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ABSTRACT

Since 2006, two new vaccines have been licensed to prevent rotavirus,
the cause of 20% to 50% of severe acute gastroenteritis in young children
worldwide. These vaccines have been implemented in national immuniza-
tion programs in about 30 high- and middle-income countries, including
the United States, and vaccine use has led to substantial decreases in
diarrhea-related health care visits. In addition to reductions in diarrhea
burden in vaccinated children, decreases have been observed in older,
unvaccinated age groups in many settings, suggesting indirect benefits
(i.e., herd immunity) from vaccination. Although the efficacy of these oral
rotavirus vaccines is expectedly lower in developing countries in Asia and
Africa, the public health benefits of vaccination in these settings, where
more than 90% of the estimated 453,000 annual deaths from rotavirus
occur, are likely to be substantial. Efforts continue to develop alternative
rotavirus vaccines that could have a better efficacy and safety profile and
may be less expensive.

INTRODUCTION

Acute gastroenteritis is one of the most common illnesses of infants
and children worldwide and a major cause of childhood deaths in the
developing world (1). As recently as 1970, the etiology of this condi-
tion was poorly understood. A few bacterial and parasitic pathogens
(e.g., salmonella, cholera, shigella, and ameba) had been identified,
but these could be found in fewer than 15% of fecal specimens from
children with diarrhea. The remaining cases were assigned “descrip-
tive” diagnoses, e.g., the diarrheas of weaning or malnutrition, “win-
ter vomiting disease,” food allergy, or ”idiopathic diarrhea,‘ which
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disguised our complete lack of insight into their cause. Viruses were
suspected, but no agent had been definitively linked to disease.

This scene changed in 1972 when electron microscopists turned their
instruments to examine the stools and intestines of children with acute
diarrhea. In 1972, the Norwalk virus was discovered by Kapikian and
identified as the first virus to be specifically linked with a diarrheal
illness, which was previously known as “winter vomiting disease,” in
children (2). In 1973, Ruth Bishop identified an approximately 70-nm,
round structured virus by thin section in the gut of Australian children
with acute diarrhea (3). This new virus harbored a genome of dsRNA
that placed it in the family Reoviridae. It was soon named rotavirus by
Thomas Flewett because of its distinct wheel-like appearance (rota) by
electron microscopy (EM) (4).

Early investigations demonstrated that rotavirus was common
among children with winter diarrhea, but widespread studies were
limited to research settings where EM was available. This problem
was soon remedied when an enzyme-linked immunosorbent assay
(ELISA) was developed that was sensitive, specific, simple, inexpen-
sive, and could be used to detect rotavirus in fecal specimens of
children even in the most elementary laboratories around the world
(5). An explosion of studies ensued and, within a decade, rotavirus
emerged to be the most common cause of severe diarrhea in children
worldwide, responsible for 20% to 50% of patients hospitalized with
diarrhea (1).

Because rotavirus was found as a pathogen in children in both
industrialized and developing countries, it was hard to implicate poor
sanitation or hygiene as critical factors in transmission. Rotavirus
infected all children worldwide in their first few years of life. However,
children in low-income settings were infected earlier in life and their
illnesses were more often fatal, primarily because of suboptimal access
to medical care. Surveillance of rotavirus among children younger than
5 years of age who were hospitalized with rotavirus diarrhea indicated
that in India, approximately 70% to 80% of this severe disease occurred
in the first year of life, whereas in the United States, only approxi-
mately 40% of disease was reported in infants, and older children up to
5 years of age were also being hospitalized for this infection (6).

In the United States, early surveillance of children hospitalized for
diarrhea in Washington, DC, showed that rotavirus was the most
common agent detected in more than a third of patients (7). Rotavi-
rus was responsible for the huge annual winter peak of diarrhea,
both mild and severe, that was long recognized by pediatricians.
However, in 1985–1986, when the Institute of Medicine considered
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the possible need for a rotavirus vaccine for the world and for the
United States, they estimated that rotavirus might be responsible
for 873,000 deaths worldwide and that vaccine development should
be a clear priority (8). However, they could not justify the need for a
vaccine for the United States based on the perceived mild and
treatable nature of this disease or evidence of the full burden of
disease.

This conclusion led our group at the Centers for Disease Control and
Prevention (CDC) to examine the burden of diarrhea hospitalizations
and deaths among children younger than 5 years of age in the United
States as a first step to assess the full burden of rotavirus disease. The
problem was daunting because rotavirus was rarely diagnosed with
laboratory testing by physicians because this would incur cost but not
alter treatment with oral rehydration therapy. Furthermore, the clin-
ical presentation, i.e., vomiting and diarrhea, was indistinguishable
from other forms of childhood diarrhea. To assess the burden of rota-
virus disease in the United States, we turned to national data on
hospital discharges and mortality freely available from the National
Center for Health Statistics, and plotted diarrhea events with a variety
of ICD codes among children younger than 5 years of age by month of
the year and age over a 20-year period (Figure 1) (9). The graphs
indicated that approximately 200,000 children were hospitalized each
year for diarrhea, and these admissions showed winter peaks every
year in children from 6 months to 3 to 4 years of age. Nationally, these
peaks each year were first seen in California and the Southwest in
November, and moved across the country reaching New England in
March and April. This unusual temporal and geographic pattern was
soon matched with data on the detection of rotavirus in hospital
laboratories across the country, and thus provided a “fingerprint” to
ascertain the contribution of rotavirus to severe diarrhea in US chil-
dren (10).

We soon understood that most of the winter seasonal peak was due
to rotavirus. From these and other data, we estimated that in the
United States, 40% to 50% of all diarrhea hospitalizations of children
younger than 5 years of age was due to rotavirus, approximately
60,000 to 70,000 hospitalizations per year, and these were respon-
sible for 4% to 6% of all hospitalizations of children younger than 5
years of age in American hospitals (11). Moreover, subsequent stud-
ies estimated that approximately 500,000 children would visit a
clinic, emergency department, or doctor’s office for treatment, more
than 3 million children would become ill each year, and a small
number (fewer than 100) would die of their infections (12). The cost
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of care approximated $300 million; and the total cost of the disease,
including parents’ time lost from work, was approximately $1 billion
(13). Clearly, the United States had a lot to gain if a vaccine were
made available as part of routine childhood immunizations.

The global burden of disease has since been estimated from many
surveys of childhood diarrhea from around the world where rotavirus
has been specifically sought as the etiologic agent (Figure 2). With the
World Health Organization (WHO), we established sentinel hospital
surveillance of children hospitalized with severe diarrhea using a
common protocol and a single diagnostic test, EIA, which is now
ongoing in six regional networks and includes more than 60 countries
(14). From these studies, rotavirus is generally detected in 30% to 55%
of all children hospitalized with diarrhea. By extrapolation of these
results to data on the global burden of diarrhea deaths in children, we
have estimated that approximately 453,000 children die from rotavirus
each year (15), making this one of the most common and potentially
preventable approaches to improve child survival…if a vaccine were
available.

FIG. 1. Diarrhea-associated hospitalizations by month and age among US children
younger than 5 years of age from 1979 to 1997.
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DEVELOPMENT OF ROTAVIRUS VACCINES

The search for a rotavirus vaccine began in the early 1980s, when it
was clear that rotavirus was the major cause of childhood diarrhea in
every setting where laboratory surveillance had been set up. Japanese
investigators learned to cultivate the virus, a key step in considering
vaccine development (16). Research on the virus determined that there
were only a few key serotypes that a vaccine would need to target (17).
Epidemiologic evidence indicated that the virus was “democratic,”
infecting all children, rich and poor; therefore, interventions to im-
prove water quality, sanitation, or health behavior would be unlikely
to change the incidence of the disease. At the same time, good evidence
was emerging demonstrating that children developed protective im-
munity so that a vaccine approach to control might be feasible (18, 19).

The first effort to develop a vaccine was jump-started in the early
1980s by pioneering studies in Belgium and Finland by SmithKline
RIT (20). This group developed a first candidate live oral vaccine
derived from a single bovine strain of rotavirus that shared no antigens
responsible for serotypes with human strains. This candidate vaccine,
RIT 4237, was tested in rapid succession in adults for safety and in

FIG. 2. Estimated global distribution of the 600,000 annual deaths caused by
rotavirus.
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infants for safety and immunogenicity, and the investigators pro-
ceeded directly to a small field trial in Finnish children led by Timo
Vesikari. The surprising results of this trial laid down the key features
of rotavirus vaccines that have stood the test of time. This simple live
oral monovalent vaccine protected infants against rotavirus diarrhea
and was more protective against severe disease than against milder
disease. Of note, this bovine strain that contained no common neutral-
izing antigens with human strains protected children against disease
caused by a range of human serotypes. Development of this vaccine
seemed promising, but as more trial results became available, the
efficacy ranged widely when tested at sites in the United States and in
several low income countries for reasons that were not fully understood
(21). Further development was halted before the reasons for this vari-
ability could be assessed. Another animal rotavirus vaccine candidate,
based on rhesus monkey rotavirus strain (RRV), gave significant pro-
tection only against human strains with the same G serotype, suggest-
ing that vaccines might need to include common human rotavirus
serotypes to achieve maximal effectiveness and prompting efforts to
develop reassortant vaccines containing human and animal rotavirus
genes.

It took another 15 years to develop and bring to licensure the first
rotavirus vaccine, Rotashield (Wyeth Lederle), a product derived from
strain of rotavirus from a rhesus monkey, RRV, that was naturally
attenuated for humans and had been reassorted to include single outer
capsid genes from the four most common G serotypes of rotavirus (22).
The four strains in this vaccine (the parent rhesus strain and three
rhesus-human reassortant strains) were combined as a single tetrava-
lent oral vaccine administered in three doses at the time of routine
childhood immunizations, i.e., at 2, 4, and 6 months. Trials showed the
vaccine to be safe and effective, protecting American, Finnish, and
Venezuelan children against severe rotavirus diarrhea caused by a
diversity of serotypes (22–24).

In 1998, Rotashield was licensed in the United States and recom-
mended by CDC for the routine immunization of American children
(25). Uptake was rapid, and more than 600,000 infants received the
vaccine in the first 9 months after its introduction. Then, a rare and
unanticipated adverse event, intussusception, was noted in infants
after the first dose of the vaccine (26, 27). Intense epidemiologic inves-
tigation showed that this excess was indeed a rare complication of the
vaccine that occurred in approximately 1 of 10,000 vaccine recipients.
The manufacturer removed the vaccine from production, and use and
vaccine development went back to the drawing board. Future live oral
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vaccines in development all had to deal with this difficult legacy that
their vaccines might also be associated with the same risk of intussus-
ception (28).

In 2006, after much investigation of the cause of intussusception
from Rotashield, two manufacturers, Merck and GSK, each completed
development and testing of their distinct live oral rotavirus vaccines
(29–31) (Figure 3). The monovalent GSK vaccine, Rotarix, was derived
from the single most common serotype of rotavirus infecting humans,
serotype G1, that had been attenuated by multiple passage in tissue
culture and was delivered as two oral doses (30). The pentavalent
Merck vaccine was derived from a single bovine strain that was nat-
urally attenuated for humans and then reassorted with the five most
common serotypes of human rotavirus (29). Through reassortment, the
novel strains carried the attenuation properties of the bovine strain,
but a single outer capsid antigen from each of the five most common
human serotypes, four G serotypes and one P serotype. This vaccine
was administered in a three-dose oral regimen. To assess a possible
risk of intussusception of the level seen with Rotashield from these
new live oral vaccines, the United States Food and Drug Administra-
tion (FDA) insisted that they be tested in trials involving more than
60,000 infants, an expensive hurdle to consider for vaccine developers
(31). Fortunately, in large clinical trials conducted in the United
States, Europe, and Latin America, a level of risk similar to that after
Rotashield was excluded. Furthermore, these vaccines each proved to
be both safe and highly effective in preventing rotavirus diarrhea in
infants and could be administered as part of the routine program for
childhood immunizations (29–31).

FIG. 3. New rotavirus vaccines.
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VACCINE INTRODUCTION IN THE UNITED STATES

Shortly after completion of the pivotal studies of these two new
vaccines, vaccine introduction began in a variety of countries. In the
United States, the Merck vaccine was licensed by the FDA in 2006 and
was immediately recommended by the Advisory Committee on Immu-
nization Practices of the CDC and the American Academy of Pediatrics
for the routine immunization of all American children (12). The vaccine
also became part of the Vaccines for Children program of CDC that
permitted the government to purchase vaccine. Some feared that up-
take might be slow because of the unfortunate legacy left from the
withdrawal of Rotashield 7 years before, an event that had energized
the anti-vaccine community and might have tainted introduction of
these new vaccines. However, within 2 years, approximately 60% of
infants were receiving the vaccine on schedule at 2, 4, and 6 months
of age (32).

Surveillance activities established at the CDC were most helpful in
assessing the early impact of vaccine introduction in the United States.
In the 1990s, rotavirus surveillance had been established in hospital
laboratories that routinely tested fecal specimens of children admitted
for diarrhea and reported their results to the CDC on a weekly or
monthly basis (10). By 2008, merely 2 years after vaccine introduction,
these laboratories noted the first evidence of the impact of vaccine to
reduce hospitalizations of American children with diarrhea (Figure 4)
(33). The marked winter seasonal peak of hospitalizations for diarrhea,
evidenced as the number of fecal specimens submitted to these labo-
ratories, decreased dramatically, and the proportion of these speci-
mens that were positive for rotavirus decreased markedly as well.
Moreover, the annual winter peak of childhood diarrhea occurred later,
moving from February-March to April and May, an observation pre-
dicted by mathematical models and attributed to removal of suscepti-
ble infants from the population, delaying the speed of spread of dis-
ease, and increasing the mean age of illness (34, 35).

Then, a series of studies from individual hospitals around the coun-
try documented a marked reduction in diarrhea and rotavirus hospi-
talizations and emergency room visits among children younger than 2
to 3 years of age in the same 2008 rotavirus season (Figure 5) (36–41).
Examination of data from a large insurance claims database showed a
decrease of approximately 40,000 hospitalizations annually in 2008
and 2009, resulting in an annual reduction of about $140 million in
treatment costs (42). The same evaluation confirmed that the vaccine
was 89% effective in preventing rotavirus-coded hospitalizations in
routine use in US children, which compared favorably with the efficacy
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of 96% in the ideal conditions of the pre-licensure clinical trial. The
contribution of rotavirus to severe diarrhea in US children was further
shown by the 44% to 59% decrease in hospitalizations and 37% to 48%
decrease in emergency room visits for diarrhea from all causes during
winter months in vaccinated compared with unvaccinated children.

In addition to the direct benefits of vaccination that reaffirmed the
high efficacy of vaccine seen in clinical trials, unanticipated indirect
effects were also noted (43, 44). The data provided several surprises:
the marked reduction in hospitalizations for rotavirus diarrhea was
greater than that which could be explained by the actual coverage of
the vaccine in the population. Furthermore, the decrease in hospital-
izations occurred not only in those children who had been vaccinated
but also among older age groups that had not received the vaccine.
These findings, repeated in larger numbers in the national data,
showed that the vaccine was having a distinct herd effect, reducing
illness mostly in those children vaccinated, but also in those who
remained unvaccinated. Further evidence of this indirect effect came
from a clever analysis of hospital discharge data for older children and
adults, groups already thought to be immune to rotavirus for which
rotavirus would not represent a significant disease risk (45). When

FIG. 4. Percentage of rotavirus tests with positive results from NREVSS laborato-
ries by week of year in the United States from June–July 2000–2006, 2007–2008,
2008–2009, 2009–2010. From Tate et al (34), updated in 2011.
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winter seasonal hospitalizations for diarrhea of any cause were plotted
by age group for older children (e.g., 5 to 14 years old, 14 to 25 years
old) and adults, there was also a distinct decrease in events during
exactly the same peak rotavirus season months of the year as the
decrease noted in those children vaccinated. Because the only inter-
vention had been introduction of rotavirus vaccine in infants, these
data suggested that rotavirus remained a significant cause of diarrhea
in these older populations as well, and that vaccinating infants pre-
vented spread of infection from the vaccinated infants to their older
siblings, contacts, parents, and grandparents. Rotavirus in children,
such as influenza virus, was a reservoir of infection for infections in
older children and adults. The vaccine was clearly having an additional
impact to reduce hospitalizations for diarrhea in these older age
groups, representing an additional 15% to 20% benefit to the program
in terms of hospitalizations averted in these age groups or costs saved
for medical care (46).

IMPACT OF ROTAVIRUS VACCINES IN OTHER COUNTRIES

To date, rotavirus vaccines have been licensed in more than 100
countries and introduced into the routine childhood immunization

FIG. 5. A review of published studies regarding the impact of rotavirus vaccination
against rotavirus gastroenteritis in the United States. Studies assessed impact against
rotavirus hospitalizations and emergency department visits or all rotavirus healthcare
visits among children 2 to 5 years of age (35–40).
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schedules in more than 30 countries, mostly high- and middle-income
countries in the Americas, few European countries, and in Australia.
The rate of uptake has been influenced by two key factors, demonstra-
tion of the efficacy of the vaccine in low-income settings, and the cost
of the vaccine versus the perceived benefits. Live oral vaccines, such as
polio, cholera, and typhoid, have performed less well in low-income
settings compared with richer countries for reasons that are not fully
understood (47). Some data suggests that in low- and middle-income
countries, higher titers of transplacental antibodies in the infant,
breast feeding at the very time of immunization, an altered micro-
biome, or micronutrient nutritional (e.g., Zinc or vitamin A) and other
host factors (e.g., other diseases such as diarrhea, HIV, and malaria)
might be responsible (47). Consequently, the WHO required the vac-
cine manufacturers to conduct trials in a poor African and Asian
setting before they could make a universal recommendation for the use
of the vaccines.

These studies in low-income countries have now been concluded,
and both products do work in these populations, but the efficacy
varies greatly (Figure 7) (48). For the GSK Rotarix vaccine, the
efficacy from trials in South Africa and Malawi ranged from 76% to
49%, respectively, consistent with the observation that the infants in
low-income settings have lower immune responses to the same vac-
cine product (49). For the Merck vaccine, RotaTeq, studies from five
countries in Africa and Asia had an overall efficacy of 64%, with
values that ranged from 1% in Mali to 83% in Kenya (50, 51). This
variability calls for a robust research agenda to understand how to
improve the “take” of the vaccine. That being said, the use of these
vaccines, even if they are only 50% effective, was seen as a great
benefit to protecting the lives of children from severe diarrhea.
Consequently, the WHO has recommended rotavirus immunization
for all children worldwide (52).

Some impressive data on the impact of these vaccines in Mexico
and Brazil have shown what can be achieved in these middle-income
settings (Figure 6) (53–55). In Mexico, 3 years after the national intro-
duction of the vaccine, diarrhea mortality has decreased by 39%; and in
Brazil, a 22% to 28% decrease has been reported. Additional data is
amassing from impact studies in many other settings, most of which
show major decreases in hospitalizations for diarrhea due to rotavirus.
As yet, rotavirus vaccine is just being introduced into a number of
low-income countries in sub-Saharan Africa; therefore, full evaluation
of impact on diarrhea mortality will require several years to assess.
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The price of rotavirus vaccines has been severely tiered by the
companies and has had a major impact on the rate of uptake of the
vaccine. In the United States, the price of the vaccines remains at
approximately $60 to $100 per dose, or approximately $200 per child
vaccinated (56). In Europe, as of 2011, and despite similar assess-
ments of the burden of disease, the vaccine has only been introduced
in four countries, in part due to cost-benefit analyses that indicate
that the high price of the vaccine does not match the perceived value
of medical costs alone for a disease that can be treated and is rarely
fatal in these settings. For middle-income countries in Latin Amer-
ica, the Revolving Fund for Vaccine Procurement of the Pan Amer-
ican Health Organization has established a purchase price for vac-
cine at approximately $15 per child, a level that has permitted the
vaccine to be introduced in 14 countries (57). Finally, for low-income
countries where 85% of the fatal cases of rotavirus occur, vaccine
introduction has just begun. The Global Alliance for Vaccines and
Immunizations, GAVI, will provide vaccines for a subsidized price of
$0.15-$0.30 per dose for a scaled 5-year introduction, but ministers
have feared that after this concessionary period, they will be bur-
dened with paying a newly tiered price for the vaccine of between
$5.00 and $15.00 per child (58). Nonetheless, vaccines have been
approved for 16 GAVI-eligible countries, including 12 countries in
Sub-Saharan Africa, with the hope that the price of vaccines will
decrease over the next 5 years to a level that is affordable by even the
poorest countries.

FIG. 6. Sustained decreases in deaths due to diarrhea in Mexico from 2008 to 2010
in children younger than 5 years of age.
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FUTURE OUTLOOK

We are at an interesting time in the history of rotavirus vaccine
introduction. We have seen tremendous benefits from the vaccine in
the United States and a number of middle-income countries where
the vaccine has been introduced on a national basis. Clearly, the
approximate 50% decrease in hospitalizations for diarrhea in the
United States and the 4% to 6% decrease in hospitalizations of
children younger than 5 years of age for all causes is having a
positive effect on use of our health services, particularly in the
winter season (32). The decrease in doctor, clinic, and emergency
visits plus mild illness treated at home adds additional value to the
program. We are still learning about the indirect and herd effects of
vaccine introduction which can only be appreciated after widespread
use and assessment. It remains to be seen whether these indirect
herd effects will be observed when the vaccines is introduced in
low-income countries. Herd effects over time could render vaccina-
tion programs more effective than the results of efficacy trials,
perhaps by increasing the age of severe disease, thereby decreasing
the risk of dying in infancy.

The lower efficacy of live oral vaccines in children in low-income
settings remains a real target for research and has led to additional
efforts to develop some alternative vaccine strategies (21). One strat-
egy has been to develop a rotavirus vaccine derived from newborn

FIG. 7. Relationship between RV vaccine efficacy and per capita gross income.
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strains of rotavirus that are highly immunogenic even in the presence
of high titers of transplacental IgA antibody in the infant, a known
inhibitor of vaccine take. Two vaccines based on newborn rotavirus
strains, RV3 in Australia (59) and 116E in India (60), are both in
clinical trials and could address at least one major impediment to
better efficacy. Alternatively, a number of parenteral rotavirus vac-
cines are in early stage development with the thought that these
injected products are independent of the problems posed by oral im-
munization and could provide a high level of efficacy regardless of the
income setting of the child (61). Ultimately, these vaccines could be
included in other combination vaccines that would be easier to deliver
to all children.

Finally, concerns regarding a risk of intussusception with current
rotavirus vaccines linger. Post-marketing safety data from some pop-
ulations (Mexico, Brazil, and Australia) suggest a low-level increased
risk of approximately 1 to 2 cases per 100,000 vaccinated infants,
primarily in the first week after the first vaccine dose. An increased
intussusception risk has not been documented in the United States to
date, but available US data do not allow us to reliably exclude the
possibility of a low-level risk seen in other settings. Benefit-risk anal-
yses for several settings, including a US analyses based on a hypothet-
ical risk, show that the well-documented health benefits of vaccination
clearly exceed the potential risks and various regulatory and policy
committees have made no changes to recommendations for vaccine
use. Besides improved efficacy in low-income settings, a parenteral
rotavirus vaccine, when available, is likely to also be free of a risk of
intussusception.

The field of rotavirus vaccines is rapidly evolving with a robust
agenda to introduce vaccines in many countries and monitor the out-
come. Research will be imperative to make these vaccines more effec-
tive in low-income settings and to understand the indirect effects as
these programs unfold. All activities and efforts are now directed
towards the ultimate prevention and control of this most common cause
of childhood diarrheal illness in all children worldwide.
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DISCUSSION
DuPont, Houston: Roger, thank you so much for a wonderful presentation, and

thank you even more for what you’ve done to fight this disease of children which causes
such important morbidity but very serious mortality in the developing world. You’ve
shown, once more, that biology is complicated. It looked like there were vaccines on the
way and that we would be able to eliminate this problem. You’ve worked with companies,
you’ve gotten prices down, and so that looks good. In Houston, we are seeing as rotavirus
goes down, norovirus rates are going up. My question is: are we going to get rid of this
virus only to have other viruses such as noroviruses just come in and take its place? Is
there some end to this story?

Glass, Bethesda: I think that’s a good question. Noroviruses are the next major
target for us, especially as virologists, but the fact that hospitalizations have gone down
by half in the United States and that diarrhea mortality in Mexico has gone down by 40%
is an indication to me that we are removing a large part of the pie of diarrheal morbidity
and mortality already. Once this is accomplished, we can address the remaining patho-
gens including norovirus and some of the other bacterial diseases, including cholera.

Barondess, New York: Dr. Glass, that was a powerful and clear presentation.
Thank you. I’m curious about the mechanism of the intussusceptions caused by this
vaccine.

Glass, Bethesda: So are we. We looked extensively at the pathologic specimens from
children who were operated on for intussusception thinking that we might find hyper-
plastic lymph nodes at the leading edge of the intussusceptions that would provide a
clear mechanism of action to explain these rare events. We did not find this, although our
specimens were limited. Consequently, we don’t have a clue as to why this happened.
However, we did learn that intussusceptions are rare in the first 3 months of life and the
incidence increases 10-fold between 3 and 7 months of age. We, therefore, recommended
that first doses of the new oral vaccines be administered before an infant reached 90 days
of age, and this may explain in part why the live oral vaccines tested subsequently did
not have this problem.

53RATIONAL DESIGN OF VACCINES


