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A Retrospective Evaluation of Hospitalizations
for Acute Gastroenteritis at 2 Sentinel Hospitals
in Central Japan to Estimate the Health Burden
of Rotavirus

Hajime Kamiya,' Takashi Nakano,® Masakazu Inoue,” Hitoshi Kamiya,’ Thura T. Abd,' Manish Patel,’

Walter A. Orenstein,” and Umesh D. Parashar®

'Rollins School of Public Health and “School of Medicine, Emory University, and “National Center for Immunization and Respiratory Diseases,
Centers for Disease Control and Prevention, Atlanta, Georgia; and “Pediatric Division, Mie National Hospital, Tsu, and “Pediatric Division, Yamada
Red Cross Hospital, Ise, Mie Prefecture, Japan

Background. Two rotavirus vaccines have recently been licensed for use in >80 countries worldwide but not
in Japan. To assess the value of introducing rotavirus vaccination in Japan, data on the burden of rotavirus disease
are needed.

Methods. To describe the epidemiology of severe rotavirus disease among Japanese children aged <5 years, we
examined retrospective demographic, clinical, and laboratory data from the period 2003-2007 for children hos-
pitalized with acute gastroenteritis (AGE) at 2 sentinel hospitals in Japan.

Results. At each of the 2 hospitals, 17%-21% of all pediatric hospitalizations were for AGE. Three-fourths of
all AGE-related admissions occurred during the winter (December—May). Rotavirus testing was performed for
approximately three-fourths of patients admitted with AGE in the winter, of which 55% at one hospital and 59%
at the other tested positive. By extrapolating the test results to those patients with AGE admitted in the winter
who were not tested, we estimated that 39%—44% of year-round and 52%-57% of winter hospitalizations were
attributable to rotavirus. The annual incidence of hospitalization for rotavirus AGE in the 2 cities served by the

hospitals was estimated to be 3.8 and 4.9 per 1000 person-years.

Conclusions,
consideration of vaccination as a prevention strategy.

The burden of severe rotavirus disease among Japanese children is substantial and warrants

Acute gastroenteritis (AGE) is among the top causes of
childhood morbidity and mortality worldwide, ac-
counting for an estimated 1.8 million deaths among
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children aged <5 years [1]. Rotavirus is estimated to
account for more than one-half a million of these di-
arrhea-related deaths each year [2—4]. Although deaths
due to rotavirus are uncommon in industrialized coun-
tries, rotavirus remains an important cause of morbid-
ity in young children. For example, among children
aged <5 years in the United States, it is estimated that
rotavirus infection causes 20-60 deaths, 55,000-70,000
hospital admissions, and 600,000 outpatient visits an-
nually [5].

To prevent the high morbidity and mortality asso-
ciated with rotavirus infection, 2 new vaccines—
RotaTeq (Merck) and Rotarix (GlaxoSmithKline)—
have been licensed for use in >80 countries worldwide.
In prelicensure trials, each of these vaccines demon-
strated high efficacy (85%-98%) against severe rota-
virus disease [6, 7]. Currently, neither vaccine is li-
censed for use in Japan. Although rotavirus appears to

S140 + JID 2009:200 (Suppl 1) * Kamiya et al
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A, Distribution of hospitalizations for acute gastroenteritis (AGE), stratified by fecal testing for rotavirus (RV), in Mie National Hospital,

Japan, 2003-2007. B, Distribution of hospitalizations for AGE, stratified by fecal testing for RV, in Yamada Red Cross Hospital, Japan, 2003-2007.

be an important cause of severe AGE among children in Japan
[8-10], limited information is available on the full burden of
rotavirus disease.

To estimate the health burden and to understand the epi-
demiology of rotavirus disease in Japanese children, we ex-
amined retrospective data for a 5-year period on rotavirus lab-
oratory testing among children hospitalized with AGE at 2
sentinel hospitals in central Japan. We estimated the incidence
of hospitalizations for rotavirus in the population served by
these hospitals and then extrapolated data from our study to
generate national estimates of hospitalizations for rotavirus in
Japanese children. Our data will help physicians and policy
makers to assess the potential value of introducing rotavirus
vaccination in Japan.

MATERIALS AND METHODS

Study hospitals.
tions for AGE at 2 hospitals in Mie Prefecture, Japan: Mie
National Hospital (MNH) in Tsu city and Yamada Red Cross
Hospital (YRCH) in Ise city. We chose these hospitals because
they are the main facilities for treatment of infectious disease

We retrospectively reviewed all hospitaliza-

for pediatric patients in these 2 cities, and most patients from
these cities with severe diarrhea who need to be hospitalized

are admitted to these hospitals. Institutional review boards at
MNH, YRCH, and Emory University (Atlanta, GA) approved
the study.

Hospital discharge data.
discharge logbooks or discharge summaries to collect infor-
mation on children aged <5 years who were hospitalized with
AGE during the 5-year period from 1 January 2003 through
31 December 2007. We additionally reviewed laboratory log-

For each hospital, we reviewed

books or medical charts, to confirm the diagnosis, and rapid
test results for rotavirus infection. For all children hospitalized
with AGE, we obtained information from their discharge sum-
mary and/or their medical chart on age, sex, month of ad-
mission, duration of hospital stay, city where they lived, symp-
toms at hospitalization, and whether fecal testing for rotavirus
was performed.
Laboratory data. By reviewing either the medical record
or the laboratory testing logbook, we determined whether fecal
testing was performed for children with AGE, and if so, we
abstracted the test results. At MNH, stool samples were tested
using a commercially available enzyme immunoassay (Rapid-
testa; Daiichi Pharmaceutical [currently Sekisui Medical}); sen-
sitivity was 92% and specificity was 100%, compared with using
an electron microscope [11]. At YRCH, samples were tested

Hospitalization for Rotavirus AGE in Japan ¢ JID 2009:200 (Suppl 1) « S141
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Figure 2. A, Distribution of rotavirus-positive acute gastroenteritis cases in Mie National Hospital, Japan, by month of admission, 2003-2007. B,
Distribution of rotavirus-positive acute gastroenteritis cases in Yamada Red Cross Hospital, Japan, by month of admission, 2003-2007.

using a commercial latex agglutination test (Rota-Adeno Dry;
Daiichi Pharmaceutical [currently Sekisui Medical]); sensitivity
was 93.5% and specificity was 98.9%, compared with using an
electron microscope [12].

Population census data. From the 2005 census, we ob-
tained data on the population of children aged <5 years for
the 2 cities that are served by the 2 sentinel hospitals (Tsu city,
12,549; Ise city, 5755) and for the entire Japanese national
population of children aged <5 years (5,578,087).

Data analysis. We compared the demographic character-
istics of children hospitalized for AGE who were tested for
rotavirus and those who were not tested. Then, we estimated
the number of rotavirus AGE cases among the group that was
not tested for rotavirus by extrapolating results from the tested
group to the untested group, adjusting for the month of the

year and for age. We added the number of rotavirus AGE cases

estimated in the untested group to the number of laboratory-
confirmed rotavirus AGE cases in the tested group to calculate
the total number of rotavirus AGE cases. This estimate of total
rotavirus AGE cases was used to determine the proportion of
all hospitalizations of patients with AGE attributable to rota-
virus and to calculate the incidence of hospitalizations for ro-
tavirus AGE in the 2 cities. Finally, incidence in these 2 cities
was applied to national population data to estimate the number
of hospitalizations for rotavirus AGE in Japan. Annual inci-
dence was calculated using the total number of rotavirus-pos-
itive AGE cases during the study period as the numerator and
using the population aged <5 years times 5 person-years as the
denominator. Similarly, we used the total number of rotavirus-
positive AGE cases during the study period as the numerator
and the population aged <5 years as the denominator to cal-
culate the risk of hospitalization per child by age 5 years.
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Figure 3. Cumulative age distribution of children aged <5 years hospitalized for rotavirus acute gastroenteritis; Mie National Hospital (MNH) and

Yamada Red Cross Hospital {YRCH) in Mie Prefecture, Japan, 2003-2007.

RESULTS

AGE admissions and rotavirus testing. At MNH, specific age
data on all patients were available for only 2 study years (Jan-
uary 2006-December 2007). A total of 1784 patients aged <5
years were discharged from the hospital during this period, and
21% of these discharges were for AGE. At YRCH, from January
2003 through December 2007, 3330 patients aged <5 years were
discharged, and 17% of discharges were for AGE.

At MNH, 584 (76%) of the 773 patients with AGE during
the 5-year study period were admitted from December through
May (ie, rotavirus “peak-season” months), and 189 (24%) were
admitted from June through November (ie, rotavirus “off-sea-
son” months) (Figure 1A). Of the 584 patients with AGE who
were admitted during the peak season, 454 (78%) had a stool
specimen tested for rotavirus, and of those tested, 249 (55%)
were positive for rotavirus. By contrast, of the 189 patients
admitted during the off-season, 97 (51%) had a stool specimen
tested for rotavirus, but only 2 (2%) tested positive. The mean
age of the 251 patients with rotavirus AGE was 21 months
(median age, 17 months), and 200 (80%) were hospitalized for
2-4 days.

Similar to MNH, 411 (74%) of the 556 patients with AGE
were admitted to YRCH during the rotavirus peak season. Of
the 411 patients, 327 (80%) had a stool specimen tested for
rotavirus, and 194 (59%) had a positive test result (Figure 1B).
Of all admissions for AGE at YRCH, 145 (26%) occurred dur-
ing the off-season. Of these patients, 83 (57%) had samples
tested for rotavirus, and only 8 (10%) tested positive. The mean
age of the 202 patients with rotavirus AGE was 21 months
(median age, 17 months), and 171 (85%) were hospitalized for
2-4 days.

Seasonality of hospitalizations for rotavirus AGE. The sea-
sonal trends in hospitalizations for rotavirus-positive AGE at
the 2 hospitals are shown in Figure 2. Overall, the number of
rotavirus AGE cases at both hospitals started to increase in
December, most often peaked in March, and returned to base-
line during May—June. Except for in 2004, the peak months of
hospitalization for rotavirus AGE were similar between the
hospitals.

Age distribution of patients hospitalized for rotavirus AGE.
The cumulative age distribution of children aged <5 years who
were hospitalized for rotavirus AGE at MNH and YRCH is
shown in Figure 3. Of all rotavirus AGE cases in this group,
<10% occurred in children aged <6 months. Approximately
30% were hospitalized by age 1 year, and 60% were hospitalized
by age 2 years.

Evaluation of testing practices and adjusted estimates of
rotavirus disease burden. At both hospitals, >70% (MNH,
551 [71.3%] of 773; YRCH, 410 [73.7%] of 556) of children
aged <5 years who were admitted with AGE were tested for
rotavirus (Figure 1). However, ~30% were not tested, and we
were unable to assess the burden of rotavirus disease among
these patients. Therefore, we examined demographic charac-
teristics of patients who were tested for rotavirus and those
who were not tested, to determine whether these groups were
similar, so that the testing results could be extrapolated to hos-
pitalizations without rotavirus testing. Because ~80% of the
testing was performed during the peak season (MNH, 454
[82.4%] of 551; YRCH, 327 [79.8%] of 410) and very few cases
were detected during the off-season (MNH, 2 cases; YRCH, 8
cases), we limited our comparison of the 2 groups to children
admitted to the hospitals during the peak season.
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Table 1.

Characteristics of Children Hospitalized for Acute Gastroenteritis, by Hospital and Status of Fecal Testing for Rotavirus,

December-May, 2003-2007, at Mie National Hospital and Yamada Red Cross Hospital, Japan

Mie National Hospital

Yamada Red Cross Hospital

{n = 584) (n=411)
Tested for rotavirus  Not tested for rotavirus Tested for rotavirus  Not tested for rotavirus

Characteristic (n = 454) (n = 130) P {n = 327) {n = 84) P
Age group, months <.001 <001

0-5 36 (7.9 4 @1 40 (12.2) 7 {8.3)

6-11 115 (25.3) 16 (12.3) 68 (20.8) 9 (10.7)

12-23 163 {35.9) 44 (33.8) 116 (35.5) 27 (32.1)

24-35 70 {15.4) 22 {(16.9) 8 (14.7) 7 (8.3)

36-59 70 (16.4) 44 (33.8) 5(16.8) 34 (40.5)
Sex: male 266 (66.4) 75 (567.7) 79 183 (66.0) 47 (66.0) .998
Month of admission <.001 <.001

January 8 (10.6) 14 (10.8) 46 (14.1) 5 (29.8)

February 80 (17.6) 18 {13.8) 75 (22.9) 4 (16.7)

March 104 (22.9) 22 (16.9) 86 (26.3) 5 (6.0)

April 106 (23.3) 20 (15.4) 59 (18.0) 12 (14.3)

May 42 (9.3) 7 (5.4) 31 (9.5) 9 (10.7)

December 74 (16.3) 49 (37.7) 31 (9.5) 19 (22.6)

NOTE. Data are no. {%) of children, unless otherwise indicated.

In both hospitals, children hospitalized with AGE who were
tested for rotavirus were similar in sex to those who were not
tested, but the 2 groups differed in age and the month of
admission (Table 1). To extrapolate testing results to the un-
tested group at both hospitals, we applied age-specific and ad-
mission month~specific proportions of rotavirus-positive tests
to the corresponding number of untested children hospitalized
at the hospitals in each age group and each month.

Using this method, we estimated an additional 53 cases of
rotavirus AGE at MNH and 42 cases at YRCH among patients
with AGE who were not tested for rotavirus. Thus, even under
the assumption of no case occurrence of rotavirus AGE among
the untested children during the off-season, we estimated that,
at MNH, 304 (39.3%) of 773 hospitalizations for AGE year-
round and 302 (51.7%) of 584 hospitalizations for AGE from
December through May were caused by rotavirus. Similarly, we
estimated that, at YRCH, 244 (43.9%) of 556 hospitalizations
for AGE year-round and 236 (57.4%) of 411 hospitalizations
for AGE from December through May were caused by rotavirus.
Even without extrapolation, the actual measured burden of
rotavirus disease was substantial. Among laboratory-confirmed
cases alone, 251 (32.5%) of 773 AGE cases for which a patient
was admitted throughout the year at MNH and 202 (36.3%)
of 556 AGE cases for which a patient was admitted at YRCH
were attributable to rotavirus.

Estimation of incidence of hospitalizations for rotavirus
AGE in Tsu and Ise.
talizations for rotavirus AGE in Tsu and Ise cities, we restricted

To determine the incidence of hospi-

our analysis to the 449 patients with AGE who resided in Tsu

and were hospitalized at MNH and the 250 patients with AGE
who resided in Ise and were hospitalized at YRCH. We ex-
trapolated the test results to the children who were not tested
for rotavirus, to estimate the total number of rotavirus AGE
cases that occurred in those patients residing in Tsu and Ise
(data not shown). Using stool testing, we identified 196 hos-
pitalizations for rotavirus-positive AGE among children living
in Tsu, and by extrapolation to the untested group, we estimated
an additional 44 hospitalizations, for a total of 240 hospitali-
zations for rotavirus AGE. Among children living in Ise, we
identified 118 hospitalizations for rotavirus-positive AGE, and
by extrapolation to the untested group, we estimated an ad-
ditional 22 hospitalizations, for a total of 140 hospitalizations
for rotavirus AGE. The testing-unadjusted and -adjusted in-
cidence rates for hospitalization for rotavirus AGE in Tsu were
3.1 hospitalizations per 1000 person-years (95% confidence in-
terval [CI], 2.3-4.2 hospitalizations per 1000 person-years) and
3.8 hospitalizations per 1000 person-years (95% CI, 2.8-5.1
hospitalizations per 1000 person-years), respectively. In Ise,
testing-unadjusted and -adjusted rates were 4.1 hospitalizations
per 1000 person-years (95% CI, 2.7-6.0 hospitalizations per
1000 person-years) and 4.9 hospitalizations per 1000 person-
years (95% CI, 3.4-7.0 hospitalizations per 1000 person-years),
respectively (Table 2).

Finally, we calculated the adjusted incidence of hospitaliza-
tion for rotavirus AGE by age group (Figure 4). In both cities,
the incidence of hospitalization for rotavirus AGE was greatest
among children aged 6-23 months.
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Table 2. Population-Based Figures for Hospitalizations for Rotavirus-Positive Acute Gastroenteritis in Tsu and Ise Cities,

Mie Prefecture, Japan, 2003-2007

Crude {unadjusted) incidence

Adjusted incidence Risk of hospitalization

Population” aged

OR {(95% Cl} per

OR (95% CI) per per child by age

City <5 years No. of cases 1000 person-years®  No. of cases 1000 person-years® 5 years
Tsu 12,549 196 3.1(2.3-4.2) 240.0 3.8 (2.8-5.1) 1in 50
Ise 5755 118 4.1 (2.7-6.0) 140.8 4.9 (3.4-7.0) 1in 36

NOTE. Cl, confidence interval; OR, odds ratio.

& Numbers are from 2005 Japanese census data.
e By Fisher's exact test.

DISCUSSION

Testing for rotavirus is not routinely performed for patients
hospitalized with AGE, because it adds cost without substan-
tially altering treatment. At the 2 study hospitals, high rates of
routine rotavirus testing allowed us to demonstrate clearly the
substantial burden of rotavirus disease among children hos-
pitalized with AGE. At these hospitals, rotavirus-associated
AGE caused 6.1%-6.8% of all hospitalizations among children
aged <5 years. Implementation of the new rotavirus vaccines,
which demonstrated an efficacy of 59% against all-cause AGE
and 85%-95% against severe rotavirus disease, could prove to
be a potentially useful strategy to improve children’s health in
Japan.

Among children who were tested for rotavirus during the
winter months, 55%—-59% tested positive for rotavirus. By ex-
trapolating laboratory testing results to the untested group and
by adjusting for differences between the groups, we estimated
that 39%-44% of year-round hospitalizations for AGE and
52%-57% of hospitalizations for AGE during the peak winter
months were associated with rotavirus disease. These data trans-
lated into incidence rates of hospitalization for severe rotavirus
disease in Tsu city and Ise city in Mie Prefecture, Japan, of 3.8
and 4.9 hospitalizations per 1000 person-years, respectively. In
other words, we estimated that, by age 5 years, 1 in 50 children
born in Tsu and 1 in 36 children born in Ise would be hos-
pitalized with rotavirus AGE. Extrapolation of this incidence
to national population data yielded an estimate of 25,000 hos-
pitalizations for rotavirus AGE among Japanese children aged
<5 years. From previously reported average direct medical costs
of a single hospitalization for rotavirus AGE in Japan (¥136,000
[$1236]) [10], the direct cost of hospitalizations for rotavirus
would be ~¥3.4 billion ($31 million) annually.

The observed rate of detection of rotavirus among children
hospitalized with AGE is consistent with rates in 2 reviews of
the scientific literature from 1986-1999 and 2000-2004 that
reported a median rotavirus detection rate of 38%-40% among
studies in high-income countries [3, 4]. The adjusted incidence
of hospitalization for rotavirus AGE in Tsu and Ise is also

comparable to rates reported from other industrialized coun-
tries, such as Sweden (3.7 hospitalizations per 1000 person-
years) [13], Denmark (2.4 hospitalizations per 1000 person-
years) [14], and the United States (2.7 hospitalizations per 1000
person-years) [15]. However, compared with a prospective ac-
tive surveillance study conducted at 3 sentinel hospitals in Akita
prefecture in Japan during 2001-2002 [10], our study showed
lower rates of both overall rotavirus detection among children
hospitalized with AGE (39%-44% vs. 55%) and the incidence
of hospitalizations for rotavirus (3.8-4.9 vs. 7.9~17.6 hospital-
izations per 1000 person-years). These differences could be
attributable to several factors, including variation in practices
of hospitalization and emergency department care; better qual-
ity or timeliness of specimen collection in prospective active
surveillance, compared with in our retrospective review; dif-
ferences in the sensitivity of the enzyme immunoassays used
to detect rotavirus; or real differences in the epidemiology of
disease during the 2 study periods. Of note, rotavirus detection
rates among children hospitalized with AGE in the active sur-
veillance study in Akita Prefecture were 25%, 64%, and 74%
at the 3 study hospitals, highlighting the potential for variability
among sites.

Some limitations should be considered when our results are
interpreted. First, although we do not believe this practice is
common, it is possible that some children living in these 2
cities, especially Tsu, sought care for AGE at other hospitals in
adjacent cities, instead of at MNH and YRCH. If so, this would
have led us to underestimate the incidence of hospitalization
for rotavirus AGE. Second, because of substantial variation in
recording practices at these hospitals, we were unable to collect
detailed data on the clinical features and severity of AGE cases.
Third, data from these 2 sites may not be representative of
Japan, which could limit the generalizability of our results to
the national population. Finally, because of the retrospective
nature of our study, we could not ascertain the quality and
timing of collection of stool specimens from patients with AGE,
which may have led to somewhat lower detection rates of ro-
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