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ABSTRACT

Background Intussusception is a form of intestin-
al obstruction in which a segment of the bowel pro-
lapses into a more distal segment. Our investigation
began on May 27, 1999, after nine cases of infants who
had intussusception after receiving the tetravalent
rhesus—human reassortant rotavirus vaccine (RRV-TV)
were reported to the Vaccine Adverse Event Report-
ing System.

Methods In 19 states, we assessed the potential
association between RRV-TV and intussusception
among infants at least 1 but less than 12 months old.
Infants hospitalized between November 1, 1998, and
June 30, 1999, were identified by systematic reviews
of medical and radiologic records. Each infant with
intussusception was matched according to age with
four healthy control infants who had been born at
the same hospital as the infant with intussusception.
Information on vaccinations was verified by the pro-
vider.

Results Data were analyzed for 429 infants with
intussusception and 1763 matched controls in a case—
control analysis as well as for 432 infants with intus-
susception in a case-series analysis. Seventy-four of
the 429 infants with intussusception (17.2 percent) and
226 of the 1763 controls (12.8 percent) had received
RRV-TV (P=0.02). An increased risk of intussusception
3 to 14 days after the first dose of RRV-TV was found
in the case—control analysis (adjusted odds ratio, 21.7;
95 percent confidence interval, 9.6 to 48.9). In the case-
series analysis, the incidence-rate ratio was 29.4 (95
percent confidence interval, 16.1 to 53.6) for days
3 through 14 after a first dose. There was also an in-
crease in the risk of intussusception after the second
dose of the vaccine, but it was smaller than the in-
crease in risk after the first dose. Assuming full im-
plementation of a national program of vaccination with
RRV-TV, we estimated that 1 case of intussusception
attributable to the vaccine would occur for every 4670
to 9474 infants vaccinated.

Conclusions The strong association between vac-
cination with RRV-TV and intussusception among oth-
erwise healthy infants supports the existence of a
causal relation. Rotavirus vaccines with an improved
safety profile are urgently needed. (N Engl J Med 2001;
344:564-72.)

Copyright © 2001 Massachusetts Medical Society.

564 - N Engl ] Med, Vol. 344, No. 8 - February 22, 2001 -

OTAVIRUS causes severe gastroenteritis

and affects most infants in the United

States. There are an estimated 3.5 million

cases annually among children less than five
years of age in this country, leading to 500,000 of-
fice visits, 50,000 hospitalizations, and approximate-
ly 20 deaths.! The morbidity and mortality associated
with rotavirus infection are much greater in develop-
ing countries.?

In prelicensing trials in the United States, the tet-
ravalent rhesus—human reassortant rotavirus vaccine
(RRV-TV; RotaShield, Wyeth Lederle Vaccines, Phil-
adelphia) was 80 percent or more effective in pre-
venting severe rotavirus gastroenteritis in infants.3-5
Although side effects (fever, irritability, decreased ap-
petite, and abdominal cramping) were more common
among recipients of RRV-TV three to five days after
the first dose than among recipients of placebo, the
vaccine was generally well tolerated.s In 27 prelicens-
ing trials of candidate rotavirus vaccines, 5 cases of
intussusception, a rare form of bowel obstruction in
which a portion of the bowel prolapses into a more
distal portion, were reported among 10,054 infants
who received the vaccine (0.05 percent), as compared
with 1 case among 4633 recipients of placebo (0.02
percent, P>0.45).7

On August 31, 1998, the Food and Drug Admin-
istration approved RRV-TV, which was recommended
for use at two, four, and six months of age.*8 Intus-
susception was listed as a possible adverse reaction in
the manufacturer’s product insert and in the published
recommendations of the Advisory Committee on Im-
munization Practices of the Centers for Disease Con-
trol and Prevention (CDC) and the American Acad-
emy of Pediatrics.*® In October 1998, distribution of
RRV-TV began. Between this time and May 27, 1999,
the Vaccine Adverse Event Reporting System received
nine reports of intussusception among infants given
RRV-TV, as compared with only four reports overall
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in the seven years before the introduction of this
vaccine. This information prompted the temporary
suspension of vaccination against rotavirus and the
initiation of a case—control investigation to evaluate
the potential association between the vaccine and in-
tussusception.®1? We report here the results of that
case—control investigation.

METHODS

The investigation was carried out in the 19 states (California,
Georgia, Illinois, Indiana, Maryland, Michigan, Minnesota, Missou-
ri, Nebraska, New Jersey, New York, North Carolina, Ohio, Penn-
sylvania, South Carolina, Tennessee, Texas, Virginia, and Wisconsin)
where 80 percent of the RRV-TV had been distributed, according
to the manufacturer. Because the investigation was initiated in re-
sponse to a public health emergency, it did not require review by
an institutional review board at the CDC. Nevertheless, all safe-
guards for the protection of subjects and the preservation of con-
fidentiality were observed, and oral informed consent was obtained
from the parents or guardians of all the infants.

Infants with Intussusception

To select infants with intussusception for the study, we ranked
hospitals in the 19 states according to the number of discharge
diagnoses of intussusception during the three years before the study
period. Hospitals accounting for approximately 75 percent of these
discharge diagnoses were selected to provide cases for the study.
Infants at these hospitals who had had intussusception were then
identified from medical records with the use of a code from the
International Classification of Diseases, Ninth Revision (intussus-
ception [560.0]), from logbooks of radiologic procedures, or from
medical records with use of Current Procedural Terminology (ther-
apeutic enema for the reduction of intussusception [code 74283 ],
barium enema [74270], or air—contrast barium bowel examina-
tion [74280]).

Infants were eligible for the study if they had been hospitalized
with intussusception during the study period (November 1, 1998,
to June 30, 1999), if they were at least 1 but less than 12 months
old at the time of hospitalization, and if the diagnosis had been
confirmed by a radiologic procedure, at surgery, or at autopsy. In-
fants were excluded if the family did not reside in the United States.
To preserve the independence of the results, we also excluded in-
fants who were members of the Northern California Kaiser Perma-
nente Medical Group, in which postlicensure surveillance was be-
ing conducted for adverse events after vaccination with RRV-TV.®

Controls

Controls were infants born in the same hospital in which the
infants with intussusception had been born, with whom they were
matched according to age. By matching according to birth hospital
and age, we were able to adjust for age, season, and variations in
the use of RRV-TV among the different counties and states in the
study. A list of infants born on the same day as a given infant with
intussusception was generated, and the infants were ranked ran-
domly. Priority for enrollment was then given to the first four in-
fants on the ranked list. If four controls were not available from the
first list, additional controls were obtained by generating a ran-
domly ranked list of infants born the day before or the day after
the infant with intussusception; this procedure was repeated, if nec-
essary, for a maximum of seven days before or after the birth of
the infant with intussusception. Controls were not eligible for the
study if they were adopted, had been hospitalized since birth, were
the second-born of a pair of twins, or had died or if their parents
or guardians did not live in the United States.

Data Collection

Information on each episode of intussusception was abstracted
from hospital records. For all the infants, the parents or guardians

provided the following information: demographic characteristics,
the number of children in the household, the infant’s medical and
vaccination history, contact information for medical and vaccine
providers, type of child care, type of milk used for feeding, and age
at the first feeding with solid food other than cereal. For questions
regarding the time of events such as vaccination, the reference
date was the date of hospitalization (for infants with intussuscep-
tion) or the date on which the matched control was the same age
as the infant with intussusception at the time of hospitalization (for
controls). For all infants, the medical providers were interviewed
to obtain information on conditions associated with intussuscep-
tion and on symptoms of illness at visits within two weeks before
the reference date and to obtain information regarding all vacci-
nations, including the date, type, manufacturer, and lot number
of each dose. Records of hepatitis B vaccinations at birth hospitals
were not sought, and thus results for hepatitis B vaccination are
not presented.

Statistical Analysis
Case-Control Analysis

We used univariate and conditional logistic-regression models
to estimate the matched odds ratios for intussusception during pre-
defined risk periods within the first 21 days after vaccination (0 to
2,3 to 14,3 to7 8 to 14, and 15 to 21 days after vaccination).!!
In the univariate analyses, variables that differed between the in-
fants with intussusception and the controls at a significance level
of P<0.2 were considered potential confounders and were assessed
in the models. Variables that affected the odds ratios for intussus-
ception by approximately 10 percent or more when removed from
the analyses were included in the final model.

To determine whether classification of the infants into subgroups
according to age or other variables modified the risk of intussus-
ception among infants who received the rotavirus vaccine, we cal-
culated separate odds ratios for each such subgroup (e.g., age sub-
groups of 1 to 3 months and of 4 to 11 months). Other variables
examined in this way were sex, race or ethnic group, type of milk
or formula used for feeding, age at the first feeding with solid food,
time of administration of a live attenuated poliovirus vaccine (con-
current with or subsequent to the rotavirus vaccine), time of admin-
istration of other vaccines, type of child care, number of children
in the household younger than five years of age, lot number of each
dose of vaccine, gestational age at birth (premature or term), and
birth weight (low or normal).

Case-Series Analysis

In the case-series analysis, we examined whether most cases of
intussusception occurred shortly after vaccination with RRV-TV or
whether they were distributed more uniformly through time. We
used a conditional Poisson regression model to estimate the inci-
dence-rate ratios within the predefined risk periods after vaccination,
with adjustment for age. Infants with intussusception functioned
as their own controls, with implicit adjustment for unrecognized
confounders.!? Unvaccinated infants with intussusception were in-
cluded in the model to adjust for changes in the background inci-
dence of intussusception according to age (in months).

Attributable Fraction

We developed a model to estimate the number of cases of in-
tussusception that would be attributable to RRV-TV, in excess of
the background number of cases, if a national program of vaccina-
tion were fully implemented. The model assumed a cohort of 3.8
million infants and a 90 percent rate of vaccination with RRV-TV.
The ages at which each dose was given were taken from population-
based estimates of ages for the primary series of vaccines (diphthe-
ria, tetanus, and whole-cell pertussis or diphtheria, tetanus, and acel-
lular pertussis [Klevens M, CDC: unpublished data]), which were
recommended for infants of the same ages as those for the RRV-TV
vaccine.

The background incidence rates of intussusception according
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to month of age were derived from data on cases with a confirmed
diagnosis recorded by the Vaccine Safety Datalink project from
1991 to 1997.13 The annualized incidence of intussusception in
this data base was 34.2 cases per 100,000 child-years. The adjusted
odds ratios derived from the case—control analysis and the inci-
dence-rate ratios derived from the case-series analysis were used
to predict the number of cases in excess of the background num-
ber that resulted from the administration of RRV-TV during the
21-day period after each dose.

RESULTS

Of 446 cligible infants with intussusception, 429
were included in the case—control analysis. The other
17 infants with intussusception were excluded because
information from the parents (13 infants) or medical
providers (1 infant) was incomplete or because con-
trols were unavailable (3 infants). Ninety-four percent
of the infants with intussusception were matched
with at least 4 controls, and a total of 1763 controls
had sufficient information for analysis. Seventy-nine

percent of the controls who were randomly ranked
from 1 to 4 were enrolled. Data from all the controls
were included in the results; the results were essen-
tially unchanged when the analyses were restricted
to the controls ranked from 1 to 4.

The infants with intussusception and the controls
differed significantly with respect to some character-
istics. A higher proportion of the infants with intus-
susception were male and were Hispanic or black. The
mother’s level of education was lower among these
infants; they more often had Medicaid health cover-
age, and they less often had started consuming solid
food before the reference date (Table 1). Seventy-four
of the 429 infants with intussusception (17.2 per-
cent) and 226 of the 1763 controls (12.8 percent) re-
ceived RRV-TV during the study period (P=0.02).
Infants with intussusception and controls who were
at least four months old by the end of the study pe-

TABLE 1. CHARACTERISTICS OF THE INFANTS WITH INTUSSUSCEPTION
AND THEIR AGE-MATCHED CONTROLS.*

INFANTS WITH

INTUSSUSCEPTION ConTROLS Opbps RaTio P
VARIABLE (N=429) (N=1763) (95% ClI) VALUE
number (percent)

Sex
Male 262 (61.1) 890 (50.5) 1.6 (1.3-1.9) <0.001
Femalet 167 (38.9) 873 (49.5) 1.0

Race or ethnic groupf
Hispanic 110 (26.7) 353 (20.2) 2.3(1.6-34) <0.001
Black 81 (19.7) 271 (15.5) 2.0 (1.4-2.8) <0.001
Other or mixed 45 (10.9) 178 (10.2) 1.5 (1.0-2.1) 0.04
Non-Hispanic whitet 176 (42.7) 946 (54.1) 1.0

Mother’s level of education§
Less than high school 103 (25.1) 312 (18.0) 2.3 (1.6-34) <0.001
High-school graduate or some 230 (56.1) 936 (54.0) 1.7 (1.2-2.2) 0.001

college or technical school

College graduatet 77 (18.8) 487 (28.1) 1.0

Type of health insurance{
Medicaid or subsidized 182 (44.1) 593 (34.0) 1.7 (1.3-2.2) <0.001
Private, military, self-paid, 231 (55.9) 1151 (66.0) 1.0

or othert

Type of milk or formulal|
Cow’s milk—based formula 286 (68.6) 1077 (61.3) 1.2 (0.9-1.6) 0.18
Soy-based formula 34 (8.2) 209 (11.9) 0.7 (0.5-1.1) 0.13
Other formula 12 (2.9) 93 (5.3) 0.6 (0.3-1.1) 0.10
Breast milk for most feedingst 85 (20.4) 379 (21.6) 1.0

Intake of solid food**
=5 wk before reference date 121 (31.2) 613 (37.1) 0.7 (0.5-0.9) 0.01
<5 wk before reference date 65 (16.8) 295 (17.9) 0.8 (0.6-1.1) 0.19
No solid food before reference 202 (52.1) 745 (45.1) 1.0

datet

*QOdds ratios have been adjusted for the matching variables (age and the hospital where the infant
was born). CI denotes confidence interval. Because of rounding, not all percentages total 100. P val-
ues are for the comparison with the reference group.

tInfants in this category served as the reference group.

fData were available for 412 infants with intussusception and 1748 controls.

§Data were available for 410 infants with intussusception and 1735 controls.

{Data were available for 413 infants with intussusception and 1744 controls.

| Data were available for 417 infants with intussusception and 1758 controls.

**Data were available for 388 infants with intussusception and 1653 controls.
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riod had similar rates of receipt of a first dose of
childhood vaccines other than RRV-TV (diphtheria,
tetanus, and whole-cell or acellular pertussis vaccine:
90.8 percent in infants with intussusception and 92.3
percent in controls, P=0.31; poliovirus vaccine: 93.6
percent and 94.0 percent, respectively, P=0.76; and
Huaemophilus influenzae type b vaccine: 91.9 percent
and 93.0 percent, P=0.47).

Variables used to adjust the odds ratios were relat-
ed both to the risk of intussusception (Table 1) and
to vaccination with RRV-TV. Variables that were re-
lated to vaccination with RRV-TV were examined
among the controls. When compared with controls
who did not receive RRV-TV, controls who received
RRV-TV were more often white (73.8 percent vs.

51.2 percent), more often had private health insur-
ance (82.1 percent vs. 63.6 percent), and more often
received inactivated poliovirus vaccine rather than live
attenuated poliovirus vaccine (88.2 percent vs. 73.7
percent), and their mothers’ level of education was
higher (at least college graduation, 44.9 percent vs.
25.6 percent) (P<<0.001 for all comparisons).

Of the 74 infants who had intussusception and
who had received RRV-TV, 67 had intussusception
after the first, second, or third dose. Most of these
67 cases of intussusception occurred shortly after vac-
cination (Fig. 1). None of the infants with intussus-
ception were hospitalized within two days after vac-
cination. The clustering of cases was most prominent
3 to 14 days after the first dose (43 cases) and 3 to

First Dose
20 ,
1
|
157 Vaccination —»:
1
|
10 !
1
1
1
s ] l
g :
1
S I T N T T N RN T N W I W 1
3 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 148
2
c
= Second Dose
=
§ 10 \
n 1
€ |
S 5 1
E 1
5 | I.“.'_l
o' 0 :l T T Il T T T
= 0 10 20 30 40 50 60 70
Third Dose
10 |
1
1
1
5 1
1
1
1
0 : T .I T F T T
0 10 20 30 40 50 60 70
Days

Figure 1. Interval between Vaccination with RRV-TV and Intussusception in 74 Infants.

Intussusception occurred before the first dose of RRV-TV in seven infants. In 52 infants, intussusception occurred at some time after
the first dose of RRV-TV but before any subsequent dose; after intussusception, 27 of these 52 infants (52 percent) received one or
two additional doses of RRV-TV. In 11 infants, intussusception occurred after the second dose; 4 of them (36 percent) received a
subsequent dose of RRV-TV. In four other infants, intussusception occurred after the third dose of RRV-TV. Each infant is shown

only once.
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14 days after the second dose (9 cases). One infant
was hospitalized with intussusception 3 to 14 days
after the third dose. Fourteen cases of intussuscep-
tion occurred more than 14 days after the first, sec-
ond, or third dose.

The risk of intussusception was greatest among
infants who were ever vaccinated with RRV-TV and
for 3 to 14 days after vaccination (Table 2). Three to
14 days after vaccination with RRV-TV, the adjusted
odds ratio was 10.6 (95 percent confidence interval,
5.7 to 19.6). Three to 14 days after the first dose,
the odds ratio was 21.7 (95 percent confidence in-
terval, 9.6 to 48.9), and 3 to 14 days after the sec-
ond dose, it was 3.3 (95 percent confidence interval,
1.1 t0 9.8) (Table 2). Table 3 shows the correspond-
ing incidence-rate ratios estimated from the case-
series analysis of 432 infants with intussusception
who had sufficient data for analysis.

We found no evidence that age or other variables,
except for feeding with breast milk, modified the risk
of intussusception among infants given RRV-TV. The
risk of intussusception three to seven days after the

first dose of RRV-TV was lower among infants fed
breast milk (adjusted odds ratio, 10.7; 95 percent con-
fidence interval, 1.4 to 78.7) than among other vac-
cinated infants (adjusted odds ratio, 43.3; 95 percent
confidence interval, 12.7 to 148.1). However, the dif-
ference between these two estimates was not statis-
tically significant (P=0.22).

Infants with intussusception who had received the
first or second dose of RRV-TV 14 or fewer days be-
fore the onset of this condition were younger than
other infants with intussusception (mean age at the
time of hospitalization, 4.1 vs. 6.4 months, P<<0.001;
range, 2.0 to 7.0 vs. 1.0 to 11.0 months) (Fig. 2). The
clinical characteristics of the infants vaccinated 14 or
fewer days before hospitalization for intussusception
were similar to those of other infants with intussus-
ception (need for laparotomy: 23 of 52 [44.2 percent]
vs. 208 of 377 [55.2 percent], respectively, P=0.14;
need for bowel resection: 8 of 52 [15.4 percent] vs.
67 of 377 [17.8 percent], P=0.67; and lymphoid
hyperplasia, 7 of 18 [38.9 percent] vs. 72 ot 120 [60.0
percent], P=0.13 and other anatomical masses: 2 of

TABLE 2. MATCHED ODDS RATIOS IN THE CASE—CONTROL ANALYSIS OF INTUSSUSCEPTION
AFTER VACCINATION WITH RRV-TV.*

No. oF No. oF
INFANTS WITH CONTROLS
INTUSSUSCEPTION  VACCINATED
VACCINATED DURING DURING
Dose Risk Periopt Risk PErioD Risk PEriOD
days
All Any day before 67 190
reference date]
0-2 0 19
3-14 53 47
3-7 41 22
8-14 12 25
15-21 4 24
First 0-2 0 8
3-14 43 22
3-7 35 12
8-14 8 10
15-21 2 15
Second 0-2 0 8
3-14 9 21
3-7 6 8
8-14 3 13
15-21 1 6

UNADJUSTED ADJUSTED
Obps RATIO P Obps RATIO P
(95% CI)* VALUE (95% CI)§ VALUE
1.8 (1.3-2.5) 0.001 2.2 (1.5-3.3) <0.001
— 0.99 — 0.99
9.2 (5.3-16.2) <0.001 10.6 (5.7-19.6) <0.001
13.7 (7.0-26.8) <0.001 14.4 (7.0-29.6) <0.001
3.9 (1.6-9.2) 0.002 5.3 (2.1-13.9) 0.001
0.9 (0.3-2.6) 0.79 1.1 (0.3-3.3) 091
1.00 — 1.00
16.8 (8 3-34.3) <0.001 21.7 (9.6-48.9) <0.001
27 9 (10.8-72.1) <0.001 37.2(12.6-110.1) <0.001
4(2.1-19.1) 0.001 8.2 (2.4-27.6) 0.001
7 (0.1-3.2) 0.63 1.1 (0.2-5.4) 0.87
— 1.00 — 1.00
3.4(1.3-9.2) 0.02 3.3(1.1-9.8) 0.03
5.0 (1.4-17.3) 0.01 3.8 (1.0-14.0) 0.05
1.5 (0.3-6.6) 0.61 1.8 (0.4-9.5) 0.47
0.9 (0.1-8.0) 0.93 0.9 (0.1-8.6) 0.94

*CI denotes confidence interval.

1The risk period is an interval of time before the reference date. The reference date is the date of hospitalization (for
infants with intussusception) or the date on which the matched control was the same age as the infant with intussuscep-
tion at the time of hospitalization (for controls). The risk period that serves as a referent for the odds ratios pertains to
infants who were never vaccinated or who were vaccinated with RRV-TV but not during the overall 21-day risk period

for any dose.

$0Odds ratios have been adjusted for the matching variables (age and the hospital where the infant was born). Odds

ratios for the third dose were not significant.

§Adjusted odds ratios have been adjusted for sex, race, mother’s level of education, type of health insurance, type of
milk or formula used for feeding, and time of first intake of solid food (in addition to the matching variables) and were
calculated for the 382 infants with intussusception and the 1657 controls for whom complete data were available.

{Because the amount of observation time before the reference date varied, these odds ratios were calculated for an

average risk period of 3.7 months.
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TABLE 3. INCIDENCE-RATE RATIOS IN THE CASE-SERIES ANALYSIS OF INTUSSUSCEPTION
AFTER VACCINATION WITH RRV-TV.*

CASES OF
INTUSSUSCEPTION INCIDENCE-RATE RATIO P
Dose Risk PErIOD DURING Risk PERIOD FoLLow-up (95% CI)t VALUE
days after vaccination child-months

First 3-14 43 29.1 29.4 (16.1-53.6) <0.001
3-7 35 12.2 58.9 (31.7-109.6) <0.001
8-14 8 17.0 9.4 (3.9-22.3) <0.001

15-21 2 16.5 2.3 (0.5-10.2) 0.26
Second 3-14 9 17.3 6.8 (2.8-16.3) <0.001
3-7 6 7.2 11.0 (4.1-29.5) <0.001

8-14 3 10.1 3.8 (1.1-13.6) 0.04

15-21 1 9.5 1.4 (0.2-10.6) 0.76

*Data are from a series of 432 cases with sufficient information for analysis.

tIncidence-rate ratios have been adjusted for age (in months) with use of conditional Poisson regres-
sion. Incidence-rate ratios are defined as the incidence rate of intussusception within each risk period
divided by a referent incidence rate of intussusception that is outside all the risk periods. The reference
incidence rates or denominators of these ratios were based on 375 cases of intussusception during 2846
child-months of follow-up, which excluded the 3-to-21-day risk periods for the first, second, and third
doses. Person-time during the first two days after vaccination was excluded from the analysis. Incidence-

rate ratios for the third dose were not significant. CI denotes confidence interval.

50 [4.0 percent] vs. 15 of 361 [4.2 percent], P=1.00).
No deaths occurred among the infants with intus-
susception who had received RRV-TV during the pre-
ceding 14 days; one death occurred among the other
infants with intussusception. The frequency of re-
current intussusception and of serious or chronic
health problems did not vary between these recently
vaccinated infants and the other infants with intus-
susception.

We estimated that 1291 background cases of in-
tussusception would occur annually in the absence of
RRV-TV vaccination. According to the results of our
adjusted case—control analysis, if a national program
of vaccination with RRV-TV were fully implemented,
361 cases of intussusception attributable to RRV-TV
would occur in addition to the 1291 background cas-
es, for an increase of 28.0 percent. According to the
results of our case-series analysis, 732 additional cases
attributable to intussusception would occur, for an in-
crease of 56.7 percent. The number of infants who
would be vaccinated for each case of intussusception
that was attributable to RRV-TV would be 9474 ac-
cording to the case—control results and 4670 accord-
ing to the case-series results.

DISCUSSION

This study provides evidence of a causal association
between RRV-TV and intussusception.'* The associ-
ation was strong, temporal, and specific. The findings
were consistent with the results of a retrospective co-
hort study of 10 managed-care organizations'> and
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Figure 2. Age at the Time of Intussusception.

The top graph shows the ages of 52 infants who were vaccinat-
ed with the first, second, or third dose of RRV-TV 14 or fewer
days before intussusception. The bottom graph shows the ages
of 355 infants with intussusception who were never vaccinated
with RRV-TV, 7 who were vaccinated with RRV-TV after intus-
susception, and 15 who were vaccinated with RRV-TV more
than 14 days before intussusception.
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voluntary reports of cases to the Vaccine Adverse
Event Reporting System.!¢ The size of the odds ratio
varied according to dose (first, second, or third) and
according to the length of time after vaccination. In
the case—control analysis, most of the adjusted odds
ratios were higher than the unadjusted odds ratios,
indicating the presence of confounding. In the case-
series analyses, adjustment for confounding factors was
more complete than in the case—control analysis, and
the incidence-rate ratios obtained were higher than
the adjusted odds ratios.

We found no factor that modified the relation be-
tween RRV-TV and intussusception, except perhaps
feeding with breast milk. The odds ratio for intussus-
ception was substantially less among RRV-TV-vac-
cinated infants who were fed breast milk than among
RRV-TV-vaccinated infants who were fed other types
of milk or formula. Data from prelicensing trials with
candidate rotavirus vaccines suggested that replica-
tion of RRV-TV is lower among breast-fed infants.?1718
Age was not found to modify the effect of RRV-TV
on the risk of intussusception, although the statistical
power of our study may not have been sufficient to
detect differences according to age.

Diagnostic biases or biases due to the availability of
information could have affected the results if concern
about intussusception had prompted earlier diagnosis
in vaccinated infants than in unvaccinated infants or
prompted diagnosis of less severe intussusception in
vaccinated infants. This is unlikely, however, since
the infants with intussusception in our study had a
higher rate of surgery and bowel resection than the
rates generally reported.1?2! Moreover, medical pro-
viders did not appear to associate RRV-TV with in-
tussusception. Almost half of the RRV-TV-vaccinated
infants received another dose of RRV-TV after intus-
susception, and few of the cases of intussusception
that occurred within 14 days after vaccination were
reported to the Vaccine Adverse Event Reporting Sys-
tem until after the use of RRV-TV was suspended.1¢
Our study period ended before the use of RRV-TV
was suspended.

The pathogenesis of intussusception is not well
understood, although an anatomical mass (in lymphat-
ic or other tissue) and abnormal peristalsis have been
proposed as contributing factors.22 In our study,
lymphoid hyperplasia was inconsistently noted among
the infants with intussusception who underwent sur-
gery. Results in a murine model of intussusception??
and anecdotal reports have led to the suggestion that
endotoxin and enterotoxins induce transient slowing
of peristalsis.2* Wild human rotaviruses, which are
detected uncommonly in cases of intussusception, 2527
elaborate an enterotoxin that has age-dependent and
dose-dependent functions in humans.2® In mice, the
human rotavirus enterotoxin affects the secretion of
fluid and electrolytes by activating the enteric nervous
system,? which is also integral to peristalsis.3 The
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actions of putative enterotoxins derived from strains
in the RRV-TV or human strains of rotavirusé31-3¢ on
the intestinal tract of infants may result in aberrations
of peristalsis that affect the probability of intussus-
ception.

Despite the significantly increased risk of intussus-
ception associated with recent RRV-TV vaccination,
the annual rate of hospitalization for intussusception
attributable to RRV-T'V vaccination in a U.S. program
would be far lower than the rate of hospitalization
attributable to the rotavirus gastroenteritis that is po-
tentially preventable by such vaccination.}?5 Illness
and death may result both from wild rotavirus disease
and from intussusception related to RRV-TV! (and
Zanardi LR: personal communication), although the
net effect of a national program of vaccination with
RRV-TV is not known.

In October 1999, the Advisory Committee on Im-
munization Practices withdrew its recommendation
of RRV-TV.3¢ Important considerations were the de-
sire to limit harm and the perceived low level of se-
verity of most rotavirus infections, since in the United
States most complications can be prevented by oral
rehydration.3”

The morbidity and mortality associated with rota-
virus gastroenteritis are much greater in developing
countries than in the United States.2 Accordingly, the
benefits and the risks of vaccination against rotavirus
in developing countries will differ from those in the
United States.?8 A better understanding of the patho-
genesis of intussusception associated with RRV-TV
may facilitate decisions regarding the use of RRV-TV
in countries where the risk of death due to rotavirus-
related illness is high. Rotavirus vaccines with an im-
proved safety profile are urgently needed.

We are indebted to Peter Paradiso, Wendy Stevenson, and Wyeth
Lederle Vaccines for data on the distribution of RRV-TV and for
their constructive critique of the investigation; to C. Paddy Far-
rington (Open University, Milton Keynes, England) for discussions
about the use of case-series methods in this investigation; to Roger 1.
Glass and Joseph S. Bresee (CDC) for their helpful comments through-
out the investigation; and to the hundreds of people at the CDC and
at stare and local health departments for their contributions.

APPENDIX

The members of the Rotavirus Intussusception Investigation Team were
as follows: State and City Health Departments: California State Department
of Health Services — K.C. Cummings, A.C. Kimura, C. O’Malley (pri-
mary investigator), G. Rothrock, N. Smith, and D.J. Vugia; Chicago De-
partment of Public Health — I. Ramos and U. Samala; Georgia Depart-
ment of Human Resources, Division of Public Health — K. Arnold
(primary investigator), C. Robmann (primary investigator), L. Scott, T.
Seegmueller, G. Siebert, and T. Turski; Illinois Department of Public
Health — M. Andreasen, D. Bartling, J. Daniels, M.H. Fahrenwald, S. Fred-
erick, J. Girdley, C. Jennings (primary investigator), J.LE. Lang, M. Nappi
(primary investigator), D. Rowe, and SW. Smith; Indiana State Department
of Health — D. Bixler (primary investigator), J. Butwin, S. Fang, B. Sheets,
W. Staggs, and R. Teclaw (primary investigator); Maryland Department of
Health and Mental Hygiene — D.M. Dwyer (primary investigator), M.A.
Harder, W. Lane, B. Mitchell, J. Roche, S. Schoenfeld, and N. Thayer;
Michigan Department of Community Health — J. Blostein, M. Matuck
(primary investigator), A. Sorrells, G. Stoltman (primary investigator), and
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P. Vranesich; Minnesota Department of Health — S. Alcorn, L. Anderson,
S. Brenner, K. Como-Sabetti, R. Danila (primary investigator), K. Ehres-
mann (primary investigator), L. Ehrlich, E Fong, D. Hiatt, T. Jenkins, R.
Kynfield, K. LeDell, C. Lexau, J. Liu, J. Loos, P. Lynch, H. Margellos, C.
Miller, C. Olson, J. Rainbow, M. Raymond, K. Russel, B. Sayler, E. Swan-
son, L. Triden, and K. White; Missouri Department of Health — D. Don-
nell (primary investigator), . Kahn, E Lyndon, H. Marx, M.E Skala, V.
Tomlinson (primary investigator), and M. Warwick (primary investigator);
Nebraska Health and Human Services System — C. Allensworth, G. Bor-
den (primary investigator), and T. Safranck (primary investigator); New
Jersey Department of Health and Senior Services — K. Aquino, E. Bresnitz
(primary investigator), K. Byrd, L. Charland, A. Farrell, L. Franklin, M.P.
Gerwel (primary investigator), E Jennes, D. Lipira, R. Marler, C. O’Don-
nell (primary investigator), J. Skaling, M. Stanbury, and V.P. Yarmlak; New
York State Department of Health — B. Arthur, M. Amyot, B. Anderson,
R. Bentowski, B. Bright-Motelson, B. Burke, K. Cardina, R. Colvin, A.
Dunham, E. Foster, R. Gioia, A. Grzelecki, S. Hayes, D. Hilfsein, G.
McPhee, P. Moran, B. Naizby, M. Newcomb, C. O’Conner-Walker, P.
O’Hanlon (primary investigator), J. Ranches, M. Serunkuuma, R. Stiles-
Tice, N. Spina, H. Tetley, and C. Waters; New York City Department of
Health — N. Bradford, A. Delgado, S. Friedman, R. Gross, C. Hernandez,
M. Holland (primary investigator), M. Layton (primary investigator), D.
Meyers, B. Mojica, E. Morgan, S. Rubin, A. Seaborough, M. Simmons,
and M. Straker; North Carolina Department of Health and Human Serv-
ices — N. Macormack, A. Pope (primary investigator), B. Rowe-West, K.
Ryan, and K. Southwick (primary investigator); Ohio Department of
Health — M. DiOrio (primary investigator), E. Koch (primary investiga-
tor), and E Smith; Pennsylvania Department of Public Health — C.M.
Baysinger, C. Berringer, PH. Britz, S. Carlson, P.J. Crawford, J.M. Dor-
mann, A. Gray, R. Groner, D. Hawk, C. Johnson, C. Kuti, A. Ligi, K.
Lindahl, P. Lurie (primary investigator), J. Lutz, M. Maron, J. McMahon,
S. Miller (primary investigator), P. Montalbano, S. Silvestri, D. Sowa, L.M.
Stetson, C. Teacher, S. Thomas, L. Van Parijs, A. Yang, and S.H. Yeager;
South Carolina Department of Health and Environmental Control — J.
Gibson, J. Iskander (primary investigator), and D. Roberts; Tennessee De-
partment of Health — C. Alexander, D. Arnold, B. Barnes, L. Barnes, J.
Bilbro, E. Booth, C. Brady, V. Brinsko, L. Cathey, M.E. Chesser, A.S.
Craig (primary investigator), E. Dickey, T. Finke, J. Fowler, L. Gaspard, S.
Hall, R.M. Heller, I. Himelright, T. Jones, D. Levine, J. Narramore (pri-
mary investigator), J. Painter, K. Shields, S. Slavinski, M. Snowden, T. Spill-
man, G. Swinger, R. Taylor, and G. Young; Texas Department of Health
— D. Evans, A. Friedman, O. Gonzalez, L. Henefy, J. Jackson, R. Jones,
C. Kilborn, M.J. Lowrey, D.M. Perrotta (primary investigator), D. Romnes,
J. Shultz-Banks, M. Smoot, N. Walae, and B. Walsh; Virginia Health De-
partment — H. Callaway, C. Chandross, A. Colon, A. Cornell, M. Escase-
nas, A. Greeley, A. Guyet, M. Hemenway, A. Jindal, S. Jones, T. Morgan,
R. Nixon, A. Redmond, S. Redmond, B. Rouse, J. Spence, R.B. Stroube,
S. Stuckey, L. Vasquez, and D. Woolard (primary investigator); and Wis-
consin Department of Health and Family Services — J.P. Davis (primary
investigator) and M. Schuknecht. Epidemic Intelligence Service Officers and
Preventive Medicine Residents of the CDC (all of whom served as primary
or secondary investigators assigned to the state or city indicated): J. Ack-
clsberg (New York), A. Anderson (Ohio), E. Bancroft (California), L. Barnes
(Tennessee), K. Becker (North Carolina), C. Benally (Texas), D.S.B. Blythe
(Maryland), R. Burr (Pennsylvania), M. Cortese (Chicago), H. Dao (Indi-
ana), I. Gonzalez (Missouri), L. Hasbrouck (Texas), J. Heftelfinger (New
York City), A. Karpati (New Jersey), K. Kohler (Indiana), V. Lamar (Ohio),
S. Lister (Pennsylvania), C. Lockett (Michigan), S. Lyss (New York City), K.
McDuttie (Texas), S. McLaughlin (South Carolina), E Mostashari (New
York City), T. Naimi (Minnesota), P. Nsubuga (Missouri), J. Perz (Tennes-
see), E. Quiroz (Ohio), A. Ramsey (Wisconsin), D. Raymond (Michigan),
M. Reynolds (Pennsylvania), J. Rooney (Virginia), J. Samuelson (Georgia),
S. Santibanez (Nebraska), T. Tiwari (Texas), TH.E Tsang (California), A.
Uzicanin (New York City), T. Verstraeten (Illinois), M. Wilkins (Michigan),
K. Williams (Georgia), and J. Zevallos (Texas). Commissioned Corps, Public
Health Advisors, Fellows, Epidemiologists, and Other Staff at the CDC: J. Al-
exander, J. Alongi, E. Alvarado, L. Boseman, R. Chen, K. Cox, C. Curwick,
H. Dang, L.B. Davis, L. Fehrs, E. Finch, L. Galloway, A. Golaz, E. Graves,
D. Hamilton, R. Harpaz, C. Hill, C.K. Jalonen, D. Jarvis, M. Kownaski, W.
Lasota, R. Nelson, U. Parashar, A. Pelletier, B.A. Prescott, R. Prevots, K.
Reed, L. Rodewald, S. Roush, J. Seward, K. Sharp, K. Stout, J. Tuyen, C.
Vitek, J. Weisbord, E. West, B. Wilson, E. Yacovone, and L. Zimmerman.
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CORRECTION

Intussusception among Infants Given an Oral
Rotavirus Vaccine

Intussusception among Infants Given an Oral Rotavirus Vaccine . On
page 564, in the list of authors “John R. Livingood, M.D.” should
have read, “John R. Livengood, M.D.” On page 569, the sentence
that begins on line 17 of the left-hand column should have read,
“According to the results of our case-series analysis, 732 addi-
tional cases attributable to RRV-TV,” not Tattributable to intussus-
ception,” as printed. On page 570, beginning seven lines from
the bottom of the left-hand column, the sentences should have
read, “Wild human rotaviruses are detected uncommonly in cases
of intussusception.252627 Rotaviruses elaborate an enterotoxin that
has age-dependent and dose-dependent functions.?® In mice infected
with RRV (rhesus rotavirus), secretion of fluid and electrolytes in-
volves activation of the enteric nervous sys,tem,29 which is also inte-
gral to peristalsis.3°” Also on page 570, on line 7 of the Appendix, “C.
Robmann” should have read, “C. Rebmann.” The following names
should be added to the Appendix: “Epidemic Intelligence Service
Officers and Preventive Medicine Residents of the CDC: M. Cooper
(Texas)”; and “Commissioned Corps, Public Health Advisors, Fel-
lows, Epidemiologists, and Other Staff at the CDC: L. Anderson, B.
Barylska, G. Buckett, C. Danovaro, K. Galil, J. Gilbert, P. Haber, R.
Jones, H. McKnight, D. Miller, M. Mitchell, and S. Weems.” On page
571, the first author's last name in reference 16 should have read,
“Zanardi,” not “Zanard,” as printed.
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