV5 administration were adjusted for birth quarter by means of
Poisson regression for hospitalizations and binomial regression for emergency department
and outpatient visits. The adjusted estimates were subtracted from 1 to obtain adjusted rate
reductions.

Duration of RV5 Protection

To assess the duration of protection provided by RV5, we compared rates of rotavirus-coded
hospitalizations among vaccinated versus unvaccinated children, by age group (3-11
months, 12-23 months, 24-35 months, 36-47 months, and 48-59 months). We included all
children who were age-eligible to receive RV5 (ie, age less than the first dose upper limit of
14 weeks and 6 days when RV5 was licensed on February 3, 2006) and who were
continuously enrolled in their insurance plan for the entire time period captured within each
age group. Rate ratios and 95% confidence intervals associated with RV5 administration
were adjusted for birth quarter by means of Poisson regression; the adjusted estimates were
subtracted from 1 to obtain adjusted rate reductions.
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Indirect Benefits From Rotavirus Vaccination

To examine indirect benefits of the vaccine (ie, protection of unvaccinated persons because
vaccinated persons did not contract and transmit infection), we compared rates of rotavirus-
coded hospitalization and diarrhea-associated health care utilization among age-eligible,
unvaccinated children <2 years of age from July to June in each study year with prevaccine
rates. Rates were standardized by birth quarter to allow comparison across age groups. The
relative rate reductions and 95% confidence intervals were calculated with the use of
standardized morbidity ratios, with prevaccine rates as the baseline data.10

Estimation of National Reductions in Hospitalization Rates and Costs

By extrapolating observed diarrhea-associated rates of hospitalizations, emergency
department and outpatient visits in children <5 years of age from July 2007 through June
2011 to the 2009 US population, we estimated the national burden of diarrhea-associated
health care utilization after the introduction of the rotavirus vaccines. We then determined
the median total payments for diarrhea-associated hospitalizations and converted them to
2009 constant dollars on the basis of the Bureau of Labor Statistics Consumer Price Index
for medical care.! For both the US population census and the Consumer Price Index
constant dollars, estimates were based on data from 2009 as that represents the midpoint of
our study period (ie, 2007-2011). Median payments were multiplied by the number of
diarrhea-associated events to estimate national payments. Baseline costs were derived
according to prevaccine rates from 2001 through 2006. The estimated reduction in diarrhea-
associated health care utilization costs was calculated as the difference between national
payments before and after the introduction of the rotavirus vaccines.

RESULTS

Rotavirus Vaccine Coverage

In a cohort of >406 000 children <5 years of age from 37 states, 58% had received at least 1
dose of RV5, and 5% had received at least 1 dose of RV1 by December 31, 2010 (Table 1).
Following a rapid uptake of rotavirus vaccine after RV5 licensure, the proportion of rotavirus
vaccine (either RV5 or RV1) recipients in children <1 year old continued to increase from
64% on December 31, 2007, to 78% on Deceber 31, 2010. In the same cohort, the
proportion of children who had received at least 1 DTaP dose by 3 months of age was 89%,
compared with 88% according to the NIS.°

Trends in Diarrhea-Associated Health Care Utilization

During 2001-2011, a total of 53 964 hospitalizations, 242 818 emergency department visits,
and 1 846 488 outpatient visits associated with diarrhea were recorded among children <5
years of age. No secular trend in diarrhea-associated health care utilization was seen in
prevaccine years from 2001 through 2006 (Fig 1). In each of the prevaccine years, monthly
diarrhea-associated health care utilization rates peaked in February—March in all settings,
similar to the seasonal pattern of rotavirus-coded hospitalizations. During each postvaccine
year from 2007 through 2011, this seasonal peak was blunted compared with prevaccine
years. Seasonal peaks during the 2008—-2009 and 2010-2011 seasons were somewhat higher
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compared with seasonal peaks during the 2007-2008 and 2009-2010 seasons (Fig 1, Table
1, and Supplementary Tables 6 and 7).

Overall, reductions in rotavirus-coded hospitalization rates correlated with vaccine coverage
across age groups, but the magnitude of reductions tended to exceed the vaccine coverage in
each age group and year (Table 1). In particular, during the 2007-2008 and 2009-2010
rotavirus seasons, substantial reductions in rotavirus-coded hospitalization rates were seen in
older age groups with lower vaccine coverage. In 2009-2010, the rotavirus season that had
the greatest reduction of any of the 4 postvaccine seasons, annual rates of rotavirus-coded
hospitalizations among children <5 years of age declined by 94% compared with prevaccine
rates, from 14 hospitalizations per 10 000 person-years during 2001-2006 to 1 per 10 000
person-years in 2009-2010.

Among children <5 years of age, the annual rates of diarrhea-associated hospitalization,
emergency department visits, and outpatient visits were significantly lower during each of
the 4 postvaccine seasons from 2007 through 2011, except for rates of emergency
department and outpatient visits during the 2008-2009 season (Table 1). The most
substantial rate reductions were noted among 1-year-olds. In 2009-2010, which had the
greatest reductions of all the postvaccine years, annual rates of diarrhea-associated
hospitalizations, emergency department visits, and outpatient visits declined by 54%, 31%,
and 20%, respectively, compared with 2001-2006 (Table 1). During the peak rotavirus
months from January through June, declines in rates of diarrhea-associated health care
utilization exceeded annual declines in all age groups and in each postvaccine year,
consistent with an impact of vaccination (Supplementary Table 6). Declines in diarrhea-
associated hospitalization rates were seen in each geographic region during each of the 4
postvaccine years (Supplementary Table 7); rates of diarrhea-associated emergency
department and outpatient visits declined significantly in all regions during 2009-2011.

Examination of Direct Benefits of RV5 and RV1 in Contemporary Use

During 2010-2011, children who received RV5 and those who received RV1 had 92% and
96% fewer rotavirus-coded hospitalizations, respectively, compared with age-eligible
unvaccinated children (test of interaction, 2= .48; Table 2). Rate reduction in diarrhea-
associated hospitalizations was 55% for children who received RV5 and 53% for those who
received RV 1. Diarrhea-associated hospitalization rate reductions were similar across
regions, except for children who received RV1 in the West, where no effect was apparent and
the number of children receiving RV1 was low, resulting in high variability for that estimate.
Diarrhea-associated emergency department visit rates were reduced by 31% in RV5
recipients and by 33% in RV1 recipients, compared with unvaccinated children (Table 2).
Rates of outpatient visits for diarrhea among vaccinated and unvaccinated children were
similar.

Duration of RV5 Protection

Among those vaccinated with RV5 compared with age-eligible unvaccinated children,
rotavirus-coded hospitalization rates were 87% lower among children 3 to 11 months of age,
87% lower among those 12 to 23 months of age, 86% among those 24 to 35 months of age,
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and 81% lower among those 48 to 59 months of age (Table 3). Because of low rates of
rotavirus-coded hospitalization rates among vaccinated children 36 to 47 months of age, rate
reductions could not be assessed for this age group.

Indirect Benefits From Rotavirus Vaccination

Overall, reductions of 50%, 77%, and 25% in rates of rotavirus-coded hospitalizations were
observed among age-eligible, unvaccinated children during the years 2007-2008, 2009—
2010, and 2010-2011, respectively, compared with prevaccine rates (Table 4). Reductions
were not seen during the 2008-2009 season. Reductions in emergency department and
outpatient visits were also observed among unvaccinated children, mostly during 2009-2011
(Supplementary Table 8)

Estimated National Reduction in Health Care Utilization and Associated Costs

We estimated that nationally, 176 587 hospitalizations, 242 335 emergency department visits
and 1 116 869 outpatient visits for diarrhea were averted among children <5 years of age
during July 1, 2007-June 30, 2011. By applying this reduction to the median payment for a
diarrhea-associated hospitalization in the MarketScan database in 2009, we estimated that
health care utilization costs were reduced by $924 million for the 4-year period (Table 5).

DISCUSSION

We observed declines in rates of diarrhea-associated hospitalizations, emergency department
visits, and outpatient visits in US children <5 years of age over four successive rotavirus
seasons following implementation of rotavirus vaccination, with greater declines in later
years when greater vaccine coverage had been achieved and during months of the year with
peak rotavirus activity. Both Rv5 and RV1 were highly effective in preventing rotavirus-
coded hospitalizations and also prevented diarrhea-associated hospitalizations and
emergency department visits; both vaccines conferred similar protection. The protection
from RV5 vaccination against rotavirus-coded hospitalizations was sustained at a high level
through four years of life, with no indication of waning immunity. The reduction in
rotavirus-coded hospitalization rates among unvaccinated children in postvaccine years
compared with prevaccine years indicates indirect benefits from vaccination; the magnitude
of indirect benefit varied over the study years. Overall, during 2007-2011, we estimated that
rotavirus vaccination reduced diarrhea health care utilization by ~1.5 million visits and
associated costs by $924 million in the United States.

Reductions in rotavirus and all-cause diarrhea-associated hospitalizations in US children
during the 2007-2008 and 2008—2009 rotavirus seasons have been well documented.>7:12-14
Our results demonstrate that these declines were sustained and were greater in the
subsequent rotavirus seasons in 2009-2010 and 2010-2011. Furthermore, a biennial pattern
in the incidence of severe rotavirus disease emerged in postvaccine years, with low incidence
in 2007-2008 and 2009-2010 and greater incidence in adjacent years. In addition, we
documented significant declines in the 2009-2010 and 2010-2011 rotavirus seasons in rates
of emergency department and outpatient visits for diarrhea; these ambulatory outcomes have
not been well evaluated in postlicensure US evaluations and were not significantly reduced
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in our previous evaluation of MarketScan data for 2007-2008 and 2008—2009 rotavirus
seasons.® Both increasing vaccine coverage and indirect protection among older and
unvaccinated children may have contributed to the declines in emergency department and
outpatient visits observed during 2009-2011.9 By the end of 2010, rotavirus vaccine
coverage had reached 63% of children <5 years of age and 78% in children <1 years of age;
however, rotavirus vaccination rates were still ~10% lower than DTaP vaccination rates in
this age group.®

Our study has some limitations. First, information on ethnic group, race, and socioeconomic
status is not included in MarketScan data and uninsured and Medicaid populations are not
represented; these gaps may affect generalizability of our findings to some extent.
Specifically, our comparison of MarketScan coverage results with NIS coverage estimates
among publicly insured or uninsured population should be interpreted with caution. Second,
rotavirus testing and coding are not consistently performed across all health care settings;
thus, we were not able to examine the effect of vaccination specifically against rotavirus-
coded emergency department and outpatient visits. Third, although we adjusted for age-
related variation in the risk of rotavirus disease and changes in vaccine coverage over time
by controlling for quarter of birth, we may have not accounted for all potential confounders.
Finally, although we estimated reduction in health care costs from diarrhea following
vaccine implementation, a full analysis of the cost-effectiveness of vaccination requires
consideration of other factors, particularly the cost of the vaccine program and indirect cost
savings from prevention of lost productivity.

CONCLUSIONS

In summary, our findings demonstrate the substantial and sustained decline in diarrhea-
associated health care utilization and related costs in US children after rotavirus vaccine
implementation. Both rotavirus vaccines showed comparable effectiveness and long-term
protection was documented for RV5. Indirect benefits from vaccination were observed and
have amplified the overall impact of the vaccination program.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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WHAT’S KNOWN ON THIS SUBJECT:

Since the introduction of rotavirus vaccines, diarrhea-associated health care utilization
among US children has decreased substantially. Moreover, indirect benefits from
rotavirus vaccination have been observed in unvaccinated children and in adults.

WHAT THIS STUDY ADDS:

With increasing rotavirus vaccine coverage during 2009-2011, we observed continued
reductions in diarrhea-associated health care utilization and cost. Both rotavirus vaccines
conferred high protection against rotavirus hospitalizations; pentavalent rotavirus vaccine
provided durable protection through the fourth year of life.
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Diarrhea-associated health care utilization rates among children <5 years of age, 2001-2011.
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