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ABSTRACT

Worldwide, rotaviruses account for more than 125 million cases of infantile gastroenteritis
and nearly 1 million deaths per year, mainly in developing countries. Rather than other con-
trol measures, vaccination is most likely to have a major impact on rotavirus disease incidence.
The peak incidence of rotavirus diarrhea occurs between 6 and 24 months of age. In develop-
ing countries, however, cases are not uncommon among children younger than 6 months. G
serotypes 1 to 4 are responsible for most disease, but there are indications that in Brazil that
G type 5 is of emerging epidemiological importance. Both homotypic and heterotypic responses
are elicited during natural rotavirus infection, and the immunological response at the intesti-
nal mucosal surface is probably the more consistent predictor of clinical immunity.

With the primary objective of protecting children against life-threatening dehydrating diar-
rhea, many approaches to rotavirus vaccine development have been attempted. One vaccine,
the tetravalent rhesus-human reassortant rotavirus vaccine (RRV-TV), was given licensing
approval in the United States of America, introduced to the market, and later withdrawn.

A number of studies have found better efficacy of RRV-TV in developed countries than in
developing ones. Field trials with a 4 X 10* plague-forming units (PFU) preparation of RRV-
TV have been carried out in two countries in Latin America, Brazil and Peru. Those trials
yielded protective efficacy rates against all rotavirus diarrhea ranging from 18% to 35%. Data
from a large catchment trial in Venezuela with a higher RRV-TV dose, of 4 X 10° PFU/dose,
indicated an efficacy rate of 48% against all rotavirus diarrhea and 88% against severe ro-
tavirus diarrhea. It appears that breast-feeding does not compromise the efficacy of RRV-TV if
three doses of the vaccine are administered. Similarly, possible interference of oral poliovirus
vaccine with the “take” of the rotavirus vaccine can be overcome by giving three doses of the
rotavirus vaccine or by using a higher-titer formulation of it. Wild enteroviruses, however,
may cause primary rotavirus vaccine failure in developing countries. Studies in Peru with
RRV-TV have shown a trend towards higher vaccine efficacy rates against “pure” (rotavirus-
only) diarrheal episodes. Economic analyses made in the United States indicate that a vaccine
that costs less than US$ 9 per dose would lead to a net savings in medical costs. To date, how-
ever, cost-benefit studies have not been done in developing countries. In the future, it is possi-
ble that some Latin American countries might adapt their polio production facilities to the
preparation of rotavirus vaccines for human use.

A year after RRV-TV was licensed for vaccination of infants in the United States, the oc-
currence of intussusception as an adverse event led to the vaccine’s withdrawal from the mar-
ket. The implications of that action, particularly for Latin America, will be addressed in this
article, including the need to explore alternative rotavirus candidate vaccines, particularly
through the conduct of parallel clinical trials in both developed and developing countries.
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Acute gastroenteritis is a leading
cause of morbidity and mortality in in-
fancy and childhood throughout the
world, especially in developing coun-
tries. Each year diarrheal diseases
cause 744 million to one billion cases
of diarrhea in Africa, Asia, and Latin
America in children under 5 years of
age. Of these children, it is estimated
that 2.4-3.3 million of them die per
year, corresponding to some 6 600 to
9000 deaths per day (1-3). An addi-
tional hazard in developing countries
is that malnutrition makes children
more prone to severe disease and, con-
versely, repeated episodes of diarrhea
may lead to malnutrition (1).

In Latin America the incidence rates
of diarrheal disease among infants and
young children vary widely between
different regions and localities, accord-
ing to prospective community-based
studies (1). In the poorest periurban
communities of Peru and Brazil, the
average annual number of diarrheal
episodes per child under 2 years of age
reaches 10 or more, while the inci-
dence rate may be as low as 0.7 per
child per year among infants (0-1 year
old) in Costa Rica (4-7).

Estimates for mortality indicate that
the annual number of deaths caused
by diarrhea among infants less than 1
year of age also varies widely from re-
gion to region, ranging from 4.5 per
1 000 live births to 21.8 per 1 000 (8, 9).
Nevertheless, data that the Pan Amer-
ican Health Organization (PAHO)
gathered from 21 countries indicate
that the overall mortality from diar-
rheal disease in Latin America has de-
clined considerably over the past two
decades (10-12). Worldwide observa-
tions suggest that several factors may
have contributed to this reduction,
such as instruction in the correct case
management of acute watery diarrhea,
particularly at health care centers; the
encouragement of breast-feeding; and
improvements in measles immuniza-
tion coverage (1, 13, 14).

During these past two decades, the
spectrum of enteropathogens known
to cause diarrhea has increased, pri-
marily through the identification of
a number of novel viral agents, such
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as rotaviruses, enteric adenoviruses,
astroviruses, and Norwalk and/or
antigenically related agents (15). It has
been estimated that viral agents ac-
count for a minimum of 30% of docu-
mented cases of infectious diarrhea in
the United States of America (16).

Since their first detection by Bishop
et al. (17) in Melbourne, Australia, ro-
taviruses have been clearly established
as the most common cause of severe,
dehydrating gastroenteritis in infants
and young children in both industrial-
ized and developing countries (18, 19).
It has been estimated that rotaviruses
each year worldwide are associated
with more than 125 million cases of in-
fantile gastroenteritis and cause a min-
imum of 418 000 to 520 000 deaths,
85% of which occur in low-income
countries (20, 21). An effective vaccine
could prevent as many as 326 000 of
these deaths each year (20, 21).

The similar incidence of the illness
in both industrialized and developing
countries suggests that the problem
will not be controlled by merely im-
proving the water supply, sanitation,
or hygiene practices, and that an effec-
tive vaccine is required (22, 23). De
Zoysa and Feachem (22) calculated
that the administration of an effective
rotavirus vaccine within the first 6
months of life might prevent at least
16% of the diarrhea deaths that occur
among children under 5 years of age.
These figures fully justify current glo-
bal efforts directed towards the devel-
opment of a vaccine targeted for use in
early childhood. Rather than prevent-
ing rotavirus infection or mild illness,
the primary goal of rotavirus vaccine
strategies would be to protect against
severe diarrhea that might lead to de-
hydration and death.

This review will focus mainly on the
current status of rotavirus candidate
vaccines and the prospect of their fu-
ture use in public health programs in
Latin America, including as a result of
the introduction of one rotavirus vac-
cine to the market and its subsequent
withdrawal following the occurrence
of intussusception among some vacci-
nated infants. To provide background
for the main subject of this report we

will briefly discuss available infor-
mation on rotavirus structure and
antigenic composition, epidemiology,
and immunity. We will especially em-
phasize the epidemiological features
of rotavirus infection in Latin Ameri-
can countries.

GENERAL INFORMATION ON
ROTAVIRUS INFECTION

Structure and
antigenic characterization

The rotaviruses are classified within
a specific genus of the family Reo-
viridae. The complete virus particle
is often described as smooth, mea-
sures about 70 nm in diameter, and
is composed of three protein shells
surrounding the genome. This triple-
layered structure possesses cap-
someres radiating from the inner to
the outer capsid, like the spokes of a
wheel (rota, Latin for wheel) (24). In-
complete (or rough) “single-shelled”
particles lacking the outer capsid are
also commonly found in stool samples
and tissue culture supernatants. The
viral genome, located within the core,
consists of double-stranded RNA that
can be separated by gel electrophore-
sis into 11 discrete segments, or genes.
Each of these genes encodes a single
protein, except gene 11, which seems
to encode two distinct polypeptides
(25). The outermost layer of the double
capsid is composed of two surface pro-
teins, VP7 and VP4. VP7 is a glycopro-
tein coded by gene 7, 8, or 9, and VP4
is a protease-dependent protein coded
by gene 4. These two surface proteins
independently induce neutralizing an-
tibodies (19, 26, 27). Specific antibody
response to these proteins has been
demonstrated after natural rotavirus
infection (28) and also following ad-
ministration of candidate vaccines of
animal origin (29).

Of particular interest is sero-
response to VP4 following the natural
infection of humans. That is because
antibodies to this protein are known
to broadly react across different sero-
types (30, 31). Cryoelectron micro-
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scopy studies using computer-assisted
image enhancement have shown that
VP4 forms 60 spikelike structures that
protrude more than 10 nm from the
viral surface (32, 33). VP4 is the viral
hemagglutinin and appears to have
a role in viral virulence (15, 34). The
cleavage of VP4 by pancreatic trypsin
into VP5* and VP8* subunit proteins
initiates the process of viral penetra-
tion into host cells (35).

VP7 makes up 90% of the smooth
outer capsid surface, which is perfo-
rated by 132 channels penetrating the
virion and reaching the viral core. The
inner shell consists of trimerized VP6
(coded by gene 6), which makes up
over 51% of the virion (19). The core
is composed of VP1, VP2, and VP3
proteins, coded by genes 1, 2, and 3,
respectively. In addition to the six
structural proteins, five nonstructural
polypeptides (NSP1 through NSP5)
have been identified as being encoded
by each of the five remaining rotavirus
genes (36). Interesting recent studies
(37, 38) have provided evidence that
NSP4 may cause secretory diarrhea,
thus acting in a similar way to that
of the heat-labile enterotoxin of Es-
cherichia coli. It is likely that NSP4 will
be a target for future rotavirus vaccine
strategies.

Three major antigenic specificities
are assigned to rotaviruses: group, sub-
group, and serotype. Both group and
subgroup specificities are mediated
mainly by VP6, which is the major
inner capsid protein. To date, seven
groups—designated as A, B, C, D, E, F,
and G—have been distinguished in hu-
mans, other mammals, and birds. Only
group A, however, contains rotavirus
strains of epidemiological importance,
and a vaccine should primarily confer
protection to infants and young chil-
dren against serious illness caused by
this group (36). Two subgroups, I and
II, can be identified within group A, as
determined by monoclonal antibodies
(39). The classification of rotaviruses in
serotypes is based on both glycopro-
tein VP7 (“G” types) and protease-sen-
sitive protein VP4 (“P” types) antigenic
specificities. Although 14 rotavirus G
types have been identified to date,

serotypes 1 through 4 are recognized to
be globally most common. However,
other serotypes may be common in
specific countries (15, 19, 40). In gen-
eral, all human subgroup I rotaviruses
bear the G serotype 2 specificity,
whereas subgroup II strains may be-
long to G serotypes 1, 3, and 4. There
are at least 11 distinct VP4 (P) sero-
types. Of these 11, 6 of them have been
identified among the human rota-
viruses: 1, 2, 3, 4, 5, and 11; these in-
clude four subtypes (36, 41). Recent nu-
cleotide and amino acid sequence
analyses, on the other hand, allowed
the identification of six distinct ro-
tavirus VP4 genotypes in humans, des-
ignated as P[4], P[6], PI8], P[9], P[10],
and P[12]. It has been established that
human rotavirus of P genotypes 4, 6, 8,
and 9 correspond to P serotypes 1B,
2A, 1A, and 3, respectively (42).

Surveys of rotavirus P types in hun-
dreds of fecal specimens from seven
countries revealed that types P1A[8]
and P1B[4] are the most common
among the rotaviruses of human ori-
gin (42—44). In the light of the currently
adopted binary system (VP7 and VP4
type specificities) for classification of
rotavirus strains (40), it is known that
three of the four epidemiologically im-
portant G serotypes (1, 3, and 4) pos-
sess P type 1A[8] specificity, while G2
has P1B[4] specificity (42). However,
in recently established countrywide
surveillance in the United States,
nearly 10% of rotavirus strains were
found to bear unusual P- and G-type
specificities (45). In summary, al-
though the total number of distinct G
and P types is large, the vast majority
of them fall into four G types and two
P types.

Epidemiology and pathogenesis

Globally, group A rotaviruses are
generally recognized as the most
common enteropathogens identified
among infants and young children
hospitalized with dehydrating diar-
rhea. In both developed and develop-
ing countries it is estimated that 12%
to 71% (median, 34%) of the severe di-
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arrheal episodes occurring in this age
group are associated with group A ro-
taviruses (15, 18, 19). Groups B and C,
which are antigenically and genet-
ically distinct, also infect humans.
Group B has been associated with
extensive epidemics of diarrheal ill-
nesses, primarily among adults in
China (46, 47). Group C viruses, on
the other hand, are primarily swine
pathogens and appear to cause infre-
quent and sporadic diarrheal disease
among children in many parts of the
world. One recent study has shown
that group C rotavirus may be asso-
ciated with extrahepatic biliary atresia
among infants (48), and other studies
have associated the group with food-
borne institutional outbreaks of gas-
troenteritis (49, 50).

Fecal-oral transmission is the most
likely route of rotavirus spread, but
some limited evidence suggests that
respiratory transmission might also
occur. While an infected, diarrheic
person may excrete approximately
one trillion infectious particles per
milliliter of stool, the infective dose in
a child can be as little as 10 particles
(51). The main site of viral multiplica-
tion is the mature enterocytes on the
villi of the upper small intestine. Over
a period of 1-2 days infection spreads
from the proximal small bowel to the
ileum. Histopathological studies in
animal models have shown mild vil-
lus shortening, crypt hyperplasia, mi-
tochondrial swelling, and infiltration
of the lamina propria with mononu-
clear cells (19, 52). The major mecha-
nism for diarrheal disease induction
in rotavirus infection is likely to be de-
creased absorption of salt and water,
as a result of intestinal damage and
replacement of absorptive epithelial
cells by secreting cells from the villous
crypts (53). An additional possible
mechanism is related to the depressed
levels of disaccharidases, leading to
carbohydrate malabsorption and os-
motic diarrhea (15, 54). Finally, recent
studies have shown that diarrhea
may occur in the absence of epithelial
lesion demonstrable by light micro-
scopy, thus raising the question as to
whether other mechanisms might be
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involved in the induction of rotavirus
gastroenteritis (55). In this respect, it is
worth noting the findings of Ball et al.
(37), which provide evidence that
NSP4—a nonstructural rotavirus pro-
tein coded by gene 10—may act as an
enterotoxin in a murine model, induc-
ing secretory diarrhea. In addition,
and of interest for vaccine strategies,
these authors have demonstrated that
antibodies to NSP4 protect against
disease. It has recently been hypothe-
sized that rotaviruses evoke intestinal
fluid and electrolyte secretion by acti-
vation of the enteric nervous system
(56).

It has been reported, from longitudi-
nal studies conducted in several coun-
tries, that asymptomatic rotavirus in-
fection is frequent and accounts for up
to 80% of cases (57-59). On the other
hand, rotavirus illness is preceded by
an incubation period of 24 to 48 hours,
has an acute onset, and usually lasts 5
to 7 days. The clinical picture includes
vomiting, which starts early in the
course of disease, as well as fever, wa-
tery diarrhea, mild to moderate dehy-
dration, and abdominal pain. Both
vomiting and fever remit within the
first 2 to 3 days of illness, while diar-
rhea usually persists for 5 to 8 days. In
general, laboratory tests indicate nor-
mal serum sodium concentration, mild
to moderate elevation of blood urea ni-
trogen, and mild metabolic acidosis
(60, 61). Treatment of rotavirus diar-
rhea is mainly symptomatic and in-
cludes oral (or, less frequently, intra-
venous) replacement of fluid and
electrolytes in order to correct dehy-
dration (62). Of public health impor-
tance is the fact that rotavirus diarrhea
has been associated with the devel-
opment of lactose intolerance, result-
ing in a protracted course of diarrhea
and exacerbating existing protein-
calorie malnutrition among infants
and young children living in tropical
regions (23, 63).

As previously stressed, the burden
of rotavirus disease in both developed
and developing countries is stagger-
ing, particularly among young chil-
dren aged less than 2 years old (20).
While rates of morbidity related to ro-
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tavirus diarrhea are similar in both in-
dustrialized and developing countries,
the disease is often severe and fatal
among infants and young children liv-
ing in the latter regions, where malnu-
trition may be an additional hazard
(19, 23). Regardless of socioeconomic
status or environmental conditions, it
has been reported that, worldwide,
over 90% of children at the end of the
third year of life have acquired ro-
tavirus antibody (19, 64). Most studies
indicate that the peak incidence of ro-
tavirus gastroenteritis occurs between
6 and 24 months of age, although in
developing countries cases are com-
mon among children younger than
6 months (65). Data from numerous
longitudinal studies conducted in both
developed and developing countries
show that repeated rotavirus infec-
tions, mostly involving different sero-
types, are common throughout life,
particularly during the early years
(66-68). In general, both older children
and adults develop asymptomatic ro-
tavirus reinfections, mostly as a result
of close (e.g., intrafamilial or institu-
tional) contact with an infected infant
(15, 69). Finally, rotavirus infections
among neonates are more likely to be
asymptomatic, possibly because of
passively transferred maternal anti-
bodies, the occurrence of apparently
attenuated strains within hospital
nurseries (70), or the immaturity of the
neonatal gut.

According to a recent review by
Cook et al. (18) of 34 studies, cover-
ing 23 countries, the seasonality of
rotavirus infections in temperate re-
gions peaks broadly from autumn to
spring. In contrast, seasonal peaks are
less distinct in the tropic zones, where
rotavirus infections seem to occur
year-round.

Data from investigations around
the world indicate that rotaviruses
account for between 11% and 71%
(average, 33%) of diarrheal episodes
requiring hospitalization among chil-
dren younger than 3 years (18), and
40% of nosocomial diarrheal episodes
among pediatric populations (71-73).

The proportion of diarrheal cases
attributable to rotavirus is generally

in the range of 6% to 24%, according
to community-based surveys (74-76).
Data from longitudinal community-
based studies indicate that the inci-
dence of rotavirus diarrhea may range
from 0.15 to 0.8 episodes per child per
year (1, 22).

Most of the studies in both inpatient
and outpatient settings in Latin Amer-
ica involve children aged less than 5
years. Depending on the setting and
study, 11.4% to 60% of children with
acute diarrhea were found to have ro-
tavirus. For each of the countries, the
rates were: Argentina, 12.9% to 34%
(77, 78); Brazil, 13% to 40% (79-81);
Chile, 11.4% to 40% (82, 83); Costa
Rica, 45.3% to 60% (84, 85); Ecuador,
21.1% (86); Mexico, 14% to 32%
(87, 88); and Venezuela, 30% to 50%
(75). Community-based studies have
yielded average incidence rates of ro-
tavirus infantile diarrhea that range
from 0.17 episode/child/year to 0.8
episode/child/year, as follows: Ar-
gentina, 0.25 (89); Brazil, 0.3 (68);
Chile, 0.8 (90); Costa Rica, 0.8 (85);
Guatemala, 0.8 (85); and Venezuela,
0.17 (75).

Data on the epidemiology of ro-
tavirus serotypes in Latin America are
still scarce. All four epidemiologically
important G types have been identi-
fied, and several surveys carried out
to date indicate that predominant ro-
tavirus serotypes seem to change over
time. In general, a particular type will
predominate for 1 or 2 years before the
emergence of a new dominant strain,
perhaps as a result of immune selec-
tion (68, 91-97). The occurrence of ro-
tavirus G type 5 has been claimed to
be of emerging epidemiological impor-
tance by some authors and might be
considered for inclusion in the compo-
sition of future vaccines (98, 99). Few
studies have been made on the distri-
bution of rotavirus P types in Latin
American countries. Recently, an ex-
tensive survey carried out in several
states of Brazil indicated that the pre-
dominant strains are similar to those
most commonly found in other parts
of the world: P[8]G1, 43%; P[4]G2,
12%; and P[8]G3, 6%. Mixed infections
accounted for 21% of the cases, and
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such unusual types as P[8]G5 ac-
counted for another 12% of the cases
(99, 100). Bearing G1, G3, or G4 speci-
ficity, the genotype P[6] has been char-
acterized from studies involving new-
born infants in hospital nurseries in
Venezuela (42).

Immunity to rotavirus infection

Although several studies have been
made on the immune response to ro-
tavirus infections in humans and the
other animals, the mechanisms under-
lying protection against rotavirus dis-
ease are not yet fully understood. It is
currently accepted that clinical pro-
tection may involve local (mucosal)
and systemic antibodies, and/or the
cell-mediated immune system (34, 101,
102). Although VP6 has been recog-
nized as the most immunogenic rota-
viral protein, genetic studies have
demonstrated that serum antibodies
directed at either VP4 or VP7 are also
able to neutralize rotavirus and protect
susceptible hosts (34, 103, 104). In ad-
dition, a number of studies support the
hypothesis that VP4 may be more ef-
fective in evoking virus-specific serum
neutralizing antibodies during natural
infection. On the other hand, antibod-
ies against VP6 in secretions are in-
dicative of the ability of immunoglob-
ulin A (IgA) to neutralize virus, thus
reflecting mucosal immunity and re-
sistance to reinfection (105, 106).

Numerous previous studies have
suggested that natural infection with
rotaviruses confers protection against
clinically significant disease during re-
infection. Some reports indicate that
neonates infected within their first 2
weeks of life are protected against
moderate-to-severe disease but not
against reinfection (101, 107). Similarly,
infants and children are protected
against rotavirus disease following
both symptomatic and asymptomatic
primary infection (59, 108). The oc-
currence of symptomatic reinfection,
on the other hand, suggests that, fol-
lowing natural infection, protection
against the disease may be short-lived
or incomplete (95, 101, 109-111). In a

recent follow-up study involving Mex-
ican infants, it was shown that each
new rotavirus infection increases nat-
ural protection and reduces the sever-
ity of the diarrhea (112). It remains
uncertain whether or not serotype
specificity of the immune response is
related to clinical immunity during
natural infection. Although homotypic
responses seem to predominate, nu-
merous studies involving humans and
other animal models have shown that
heterotypic responses are commonly
elicited, even after primary infection
(104, 113, 114). On the other hand, the
occurrence of sequential rotavirus ill-
nesses involving the same G type, re-
ported by several investigators, sup-
ports the view that natural infections
produce incomplete protection (110,
115, 116).

Both primary and secondary infec-
tions in humans elicit the development
of antirotavirus antibodies of the IgG,
IgM, and IgA classes in serum, saliva,
and intestinal secretions (28, 30, 117). It
has been suggested that high levels of
serotype-specific serum neutralizing
antibodies are closely associated with
protection against relatively severe
disease (109, 118). According to other
authors, however, the immunologic
response occurring at the intestinal
mucosal surface (mainly in terms of
rotavirus-specific secretory IgA) would
probably be a more consistent predic-
tor of clinical immunity (102, 119, 120).
In addition, the often short-lived na-
ture of protection induced by natural
infection is in line with the short-term
secretory IgA response (121).

To date, investigations on the poten-
tial role of cellular immunity in rotavi-
ral infection have been made mainly in
nonhuman models (122, 123). In mice,
immune cytotoxic T cells may repre-
sent a major component of host de-
fense in the gastrointestinal tract (124).
This cytotoxic T lymphocyte activity is
linked primarily to CD8 (and possibly
CD4) cells and seems to mediate virus
clearance rather than confer complete
immunity to rotavirus reinfection (102,
125). In addition, mechanisms leading
to the release of antiviral toxins (e.g.,
interferon-gamma and tumor necrosis

Rev Panam Salud Publica/Pan Am | Public Health 8(5), 2000

factor-alpha) may play a role in the
protection against infection (126).

In addition, passive immunity from
transplacental transfer of antibodies
and breast-feeding may play a role in
protection against rotaviral disease in
young infants (26, 127, 128). This view
is supported by findings from numer-
ous studies, indicating that infants do
not usually develop severe rotavirus
illnesses during their first 6 months
of life. Although the protective role of
breast-feeding is still controversial, it
has been demonstrated that mothers
of uninfected neonates possess higher
levels of rotavirus-specific neutraliz-
ing antibodies (NA) in colostrum and
milk than do mothers of infected
neonates (129). Nonimmunological
protective factors present in human
milk, such as mucinlike glycoproteins,
have been claimed by some authors to
inhibit rotavirus infection (130). Of in-
terest are recent studies involving
Bangladeshi children, which indicate
that exclusive breast-feeding protects
against rotavirus infection during the
first year of life; however, the infection
is postponed to the second year of life
(131). Another potential mechanism of
passive immunity is the transfer of ma-
ternal IgG to the intestinal lumen in
both humans and other animals, possi-
bly through transcytosis, leading to
virus neutralization prior to infection
of enterocytes, if antibodies are pres-
ent in sufficient concentration (102).

Also in the context of passive immu-
nity, some studies have shown that
prophylactic protection against infec-
tion and clinically significant illness in
infants can be afforded by oral admin-
istration of either milk or colostrum
containing rotavirus-specific antibod-
ies (132, 133).

APPROACHES TO ROTAVIRUS
VACCINE DEVELOPMENT

To date, many approaches to the de-
velopment of rotavirus vaccines have
been attempted, not to prevent infec-
tion or mild disease but rather to pro-
tect against life-threatening dehydrat-
ing diarrhea (22, 23). Early vaccine
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trials demonstrated that a low propor-
tion of infants receiving a monovalent
vaccine developed a heterotypic anti-
body response (23). As a result, cur-
rent strategies are directed toward
developing multivalent vaccines that
bear epitopes similar to the circulating
rotavirus serotypes (23, 134). Several
field trials with reassortant multi-
valent rotavirus vaccines have been
completed around the world. Further-
more, because data from several stud-
ies—most of them involving nonhu-
man models—indicate that mucosal
immunity rather than circulating anti-
body plays a major role in reducing
the incidence or severity of infection
(119, 120, 135), current strategies are
primarily directed toward developing
an orally administered live attenuated
rotavirus vaccine (36). In addition, the
recent discovery that rotavirus non-
structural protein NSP4 may act as a
viral enterotoxin in nonhuman models
offers new and exciting approaches to-
ward the prevention of rotavirus diar-
rheal illness (37, 136). Using inacti-
vated vaccines to immunize pregnant
women, in an attempt to enhance the
passive transfer of specific antibodies
through the placenta and breast milk,
has also been regarded as an alterna-
tive approach for protecting against
rotavirus diarrhea (27).

Below, we briefly discuss recent
major strategies adopted for the devel-
opment of a rotavirus vaccine, with
emphasis on rotavirus vaccines of both
human and nonhuman origin and the
human X nonhuman reassortant ro-
tavirus vaccines (Table 1). In addition,
we highlight the most significant ob-
servations resulting from field trials
carried out in various parts of the
world, focusing on those conducted in
developing countries.

Rotavirus vaccines of
nonhuman origin

Initial attempts to develop a live at-
tenuated rotavirus vaccine were based
on the fact that most nonhuman and
human rotavirus strains share major
common antigens, particularly VPé.
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Therefore, in a manner similar to that
adopted by Edward Jenner 200 years
ago (the “Jennerian approach”), a re-
lated live attenuated agent of nonhu-
man origin would be expected to act as
immunogen when administered to hu-
mans (36). The first human candidate
vaccine was an attenuated bovine (G
type 6) rotavirus strain, the Nebraska
calf diarrhea virus (NCDV) (137). Of
particular interest were the early find-
ings showing that in utero inoculation
of NCDV induces cross-protection in
calves against challenge by human
rotaviruses (138).

To date, three candidate monova-
lent vaccines prepared from nonhu-
man rotaviruses have undergone field
trials. Two of the vaccines have been
derived from a bovine source (RIT
4237 and WC3 strains, serotype 6

viruses), and one vaccine (RRV MMU
18006, serotype 3 virus) was of simian
origin (106, 139, 140).

The RIT 4237 was essentially a high
primate cell culture passage cold-
adapted strain developed from the
bovine strain NCDV. The phase I clin-
ical trials with this candidate vaccine
first involved adults and later infants
as young as 1 month of age; both of
them received a high dose (approx-
imately 10% 50% tissue culture infec-
tive dose), administered orally. No
adverse clinical effects were noted
among the recipients, and virus shed-
ding was minimal (141-143). Subse-
quently, several efficacy trials were
carried out in both developed and de-
veloping countries. Placebo-controlled
efficacy trials among Finnish infants
achieved protection rates of 50% to

TABLE 1. Origin and related G- and P-types of rotavirus vaccine

strains studied to date

Rotavirus vaccine strains

Related G- and P-types

Nonhuman origin
Bovine
RIT 4237
WC3
Simian
RRV MMU 18006
Animal-human reassortant strains
Bovine-human reassortants
WI78-8
WI79-9
SC2-9
D,A
WI79-4
Wi61-4
WC3-quadrivalent

P[1], G6
P[5], G6

P[3], G3

P[5], G3
P[5], G1
P[5], G2
P[5], G2
P[8], G6
P[8], G6
P[5], G1,2,3 + P[8], G6

Rhesus-human reassortant strains

D X RRV
DS1 X RRV
RRV-TV
Human rotavirus strains
M37
RV3
116E
1321
89-12
Nonreplicating rotavirus vaccines
Viral capsids lacking RNA

P[3], G1
P[3], G2
P[3], G1,2,3,4

P[6], G1
P[6], G3
P[11], GO
P[11], G10
P[8], G1

Recombinant proteins expressed in

bacterial/viral vectors

Synthetic peptides as subunit vaccines

Nucleic acid vaccines
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60% against all rotavirus diarrhea, and
over 80% protection from clinically
significant diarrhea (144). In later
phase III studies made in the African
countries of the Gambia (145) and
Rwanda (146) and on the White River
Indian Reservation in the United States
(147) RIT 4237 failed to provide pro-
tection against rotavirus disease. Fi-
nally, in a trial carried out in Lima,
Peru, comparing the protective effect
of one, two, or three vaccine doses, RIT
4237 vaccine was effective in protect-
ing against G type 1 rotavirus diar-
rhea, particularly against severe di-
sease (148). In the Peru study three
doses of the vaccine conferred 40%
protection against any rotavirus diar-
rheal episode and 58%-75% against
severe rotaviral illnesses. The efficacy
rate was 90% against severe diarrheal
episodes due to G type 1 rotavirus. In
spite of the results in Peru, inconsistent
results obtained from field trials of RIT
4237 led to the discontinuation of fur-
ther development of this vaccine (121).

Another monovalent rotavirus can-
didate vaccine of bovine source is the
WC3. This vaccine was developed
by the Wistar Institute, Philadelphia,
Pennsylvania, United States, after 12
cell-culture passages of a bovine ro-
tavirus strain isolated from a calf with
diarrhea (149). The surface protein
composition of the WC3 strain indi-
cates that, like NCDV, it belongs to
serotype G6, but it has a P type 5 spe-
cificity (150). The vaccine was orally
administered and consisted of live
virus in high titer (usually > 1070
plaque-forming units (PFU) per dose).
No side effects were noted in several
clinical trials in which more than 500
infants received approximately 107
PFU of the vaccine (147, 149). On the
other hand, the fecal shedding of virus
was found to be lower than 30%
among vaccine recipients (149). This
vaccine induced high levels of serum
neutralizing antibodies to the homolo-
gous virus WC3, often approaching
100%; however, few seroconversions
to the most prevalent human sero-
types were observed. Infants who had
rotavirus serum antibodies prior to
vaccination developed a broad hetero-

typic booster response, including an
increase in neutralizing antibody lev-
els to all four major human G types
(108, 149, 151).

Efficacy trials for WC3 were carried
out in both developed and develop-
ing countries, resulting in variable
degrees of protection. In an initial
double-blind placebo-controlled effi-
cacy trial conducted in Philadelphia,
one dose of vaccine induced 100% pro-
tection against moderate-to-severe
diarrhea associated with rotavirus G
type 1 infection (139). In contrast, sub-
sequent field trials in the Central
African Republic, China, and the
United States showed protective effi-
cacies that ranged from 0% to 50%
against moderate-to-severe rotavirus
diarrhea (108, 121, 152).

Major efforts were now directed
toward the evaluation of a vaccine
strain originally recovered from a
young rhesus monkey with acute di-
arrhea, MMU 18006 (generally called
RRYV, for rhesus rotavirus vaccine)
(153). This vaccine was developed as
an alternative to those of bovine origin
because it shares neutralization spe-
cificity with the G type 3 human ro-
tavirus (154, 155). In addition, RRV is
readily cultured in DBS-FRhL, cells, a
semicontinuous diploid fetal rhesus
lung cell line developed by the United
States Food and Drug Administration
(156). For clinical trials the vaccine was
prepared from virus produced in 16th
cell culture passage in the monkey
diploid cells, and doses tested were
either 10*° or 10°° PFU per infant.

The MMU 18006 vaccine was thor-
oughly tested in phase I and phase II
studies carried out in Finland, Swe-
den, the United States, and Venezuela.
In general, this vaccine was found to
be both more immunogenic and reac-
togenic in young children than the
bovine-origin rotavirus vaccine strains
(19, 157-159). Mild, transient fever was
recorded 2 to 4 days after inoculation
in 9% to 40% of infants, but reacto-
genicity was diminished in the pres-
ence of maternal antibody. In addition,
RRV was shed in feces of more than
10% of vaccine recipients, and it in-
duced gastroenteric symptoms in a
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small proportion of inoculated infants
(160-162). It has been shown that RRV
elicits secretory intestinal antibody in
immunized infants and, as with the
use of bovine-origin vaccine strains,
the neutralizing antibody response to
human rotavirus G serotypes is evi-
dent only in infants who were seropos-
itive prior to vaccination (160, 163).
Other serological studies with RRV
have indicated that adult vaccinees
develop both a homotypic neutralizing
(VP7 and VP4) antibody response to
the immunizing strain and a hetero-
typic response to other serotypes. In-
fants also develop homotypic neutral-
izing antibody response but, unlike the
adults, they show markedly less het-
erotypic immunity (29).

Phase III vaccination studies with
RRV were carried out in several set-
tings around the world, yielding vari-
able rates of protection among infants
who were naturally challenged by
rotavirus G type 1 (163-167). Some
of these trials showed that protective
efficacy rates against moderate-to-
severe rotavirus illness may exceed
those for all rotavirus diarrhea (164,
168). Of interest is a vaccine trial con-
ducted in Caracas, Venezuela, (169),
where the prevailing rotavirus type
was G3. RRV proved to be 64% ef-
ficacious against any rotavirus diar-
rhea, and vaccine efficacy reached
90% against more severe cases. Ukae
et al. (170) in Sapporo, Japan, have
found that a booster dose may en-
hance the heterotypic protection in-
duced by RRV.

The wide variability of results from
field trials with monotypic vaccines
has been attributed to their inability to
induce protection against the four epi-
demiologically important G types in
infants who had not been primed by
rotavirus infection before vaccination
(36). As a result, in a “modified” Jen-
nerian approach “second-generation”
polyvalent reassortant candidate vac-
cines were developed in an attempt
to broaden the protective spectrum,
mainly against the four predominant
human rotavirus serotypes, G1 to G4.
Bearing human G- or P-type speci-
ficity, these reassortants have been
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constructed by using simian (RRV)
and bovine (WC3) strains (150, 157,
171, 172).

Animal-human reassortant
rotavirus vaccines

Bovine-human reassortant rotavirus
vaccines. Several reassortants were
constructed with the purpose of com-
bining the safety and immunogenicity
of the bovine strain WC3 with the
antigenic specificities of predominant
human rotavirus serotypes. These
strains were generated by incorporat-
ing human rotavirus genes (usually 8
or 9) coding for surface proteins of G1,
G2, G3, or P1 specificity to a genome
background of WC3.

The first reassortant strain to be clin-
ically evaluated was WI78-8, which
has a surface protein composition char-
acterized as P[5], G3. WI78-8 contains
genes 2 to 5 from WC3, and the re-
maining genes come from the human
G3 strain WI78. This candidate vaccine
proved to be safe among infants re-
ceiving 10° PFU per dose, and two
doses induced seroresponse rates of
40% against WC3 and of > 54% against
a homologous WI78-8 strain (150).

A further bovine-human reassortant
rotavirus strain constructed was WI179-
9, which primarily provided protection
against the G1 serotype, known to be
the predominant type throughout the
United States. The WI79-9 genomic
composition included the gene seg-
ment 9 encoding the VP7 protein de-
rived from the human rotavirus WI79
(a GI serotype), with remaining genes
from the bovine rotavirus strain WC3
(150, 171). This reassortant, at 107
PFU/dose, was not associated with
any adverse reactions in an efficacy
trial among 77 infants aged 2 to 11
months in the United States (150, 173).
Of particular interest in this trial was
the 100% protective efficacy against ro-
tavirus diarrhea caused by either
serotypes G1 or G3, after two doses
of the WI79-9 rotavirus strain. In ad-
dition, neutralizing antibody serore-
sponses to WC3 and WI79 were noted
in 97% and 22% of vaccinees, respec-
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tively, indicating that VP4 is likely to be
more immunogenic than VP7. A larger
clinical efficacy trial administered three
doses of WI79-9 at 107 PFU/dose to a
total of 325 infants in two cities in the
United States. Done in Rochester and
Philadelphia, the trial resulted in pro-
tective efficacy rates of 64% and 74%,
respectively, against all symptomatic
rotavirus episodes (174). Taken to-
gether, the data from the two cities in-
dicate that the vaccine was associated
with a 65% reduction in all relatively
severe diarrheal episodes, regardless of
the etiology. No adverse reactions were
attributable to the vaccine within 7
days following vaccination.

Two WC3-based reassortant strains,
SC2-9 and D, A, were developed with
human rotavirus G serotype 2 speci-
ficity (150). The former strain was de-
signed to contain the gene encoding
the G2 type VP7 from SC2 on a WC3
genome background, while the latter
was constructed to give a genome
composition involving genes 2, 4, 10,
and 11 from WC3 and the remaining
genome of SC2 strain. Seroresponse
rates among infants given two doses at
107 PFU per dose of either reassortant
reached about 80% to rotavirus of
WCS3 or SC2 specificity, or to both. G2-
type seroresponses were slightly more
frequent among infants vaccinated
with SC2-9 reassortant (55%) than
among infants given the D,A strain
(32%).

An additional, recent approach with
bovine-human reassortant rotavirus
vaccines was the construction of
strains in which the genes coding for
predominant human rotavirus P types
were added to a WC3 genome. These
reassortants were produced on the
assumption that, unlike reassortants
based on human rotavirus (HRV) VP7,
HRV VP4 might preferentially induce
HRV-specific neutralizing antibodies
and presumably yield enhanced pro-
tection. One of these reassortants,
WI79-4, contained gene 4 of WI79 (G1
serotype), which bears genotype 8
serotype 1A specificity. A broad,
cross-reactive protective immunity
would be expected, since serotype
1A[genotype 8] is shared by most of

the G1, G3, G4, and G9 HRV strains
(175). A second reassortant was WI61-
4, which contained gene 4 of WI61,
characterized as a P1A[8], G9 strain.
No adverse reactions were noted
among infants given either reassor-
tants and, surprisingly, neutralizing
antibody responses to WC3 were
again significantly more frequent than
for human rotavirus parent strains
from which VP4 genes were obtained
(150). A further, double-reassortant
strain was constructed, WI79 (4+9). It
had genes for VP4 and VP7 of human
P[8], G1 strain WI79 on a WC3 back-
ground. However, no improved im-
munogenicity of this vaccine was
observed among infants after the
administration of two doses of 107
PFU. In contrast, and again surpris-
ingly, more recent investigations in-
dicate that the mixture of WI79-9
with WI79-4 reassortant strains is a po-
tent immunogen. Two doses of this
mixture given to infants induced 97%
and 71% neutralizing antibody serore-
sponses to WC3 and HRV WI79, re-
spectively (150).

In an attempt to achieve homotypic
protection against the major wild hu-
man rotavirus G types, a quadrivalent
WC3-based vaccine was constructed.
In one dose it incorporated 107 PFU of
three VP7 reassortants: WI179-9 (G1),
SC2-9 (G2), and WI78-8 (G3). The
fourth component was 5.0 X 10° PFU
of the human VP4 reassortant W179-4
(150, 173). A preliminary evaluation of
the safety and efficacy of this vaccine
has been made in the United States, in-
volving 417 infants from 10 different
cities (176). Following a three-dose
regimen of the vaccine, no significant
side effects were detected, and protec-
tion against all rotavirus diarrheal epi-
sodes was 67%.

Other human-bovine rotavirus reas-
sortant strains have been assembled
using bovine rotavirus UK as the
donor strain. The reassortants result
from incorporation of the VP7 gene,
derived from human rotavirus strains
D, DS1, P, or ST3 (G serotypes 1, 2, 3,
and 4, respectively), into a UK genome
background (172, 173). Recent safety
and immunogenicity studies with

Linhares and Bresee ® Rotavirus vaccines and vaccination in Latin America



these reassortant strains have yielded
satisfactory levels of attenuation,
safety, infectivity, and immunogenic-
ity. These results justify further testing
of a candidate vaccine combining
these four reassortants (177). An alter-
native approach for the UK-based vac-
cines has been the construction of re-
assortants containing VP4 protein
derived from Wa (a G1, 1A[8] strain),
along with VP7 protein derived from
DS1, characterized as being G2, 1B[4]
(173). This vaccine has the potential
to protect against the predominant
worldwide human rotavirus G types.

Rhesus-human reassortant rotavirus
vaccine. Rhesus-human reassortant
rotavirus strains have a single human
rotavirus gene specifying the neutral-
ization viral protein VP7, with the
remaining 10 genes coming from the
parent, rhesus monkey strain. The
strains were developed at the National
Institute of Allergy and Infectious
Diseases, Bethesda, Maryland, United
States. This work involved the coculti-
vation of fastidious human viruses
with the tissue culture-adapted RRV
strain MMU 18006, and the subse-
quent selection of single gene substi-
tution rhesus-human reassortants
expressing the VP7 from human G
serotypes 1, 2, and 4 (172, 178). These
strains have been evaluated either in-
dividually or as a quadrivalent prepa-
ration containing G types 1, 2, and 4
reassortants, along with RRV as the
component having homology with the
human G serotype 3.

Field trials with the single serotype
rhesus-human vaccines in Finland and
the United States have shown protec-
tion following a single dose of 10* PFU
(167, 179). The protective efficacy was
not necessarily serotype-specific, and it
appeared to last more than a year. In
addition, protection was greatest in
infants with a serum IgA antibody
response to the vaccine, and was pos-
sibly greater for severe diarrheal epi-
sodes than for mild illness. In Finland,
where G serotype 1 was prevalent, the
rates of protection conferred by the rhe-
sus-human vaccine with specificity for

G serotype 1 (D X RRV) or 2 (DS1 X
RRV) averaged 66% and 38%, respec-
tively, in the first and second rotavirus
epidemic seasons after vaccination
(179). For infants showing a serum IgA
antibody response, the corresponding
figures were 92% and 59%.

In a placebo-controlled field trial
conducted in the United States, in the
city of Rochester, the D X RRV G type
1-specific reassortant was found to be
mildly reactogenic and immunogenic,
inducing serum antibody responses in
71% of the vaccinees (167). Its protec-
tive efficacy against rotavirus-associ-
ated illness among vaccinees over
three rotavirus seasons was 67.3%, and
homotypic protection against the pre-
dominant G type 1 reached 72.8%.
Also in the United States the monova-
lent G type 1 vaccine (D X RRV) has
been evaluated, together with the
tetravalent preparation, RRV-TV. That
national multicenter trial involved
1278 healthy infants aged 5 to 25
weeks. After three doses, which were
given at approximately 2, 4, and 6
months of age, the vaccine proved to
be safe and 54% efficacious against
any rotavirus diarrheal episode (180).
Another multicenter efficacy trial in
the United States concurrently evalu-
ated the D X RRV and RRV-TV vac-
cines. However, no consistent corre-
lates of immunity against rotavirus
infection or disease were found, based
on either enzyme-linked immunosor-
bent assay (ELISA) IgA or serotype-
specific neutralizing antibody sero-
conversions (181).

The immunogenicity, safety, and
protective efficacy of a single dose of
the D X RRV vaccine and of the G
serotype 2 reassortant (DS1 X RRV)
vaccine were tested in a recent field
trial in Lima, Peru (160). Neither diar-
rhea nor other side effects were associ-
ated with the administration of either
of the vaccines. Approximately 50% of
the vaccinees in both vaccine groups
developed an IgA ELISA serore-
sponse, but serotype-specific neutral-
izing antibodies were induced in
fewer than 20% of the participants. In
addition, and contrasting with results
from trials in both Finland and the
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United States, D X RRV and DS1 X
RRV failed to provide an adequate
serotype-specific response in infants
vaccinated at 2 months of age.

In an attempt to broaden the pro-
tective spectrum of the rotavirus vac-
cine, a tetravalent formulation was
produced. This RRV-TV formulation
incorporated human-rhesus reassor-
tants, representing G1, G2, and G4,
along with RRV to represent G3 (Fig-
ure 1). Phase I studies have indicated
that the vaccine is generally safe.
However, a greater number of febrile
reactions have been recorded in vacci-
nees after the first dose than have been
noted in infants given placebo. Signif-
icant IgA ELISA and neutralizing
antibody (NA) seroconversion rates
(66%-83%) to RRV have contrasted
with the low levels of NA serore-
sponse (from less than 20%, to 43%) to
human G serotypes 1 to 4 (23, 134, 157,
169, 182-185).

Several trials have evaluated the
protective efficacy of RRV-TV. Three
trials conducted in the United States
yielded promising results (164, 186,
187). In the first trial (164), three
doses of RRV-TV at 4 X 10* PFU/dose
evoked 57% protection against any
rotavirus disease (mostly by rota-
virus G type 1) over a 2-year period.
For cases of very severe rotavirus
gastroenteritis, protection exceeded
80%. A small excess of febrile reac-
tions was noted after the first dose.
NA seroresponses to G types 1-4
were low, again contrasting with the
high (nearly 90%) NA seroconversion
rate to RRV. Interestingly, no consis-
tent correlation was noted between
rotavirus antibody responses after
vaccination and protection, as shown
by the examination of serum samples
from a subset of infants enrolled in
the trial (181).

These promising results were con-
firmed in a second large efficacy trial
in the United States, involving 1 278
infants from 24 centers throughout the
country (186). Three doses of either a
4 X 105 PFU/dose formulation of
RRV-TV or placebo were given to
healthy infants at approximately 2, 4,
and 6 months of age. With the excep-
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FIGURE 1. Schematic representation of genetic reassortment that occurs during the pro-
duction of tetravalent rhesus-human reassortant rotavirus vaccine (RRV-TV). Adapted from

Kapikian et al. (19), with permission
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tion of a limited febrile reaction after
the first dose, the vaccine was well
tolerated. The NA seroconversion rates
were also low for G1-4 human sero-
types (4% to 31%), whereas serore-
sponse to RRV among the vaccinees
reached 90%. Of particular interest in
this study were the protective efficacy
rates for RRV-TV: 49% against all
rotavirus diarrheal episodes, 80%
against the very severe cases of gas-
troenteritis, and 100% against the de-
hydrating rotavirus illnesses.

The three-dose regimen schedule for
RRV-TV adopted in these two exten-
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sive trials in the United States (164,
186) resulted from the demonstration
by Pichichero et al. (188) that, although
it is safe, a single dose of the quadriva-
lent vaccine at 10* and 10° PFU/dose is
not adequately immunogenic.

The third trial in the United States
evaluated the efficacy and safety of the
high-dose (4 X 10° PFU/dose) RRV-
TV with Native American infants aged
6 to 24 weeks old (187). The vaccine
was well tolerated and yielded effi-
cacy rates of 50% and 69% against
all rotavirus diseases and severe ro-
tavirus diseases, respectively.

The protective efficacy of RRV-TV
has been thoroughly evaluated in
other countries, including Brazil, Fin-
land, Peru, and Venezuela. In a recent
placebo-controlled efficacy trial, 2 398
Finnish infants received three doses of
either the RRV-TV vaccine (4 X 10°
PFU/dose) or placebo, between 2 and
7 months of age (189, 190). These au-
thors detected a febrile reaction rate of
about 30% among the infants given the
vaccine. RRV-TV was found to reduce
severe rotavirus disease by 90% and
all severe gastroenteritis in young chil-
dren by 60%.

The first rotavirus vaccine field trial
conducted in a developing country, to
assess the protective efficacy, im-
munogenicity, and safety of RRV-TV,
was carried out in Lima, Peru, by
Lanata et al. (166). At the ages of 2, 3,
and 4 months, 700 infants were given
a dose (4 X 10* PFU) of RRV-TV, an
initial dose of vaccine followed by
placebo at 3 and 4 months, or a dose of
placebo. Neither one nor three doses
of RRV-TV was significantly effica-
cious against all episodes of rotavirus
diarrhea, when compared with the
placebo. However, a three-dose regi-
men of RRV-TV provided moderate
but significant protection (35%—-66%)
against more severe episodes of ro-
tavirus diarrhea, mainly those cases
associated with serotype G1. The inci-
dence of diarrhea, vomiting, and fever
during 6 consecutive days after the
first, second, and third doses did not
differ significantly between the vacci-
nees and the infants given a placebo.
IgA seroresponse after three doses, as
determined by ELISA, was 75% in the
vaccine group and 24% among the
placebo recipients (P < 0.001). On the
other hand, neutralizing antibody re-
sponse to at least one G type, as mea-
sured by plaque reduction neutraliza-
tion (PRN) assay, was detected among
64% and 12% of the three-dose study
group and placebo recipients, respec-
tively (P < 0.001).

In Belém, a city in the northern
Brazilian state of Para, RRV-TV (also
4 X 10* PFU/dose) was evaluated for
safety, immunogenicity, and efficacy
in a 2-year prospective randomized
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TABLE 2. Protective efficacy of rotavirus vaccines in field trials in Latin America

Efficacy (%)

Vaccine/ No. of doses X Ages (mo) at All rotavirus Severe rotavirus

Study site vaccine titers? vaccination diarrhea diarrhea
RIT 4237

Lima,

Peru 3 x 108 2-18 40 75
RRV

Caracas,

Venezuela 1Xx104 1-10 68 100

Lima,

Peru 1% 10* 3-12 29 29
RRV-TV

Lima,

Peru 1X (4 X10% 18 0-59

Lima,

Peru 3 X (4 X 10% 2-4 24 0-47

Belém,

Brazil 3 X (4 X 10% 1-5 35 56

Caracas,

Venezuela 3 X (4 X 10%) 2-4 48 88

2@ The titer given is plaque-forming units per dose.

double-blind placebo-controlled trial
involving 540 infants (191) (Table 2).
The infants received three doses either
of vaccine or of placebo at 1, 3, and 5
months of age. The overall vaccine ef-
ficacy against any rotavirus diarrhea
was 35% for the 2 years of surveil-
lance. During the first year there was a
57% protection against rotavirus diar-
rheal episodes, most of them associ-
ated with G type 1. In contrast, the
vaccine efficacy fell to 12% in the sec-
ond year of follow-up. There was an
interesting tendency among RRV-TV
recipients towards enhanced protec-
tion against illness associated with an
average of six or more stools per day.
Low-grade fever occurred on days 3
to 5 after the first dose in 2%-3% of
the vaccinees. With that exception, no
statistically significant differences in
the incidence rates of other adverse
events, such as diarrhea and vomiting
during the week following vaccina-
tion, were noted between the two
study groups. After three doses, about
60% of infants vaccinated with the
RRV-TV and 33% of those who re-
ceived placebo had IgA seroconver-
sion. On the other hand, NA serocon-
versions rates to individual G1 to G4

serotypes did not exceed 20% when
measured by fluorescent focus reduc-
tion assay, but were greater than 40%
when assayed by PRN.

A recent reanalysis of the Peruvian
and Brazilian efficacy data indicates
that lower-titer RRV-TV was poten-
tially efficacious against severe rota-
virus disease in Peru with one dose of
vaccine, and against both severe and
very severe rotavirus diarrhea with
the three doses given in Brazil (192). In
Brazil the vaccine was 75% protective
against very severe diarrheal episodes
(192).

Of particular importance for devel-
oping countries were the results from
a large catchment efficacy trial of the
RRV-TV in Caracas, Venezuela (193)
(Table 2). The main objective of the
trial was to assess the protective effi-
cacy of high-dose RRV-TV (4 X 10°
PFU/dose) against moderate or severe
dehydrating diarrheal episodes. In the
study three doses of vaccine or pla-
cebo were administered to 2 207 in-
fants at 4-week intervals, starting at
the second month of age. The children
were then passively followed up to the
age of 24 months in order to detect ro-
tavirus diarrheal episodes. Although
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generally well tolerated, the RRV-TV
induced febrile reactions in 15% of
vaccinated infants within 6 days after
vaccination, as compared with 7% of
those in the control group (P < 0.001).
The vaccine was highly effective
against severe rotavirus gastroenteri-
tis. It provided protection rates of
88% against severe diarrhea and of
75% against dehydration and also
produced a 70% reduction in hospital
admissions.

The issue of intussusception. On 31
August 1998 the United States Food
and Drug Administration (FDA) li-
censed the RRV-TV RotaShield® vac-
cine (Wyeth Laboratories, Inc., Mari-
etta, Pennsylvania, United States) for
vaccination of infants in the United
States. In addition, recommendations
to use the vaccine among healthy in-
fants, in three doses, at 2, 4, and 6
months of age, were made by three
other organizations in the United
States: the Advisory Committee on
Immunization Practices (ACIP), the
American Academy of Pediatrics, and
the American Academy of Family
Physicians (194). During the following
11 months, an estimated 1.5 million
vaccine doses were administered to
about 900 000 children in the United
States.

In July 1999, however, the United
States Centers for Disease Control and
Prevention (CDC) suspended use of
the RotaShield® vaccine, following the
report of 15 cases of intussusception
among vaccine recipients (195). Intus-
susception is a condition characterized
by the telescoping of one segment of
intestine into an adjoining segment,
resulting in bowel obstruction. It pri-
marily occurs among infants. The data
on which the CDC made its July 1999
decision had been gathered from the
Vaccine Adverse Event Reporting
System (VAERS), a passive surveil-
lance system operated by the FDA
and the CDC. Given the “insensitive”
character of VAERS, a concern was
raised that the true number of intus-
susception cases might have been
underestimated.
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By October 1999 a total of 114 possi-
ble intussusception cases had been re-
ported to VAERS, and 99 of them were
confirmed as intussusception. Of these
99, 60 of them occurred within 7 days
of the first, second, or third vaccina-
tion: 49 of the cases after the first vac-
cine dose, 10 after the second dose,
and 1 after the third dose. Surgery was
required for 32 patients, including
bowel resection in 7 of the infants. One
fatal case occurred, with a 5-month-
old child.

Other data came from a retrospec-
tive multistate case-control study con-
ducted by the CDC and from a cohort
study conducted in several large
health maintenance organizations in
the United States. Together, these
studies yielded an initial estimated
vaccine-attributable risk of 1 case of
intussusception in 4 300 vaccinated
infants (196). This estimate has subse-
quently been revised to approximately
1 case of intussusception for every
10 000 vaccinees (United States, Cen-
ters for Disease Control and Preven-
tion, unpublished data).

On 22 October 1999 the ACIP con-
cluded that among vaccinees there is a
significantly increased risk of intus-
susception within 1 week of a dose,
and therefore withdrew its recommen-
dation that RRV-TV be administered
at 2, 4, and 6 months of age (197).
However, the ACIP cautioned that
such a decision “may not be applicable
to other settings, where the burden of
diseases is substantially higher and the
risks and benefits of rotavirus immu-
nization could be different.” The with-
drawal of the only licensed rotavirus
vaccine underlined the need to re-
assess priority activities, particularly
future rotavirus vaccine research in
developing countries (197). This issue
will be discussed further later in this
article.

It bears pointing out that intus-
susception did not emerge as an im-
portant adverse reaction during the
prelicensure trials. Prior to licen-
sure, among 10 054 vaccinees, 5 cases
(0.05%) occurred. In comparison,
among the 4 633 placebo recipients
there was only 1 case (0.022%). That
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difference in intussusception rates was
not statistically significant (198, 199).
On the vaccine’s package insert, the
manufacturer had listed this type of
bowel obstruction as a potential ad-
verse reaction, and intussusception
was also discussed in the ACIP recom-
mendations for use of the vaccine.
Other forms of prelicensure evidence
were lacking to indicate that intussus-
ception was associated with vaccina-
tion. In the prelicensure trials there
had been no clustering in time of the
intussusception cases among the vac-
cinees. Further, it was found that the
age distribution of the intussusception
cases among the vaccinees was similar
to that for a large comparison popula-
tion (198). Finally, there was no evi-
dence associating wild-type rotavirus
with intussusception (198, 200-202).

Human rotavirus strains

The first non-Jennerian approach to
vaccination against rotavirus was the
use of human strains isolated in nurs-
eries for newborns. This strategy was
based on evidence from studies in
Australia, Sweden, the United King-
dom, and Venezuela indicating that
the human rotavirus strains that usu-
ally infect neonates seem to be natu-
rally attenuated (23, 36, 140, 183) and
confer protection against subsequent
severe rotavirus illness for up to 3
years (101, 107). It is interesting that
both hybridization and sequence
analyses indicate these strains share a
unique VP4-encoding gene that differs
from the same regions of the G1, G2,
G3, and G4 strains associated with se-
vere illness (36).

The first human-origin rotavirus
vaccine tested was M37. It is a cell
culture-adapted strain (passage 29),
characterized as being P[6]G1, that
was originally isolated from a neonate
in Venezuela who was asymptomatic-
ally shedding rotavirus. Phase I tri-
als using doses of 10* and 10° PFU
showed that M37 was safe and moder-
ately immunogenic (183, 185, 203, 204).
The vaccine was found to be immuno-
genic in 70% of infants given two

doses of 10° PFU, and the neutralizing
antibody seroresponses were specific
predominantly to the vaccine strain
rather than to G1 human strains (192).
Only one efficacy study has been done
with the M37 strain. Using the vaccine
with infants 2-6 months old in Fin-
land, no protection against rotavirus
gastroenteritis caused by GI1 viruses
was found (204).

Another neonatal strain that has
been developed as a vaccine strain is
RV3, characterized as P[6]G3 (35) and
isolated from a 4-day-old infant born
in a maternity hospital in Melbourne,
Australia (205). Neonates who became
naturally infected with this virus de-
veloped neutralizing antibodies to G1,
G3, and G4 that still persisted by the
age of 3 months. The infants were pro-
tected against subsequent severe dis-
ease caused by rotaviruses of G2 type
during their first 3 years of life (23).
Data from a recently completed trial
indicate that if an immune response is
triggered by the vaccine, the child is
protected; on the other hand, if there is
no evidence of immune response, pro-
tection is poor (23, 196).

The 116E (P[11]G9) and the 1321
(P[11]G10) strains, isolated from
newborns in India, have also been
described as potential candidate vac-
cines, and they are currently being
tested among volunteers (107). The
former virus is a single gene reassor-
tant between a human parent strain
and the VP4 gene of bovine origin,
whereas the latter is a bovine-human
reassortant strain bearing multiple
genes from bovine origin.

Strain 89-12, an attenuated P[8]G1
rotavirus human strain originally iso-
lated from an infant in Cincinnati,
Ohio, United States, has recently been
tested for safety, immunogenicity, and
efficacy (206). Low-grade fever was
the only side effect detected, over 90%
of the vaccinees seroresponded to the
vaccine, and protective efficacy against
rotavirus disease was about 90%.

Additional approaches towards the
development of human rotavirus vac-
cines have included adaptation of a G1
human rotavirus type to grow at 26 °C
(207), as well as construction of reas-
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sortant strains. Recently developed
cold-adapted reassortant strains pos-
sess VP7 serotypes 1 and 2 specifici-
ties. Reassortant viruses are also avail-
able that contain VP7 serotype 2 or 3
gene derived from strains DS-1 or P,
respectively, and remaining genes
from human Wa strain, including the
gene that codes for VP4 serotype 1A
(154, 173).

Nonreplicating rotavirus vaccines

Although the multivalent, human-
animal reassortant vaccines were the
first to be licensed for widespread clin-
ical application, several other potential
approaches to rotavirus vaccination
are currently being pursued. Most of
these “next-generation” vaccines in-
clude nonreplicating rotavirus vac-
cines, the development of which has
been based on advances in molecular
biology. Compared with the live atten-
uated virus strains, these potential
vaccines would have several theoreti-
cal advantages. These include safety,
particularly in the immunocompro-
mised host; potentially lower manu-
facturing costs; enhanced stability dur-
ing transport; removal of possible
reversion to virulence of the attenu-
ated strain; and reduction or even
elimination of interference by other
vaccines or enteric organisms (23).
Most of these candidate vaccines were
developed for parenteral administra-
tion, although there is some evidence
that nonreplicating rotaviruses given
orally can stimulate the immune sys-
tem (208). Various approaches to these
inactivated rotavirus vaccines are
briefly described below.

Viral capsids lacking RNA. The use
of differential centrifugation tech-
niques permits the purification of the
empty capsids that are commonly pre-
sent in cell cultures infected with ro-
tavirus. These viral particles lacking
RNA have been used to immunize
adult female mice subcutaneously
prior to parturition, leading to protec-
tion of their litters from challenge

(209). It has also been demonstrated
that parenteral vaccination of cows
with these empty capsids induces a
boost in preexisting neutralizing anti-
body titers (92). This approach is not
currently being considered for human
use because the available preparations
may still contain fully infectious ro-
tavirus particles (23).

Recombinant proteins expressed in
bacterial and viral vectors. Current
attempts to express recombinant pro-
teins in a suitable vector have focused
mainly on VP7 and VP4 because of
their importance in inducing neutral-
izing antibodies (39). Either full-length
or partial-length genes coding for VP7
from human, bovine, and simian ori-
gin have been expressed in a variety of
bacterial and viral expression systems,
including E. coli, vaccinia virus, bac-
ulovirus, Salmonella typhi 21a, and S.
typhimurium (173, 210, 211). Proteins
synthesized in bacterial systems, espe-
cially VP7, have been found to be
poorly immunogenic when inoculated
into experimental animals. This could
be explained by the fact that neutraliz-
ing epitopes are known to be depen-
dent on conformation, and expressed
protein may not reproduce conforma-
tional requirements for antigenicity of
native outer capsid VP7 (26, 212). In-
terestingly, cell surface-expressed VP7
of SA11 strain, using recombinant vac-
cinia virus, proved to be highly im-
munogenic for mice. This suggests
that these new techniques of antigen
presentation may improve subunit
vaccines (213, 214).

A promising, recent approach has
been the cloning of rotavirus genes
encoding structural proteins in bac-
ulovirus. These recombinant virus
systems successfully express proteins
that possess native conformation, if
compared immunologically and bio-
chemically with native viral proteins
(215-217). The coexpression of differ-
ent combinations of structural proteins
and their subsequent self-assembly
results in the formation of viruslike
particles that are effective immuno-
gens when administered parenterally
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to mice and rabbits (215, 216). Aden-
oviruses have also been used as poten-
tial expression vectors, given that the
current candidate adenovirus vac-
cines, for respiratory infections, are
administered orally in enteric coated
capsules (218). Attempts to produce
attenuated adenoviruses that might
express relevant, sufficiently immuno-
genic antigens are under way (219,
220).

Synthetic peptides as subunit vac-
cines. This approach is based mainly
on the ability of specific synthetic VP7
and VP4 epitopes to induce neutraliz-
ing antibodies (26, 221). VP7 peptides
that cover most of the amino acid se-
quence (amino acids 44 to 295) have
been synthesized, but no significant
neutralizing antibody response has
been achieved following their inocula-
tion into experimental animals (23, 26).
A few experiments have been carried
out with synthetic peptides matching
the amino acid sequences of VP4. It
has been shown that a synthetic pep-
tide, corresponding to sequence 296—
313 of human rotavirus, binds to a
neutralizing monoclonal antibody to
VP4 (25). On the other hand, VP4 pep-
tide 220-223 was found to prime for
a neutralizing antibody response after
the inoculation of mice either with in-
tact SA11 or with human ST3 rotavirus
strain (222).

Experiments using BALB/c mice
have shown a significant increase in
immunogenicity by using synthetic
peptides corresponding to different
well-characterized determinant re-
gions of protein VP6 of a bovine ro-
tavirus linked to an influenza virus
hemagglutinin (223).

Although they are still promising as
next-generation vaccines, there is little
evidence to date that either expressed
viral proteins or synthetic peptides
will elicit an effective primary local in-
testinal immune response. However,
from experimental studies it appears
that peptides may be useful for prim-
ing an immune response, either prior
to immunization with a live attenu-
ated virus vaccine or as a booster in
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antibody levels after the administra-
tion of a live vaccine (23, 212).

Nucleic acid vaccines. A new ap-
proach to subunit vaccines is based
on the direct inoculation of plasmid
DNAs that code for specific viral pro-
teins (224). An advantage of this tech-
nique is that immunizing proteins
expressed by host cells are presented
to the immune system in their native
forms, thus fully mimicking the nat-
ural infection (224, 225). Experimental
studies using adult BALB/c mice have
shown that plasmid DNAs encoding
for murine rotavirus proteins VP4,
VP6, or VP7 elicit both serum anti-
bodies and cytotoxic T lymphocyte
response. Sufficient to protect mice
against challenge with 100 ID,, homo-
typic virus, these immune responses
indicate the potential of DNA vaccina-
tion as a new approach towards the
control of rotavirus infection (224).

ROTAVIRUS VACCINE ISSUES
IN LATIN AMERICA

The available results from rotavirus
vaccine trials around the world clearly
indicate that efficacy rates are gener-
ally higher in developed countries
than they are in less developed coun-
tries. The history of vaccine trials in
Latin America, particularly Brazil and
Peru, is similar to that of trials in such
other developing countries as the Cen-
tral African Republic, China, the Gam-
bia, Myanmar, and Rwanda. With the
exception of studies in Venezuela,
none of the live oral rotavirus vaccines
has performed satisfactorily in the
developing world; the experiences in
Latin America are shown in Table 2.

A number of reasons may explain
these comparatively low efficacy rates
in developing countries, many of them
related to the epidemiology of ro-
tavirus disease in those areas (226).
First, it has been suggested that pri-
mary vaccine failures may result from
the presence of maternal antibody at
the time of vaccination and/or inter-
ference by oral poliovirus vaccine and
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other intestinal viruses. In addition,
the failure to boost with subsequent
doses can make short-interval vaccina-
tion useless. Secondary vaccine fail-
ures, on the other hand, may be the
consequence of a waning immunity
in the presence of a natural challenge
with a large infectious dose, or of un-
usual rotavirus types that are not cov-
ered by the vaccine (226).

Further studies are needed to deter-
mine specific reasons for vaccine fail-
ure. Furthermore, future immuniza-
tion strategies should be compatible
with the Expanded Program on Immu-
nization (EPI) for each country and
perhaps preceded by an evaluation of
cost-effectiveness. The discussion in
the following section will cover cur-
rent knowledge of rotavirus vaccine-
related issues in Latin America, rec-
ommendations for further rotavirus
vaccine research, and possible future
immunization strategies. The recent
withdrawal of the only licensed rota-
virus vaccine from the market and
the resulting need to reassess prior-
ity activities will receive particular
consideration.

Possible suppressive effect of
maternal antibodies

One possible explanation for the
reduced efficacy of the rotavirus vac-
cine in many trials conducted in devel-
oping countries is the suppressive ef-
fect of maternal antibodies transferred
in breast milk or transplacentally. In
most tropical regions adults frequently
experience rotavirus reinfections,
which are usually asymptomatic. It is
to be expected, therefore, that high lev-
els of antibodies are transferred from
mother to child either as transplacen-
tally acquired immunoglobulin or as
breast milk immunoglobulin (173). In
this respect, possible improvement in
vaccination performance in develop-
ing countries may result from dosing
with rotavirus vaccine at an age when
the maternally acquired antibodies
have declined (226). However, this is
problematic because of the relatively
early age of rotavirus infection in de-

veloping countries compared to devel-
oped countries.

Since breast milk contains specific
IgA to rotavirus and nonspecific in-
hibitors of rotavirus replication, there
has been concern that breast-feeding
might adversely affect the immuno-
genicity of oral vaccines (227, 228).
That issue has been evaluated in at
least 13 clinical trials around the world
(228). To date, most of the trials with
the bovine vaccine strains, the rhesus
rotavirus parent strain, and the rhe-
sus-human reassortant monovalent
serotype 1 and tetravalent rotavirus
vaccines suggest that one dose of
vaccine yields fewer seroresponses
among breast-fed infants (227-229).
However, any differences in serore-
sponses between those breast-fed and
those not breast-fed are overcome fol-
lowing the administration of three
doses of RRV-TV (185). However, it
also appears that breast-feeding does
not compromise the efficacy of rhesus
rotavirus reassortant vaccines, particu-
larly if three doses are administered
(180, 230).

In developing countries, very few
studies have focused on breast-feeding
as a factor that may interfere with ei-
ther vaccine take or protective efficacy.
In Lima, Peru, Lanata et al. (148) found
no significant differences when com-
paring seroconversion rates among
breast-fed and nonbreast-fed infants
who received three doses of RIT 4237.
Likewise, among breast-fed and non-
breast-fed Turkish infants the rates of
IgA seroconversions did not differ fol-
lowing a single dose of RRV-TV (231).

Early occurrence of
natural rotavirus infections

Besides the potential for interference
from high levels of rotavirus antibody
that are passively transferred from
mother to child, the high rates of nat-
ural infection in early life may account
for the poor immunogenicity of rota-
virus vaccine in developing countries.
It is also likely that natural early infec-
tions may confer some protection from
rotavirus disease among both vaccine
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and placebo recipients. This may ex-
plain, for instance, why the RIT 4237
vaccine in Peru, which was given be-
tween 2 and 18 months of age, yielded
higher efficacy in the youngest chil-
dren, that is, the ones with lower rates
of natural infection prior to vaccina-
tion (148). The occurrence of infections
with rotavirus early in life in develop-
ing countries makes it imperative that
vaccine programs ensure early, timely
vaccination of children in these areas,
and that those who design vaccine tri-
als take into consideration the local epi-
demiology of rotavirus.

Possible interference with rotavirus
vaccine take by oral poliovirus
vaccine and/or other enteric agents

Another cause of primary vaccine
failure in developing countries may be
interference by oral poliovirus vaccine
(OPV) and other enteric viruses (226).
Whether or not OPV can be concur-
rently administered with rotavirus
vaccines has been considered in stud-
ies around the world. While simulta-
neous administration of OPV may in-
terfere with the rotavirus antibody
response (228), this interference can
be overcome by administering three
doses of rotavirus vaccine. For in-
stance, in Yugoslavia rates of rotavirus
antibody seroconversions among chil-
dren given both OPV and RIT 4237
were significantly lower than those
among infants receiving rotavirus vac-
cine alone (232). Similarly, studies in
Italy with the RIT 4237 vaccine also
showed lower seroresponses among
vaccinees who had also received OPV
(233). Even so, this interference was
noted only following the first dose of
rotavirus vaccine. No differences were
noted following the second dose. Fi-
nally, in the Gambia, no significant
differences were noted in antibody
response to RIT 4237 vaccine among
children concurrently vaccinated with
OPV (145).

Several rotavirus vaccine immuno-
genicity studies have involved simul-
taneous vaccination with OPV, includ-
ing at least two studies with RRV and

three with RRV-TV. Ho et al. (234)
could find no evidence of significant
interference in infants in the United
States given OPV and RRV simultane-
ously, and a study with RRV and OPV
in Pakistan gave inconclusive results
because of the small numbers of sub-
jects (235). Studies in the United States
showed no statistically significant dif-
ferences in antibody responses to ro-
tavirus vaccines among infants receiv-
ing OPV and RRV-TV concurrently, as
compared with those given OPV alone
(183, 236, 237). The potential for inter-
ference between RRV-TV in its 10*
PFU/dose formulation and OPV has
been investigated in Bangkok by Mi-
gasena et al. (238). Like other re-
searchers, they found that while OPV
is likely to interfere with the take of
RRV-TV, this can be overcome either
by giving three doses or using a
higher-titer rotavirus vaccine.

To date, only one investigation has
been made comparing the efficacy of
rotavirus vaccine given with and with-
out concurrent OPV (236). These au-
thors enrolled 1 278 infants aged 5 to
25 weeks, at 24 sites located through-
out the United States. The results
showed no major differences in the
efficacy rates of RRV-TV (4 X 10°
PFU/dose) between children given
OPV and RRV-TV simultaneously and
those who received RRV-TV alone.

The overall lack of significant inter-
action of OPV and rotavirus vaccine is
encouraging, but this conclusion is
based mainly on studies in the United
States. Therefore, caution should be
exercised in extrapolating these results
to developing countries, including
those in Latin America, where the po-
tency of OPV varies, OPV vaccination
schedule may differ from the schedule
in the United States, and a high rate of
poliovirus vaccine failure occurs (239).
Since immune correlates of protection
remain unidentified, it is currently rec-
ommended that future trials, particu-
larly in developing countries, address
the potential interference by OPV on
the efficacy of rotavirus vaccine rather
than on its immunogenicity (226, 239).

Wild enteric viruses and possibly
other enteropathogens also have the
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potential to cause interference and re-
sult in primary rotavirus vaccine fail-
ure in developing countries. Several
studies in these nations show that
rates of mixed infections with rota-
viruses and other enteric agents are
high, often exceeding 25% of all cases
of rotavirus-related diarrheal episodes
(19). Some vaccine trials in Latin
America have monitored the occur-
rence of diarrheal pathogens other
than rotaviruses, with results varying
in accordance with the vaccine used.
With RIT 4237 in Peru the efficacy rate
among children with mixed infections
was lower than that found in children
with “pure,” rotavirus-only infection
(145). Similarly, in subsequent studies
with RRV and RRV-TV in Peru where
mixed infections were common, a
trend was observed for higher vaccine
efficacy rates against diarrheal epi-
sodes in which rotavirus was the only
pathogen isolated (160, 166). However,
in trials conducted in Brazil (191) and
Venezuela (75, 193), where the rate
of mixed infection was 50% and 30%,
respectively, efficacy rates did not
differ between infants with mixed in-
fections and those with rotavirus-only
infections.

Efficacy rates and natural
challenge by serotypes not covered
by the vaccines

It has been shown that live oral ro-
tavirus vaccines of animal origin were
both safe and efficacious (> 80%)
against severe rotavirus diarrhea in
some populations, but gave no protec-
tion in others (38). One reason for this
variability, particularly in developing
countries, may be differences in the
rotavirus serotypes making the chal-
lenge. Thus, during the early trials
with rhesus rotavirus vaccine in Cara-
cas, Venezuela, where G3 was the
most common serotype, up to 86%
efficacy was obtained (169). In Lima,
Peru, however, where serotype Gl
was predominant, RRV induced only
a low level of heterotypic protection,
mainly against serotype G1 (160).
High efficacy rates during some RRV
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trials in developed countries where G1
was also most prevalent may have
been a result of prior priming of par-
ticipants with a VP7 serotype 1 strain.
When boosted by RRV, these infants
developed a broadened heterotypic
immunity, whereas only a homotypic
response was induced among the
naive vaccinees (167, 173). Although
available quadrivalent vaccines may
provide serotype-specific immunity
against each of the four major ro-
tavirus serotypes (G1 to G4), monitor-
ing of strain variation is needed, even
before introduction of vaccines. In
Brazil and India, for example, recent
studies have shown that additional
serotypes not covered by polyvalent
vaccines may be of epidemiological
importance (43, 99, 239).

If quadrivalent vaccines are found to
give an unsatisfactory level of protec-
tion, one approach to pursue, particu-
larly in developing countries, is the
generation of a pentavalent vaccine in-
corporating an additional strain with
human rotavirus VP4 specificity (36).
An enhanced immunogenicity of such
a vaccine would be expected, since the
VP4 is known to induce broadly cross-
reactive neutralizing antibodies (41).

A recently developed candidate vac-
cine of human origin, a P[8], G1 strain,
was found to be 90% efficacious
against rotavirus gastroenteritis of
any severity in a small-scale trial
conducted in the United States
(206). However, larger efficacy trials
are needed, especially in developing
countries, to determine whether a sig-
nificant level of protection would also
be achieved where serotypes other
than that of the vaccine, even uncom-
mon strains, are prevalent.

Appropriate age for vaccination

In general, rotavirus infections oc-
curring within the first 3 months of life
are either asymptomatic or lead to a
relatively mild illness. However, some
studies carried out in developing
countries have shown that the burden
of rotavirus disease in this age group
may be significant. In a cohort study
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conducted in northern India, for exam-
ple, the incidence of rotavirus diarrhea
among infants aged 3-5 months was
similar to that for infants 6-11 months
old, 0.61 and 0.62 events/child/year,
respectively (107). This suggests that in
developing countries that vaccination
early in life, prior to the current routine
immunization schedule for OPV and
for diphtheria-pertussis-tetanus (DPT)
vaccine, may be beneficial. For devel-
oped countries it has been recom-
mended that rotavirus vaccines be
given to children along with the rou-
tine schedule (226). However, several
factors remain to be examined regard-
ing the optimal age for immunization
in developing countries. Accumulated
evidence from studies in these nations,
especially India, suggests that the first
vaccine dose should possibly be given
earlier than the OPV/DPT schedule
(107). The introduction of an alterna-
tive schedule for rotavirus vaccination
would mean increased costs and logis-
tical difficulties, but the administration
to neonates of a first dose together
with BCG vaccine may be worth con-
sidering. Subsequent doses might be
administered with both the OPV and
DPT vaccination schedule. However,
further immunogenicity studies are
needed in Latin America to determine
the potential for interference of both
high-level maternal antibodies and
breast-feeding.

Required number of doses

In light of studies carried out thus
far in Latin America, it seems that the
number of vaccine doses required to
achieve good protection is still contro-
versial and requires further evalua-
tion. In a trial conducted in Lima,
Peru, with RIT 4237, for example, the
results suggested that the protection
against serotype 1 rotavirus diarrhea
provided by one dose is similar to that
achieved with three doses (148). On
the other hand, these same authors
have shown that more than one dose
of this vaccine may be required to
give an adequate protection against
serotype 2. Further studies in the same

area showed that one dose of 10* PFU
of RRV vaccine, of D X RRV vaccine
or of DS1 X RRV vaccine, is not suf-
ficient to induce a high level of
serotype-specific protection among in-
fants immunized at 2 months of age
(160). A recent phase IIl study with
RRV-TV (10* PFU/dose), also carried
out in Lima, compared the protective
efficacies of one and three doses of this
vaccine (166). Both dose regimens
failed to induce a significant level of
protection against rotavirus diarrhea.
In addition, it is evident from studies
in Belém, Brazil, that the protection
conferred by three doses of RRV-TV
(4 X 10* PFU/dose) was substantially
less in the second year of follow-up
(12%) than it had been in the first year
(57%). These results suggest that the
duration of vaccine-induced protec-
tion could perhaps be improved by
providing a fourth, booster dose early
in the second year of life (191).

Inclusion of vaccine in the
Expanded Program on Immunization

In Latin America the routine Ex-
panded Program on Immunization ac-
tivities include four visits to the official
public health units in the first 9
months of life, and these should be the
opportunities for administering ro-
tavirus vaccine. A possible later (e.g.,
fourth) dose may therefore represent a
logistical problem for completing the
schedule. Future introduction of ro-
tavirus vaccine in the developing
world will possibly include its com-
bination with forthcoming vaccines
against such other enteropathogens as
Vibrio cholerae, enterotoxigenic E. coli,
and Shigella species (240).

Maternal immunization against ro-
tavirus has been regarded as an addi-
tional strategy to enhance protection
against illness among infants. This is
achieved either through an increase in
the concentration of rotavirus-specific
IgA in breast milk or through the pas-
sive prenatal transfer of IgG (227). It is
becoming evident, however, that im-
munizing mothers against rotavirus
is unlikely to be a significant public
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health activity in developing coun-
tries. Instead, it is currently accepted
that neonatal vaccination would more
effectively prevent early rotavirus ill-
ness and might also have a priming ef-
fect for subsequent immunizations.

Vaccine introduction
in developing countries

The need for a rotavirus vaccine in
both developed and developing coun-
tries should be based primarily on
data from surveillance studies assess-
ing the burden of disease, together
with the epidemiologic features of ro-
tavirus diarrhea in each setting. A first
step toward this goal, particularly in
developing countries, could be the in-
clusion of hospital-based sentinel sur-
veillance systems to gather prevalence
data on severe diarrhea. In addition,
routine characterization of circulating
rotavirus strains—mainly G and P
types—would be useful for determin-
ing predominant strains prior to a vac-
cination program, documenting signif-
icant changes in the rates of prevalent
types induced by the vaccine, and po-
tentially aiding in explaining any poor
program effectiveness that occurs.
Certain circulating rotavirus strains
that are potentially more difficult to
control, such as human rotavirus
genotype P[8],G5 in Brazil, could be
identified. Plans have been made for
the standardization of methodology
in strain characterization, to improve
comparability of strain prevalence
data. According to recent recommen-
dations (196, 226), such hospital-based
surveillance is needed to establish
baseline disease estimates to monitor
the effect of vaccine introduction;
detect and explain potential vaccine
failures; develop cost-effectiveness
models; detect strains potentially not
covered by vaccination; and convince
policymakers of the importance of ro-
tavirus vaccination campaigns.

When RRV-TV vaccine was ap-
proaching licensure for use in the
United States, a number of formal rec-
ommendations had been made con-
cerning needed further studies with

this vaccine in developing countries
(226). For example, it was agreed that
large-scale immunization with RRV-
TV in developing countries should be
preceded by additional studies to eval-
uate issues concerning both immuno-
genicity and vaccine effectiveness.
Available data indicated that, in gen-
eral, rotavirus vaccines are less im-
munogenic in developing than in de-
veloped countries, and the reasons for
this remain to be determined. In Latin
America, studies dealing with dose
and schedule of RRV-TV at 4 X 10°
PFU were available only from Ven-
ezuela, where this vaccine was shown
to be immunogenic and effective
against severe disease (226). However,
participants in field trials with lower-
dose RRV-TV, conducted in Peru and
Brazil, tended to develop lower im-
mune responses than did the Venezue-
lan infants (166, 191). Additional phase
I and II trials were therefore recom-
mended in order to compare these im-
mune responses with those of studies
in which the vaccine proved to be
highly immunogenic. Also urgently
needed were immunogenicity studies
with RRV-TV in Africa and Asia,
where no field trials had so far been
performed. Subsequent phase III trials
were also planned in developing re-
gions so as to expedite future vaccine
introduction. These planned vaccine
trials were especially intended to pro-
duce information on determinants of
immune responses, potential effect of
interference by concurrent administra-
tion of OPV and/or breast milk, opti-
mal age and schedule of vaccination,
the utility of a newborn dose adminis-
tered with BCG, and the effect on vac-
cine response of such public health
programs as zinc or vitamin A supple-
mentation (226).

Also regarded as essential for imple-
menting rotavirus vaccine programs
in developing countries is the demon-
stration of vaccine efficacy and ef-
fectiveness. While efficacy reflects the
performance of a vaccine under ideal-
ized trial conditions, vaccine effective-
ness trials provide an indication of
performance under the natural situa-
tions faced by a public health program
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(232). In this respect, the conduct of ef-
fectiveness trials rather than efficacy
trials was recommended to expedite
the introduction of new vaccines into
developing countries (241).

Most of the recommendations sum-
marized above were made during a
World Health Organization (WHO)
conference held in Geneva, Switzer-
land, in January 1997 that was entitled
the Consensus Workshop: Rotavirus
Vaccines for the Immunization of Chil-
dren in Developing Countries (226), at
a time when RRV-TV was approaching
licensure in the United States. As there
was only one trial showing that ro-
tavirus vaccine is effective in a devel-
oping country, WHO recommended
that one or two large “demonstration
projects” be conducted in Latin Amer-
ican countries where the vaccine was
likely to be efficacious. Both Carabobo,
Venezuela, and Mexico City, Mexico,
were identified as sites where such tri-
als could be performed, and additional
studies were planned for very poor
areas in Africa and Asia. These lat-
ter settings would certainly repre-
sent a major challenge to the rota-
virus vaccine (226). Such prelicensure
trials could serve as a basis for cost-
effectiveness evaluation in developing
countries, and they would also pro-
vide data to support future official
decisions concerning the funding of
rotavirus vaccination.

Available data estimating the eco-
nomic impact of immunization against
rotavirus gastroenteritis came mainly
from analyses involving infant popu-
lations in the United States (242-244).
One study conducted in the United
States demonstrated that an immu-
nization program in which three doses
of RRV-TV were included in the rou-
tine program of childhood immuniza-
tions would prevent more than one
million cases of gastroenteritis and
33 000 hospitalizations. If the total vac-
cine cost was US$ 30 per dose, such a
program would have direct medical
expenses of approximately US$ 100
per case of rotavirus prevented but
result in a total savings of US$ 250
million to society each year (244). An
additional analysis was made in the
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United States based on data collected
during a prospective randomized clin-
ical trial that included three oral doses
of tetravalent rhesus rotavirus vaccine,
serotype 1 rhesus rotavirus vaccine,
or placebo (242). These authors con-
cluded that society should be willing
to pay between US$ 11 and US$ 12 for
immunization against rotavirus, as
well as an additional amount for the
intangible benefits of reduced parental
inconvenience or anxiety associated
with this illness in infants. An advan-
tage of rotavirus vaccine was that it
could be given during already sched-
uled EPI routine visits, thus incurring
fewer additional costs than other vac-
cines that require extra visits (245). In
addition, since the protective efficacy
of rotavirus vaccines appeared to be
much higher against a severe disease
than it is against a mild one, a substan-
tial impact on the direct medical care
costs was to be expected (246).

Another issue discussed during the
WHO rotavirus workshop in 1997 was
the perception that mothers in devel-
oping countries would have of the
efficacy of the vaccine once it was
introduced (226). In some cases, for
example, a child may experience as
many as 30-50 episodes of diarrhea in
the first 5 years of life, with only one or
two of these due to rotavirus. This is a
situation that is quite different from
that of measles immunization, for ex-
ample, where children are protected
against a distinctive, easily recognized
disease. Therefore, the impact of rota-
virus vaccination will not be so evi-
dent to parents, but physicians and
other health care workers should see a
substantial decline in the number of
diarrhea-related clinic visits, hospital-
izations, and deaths. Therefore, among
the strategies to establish rotavirus
vaccination in developing countries
should be efforts to correctly alert par-
ents to the importance of the disease
(245). This task will be even more dif-
ficult given the link between rotavirus
vaccines and the risk of developing in-
tussusception. Parents should be made
fully aware that the benefits of vacci-
nation will largely outweigh any pos-
sible adverse reaction.
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Rotavirus vaccine need, demand,
supply, and quality

The global market for rotavirus vac-
cine corresponds approximately to the
number of global births annually,
about 130 million (245). This suggests
the need for a multiplicity of suppliers,
as well as long-term planning for
supplies of one or more vaccines that
are proven effective in developing
countries.

The potential for local production of
live oral rotavirus vaccine is an issue
that should also be considered among
strategies for attaining an adequate
worldwide supply, while also main-
taining quality. Since manufacturing
of rotavirus vaccine requires the use
of cell cultures, some Latin American
countries could adapt their polio pro-
duction facilities to prepare rotavirus
vaccines for human use. It is unlikely,
however, that such an adaptation will
be possible before polio vaccine needs
diminish as a result of progress to-
ward eradication (226).

The prospect of local production of
rotavirus vaccines brings a need for
such official international bodies as
WHO and the United Nations Chil-
dren’s Fund (UNICEF) to advise man-
ufacturers, such as with regulatory
guidelines or requirements on the use
of appropriate cell substrates (not pri-
mary cell cultures), virus seed banks,
and standardized vaccine testing as-
says (247). An initial source of such
guidelines could be ones from the
United States Food and Drug Admin-
istration (248). Since they will be deal-
ing with a live vaccine, it is critical that
manufacturers in developing coun-
tries obtain all materials used in the
production process from high-stan-
dard sources that assure they have
been tested for all adventitious agents.

WHO and UNICEF have said that
the “backbone” of the EPI is the cold
chain, that is, the network of refrigera-
tors, freezers, and cold boxes orga-
nized by teams of people throughout
the world (239). If special handling,
storage, and shipment requirements
beyond those applied to other routine
vaccines are not necessary for ro-

tavirus vaccine, it would be advanta-
geous to countries in Latin America
and elsewhere to make use of this
established system. Otherwise, in-
troduction of rotavirus vaccine into
developing countries would stress the
immunization system and hamper
implementation of other high-priority
vaccine coverage programs.

The intussusception issue and
the need to move rotavirus vaccine
research in new directions

Given the withdrawal of the Rota-
Shield® vaccine and the ongoing ur-
gent need for an effective rotavirus
vaccine in developing countries, many
of the recommendations made at the
1997 WHO workshop on rotavirus
vaccines were reassessed recently in
another WHO meeting, entitled Fu-
ture Directions for Rotavirus Vaccine
Research in Developing Countries
(196). Among the issues addressed at
that February 2000 meeting were data
on the incidence and risk factors for in-
tussusception, as well as attributable
risk with current rotavirus vaccine; fu-
ture trial designs and directions for
disease burden studies; regulatory and
supply questions; and ethical aspects
of rotavirus vaccines.

The ethical issues were controversial
and received particular attention. A
key consideration is that the risks and
benefits of rotavirus vaccination may
differ substantially between developed
and developing countries (196). For ex-
ample, each year there may be only 20
to 40 deaths from rotavirus gastroen-
teritis in the United States but 15 000
to 30 000 in Bangladesh. This contrast
raises the question as to whether it
would be ethical or moral not to use
RRV-TV in Bangladesh or other coun-
tries where a child’s risk of death from
rotavirus is likely to be much greater
than the risk of death from vaccine-
associated intussusception.

Preliminary data from Latin Amer-
ica also suggest that the potential ben-
efit of RRV-TV vaccine far outweighs
the risk of intussusception (196). In
Venezuela, the rate of rotavirus hospi-
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talization was found to be 158 times the
rate of hospitalization for naturally oc-
curring intussusception. A risk-benefit
study conducted in Peru indicated that
a rotavirus vaccine would prevent
1440 deaths and 23 000 hospitaliza-
tions, as compared to an estimated 78
cases of intussusception that might be
related to the vaccine. Although under-
reporting may have occurred for some
regions in Brazil, official data indicate a
rate of hospitalization for intussuscep-
tion of only 3.5/100 000/ year among
children aged less than 1 year.

The participants at the recent WHO
rotavirus meeting agreed that, on ethi-
cal grounds, clinical trials with RRV-
TV should proceed in developing
countries, provided that a number of
conditions and safeguards are met.
Among these would be a favorable
risk-benefit ratio, based on evidence;
obtaining official ethical approvals
and informed consents that are sensi-
tive to local cultures; a willingness by
the target community to support the
trial; and monitoring of adverse events
during the trial.

Although the conduct of further clin-
ical trials with RRV-TV was regarded
as ethical, a number of other concerns
were raised at the Geneva meeting re-
lating to using the vaccine in develop-
ing countries (196). The auvailability of
the vaccine is uncertain, even if results
of future trials are promising in re-
gards to both efficacy and risk of devel-
oping intussusception. Furthermore,
problems could be faced as to the po-
litical acceptability of RRV-TV, particu-
larly given that new candidate rota-
virus vaccines will shortly be available
for clinical trials. Investigators at possi-
ble sites for RRV-TV testing might find
it difficult to obtain formal clearances
from local authorities because of the
intussusception risk identified in the
United States.

A set of six key conclusions and rec-
ommendations came out of the recent
WHO meeting (196). They were:

¢ The rapid development of new ro-
tavirus vaccine candidates should
be encouraged. Trials with such
candidate vaccines must assess the

potential risk for intussusception,
and they should be conducted in
parallel in developed and develop-
ing countries.

Further testing of RRV-TV in devel-
oping countries is ethical, given the
potential favorable benefit-risk ratio
in these settings. Proper manage-
ment for possible cases of intussus-
ception is strongly advised. These
studies should not be undertaken,
however, without the assurance that
RRV-TV would be available for gen-
eral use, if results from the trials
prove to be favorable.

The use of a standardized WHO
protocol is recommended for dis-
ease burden studies in selected de-
veloping countries.

Research activities dealing with both
the pathogenesis and epidemiology
of intussusception are strongly rec-
ommended, particularly epidemi-
ologic studies in countries where
clinical trials with new rotavirus
vaccines are being planned.

* WHO should provide continuing
support to national regulatory au-
thorities in developing countries so
that international standards for vac-
cine regulation are achieved.
Laboratory surveillance of rotavirus
strains is especially needed in Africa
and Asia.

GENERAL CONCLUSIONS

The global need for an effective ro-
tavirus vaccine has been made clear
from worldwide studies, which indi-
cate that this virus is the major cause
of severe dehydrating diarrhea in
young children. Although morbidity
rates are similar in developed and de-
veloping countries, rotaviruses are es-
timated to cause as many as one mil-
lion deaths annually among infants
and young children under 5 years of
age in developing nations.

During the past 15 years consider-
able progress has been made toward
developing a rotavirus vaccine tar-
geted for use in early infancy. The
main goal of this vaccine is the preven-
tion of severe dehydrating diarrhea,
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rather than protecting children from
rotavirus infection or mild illness.

Although several live attenuated oral
vaccines have been obtained, the RRV-
TV rhesus-human reassortant vaccine
was the first licensed for human use.
However, the recommendation for use
of this vaccine was recently withdrawn
in the United States because of the oc-
currence of intussusception as an ad-
verse event from vaccination.

Available results from several field
trials with live oral rotavirus vaccines
indicate that efficacy rates of RRV-TV
were generally higher in industrialized
countries than they were in developing
nations, although the recent data from
Venezuela are encouraging. In trials in
South America, and in general in de-
veloping countries, primary vaccine
failure may have resulted from high
maternal antibody levels and interfer-
ence from enteroviruses. Secondary
vaccine failures may be a consequence
of a waning immunity in the presence
of a natural challenge with a large in-
fectious dose or unusual rotavirus
types not covered by the vaccine.

The withdrawal of recommendation
for use of RRV-TV in the United States
will very likely make acceptance of
this vaccine in other developed coun-
tries difficult. Although it is conceiv-
able that benefits from rotavirus vacci-
nation in the developing areas of the
world outweigh the risk of intussus-
ception, it is likely that original plans
for further studies with RRV-TV in de-
veloping countries will be changed
substantially.

The safety of RRV-TV has been as-
sessed through field trials around the
world, and mild fever after the first
vaccine dose appeared to be the only
detectable side effect. Intussusception
was detected among vaccine recipients
but at rates that did not differ signifi-
cantly from those of placebo recipi-
ents. However, the safety of RRV-TV
must be reviewed, given the appear-
ance of intussusception following vac-
cination in the recent large-scale use in
the United States.

Studies carried out in India and
other developing countries have
shown that the burden of rotavirus

323



disease within the first 3 months of life
may be significant. This suggests it
may be beneficial to administer the
first rotavirus vaccine dose together
with BCG, early in life, followed by
vaccinations during the subsequent
routine immunization visit. At the
time of the first dose, however, mater-
nal antibodies may affect immune
response. Since naturally occurring
intussusception clusters among those
3 to 6 months old, neonatal rotavirus
vaccination may limit the risk of chil-
dren developing this clinical condition
when receiving later doses.

It is likely that rotavirus vaccines,
like all new vaccines, will cost signifi-
cantly more than the vaccines included
in existing vaccination programs.
These costs will represent a major bar-
rier to rotavirus immunization in less-
developed areas, where the disease has
a major public health impact. To over-
come this problem, WHO and other
agencies are encouraging research di-
rected at reducing dosage schedules,
identifying new methods to fund vac-
cine purchases, and exploring options
for local development and production
of vaccines in developing countries.

When rotavirus vaccine is intro-
duced in developing countries, strate-
gies should be applied to alert parents
to the importance of the disease. Par-
ents should be particularly aware of
the potential benefits of the rotavirus
vaccine, while still knowing that intus-
susception has been identified as a
rare adverse event of vaccination. The

1. Bern C, Martines |, de Zoysa I, Glass RI.
The magnitude of the global problem of di-
arrhoeal disease: a ten-year update. Bull
WHO 1992;70:705-714.

2. Snyder JD, Merson MH. The magnitude of
the global problem of acute diarrhoeal dis-
ease: a review of active surveillance data.
Bull WHO 1982;60:605-613.

324

impact of rotavirus vaccine will not be
so evident to parents as is the case
with measles immunization, for exam-
ple. Nevertheless, physicians and
other health care workers will likely
note a considerable decline in the
number of clinic visits, hospitaliza-
tions, and deaths caused by diarrhea.

Prospects for local production of ro-
tavirus vaccine must be considered.
Strategies are needed that will lead to
a worldwide vaccine supply, while
still maintaining quality. This might
include adapting polio production fa-
cilities to prepare rotavirus vaccine in
some Latin American countries. Such
an adaptation is not practical, how-
ever, until there is more progress to-
ward eradication, and polio vaccine
requirements diminish.

In Latin America it would be ad-
vantageous if special handling, stor-
age, and shipment requirements for
rotavirus vaccine did not go beyond
those already established for routine
vaccines.

The intussusception issue under-
scores the need to explore alternative
rotavirus candidate vaccines. In addi-
tion, it will be important to conduct fu-
ture trials of new candidate vaccines
concurrently in developed and devel-
oping countries. The risks of adverse
reactions to any vaccine, such as intus-
susception following administration of
RRV-TV, may be quite different in in-
dustrialized and developing countries.
It is clear that it would have been help-
ful to have had data regarding risks of
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RESUMEN  En el mundo, los rotavirus son responsables de mas 125 millones de casos de gas-
troenteritis infantil y de cerca de 1 millén de muertes al afio, especialmente en los
.. paises en desarrollo. En comparacién con otras medidas de control, la vacunacién
Vacunas y vacunacion contra  cuenta con mayores probabilidades de tener un impacto significativo en la incidencia
rotavirus en América Latina de la enfermedad por rotavirus. La méxima incidencia de la diarrea por rotavirus
ocurre entre los 6 y los 24 meses de edad. Sin embargo, en los paises en desarrollo no
son raros los casos en menores de 6 meses. Los serotipos G1 a G4 son responsables de
la mayoria de los casos, pero hay datos que indican que en Brasil el tipo G5 esta
adquiriendo mayor importancia epidemiolégica. Durante la infeccién natural por ro-
tavirus se inducen respuestas inmunitarias tanto homotipicas como heterotipicas y la
respuesta inmunitaria en la superficie de la mucosa intestinal constituye probable-
mente el factor que mejor predice la inmunidad clinica.

Con el objetivo principal de proteger a los nifios frente a la diarrea con deshidra-
tacion potencialmente mortal, se han probado varios abordajes en el desarrollo de va-
cunas contra los rotavirus. En los Estados Unidos de América (EUA) se aprobé y co-
mercializ6 una vacuna antirrotavirus tetravalente recombinante de virus humanos y
de Macaca mulatta (RRV-TV), pero posteriormente se retiré del mercado.

En varios estudios se ha observado que la eficacia de la vacuna RRV-TV es mayor
en los paises desarrollados que en los paises en desarrollo. En dos paises de América
Latina (Brasil y Perti) se han realizado estudios de campo con preparaciones de RRV-
TV que contenian 4 X 10* unidades formadoras de placa (UFP) y se registraron tasas
de eficacia protectora frente a todas las diarreas por rotavirus que oscilaron entre 18
y 35%. En otro estudio realizado en Venezuela con mayores dosis de RRV-TV (4 X 10°
UFP/dosis), se obtuvo una tasa de eficacia de 48% frente a todas las diarreas por ro-
tavirus y de 88% frente a las diarreas graves. Parece ser que la lactancia materna no
interfiere con la eficacia de la RRV-TV si se administran tres dosis de la vacuna. Del
mismo modo, la posible interferencia de la vacuna oral contra la poliomielitis con la
vacuna contra los rotavirus puede ser contrarrestada si se administran tres dosis de
esta tdltima o se utilizan formulaciones con titulos elevados. Sin embargo, los en-
terovirus silvestres pueden conducir al fracaso de la vacunacién primaria contra los
rotavirus en los paises en desarrollo. Estudios realizados en Perti con la vacuna RRV-
TV han mostrado una tendencia a la obtencién de mayores tasas de eficacia de la va-
cuna frente a los epidosios diarreicos causados tinicamente por rotavirus (“puros”).

Los andlisis econémicos realizados en los EE.UU. indican que una vacuna que
cuesta menos de 9 dolares estadounidenses por dosis podria proporcionar ahorros
netos en los costes médicos. Sin embargo, hasta la fecha no se han realizado estudios
de coste-beneficio en los paises en desarrollo. En el futuro, es posible que algunos
paises de América Latina adapten sus instalaciones de produccién de vacunas an-
tipoliomieliticas a la preparacién de vacunas contra los rotavirus para uso humano.

Un afio después de que la RRV-TV fuera aprobada en los EE.UU. para la vacu-
nacién de lactantes, la ocurrencia de casos de intususcepcién como reaccién adversa
a la vacuna condujo a su retirada del mercado. En este articulo se analizan las impli-
caciones de esta medida, en especial en América Latina, entre ellas la necesidad de in-
vestigar vacunas alternativas contra los rotavirus, particulamente mediante la rea-
lizacién de ensayos clinicos paralelos en los paises desarrollados y en desarrollo.
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