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Rotavirus is the leading cause of severe acute
gastroenteritis among children. By the age of
5 years, nearly every child is infected with
rotavirus at least once."™ Although many cases
of rotavirus gastroenteritis (RGE) are mild,
some can be severe. Recent studies have esti-
mated that in the United States, RGE causes
55000 to 70000 hospitalizations, 205000 to
272000 emergency department visits, and
410000 physician visits each year,>* with total
RGE-related direct and indirect costs estimated
at approximately $1 billion annually.>® Rotavirus
accounts for 4% to 5% of all hospitalizations and
300% of hospitalizations for watery diarrhea
among children younger than 5 years,”® and
the annual direct costs of RGE-associated hospi-
talizations are estimated at $175 to $198
million,>®

In the United States, yearly epidemics of
rotavirus disease occur from late fall to early
spring, with the peak of disease varying by
region.” %1% In the Southwest, the peak epi-
demic rotavirus season is from November to
December; it then travels sequentially across the
United States from west to east, concluding in
April to May in the northeast.'” Because natu-
rally acquired rotavirus infections provide pro-
tection against future severe RGE, hospitaliza-
tions because of RGE are more likely to occur in
children younger than 5 years.'°

Because many physicians do not test for
rotavirus routinely, the rotavirus-specific Inter-
national Classification of Diseases, 9th Revision,
Clinical Modification (ICD-9-CM),** code
008.61 is underused and the incidence of this
disease is generally underreported.®>'*'> There-
fore, indirect methods, such as the winter resid-
ual or the proportional methods, are commonly
used to estimate the burden of hospitalizations
associated with RGE based on hospitalizations
for acute gastroenteritis.*"®

Limited data suggest that children from
disadvantaged socioeconomic backgrounds
are at greater risk of hospitalization from
gastroenteritis, including viral gastroenteritis,
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Objectives. We sought to compare the burden of hospitalizations associated
with rotavirus gastroenteritis (RGE) in children younger than 5 years in US
Medicaid and non-Medicaid populations in 2000 and 2003.

Methods. We used the Kids’ Inpatient Database (KID) to examine the burden
of RGE-associated hospitalizations in terms of numbers and rates of hospitali-
zations, lengths of stay, and hospital charges. Two indirect methods were also
used to estimate RGE-associated hospitalizations, because rotavirus testing is
not routinely performed.

Results. Approximately 40% of children younger than 5 years were enrolled in
Medicaid in 2003, but this population accounted for nearly 50% of all RGE-
associated hospitalizations and 60% of total charges. Children enrolled in
Medicaid had significantly greater hospitalization rates, average lengths of stay,
and average charges per stay than did those not enrolled.

Conclusions. Although RGE affects all socioeconomic groups, the Medicaid
population accounted for a disproportionate number of the hospitalizations.
With the inclusion of rotavirus vaccines in the pediatric immunization schedule,
it is important that US children, especially those enrolled in Medicaid programs,
are vaccinated to reduce the burden of RGE. (Am J Public Health. 2009;99:
S398-S404. doi:10.2105/AJPH.2008.148494)

compared with the general population.'*™®

Medicaid, a health program jointly funded by
the states and federal government and adminis-
tered by each state, is designed to support indi-
viduals and families with low incomes and lim-
ited resources. One recent study found that
children younger than 24 months who were
enrolled in Medicaid or without insurance were
at increased risk of hospitalization caused by
rotavirus” Although children enrolled in Med-
icaid account for a substantial proportion of the
US population of children, the burden of RGE-
associated hospitalization in this population is not
known.

For our study, we consolidated data from
various sources to estimate and compare the
burden of RGE-associated hospitalizations
among children younger than 5 years in the
Medicaid and non-Medicaid populations in
2000 and 2003. Because of the recent avail-
ability of rotavirus vaccines to prevent RGE,'*?°
we also provide a baseline assessment of the
potential impact of the rotavirus immunization
program being implemented in the United
States.*"**

METHODS

We used data from the Kids’ Inpatient Da-
tabase (KID) of the Healthcare Cost and Utili-
zation Project (HCUP), the Medicaid Statistical
Information System (MSIS), and the US Census
Bureau.

The KID includes discharge information and
hospital charges for patients 20 years or
younger from 2500 to 3500 community non-
rehabilitation hospitals nationwide. It is the
only all-payer—based inpatient care database
for children in the United States. Each dis-
charge record includes codes for primary and
secondary payers, including Medicaid. The KID
provides a nationally representative sample of
10% of uncomplicated in-hospital births and
80% of other pediatric cases from each par-
ticipating hospital, which is extrapolated to
reflect the universe of US community, non-
rehabilitation hospitals.

To obtain national estimates, discharge
weights were developed for hospitals from
participating states using the American Hospi-
tal Association universe as the standard > The
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weights were based on stratifying hospitals by 6
characteristics contained in the American Hos-
pital Association hospital files: geographic region,
hospital ownership or control, location (urban
versus rural), teaching status, bed size (classified
as small, medium, or large), and hospital type
(children’s or other hospital).

The KID has been produced only triennially
since 1997, and the latest data are from 2000
and 2003.%* The 2003 file contains data from
36 states, whereas the 2000 file contains data
from 27 states.?® States in the 2003 KID repre-
sent an estimated 86.5% of the entire US pop-
ulation of children, a significant increase from
76.2% in the 2000 database. Both years were
used in this analysis because RGE-associated
hospitalizations fluctuate from year to year.%2*

The overall US population of children youn-
ger than 5 years of age was obtained from the
dataset State Single Year of Age and Sex Popu-
lation Estimates from the US Census Bureau.*®

The Medicaid population estimate was
obtained from the MSIS, which contains en-
rollment data from all states since 1999.%°
Because the eligibility for Medicaid depends on
many factors, such as age and income, members
may not maintain eligibility throughout the
whole year. MSIS provides unique enrollment
data by both fiscal year and individual month
within the fiscal year. Unique enrollment data
per year is likely to overestimate the Medicaid
population. We converted the monthly enroll-
ment data into person-year enrollment to more
accurately characterize the Medicaid population.
Because each state sets its own guidelines re-
garding eligibility and services for Medicaid, we
estimated person-year enrollment by state and
then obtained the national estimate of the Med-
icaid person-year enrollment. The MSIS only
provides enrollment data for specific age groups,
including children from birth to younger than
1 year and children aged 1 to 5 years. The
Medicaid population for children younger than
5 years was derived by combining the age group
of children younger than 1 year and 80%

(four fifths) of the age group of children aged
1to 5 years.

Study End Points

The burden of RGE-associated hospitaliza-
tions was evaluated in terms of numbers and
rates of hospitalizations, lengths of hospital stay,
and hospital charges and costs. Hospitalizations
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associated with RGE were first identified by
the direct method using the rotavirus-specific
ICD-9-CM code, 008.61.”%7 The 2 indirect
methods included the winter residual method
and the proportional method. The winter resid-
ual method estimates the burden of rotavirus by
comparing the number of hospitalizations for
acute gastroenteritis that occur throughout the
year with the excess that occur during the
seasons when RGE is most common.?”

The proportional method applies the
monthly proportions of rotavirus-positive stool
samples from a large surveillance study to
the number of hospitalizations for acute gas-
troenteritis.*® The way in which the 2 indirect
methods were applied to this analysis of the
KID was consistent with the approach used by
Malek et al.® who provided a more detailed
description on how these methods were applied.
The total charges were based on 2000 and
2003 dollars and were not adjusted for any price
index. Because cost-to-charge ratios were pro-
vided by the HCUP for 75% of hospitals in the
2003 KID, the financial burden was presented in
terms of costs as well.

Statistical Analysis

SAS version 9.13 survey procedures (SAS
Institute, Cary, NC), which accounted for the
sampling design of the KID, were used to esti-
mate the burden of RGE-associated hospitaliza-
tions across the United States. The rates of
hospitalizations were presented as the number of
hospitalizations per 10000 children. Population
estimates obtained from the MSIS and the US
Census Bureau were used as denominators for
the hospitalization rate calculations and were
assumed to be free of sampling error. The
difference in rates, average lengths of stay, and
average hospital charges between children in the
Medicaid and non-Medicaid populations were
calculated using the %SMSUB macro from SAS,
which provides P values and 95% confidence
intervals (Cs) for the estimates of the difference
while adjusting for the 2-stage sampling design
of the KID.*® The cumulative incidence rate by
age 5 years was calculated by inverting the rate
per 10000 and then dividing by 5.

RESULTS

Based on the US Census Bureau,?® the 2003
US population of children younger than 5 years

was 19782 609, of whom 7998799 (40%)
were enrolled in Medicaid and 11783 810 (60%)
were not enrolled in Medicaid. The estimated 8
million person-years for the Medicaid population
was roughly 86% of the Medicaid unique en-
rollment of 9.3 million, indicating that the aver-
age number of months that children in this age
group were enrolled in Medicaid was 10.3
months.

In 2000, the Medicaid population was
6320375, which represented 33% of the US
population, compared with 12 868 042 (67%)
for the non-Medicaid population. The esti-
mated 6.3 million person-years for the Medic-
aid population represented 82% of the Med-
icaid unique enrollment of 8.0 million and an
average of 9.9 months of enrollment.

The eligibility criteria for Medicaid among
children who are enrolled when they are
younger than 1 year differs from the eligibility
criteria for older children. For example, chil-
dren born to Medicaid-enrolled mothers are
automatically covered for their first year of life.
For the year 2003, children younger than
1 year accounted for 20% of US children aged
0 to 4 years. However, children younger than
1 year accounted for 25% of the Medicaid
children aged O to 4 years compared with only
18% of the non-Medicaid children aged O to 4
years.

Number and Rate of Rotavirus
Gastroenteritis Hospitalizations

In 2003, using the direct method with ICD-
9-CM code 008.61, there were 31189 hospi-
talizations for RGE identified in children
younger than 5 years. Of these, 14 804
(47.5%) were among children enrolled in
Medicaid compared with 16 385 (52.5%) for
those who were not enrolled (Table 1). Hospi-
talizations for RGE estimated by the direct
method represented 20% of all hospitalizations
for acute gastroenteritis.

The rate of RGE-associated hospitalizations
per 10000 children was 18.5 among children
enrolled in Medicaid compared with 13.9 for
those not enrolled (rate difference between
groups=4.6; 95% CI=3.3, 5.9; P<.01; Table
1). The estimated cumulative incidence rates
by age 5 years were 1 rotavirus hospitalization
per 108 children in the Medicaid population
and 1 per 144 children in the non-Medicaid
population.
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TABLE 1—Number and Rate of Hospitalizations for Gastroenteritis of Various Causes Among Children Younger
Than 5 Years: United States, 2000 and 2003

Medicaid

Non-Medicaid

No. of Hospitalizations

Rate per 10000 Children No. of Hospitalizations

Rate per 10000 Children Difference in Rates® (95% Cl)

Gastroenteritis of any cause 70 635
Viral gastroenteritis 22 367
RGE by the direct method 12 286
RGE by the winter residual method 24 060
RGE by the proportional method 21 631
Gastroenteritis of any cause 80 930
Viral gastroenteritis 26 445
RGE by the direct method 14 804
RGE by the winter residual method 30 271
RGE by the proportional method 25 072

2000
111.8 79 935
35.4 30 136
19.4 16 250
38.1 31982
34.2 25220
2003
101.2 75774
331 28 966
18.5 16 385
378 35 524
313 25 753

62.1 49.6 (43.2, 56.1)
23.4 120 9.8, 14.2)
126 6.8 (5.1, 8.5)
2.9 132 (10.1, 16.3)
19.6 14.6 (12.3, 16.9)
64.3 369 (31.1, 42.6)
2.6 8.5 (6.6, 10.4)
139 46 (3.3, 5.9)
30.1 7.7 (5.0, 10.4)
219 9.5 (7.5, 11.5)

Note. Cl=confidence interval; RGE=rotavirus gastroenteritis.
2P was less than .01 for all.

Based on the winter residual method, there
were 65795 hospitalizations for RGE, of
which 30271 (46%) were among children
enrolled in Medicaid compared with 35524
(54%) for those not enrolled (Table 1). Hos-
pitalizations for RGE represented 42% of all
hospitalizations for acute gastroenteritis. The
rate of RGE-associated hospitalizations per
10000 children was 37.8 among children
enrolled in Medicaid compared with 30.1 for
those not enrolled (rate difference between
groups="7.7; 95% CI=5.0, 10.4; P<.01).
The estimated cumulative incidence rates by
age 5 years were 1 rotavirus hospitalization
per 53 children and 1 per 66 children for
Medicaid and non-Medicaid populations, re-
spectively.

Based on the proportional method, there
were 50825 hospitalizations for RGE, of
which 25072 (49.3%) were among children
enrolled in Medicaid compared with 25753
(50.7%) for those not enrolled (Table 1). Hos-
pitalizations for RGE represented 32% of all
hospitalizations for acute gastroenteritis. The
rates of RGE-associated hospitalizations per
10000 children were 31.3 among children
enrolled in Medicaid compared with 21.9 for
those not enrolled (rate difference between
groups=9.5; 95% CI=7.5, 11.5; P<.01). The
estimated cumulative incidence rates by age 5
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years were 1 rotavirus hospitalization per 64
children and 1 per 92 children for Medicaid
and non-Medicaid populations, respectively.

Results based on the 2000 data were similar
to the 2003 results and are presented in Table
1. The rate of RGE-associated hospitalizations
was greater among children enrolled in Med-
icaid compared with children who were not
enrolled. The number of hospitalizations for
RGE among children enrolled in Medicaid
represented 43.1% of all acute gastroenteritis
hospitalizations based on the direct method,
42.9% based on the winter residual method,
and 46.2% based on the proportional method.
Hospitalizations for RGE represented 19% of
all hospitalizations for acute gastroenteritis
based on the direct method, 37% based on the
winter residual method, and 31% based on the
proportional method.

Characteristics of children hospitalized for
RGE or gastroenteritis of any cause are pres-
ented in Table 2. For 2003, using the direct
method, 7101 (48%) RGE-associated hospital-
izations occurred in Medicaid children younger
than 1 year and 7703 (52%) occurred in
children aged 1 through 4 years. In the non-
Medicaid population, 4953 (30%) cases oc-
curred in children younger than 1 year and
11432 (70%) occurred in children aged
1 through 4 years (Table 2).

Average Length of Stay for Rotavirus
Gastroenteritis Hospitalizations

In 2003, based on the hospitalization rec-
ords identified using /CD-9-CM code 008.61,
the average length of stay for children younger
than 5 years enrolled in Medicaid was signifi-
cantly longer compared with those not en-
rolled. The average length of stay was 3.28
days (95% CI=3.1, 3.5) among Medicaid
enrollees compared with 2.56 days (95%
CI=2.4, 2.7) for children not enrolled (differ-
ence between groups=0.72 days; 95%
CI=0.5, 0.9; P<.01; Table 3). For children
younger than 1 year, the average length of stay
was 3.88 days (95% CI=3.6, 4.2) among
Medicaid enrollees compared with 2.97 days
(95% CI=2.7, 3.1) among children not en-
rolled in Medicaid (difference between
groups=0.91 days; 95% CI=0.5, 1.3; P<.01).
Results for 2000 were similar and are pre-
sented in Table 3.

Charges and Costs of Rotavirus
Gastroenteritis Hospitalizations

In 2003, based on the hospitalization rec-
ords identified using /CD-9-CM code 008.61,
the average RGE-associated hospital charge per
stay for children younger than 5 years enrolled
in Medicaid was significantly greater than that
for children not enrolled. The average charge
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per stay was $8480 (95% CI=$7577, $9383)
among Medicaid enrollees compared with
$5624 (95% CI=$5189, $6059) for those not
enrolled (difference between groups=$2856;
95% CI=$1968, $3745; P<.01; Table 4).
Cost-to-charge ratios were available for 80%
of hospitalization records with the /CD-9-CM
code 008.61. The average cost per hospital stay
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TABLE 2—Characteristics of Children Younger Than 5 Years of Age, by RGE-Associated
Hospitalizations and Hospitalizations for Gastroenteritis of Any Cause: United States,
2000 and 2003
Medicaid Population Non-Medicaid Population
2000, No. (%) 2003, No. (%) 2000, No. (%) 2003, No. (%)
Hospitalizations for RGE
Total 12286 (100) 14804 (100) 16250 (100) 16385 (100)
Age, y
<ly 7098 (57.8) 7101 (48.0) 5837 (35.9) 4953 (30.2)
1-4y 5188 (42.2) 7703 (52.0) 10413 (64.1) 11431 (69.8)
Gender®
Boys 6878 (56.0) 8224 (55.5) 9330 (57.4) 9089 (55.5)
Girls 5393 (43.9) 6554 (44.3) 6920 (42.6) 7242 (44.2)
Race/ ethnicity”
White 4081 (33.2) 4024 (27.2) 9146 (56.3) 8028 (49.0)
Black 1669 (13.6) 1749 (11.8) 1142 (7.0) 919 (5.6)
Hispanic 4137 (33.7) 4380 (29.6) 2386 (14.7) 1819 (11.1)
Asian or Pacific Islander 253( 1) 304( 1) 330 (2.0) 325 (2.0
American Indian 54 (0.4) 63 (0.4) 51 (0.3) 32(0.2)
Other 460 (3.7) 802 (5.4) 709 (4.4) 761 (4.6)
Hospitalizations for gastroenteritis of any cause
Total 70635 (100) 80929 (100) 79934 (100) 75774 (100)
Age, y
<ly 38422 (54.4) 37976 (46.9) 28122 (35.2) 23952 (31.6)
14y 32213 (45.6) 42953 (53.1) 51812 (64.8) 51822 (68.4)
Gender®
Boys 39191 (55.5) 44291 (54.7) 43918 (54.9) 40702 (53.7)
Girls 31402 (44.5) 36462 (45.1) 35999 (45.0) 34794 (45.9)
Race/ethnicity®
White 21551 (30.5) 21142 (26.1) 42831 (53.6) 35553 (46.9)
Black 11633 (16.5) 11161 (13.8) 6768 (8.5) 5196 (6.9)
Hispanic 21948 (31.1) 22996 (28.4) 12380 (15.5) 9943 (13.1)
Asian or Pacific Islander 1061 (1.5) 1308 (1.6) 1936 (2.4) 1558 (2.1)
American Indian 351 (0.5) 405 (0.5) 295 (0.4) 241 (0.3)
Other 3238 (4.6) 4211 (5.2) 3417 (4.3) 3391 (4.5)
Note. RGE=rotavirus gastroenteritis. RGE was defined using the International Classification of Diseases, 9th Revision, Clinical
Modification™ code 008.6L
“Data on gender were missing in 0.05% and 0.2% of all Medicaid discharges in 2000 and 2003, respectively, and 0.1% and
0.4% of all non-Medicaid discharges in 2000 and 2003, respectively.
®Data on race were missing in 15.3% and 24.4% of all Medicaid discharges in 2000 and 2003, respectively, and 15.3% and
26.2% of all non-Medicaid discharges in 2000 and 2003, respectively.

was estimated to be $3644 among Medicaid
children compared with $2288 for those not
enrolled in Medicaid. The average cost per
hospital stay was approximately 43% and
41% of the average charge for Medicaid and
non-Medicaid children, respectively. Results
based on hospital charges for 2000 were sim-
ilar and are presented in Table 4. We also

compared the average hospital charges on a
daily basis for children enrolled in Medicaid
versus those not enrolled. In 2003, the average
hospital charge per day was $2585 for Med-
icaid children compared with $2243 for
children not enrolled in Medicaid (difference
between groups=$342; 95% CI=$173,
$510; P<.01).

In 2003, using the number of RGE-associ-
ated hospitalizations based on the direct
method, the total charges for children enrolled
in Medicaid were $126 million (57.8%) com-
pared with $92 million (42.2%) for children
not enrolled in Medicaid. Using the winter
residual method, the total charges among chil-
dren enrolled in Medicaid were $257 million
(56.2%) compared with $200 million (43.8%)
for those not enrolled; by the proportional
method, total charges were $213 million
(59.5%) for children in Medicaid compared
with $145 million (40.5%) for those not en-
rolled. The total medical costs for RGE-associ-
ated hospitalizations in all children younger
than 5 years were $91 million based on the
direct method, $192 million based on the
winter residual method, and $150 million
based on the proportional method. For 2000,
estimated total charges for RGE-associated
hospitalizations for all children were $174
million using the direct method and ranged
from $289 to $342 million using the 2 indirect
methods.

DISCUSSION

Although there are fluctuations in the annual
incidences of RGE, the numbers of hospitali-
zations and average lengths of stay were similar
for 2000 and 2003. The rates of hospitaliza-
tions for RGE or acute gastroenteritis of any
cause were significantly greater for children
younger than 5 years enrolled in Medicaid
compared with those not enrolled in Medicaid.
RGE-associated hospitalizations in the Medic-
aid population represented 43% to 50% of all
RGE-associated hospitalizations for this age
group, depending on the year and method of
estimation applied, despite only 33% and 40%
of the population being enrolled in Medicaid in
2000 and 2003, respectively. The Medicaid
population accounted for nearly 60% of the
total RGE-associated hospitalization charges in
2003.
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TABLE 3—Average Hospital Length of Stay for Gastroenteritis of Various Causes Among
Children Younger Than 5 Years: United States, 2000 and 2003

Non-Medicaid, Days (SE) Difference,® Days (95% Cl)

2000
Gastroenteritis of any cause 3.29 (0.08) 2.69 (0.05) 0.60 (0.46, 0.74)
Viral gastroenteritis 3.01 (0.08) 2.42 (0.04) 0.59 (0.44, 0.73)
RGE by the direct method 3.38 (0.12) 2.70 (0.06) 0.68 (0.46, 0.90)
2003
Gastroenteritis of any cause 3.28 (0.08) 2.65 (0.05) 0.63 (0.48, 0.78)
Viral gastroenteritis 2.95 (0.07) 2.38 (0.04) 0.57 (0.44, 0.71)
RGE by the direct method 3.28 (0.10) 2.56 (0.06) 0.72 (0.52, 0.92)

Note. Cl=confidence interval; RGE=rotavirus gastroenteritis.
2For all, P<.01.

The disproportionate share of the hospital
charges in the Medicaid population may be
attributed to the higher proportion of children
younger than 1 year, the longer average lengths
of stay, and the greater average daily charges
among Medicaid children. It is not clear why
the rates of hospitalization, the average lengths
of stay, and the daily charges were greater
among children enrolled in Medicaid. A num-
ber of factors may have contributed to these
differences.

We illustrated that the Medicaid popula-
tion’s age distribution is skewed toward chil-
dren younger than 1 year, because of differ-
ences in eligibility requirements for children
younger than 1 year compared with older
children. In addition, earlier studies have indi-
cated that Medicaid enrollees have higher rates

of hospitalization and emergency department
visits for many conditions, because of differ-
ences in their health status and their access to
primary care compared with the general pop-
ulation. Ray et al'® recently theorized that the
Medicaid population could be at greater risk of
malnutrition, which affects the development of
antibodies and immunity.

Access to primary care is affected by the
education of the parents, the family support
system, access to transportation, reimburse-
ment for primary care, and the availability of
primary care providers in the local area.>*—>?
For acute gastroenteritis, a physician’s decision
to admit or discharge a child is, in part, subjec-
tive, and physicians need to assess how well
parents will be able to keep the child hydrated
at home.

TABLE 4—Average Hospital Charges per Stay for Gastroenteritis of Various Causes Among
Children Younger Than 5 Years: United States, 2000 and 2003

Medicaid, $ (SE)

Non-Medicaid, $ (SE) Difference,® $ (95% CI)

2000
Gastroenteritis of any cause 7394 (398) 6193 (332) 1201 (477, 1925)
Viral gastroenteritis 6173 (385) 4653 (253) 1520 (829, 2211)
RGE by the direct method 7283 (634) 5217 (349) 2066 (986, 3146)
2003
Gastroenteritis of any cause 9272 (376) 7598 (298) 1674 (993, 2355)
Viral gastroenteritis 7578 (335) 5561 (207) 2018 (1439, 2597)
RGE by the direct method 8480 (460) 5624 (222) 2856 (1968, 3745)

Note. Cl=confidence interval; RGE=rotavirus gastroenteritis.
?For all, P<.01.
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Overall, RGE-associated hospitalizations
identified using the direct method represented
19% and 21% of all hospitalizations for acute
gastroenteritis in 2000 and 2003, respec-
tively. As demonstrated by an earlier study,
the ICD-9-CM code for RGE is underused,
particularly because many physicians do not
routinely test for rotavirus."> When the indirect
methods were applied, the estimated number
of all RGE-associated hospitalizations increased
substantially, ranging from 31% to 44%,
depending on the year and indirect method
applied. Results from recent studies suggest that
indirect methods may also underestimate the
burden of RGE. For example, in a multicenter,
hospital-based, active surveillance study in 862
children, 56% of hospitalized children with
symptoms of diarrhea, vomiting, and unex-
plained fever had rotavirus-positive stool speci-
mens'* In another prospective, hospital-based
surveillance study of rotavirus disease in 7391
children younger than 5 years in Hong Kong,
the estimated rate of hospitalization for diarrhea
was 4 times greater based on collection of rota-
virus-positive stool samples compared with
the rate previously determined by indirect
methods using routine discharge information
alone.>® The results of 2 large-scale phase 3
clinical trials also reported that vaccines for RGE
reduced the rate of hospitalizations for all gas-
troenteritis by nearly 60%.343°

Both indirect methods used in our study
assumed that all children with diarrhea, vom-
iting, or fever were given one of the discharge
codes, which has not yet been validated. The
winter residual method did not account for
episodes of RGE requiring care that occurred
outside the winter season, and it assumed that
other causes of gastroenteritis remained con-
stant throughout the year. Furthermore, there
was some subjectivity in the way in which the
winter season was defined and how the base-
line against which the excess number of health
care encounters during the winter season was
measured. The proportional method also
had limitations because the peak rotavirus
season may have occurred at different times of
the year in different geographic areas. Addi-
tionally, the proportional method was based on
data published more than 2 decades ago, and
the seasonal and monthly patterns of RGE
applied may vary today.?® There were also
certain limitations associated with the KID,
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because the data were based on ICD-9-CM
codes rather than on active surveillance. Not
all children with vomiting, diarrhea, or fever
may have been given a code for acute gas-
troenteritis. In addition, because there were
no patient-level identifiers in the database, we
could not determine whether specific children
had more than 1 RGE-associated hospitaliza-
tion. Interestingly, the previous rotavirus
vaccine, Rotashield (Wyeth Laboratories, Inc,
Marietta, PA), which was introduced to the
market briefly in 1998 and then withdrawn
for safety reasons in 1999,3%37 did not appear
to have affected the number of RGE hospitali-
zations reported in 2000.

Despite its limitations, the KID is the only all-
payer—based inpatient care database for chil-
dren in the United States and provided a robust
nationally representative sample. Further, the
KID includes payer information, allowing the
evaluation of differences in payer types. Ap-
proximately 3% of the records in our analysis
were uninsured (i.e., no charge or self-pay).
Thus, it is likely that the gap between Medicaid
and non-Medicaid populations identified in our
study would be further widened if the unin-
sured children were removed from the non-
Medicaid populations. However, given that the
percentage of uninsured patients in
our analysis was small, the impact on our main
results would be minimal.

Our estimates of the total charges for RGE-
associated hospitalizations in 2003 ranged
from $357 million based on the proportional
method to $456 million based on the winter
residual method, which were substantially
greater than the 2000 estimates of $140 to
$180 million based on the median charge by
Malek et al.® Based on the cost-to-charge ratios,
the direct medical cost for RGE-associated hos-
pitalizations was estimated at $150 to $192
million in 2003 dollars, which was consistent
with the Widdowson et al.® estimate of $198
million (2004 dollars) and the Tucker et al.”
estimate of $175 million (1996 dollars).

Although RGE affects all socioeconomic
groups, the Medicaid population accounted for
a disproportionate burden of the hospitaliza-
tions among children younger than 5 years
based on greater rates of hospitalization, longer
average lengths of stay, and greater daily and
total charges compared with children not en-
rolled in Medicaid. Overall, the RGE-associated
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hospitalization burden for the United States is
substantial in terms of both the number and the
cost.

Currently, there are 2 vaccines, RotaTeq
(Merck & Co, Inc, Whitehouse Station, NJ) and
Rotarix (GlaxoSmithKline, Research Triangle
Park, NC), approved for the prevention of RGE
in the United States.'**° Data from clinical rials
have shown that both vaccines significantly re-
duced the risk of severe RGE, especially RGE
hospitalizations.>*3® The most recent surveil-
lance data from the Centers for Disease Control
and Prevention have shown a significant reduc-
tion of disease burden in the 2007-2008
rotavirus season following the introduction of
RotaTeq, the first of these 2 vaccines imple-
mented in the United States.®® With the inclu-
sion of rotavirus vaccines in the pediatric im-
munization schedule,”**? it is important that
children in the United States, especially those
enrolled in Medicaid programs, are vaccinated to
reduce the burden of rotavirus disease. M
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