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SUMMARY: One concern about rotavirus vaccines is its possible association with intussusception.
Thus, it is necessary to determine the baseline incidence for intussusception in the first year of life in
places where rotavirus vaccines are introduced. However, few safety data exist for the period at which
the first dose of Rotarix and RotaTeq are allowed to administer in Japan. The first dose of Rotarix is
scheduled to administer at 6–20 weeks of age and that of RotaTeq is scheduled to administer at 6–24
weeks of age; the upper limits for these vaccines is later than the upper limit recommended by the World
Health Organization by 5 and 9 weeks, respectively. We performed a retrospective cross-sectional study
by reviewing medical charts of all hospitals that provided pediatric beds in Akita Prefecture, Japan, and
identifying the cases of intussusception that met the Brighton criteria level 1 in these hospitals between
January 2001 and December 2010. During this 10-year period, 122 children younger than 1 year of age
were diagnosed with intussusception. The incidence of intussusception was estimated at 158 per 100,000
person-years among children younger than 1 year (95z confidence interval, 131–188), 10 per 100,000
person-years for children aged 0–2 months, 165 for children aged 3–5 months, and 300 for children aged
6–8 months. This rapid and substantial increase in the incidence of intussusception during the first year
of life should be considered when formulating the immunization schedule for administering rotavirus
vaccines in Japan.
INTRODUCTION
Intussusception is a pathological condition in which
one portion of the intestine invaginates into an adjacent
segment of the intestine, leading to a strangulating obstruction. It is a pediatric emergency in infants and
shows a peak in occurrence in infants aged at 6–8
months with no apparent seasonality (1,2). This condition received much attention when a tetravalent
rotavirus vaccine, RotaShield (Wyeth-Lederle Vaccines
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and Pediatrics) (3), was suspected to cause intussusception in approximately 1 in 10,000 vaccine recipients,
resulting in the withdrawal of this vaccine from the market in the United States (2,4–6). Consequently, large,
phase III clinical trials, each recruiting more than
60,000 infants were conducted, and their results showed
that two succeeding rotavirus vaccines, Rotarix
(GlaxoSmithKline Biologicals, Rixensart, Belgium) and
RotaTeq (Merck & Co., Whitehouse Station, N.J.,
USA), were safe with respect to intussusception (7,8).
However, a recent post-licensure study from Mexico
showed that Rotarix was associated with a small yet
statistically significant risk of intussusception at approximately 1 in 51,000 vaccinated children in the first
week after the first dose (9). A small risk of intussusception at 1 in 68,000 vaccinated children in the first week
after the second dose of this vaccine was reported from
Brazil (9). Further, studies conducted in Australia
showed a link between RotaTeq and intussusception
with a relative risk of 5.26 (95z confidence interval
[CI], 1.1–15.4) in the first week and a relative risk of 3.5
(95zCI, 1.3–7.6) in the first 3 weeks after the first dose
(10). Thus, it is inferred from these recent studies that
any orally administered rotavirus vaccine will probably
carry some detectable risk of intussusception (9). Therefore, it is important that the risk of intussusception
(potentially attributable to rotavirus vaccine) should be
assessed in balance with the benefit of rotavirus vaccine
in preventing deaths and hospitalization due to rotavirus diarrhea at the national level because the ratios of
benefit to risk may vary from one country to another
(9,11).
Since the two currently licensed rotavirus vaccines
carry a small risk of intussusception, it is critical to
know the number of intussusception cases that will occur by chance alone in the week of administration of the
vaccine should be determined in order to correctly assess
the attributable risk of the vaccine in the population at
large. A previous study showed that the incidence of intussusception in the first year of life is 185 per 100,000
person-years in Japan (12); this incidence is 3–5 times
higher than that reported from the United States (13,14)
and Australia (15). Nevertheless, the prescribing information in Japan allows practitioners to administer the
first dose of Rotarix to children aged between 6 and 20
weeks, an age 6 weeks later than the age recommended
for the first dose of Rotarix by the Advisory Committee
on Immunization Practices (ACIP) of the United States
(16) and in Australia (17) and 5 weeks later than the age
recommended by the World Health Organization
(WHO) (18). In this retrospective hospital-based crosssectional study, we calculated the incidence of intussusception in Japan with a tighter 95z CI and determined how the incidence of intussusception changed
during the first year of life. The information generated
in this study can be used to formulate the immunization
schedule for administering rotavirus vaccines in Japan.

curred in this prefecture during the study period of 10
years. Akita Prefecture has a population of 1,080,000,
accounting for approximately 0.9z of the total population of Japan, and is located in the northwestern coast
of the main island. The west side of the prefecture faces
the Sea of Japan while its northern, eastern, and
southern borders are separated from the neighboring
prefectures by mountain ranges. This geographic location allowed us to assume that the patients with intussusception were presented or treated in the medical
facilities within the prefecture.
We asked the senior pediatricians of the 22 hospitals
in Akita Prefecture that had pediatric beds for the initial
identification of the patients who had intussusception
and were 15 years old or younger. In each hospital,
computer-based screening of the health insurance claims
was performed using intussusception at the primary or
any secondary diagnosis as the keywords. The questionnaire for each case patient was then filled out by the
senior pediatrician of the hospital after examining the
description of radiographic records as well as signs and
symptoms in the hospital chart. These case questionnaires were sent to the principal investigator of the study
(A.N.), and each case was ascertained according to the
diagnostic certainty defined by the Brighton Collaboration Intussusception Working Group (19).
A case of intussusception was defined as a child who
was admitted to one of the 22 hospitals in Akita Prefecture during the period between January 2001 and December 2010 with the discharge diagnosis of acute intussusception. Medical chart review was conducted to include only cases that were confirmed by the presence of
characteristic findings upon radiological examination
with liquid contrast enema (either barium or gastrografin) or air enema or by the presence of invagination at surgery (the level 1 of diagnostic certainty according to the Brighton criteria) in the final analysis
(19). Only those patients who were younger than 1 year
of age and who resided in Akita Prefecture were included in the final analysis. Further, we ensured that the
same patient was not counted more than once in the final analysis.
To calculate the incidence of intussusception during
the study period, the total number of patients was divided by the person-years for the study period, which was
the sum of the number of live births from 2001 to 2010
without any adjustment (taken into account a small infant mortality that fluctuated between 1.9 and 3.0 per
1,000 live births over the study period). The Poisson
model was used to calculate the 95z CI of incidences.
The number of live births was obtained from the vital
statistics data of Akita Prefecture, which continuously
decreased by 25z from 8,873 in 2001 to 6,688 in 2010
(7,744 on average). If the same child had intussusception in more than one occasion (n ＝ 3), we counted
only the first event for the calculation of incidences.
This study was approved by the institutional review
board of Graduate School of Medicine, Akita University.

MATERILAS AND METHODS
A retrospective cross-sectional study was conducted
in all hospitals possessing pediatric beds in Akita
Prefecture between January 2001 and December 2010
with an aim to identify all intussusception cases that oc-

RESULTS
For the period of 10 years between January 2001 and
December 2010, we identified 122 children who were
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Fig. 2. Age distribution of intussusception patients among children younger than 1 year of age in Akita Prefecture, Japan, between 2001 and 2010.

Table 2. Number of cases and incidence rate of intussusception
among children equal or younger than 24 weeks of age in Akita
Prefecture, Japan, between 2001 and 2010

Fig. 1. Flow diagram from children initially retrieved in hospital
record as having intussusception to the final cases ascertained
by the principal investigator.

Age (week)
6–122)
6–143)
6–154)
16–205)
21–24

Table 1. Number of cases and incidence rate of intussusception
among children younger than 1 year of age in Akita Prefecture,
Japan, between 2001 and 2010
Age (month) No. of cases Person-years Incidence rate1) 95z CI
0–2
3–5
6–8
9–11

2
32
58
30

19,359
19,359
19,359
19,359

10
165
300
155

1.3–37
113–233
228–387
105–221

Total

122

77,436

158

131–188

1):

1):
2):
3):
4):
5):

Incidence rates are expressed as cases per 100,000 personyears.

younger than 1 year of age and were diagnosed with intussusceptions according to the level 1 certainty of the
Brighton criteria (Fig. 1). Thus, the average incidence
of intussusception during this 10-year period in Akita
Prefecture was calculated as 158 per 100,000 personyears (95z CI, 131–188) in the first year of life (Table
1). The age distribution of the patients with intussusception showed that intussusception peaked between 7 and
8 months of age, but only 2 patients were recorded in
the first 3 months of age (0–2 months of age), confirming that infants younger than 3 months of age were unlikely to have naturally occurring intussusception (Fig.
2). The incidence for the first 3 months of life (0–2
months of age) was 10 patients per 100,000 person-years
(Table 1). The number of patients sharply increased
from 3 months of age, and the number of patients between 3 and 5 months of age comprised a 26z of all
patients younger than 1 year of age (Fig. 2). For the
period of 3–5 months of age, the incidence increased to
165 per 100,000 person-years (Table 1), a 16-fold increase from the incidence for the period of 0–2 months
of age. The incidence between 6 and 8 months of age
(the peak occurrence of intussusception) was calculated
as 300 per 100,000 person-years (Table 1).
More precise incidence for weeks of age was calculated for naturally occurring intussusception; the periods

No. of cases Person-years Incidence rate1) 95z CI
1
3
5
11
14

10,395
13,365
14,850
7,425
5,940

10
22
34
148
236

0.2–54
5–66
11–79
74–265
129–395

Incidence rates are expressed as cases per 100,000 personyears.
The age period for the first dose of Rotarix vaccination recommended in Europe (20).
The age period for the first dose recommended by ACIP of the
United States (16).
The age period for the first dose recommended by the WHO
(18).
The period in which the first dose of Rotarix is allowed only in
Japan according to the package insert.

of weeks of age were selected after considering the various periods when the first dose of Rotarix and RotaTeq
is administered, on recommendation by various recommendation bodies (Table 2). The incidence was calculated as 10 per 100,000 person-years for the 7-week period
from 6 to 12 weeks and 6 days of age, the period for the
first dose of Rotarix vaccination recommended in Europe (20). The incidence doubled (22 per 100,000 person-years) for the 9-week period from 6 to 14 weeks and
6 days of age, the period for the first dose recommended
by ACIP of the United States (16). A further increase in
incidence was expected if the first dose was administered
at age of 6–15 weeks, in accordance with the WHO's
recommendation (18). A substantially higher incidence
of intussusception was expected in the period between
16 and 20 weeks and 6 days, the period in which the first
dose of Rotarix is allowed to be administered only in
Japan (Table 2).
DISCUSSION
This study confirmed and extended the findings of a
preceding study conducted over a 25-year period in one
sentinel hospital in Akita Prefecture, Japan; that study
reported a high incidence of intussusception (185 per
100,000 person-years; 95zCI, 133–251) (12). While the
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incidence calculated in the present study was slightly
lower (158 per 100,000 person-years), the prefecturewide survey allowed us to have a much tighter 95z CI
of 131–188. The incidence of intussusception in Japan
was again shown to be 2- to 3-fold higher than those
reported in the United States (18–56 per 100,000 live
births) (13,14), and Australia (71 per 100,000 º1 year
of age population) (15). The incidence in Japan is slightly higher than that in some European countries such as
the United Kingdom (120 per 100,000 º1 year of age
population) (21), the Netherlands (110 per 100,000 live
births) (22), and Denmark (78–123 per 100,000 º1 year
of age population) (23). Some countries have a higher
incidence of intussusception, e.g., Vietnam (302 per
100,000 º1 year of age population) (15) and Israel (224
per 100,000 live births) (24). While these variations in
the incidence of intussusception are known to exist (1),
the cause is poorly understood (15).
Considering the global introduction of rotavirus vaccine, accurate information on the background rate of
intussusception is fundamental to address the issue of
the risk of intussusception attributable to rotavirus vaccine. If it is assumed that a finite risk of intussusception
is associated with the administration of rotavirus vaccine, at least two key questions must be considered.
First, does the risk of intussusception attributable to
rotavirus vaccine increase among children who become
the month-of-age at which the incidence of naturally occurring intussusception is high? Second, does the relative risk of intussusception increase in countries where
the baseline incidence of intussusception is high? While
these two questions are yet to be answered, it is clear
that the number of intussusception cases that occur by
chance alone will increase in the week after administration of rotavirus vaccine if the vaccine is administered to
children who become the month-of-age at which the incidence of naturally occurring intussusception is high
and will be larger if the vaccine is administered to children in countries where the baseline incidence of intussusception is high. Keeping these facts in mind, we calculated the incidence rates of naturally occurring intussusception in specific week-of-age periods relevant to
the Rotarix and RotaTeq vaccination schedules (Table
2). Clearly, the background incidence of intussusception
rapidly and substantially increased as the period for the
first dose was expanded. Thus, each year, 2 intussusception cases will occur during the week of vaccination by
chance alone if the entire birth cohort of the country
(approximately 1,070,000) is administered the first dose
during 6–12 weeks and 6 days of age. In contrast, the 7
intussusception cases will develop during the week of
vaccination by chance alone if the first dose is administered according to the WHO's recommendation. If
a small portion, e.g., 20z of the birth cohort is administered the first dose of Rotarix during 16–20 weeks
of age, the period in which the first dose is allowed only
in Japan, and the rest (80z) of the cohort receive the
vaccine during 6–15 weeks of age, 12 intussusception
cases will develop in the week of vaccination by chance
alone.
To prevent concurrent occurrence of intussusception
cases in the week of vaccination by chance alone, administration of the first dose of rotavirus vaccine should
be restricted to children before 13 weeks of age as

recommended in Europe (20) or to children before 15
weeks of age as recommended by the ACIP of the United States (16) and in Australia (17). However, in the absence of an official recommendation body for immunization practices in Japan, practitioners administer the
first dose of Rotarix to children as old as 20 weeks of
age and of RotaTeq to children as old as 24 weeks of
age.
This study has a few limitations. First, the retrospective design might lead to underestimation of the number
of cases due to insufficient records in the hospital chart.
Second, the number of cases is not large enough to address the incidence for specific periods within the first
year of life with tight 95z CIs. Third, while this study
showed a high incidence of intussusception in Akita
Prefecture, caution may be required when extrapolating
this incidence to the entire nation. Fourth, the hospital
records for the first 5-year period (2001–2005) could not
be retrieved for one hospital that covered 3.8z of the
total birth cohort of Akita Prefecture, leading to underestimation of the incidence. Fifth, two patients
whose residence was outside of Akita Prefecture were
excluded. We suspect that a few converse patients might
have visited neighboring prefectures to seek medical interventions. Thus, this may led to underestimation.
In conclusion, this study showed a high incidence of
intussusception in the first year of life in Japan. While
infants younger than 3 months of age were unlikely to
have naturally occurring intussusception, the incidence
increased by 15-fold in the following 3-month period
(3–5 months of age). Our results provide important information that should be considered when formulating
the immunization schedule for administering rotavirus
vaccine in Japan.
Note added in proof An addendum was provided to the package
inserts of both Rotarix and RotaTeq for use in Japan on April 24,
2012: the first dose is recommended to administer by the age of 14
weeks and 6 days.
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