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Introduction
The first licensed rotavirus vaccine had a short and stormy
life. On August 31, 1998, the US Food and Drug Adminis-
tration licensed it for general use in infants. On July 16,
1999, the Centers for Disease Control and Prevention
(CDC) recommended suspension of all rotavirus vaccina-
tion because of possible rare but serious vaccine-related
side effects. In October 1999, production of the recently
licensed vaccine was discontinued, and the CDC revoked
its approval of the vaccine after establishing that the vac-
cine did cause severe gastrointestinal side effects.

The future of rotavirus immunization is now unclear,
but the need to prevent rotavirus infection remains. This
paper discusses the burden of rotavirus-related disease, the
development and licensure of the first rotavirus vaccine,
and the recently recognized adverse events associated with
that vaccine. It also describes second-generation rotavirus
vaccines now being developed.

Rotavirus Disease
Rotavirus is the most common cause of serious gastroen-
teritis worldwide [1–3]. In both developed and developing
nations, it infects almost all children by 3 years of age. In
the developing world, it is a major cause of childhood
death, killing 480,000 to 640,000 children each year [2,3].
Rotavirus is also a serious pediatric pathogen in developed

countries [1,4]. In the United States, rotavirus infections
lead to approximately 500,000 outpatient visits; 160,000
emergency department evaluations; and 50,000 hospital-
izations each year [1]. Recent reports estimate that one of
every 70 infants born in the United States will require hos-
pitalization for rotavirus infection during the first year of
life [1,5•]. It is also estimated that 20 to 40 US children die
each year of complications of rotavirus infection. In the
United States alone, the combined direct health care and
indirect societal costs related to rotavirus disease approach
one billion dollars annually [6,7••].

Rotavirus disease is most severe in children 3 to 24
months of age, but up to 25% of severe cases of rotavirus
gastroenteritis occur in children older than 2 years of age
[8]. Of note, infants younger than 3 months of age are rela-
tively protected from clinically significant disease. Mater-
nally derived transplacental and colostral antibodies may
lessen the likelihood and severity of infection.

Infants and young children infected with rotavirus typi-
cally develop sudden-onset fever, vomiting, and diarrhea
[9–11]. Rotavirus infections are more likely than infections
with other gastrointestinal pathogens to cause dehydration
because of their unique propensity to cause vomiting. In
the winter months, more than half of all pediatric patients
hospitalized with diarrhea and dehydration are found to
be infected with rotavirus [6].

Immunity After Natural Infection
A major challenge to the development of a successful
rotavirus vaccine is that immunity induced by natural
infection is incomplete and short-lived [12]. Although
natural infection provides significant protection against
reinfection with rotavirus of the same serotype, symptom-
atic reinfections do occur [13–15]. Almost 10% of young
children have repeated rotavirus infections within the
same season [16].

Two observations may explain the short-lived immu-
nity induced by natural rotavirus infection. First, the quan-
tities of rotavirus-specific secretory IgA (sIGA) detected at
the intestinal mucosal surface decrease quickly after natu-
ral infection. Fecal rotavirus-specific IgA often becomes
undetectable within 1 year of infection [16,17]. Although a
reproducible immunologic correlate of protection remains
elusive, data from animal and human studies suggest that
the quantity of rotavirus-specific sIgA at the intestinal sur-
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face may determine protection against reinfection [12,18].
Second, the incubation period of rotavirus is short: approx-
imately 1 to 3 days. The process of activation and differen-
tiation of virus-specific memory B or T cells into effector
antibody-secreting B or cytotoxic T lymphocytes requires
about 3 to 5 days. Therefore, the presence of intestinal
rotavirus-specific memory B or T cells is insufficient to pre-
vent reinfection. However, intestinal effector B and T cells
derived from preexisting memory cells may contribute to
the resolution of acute reinfection. This hypothesis is con-
sistent with the observations that repeated rotavirus infec-
tions are usually less severe than primary infections [14]
and that previously infected experimental animals shed
less virus upon reinfection than naive animals do, even in
the absence of intestinal rotavirus-specific sIgA [19].

Development of the First Live, 
Attenuated Rotavirus Vaccine
A basic review of rotavirus structure is necessary to an
understanding of the development of the current vaccine.
Rotavirus is a nonenveloped virus with a segmented, dou-
ble-stranded RNA genome [20]. Each of the 11 gene seg-
ments encodes a single viral protein. Rotavirus particles are
composed of three concentric viral capsids. Two viral pro-
teins, viral protein 4 and viral protein 7, make up the out-
ermost shell .  These proteins have been shown to
independently induce antibodies that neutralize virus and,
therefore, determine viral serotype. Viral protein 7 is a gly-
coprotein (often referred to as the G protein) and comprises
more than 90% of the outer shell. It has been considered
the dominant neutralizing antigen. Thus, rotavirus sero-
types are often referred to by G type [20]. Initial studies
showed that most cases of rotavirus disease in the United
States were caused by rotavirus serotypes G1 to G4. How-
ever, more recent studies in the United States and world-
wide have shown that serotypes G5, G9, and G10 may also
be important causes of human disease [21–23].

The first licensed rotavirus vaccine (RotaShield,
Wyeth-Lederle, Philadelphia, PA) is a live, attenuated,
quadrivalent vaccine that contains human X simian reas-
sortant viruses [24]. The backbone of this vaccine is the
simian rotavirus strain RRV, a G3 rotavirus. This virus was
initially chosen as a vaccine candidate because it seemed
to be naturally attenuated (causing little or no gas-
trointestinal disease in humans) but capable of inducing
high titers of antirotavirus antibodies. However, in clini-
cal trials, it induced inconsistent protection [25,26].
Investigators attempted to enhance the protective efficacy
of this virus by generating reassortant viruses—viruses
that were essentially simian rotaviruses (and, thus, natu-
rally attenuated) but expressed the single human viral
protein 7 on their surfaces. RotaShield contains three
reassortant viruses (to induce protection against G1, G2,
and G4 rotaviruses) and native RRV (to induce protection
against G3 rotaviruses).

Clinical trials in the United States showed that a three-
dose series of RotaShield induced 49% to 52% protection
against all rotavirus disease [27,28]. However, when only
severe or clinically significant rotavirus gastroenteritis was
considered, vaccine efficacy was 70% to 80%. Although vac-
cine-induced immunity, like natural immunity, was incom-
plete, widespread rotavirus immunization was expected to
markedly reduce the burden of rotavirus-related disease
[6,7••,29]. A recently published cost-effectiveness analysis
[7••] suggested that routine, universal immunization of US
infants would prevent approximately one million cases of
diarrhea; 227,000 outpatient visits; 95,000 emergency
department visits; and 40,000 hospitalizations.

At the time of vaccine licensure, no long-term or seri-
ous adverse events had been associated with RotaShield
use. However, some systemic side effects had been noted.
Approximately 20% of infants developed a temperature
greater than 38° C after receiving a first dose of RotaShield
[28,30]. One percent to 2% of infants developed tempera-
tures of 39° C or more. In addition, some studies reported
that vaccine recipients were more likely than controls to
experience irritability and anorexia. In a single study in
Finland, diarrhea occurred in 3% of vaccine recipients and
1% of placebo recipients [30].

Vaccine-Related Intussusception
Approximately 11 months after RotaShield was licensed for
general use in the United States, concern about possible
vaccine-related intussusception led the CDC and the Amer-
ican Academy of Pediatrics to recommend suspension of
all rotavirus immunization [31••,32]. Preliminary data
from several postlicensure studies have recently become
available and have established that RotaShield does cause
intussusception. The available data are discussed below.

In phase II and phase III clinical trials, five cases of
intussusception occurred among 10,054 recipients of
rhesus rotavirus vaccine. In contrast, only one case of intus-
susception was seen in 4633 placebo recipients [33•].
However, intussusception is the most common cause of
intestinal obstruction in infancy, affecting approximately
one of every 2000 infants [34]. In addition, only two cases
of intussusception occurred among the 8240 persons who
received the final formulation of the rotavirus vaccine
[33•]. Thus, it was not apparent that the rate of intussus-
ception in vaccine recipients was greater than the rate seen
in nonvaccinated infants. Nonetheless, on the package
insert for RotaShield, intussusception was listed as a possi-
ble adverse event. In addition, a postlicensure study was
initiated to gather additional data on possible rare vaccine-
related side effects, including intussusception.

Early in July 1999, public health officials were alerted
by the Vaccine Adverse Event Reporting System (VAERS) to
the fact that 15 recently immunized infants had developed
intussusception. All cases were radiographically confirmed,
and eight infants had required surgical reduction. On the
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basis of estimates of the number of infants receiving Rot-
aShield, CDC investigators calculated that 14 to 16 cases of
intussusception could be expected in recently immunized
infants as a result of chance alone [31••]. Further investiga-
tion of the cases, however, showed three troubling trends.
First, 13 infants had developed intussusception after
receiving a first dose of RotaShield. Second, 12 infants had
become ill within 1 week of vaccination. And third, the
cases of intussusception seen after rotavirus immunization
tended to occur in young infants. The median age of the
infants reported to VAERS was 3 months, whereas the
median age at intussusception in the United States before
the introduction of rotavirus vaccination was 7 months
[33•]. Because of the recognized risk for underreporting of
adverse events with a passive surveillance system such as
VAERS [35], rotavirus immunization was suspended on
July 16, 1999, while public health officials sought addi-
tional information.

Investigators turned to available data compiled within
the Northern California Kaiser Permanente Health System,
the site commissioned to perform postlicensure vaccine
evaluation. Recent analysis of this data showed that
approximately 12,000 infants had each received at least
one dose of rotavirus vaccine [36]. Since the introduction
of RotaShield, six vaccinated infants and eight unvacci-
nated infants had developed intussusception. Further anal-
ysis revealed an increased rate of intussusception in
vaccinated infants (126 per 100,000 infant-years) com-
pared with unvaccinated infants (47 per 100,000 infant-
years) (Table 1). The difference was not statistically signifi-
cant. However, when the relationship between intussuscep-
tion and time of vaccination was examined, recently
vaccinated infants were found to have a significantly
increased risk for intussusception.

In July 1999, the CDC initiated additional epidemio-
logic studies. Investigators from the National Immuniza-
tion Program reviewed hospital records from 19 states to
identify all cases of intussusception in vaccinated and
unvaccinated infants. Using both case-series and case-con-
trol analyses, investigators found an overall 60% to 80%
increased risk for intussusception in vaccinated compared
with unvaccinated infants [36]. The highest risk for intus-

susception was noted 3 to 7 days after administration of
the first dose of vaccine and did not vary by age at vaccina-
tion (Table 2). An intermediate risk for intussusception
was noted after the second dose of vaccine.

Several hypotheses may explain the mechanism by
which RotaShield may induce intussusception. First, viral
replication may induce intestinal lymphoid hyperplasia
that, in turn, may lead to intussusception. Previous studies
have shown that RRV X human reassortant viruses replicate
in vivo [37,38]. After primary vaccination, up to 50% of
infants immunized with RotaShield will shed rotavirus.
However, the absence of a clear and consistent association
between natural rotavirus infection and intussusception
challenges this hypothesis. Two studies have shown that
the rate of intussusception is relatively constant through-
out the year [33•,39]. No seasonal variation in the inci-
dence of intussusception was seen in either study, whereas
the incidence of rotavirus infection peaked in the winter
months (Fig. 1). In addition, both retrospective and pro-
spective surveys have found no etiologic association
between rotavirus infection and intussusception [39,40].
However, in an uncontrolled study, Konno et al. [41,42]
detected rotavirus particles by electron microscopy in fecal
samples from 11 of 30 infants with intussusception.

One possible unifying concept is that natural rotavirus
infection may be one of many infectious causes of intus-
susception. The relatively constant rate of intussusception
seen throughout the year may be attributed to the overlap-
ping incidence of infection with a variety of gastrointesti-
nal pathogens, each with its own typical seasonal
distribution and propensity to cause intussusception.

Table 1. The relation of intussusception and rotavirus vaccine in infants cared for by the Northern 
California Kaiser Permanente Health System, December 1, 1998, to August 31, 1999

RotaShield* 
administration Person-years

Cases of 
intussusception, n

Rate of 
intussusception per 
100,000 per year, n

Age-adjusted relative 
risk (95% CI) P value

Never 17,140 8 47 – –
Ever 4764 6 126 1.7 (0.6–5.0) 0.327
<3 weeks earlier 1263 3 238 3.4 (0.9–13.1) 0.080
<1 week earlier 421 2 475 7.1 (1.5– 34.6) 0.015
≥3 weeks earlier 3502 3 86 1.2 (0.3–4.5) 0.815

*Wyeth-Lederle, Philadelphia, PA.

Table 2. Relative risk for intussusception by age 
within 3 to 7 days after the first dose of rotavirus 
vaccine: results of a multistate investigation

Age, mo

Relative risk 
in case-series 

analysis

Relative risk 
in case-control 

analysis

1–2 28 27
3–5 21 25
6–8 31 16
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Although rotavirus is the most common cause of severe
gastroenteritis in children, it may not be the most common
infectious cause of intussusception. Therefore, the rate of
intussusception may not increase dramatically above base-
line rates during rotavirus season. However, because
infants with possible vaccine-associated intussusception
are younger than those with non–vaccine-associated dis-
ease, the putative association between rotavirus immuniza-
tion and intussusception may be more apparent than the
association between natural rotavirus infection and intus-
susception. Alternatively, there may be a strain-specific pro-
pensity to cause intussusception. Infection with human
rotavirus may not induce intussusception, but replication
of RRV in the human intestinal tract may increase the risk
for intussusception.

Another hypothesis that may explain the apparent asso-
ciation between RotaShield use and intussusception is that
a nonviral component of the vaccine may stimulate lym-
phoid hyperplasia or abnormal bowel motility. In addition
to including the four strains of rotavirus, RotaShield
includes citrate-bicarbonate buffer and trace amounts of
fetal bovine serum, neomycin sulfate, and amphotericin B.
However, the placebo used in clinical trials was derived
from uninfected tissue culture that was diluted in citrate-
bicarbonate buffer. Because the nonviral components of the
vaccine and the placebo used in clinical trials were identi-
cal, the observed trend toward a higher rate of intussuscep-
tion in vaccine recipients compared with placebo recipients
during clinical trials argues against this theory. Finally, uni-
dentified host factors may contribute to the development of
intussusception after RotaShield immunization.

Second-Generation Vaccines
Recognizing the global need for a rotavirus vaccine, investi-
gators are now developing second-generation rotavirus

vaccines. Several goals for these vaccines can be identified.
First, compared with RotaShield, a second-generation
rotavirus vaccine should have an enhanced safety profile
and fewer gastrointestinal and systemic side effects. Sec-
ond, the potential global efficacy of a rotavirus vaccine
would be improved if it included viral serotypes that pre-
dominate in the developing world. Lastly, investigators
wish to enhance the protection induced against mild to
moderate disease.

Currently, two multivalent human X bovine reassortant
candidate vaccines are being evaluated. Preliminary studies
have shown that these vaccines are less reactogenic than
RotaShield, inducing fewer systemic and no gastrointesti-
nal side effects [43,44]. Efficacy studies are ongoing. In
addition, several attenuated human rotavirus vaccine can-
didates are under evaluation [45,46].

Although the future of rotavirus vaccines remains
unclear, development and licensure of a safe and effective
rotavirus vaccine would markedly improve the health of
infants in both the developed and the developing world.
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